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AN APPROACH TO LIFE SAFETY 

Before the problem of life safety from fire can be ap· 

proached, two kinds of understanding must be gained: 

an understanding of the nature of fire, and an under

standing of the occupdnt, his limitations, and his per

formance in time of fire. The first half of this report 

explores fire, the occupant, and the reaction time; it 

then puts all three together to determine an approach, 

or a philosophy, for life safety. This is not "bock

ground", rather it is the substance from which ell life 

safety decisions are mode. 



RESPONSIBILITY: Direct placement of responsibility 

for life loss hcs always been avoided. Trad it ional 

ap proaches to reporti ng t he cause of dzcth ("burns", 

"asph yx iation", etc .) may be literal ly a.:curc te, but 

th ey do not s ing le out the actual cause, or the person 
or group responsible for that death. If cause of death 

were specified as 

. . . undc~cctc d fire - detector failure - contractor 

did not inspect 

.. . wedged or propped fire doors - by kitchen staff 

... poor housekeeping - owner neglect 

... cxcess1ve distance to exit- architect accepted 

building code require me nts designed for average 

person ... 

the responsibility - ar.d the remedies -would be 

implicit in the statement of cause. 

EXPENDABILITY: What criteria con be used to eval

uate life safety decisions?. One such tool is expend

abi lity. To use the tool, one question is asked of every 

d.::cision: "How many lives may be expended as are

sult of this decision"? The answer to this question 

provides an effective means for evaluating life safety 

decisions well before the fact of the fire . 

These concepts, outlined here in the: overview, ere the 

framework on which this rep o rt is built. They will !Jc 
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THE COMPROMISE: 100% life safety from fire can 

only be a theoretical idea!. Even if it were possible 

to place every occupant in a toto!ly fire-resistant com

partment with no ignition, no combustible contents, 

instantaneous detection, and unlimited escape routes, 

it would be neithe r functionally nor economically feasi

ble to build the compartment. 

By implication, this means that every life safety de

cision must compromise the ideal; not every link in the 
chain of life safety can carry the highest priority nor 

even all the weight it "should" in the ideal situation. 

What is needed is an approach, or philosophy, which 

recognizes the compromise and which "buys the most 

l i fe safety for the money" 

THE PHILOSOPHY: A philosophy, or an integrated 

approach to life safety, IS needed for each occupancy 
type. This philosophy: 

• recognizes•the importance of the occupant and his 
characteristics. 

• examines each link in the life safety chain, and 

determines its importance for that occupant. 

• establishes methods and techniques to best carry 
out the compromise needed, and 

• recognizes that codes and regulations establish only 
minimum levels of safety, and that others must ac

cept a ma j or responsibility for providing life safety 

Once this philosophy is understood, details of design 

and planning will vary with construction type and loca

tion of the building. 



OVERVIEW I THE CONCEPTS 

The pcttern suggested by the factors in li fe safety -
the fire, the occupant, and time- suggests an important 
concept: there i s a distinct philosophy of life safety 
for coch occupancy type. 

~ ~ H 

THE CHAIN: It will be shown that any philosophy of 

life safety must be built on the premise that life safety 

cannot depend on a single device or technique; it de
pends on an interlocked chain which has seven 

major links, 

fire prevention 

detection 

alarm 
escape o~ refuge 

con fi nemen t 

control 

extinguishment 

It is only with a fu ll underst anding of tll c function end 

impli cations of each of the ind i vidual links that a sound 
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THE OCCUPANT: Life safety is on INDIVIDUAL 

matter; it varies with the occupant and his limitations. 

T h is kind of thinking i s porticu !orly necessary, givei1 
the elderly occupant. 

The code l imitation of 100 feet to on exit, for example, 

is based on a 'normal' person's ability to run that for 

wh i lc holding his breath; a bed-ri dden, or semi-a mb ulant, 

occupant conr.ot perform such a feat. A 21-year old con 

escape from a second -story wind:::Jw; a 78-yeor old ccn· 

not . 

An understandi ng of the occupant, his physical and 

psyc ho logical limitat ions, and his behav i or in time of 
fire is a prime essentia I in providing for his I ife safety. 

THE REACTION TIME: The tension which e 

tween the fire and the occupant can be best un 

i n terms of time. First, the occ upant takes 

react to fire and attempt to escape. During t 

the fire is building up to critical levels, bey o 
the occupant cannot possibly survive. 

The race i s for the highest sta ke. If t he C 

TI ME for the fire to build to intolerable I 

shor ter than the occupant's REACTION TIME, 

has won and the occupant has lost his life. 

Every life safety decision con be evaiucted b 

feet on t ime: What is its effect on CRIT ICA 

What is its effect on REACTION TIME? 



OVERVIEW I THE CONCERN 

The two protagonists in the drama of life safety are the 
FIRE itself and the OCCUPANT of the building. There 
may be many supporting charoctor:;, but it is the tension 
between the lead pla'!ers which m:.;st be thoroughly un• 
derstood if life safety is to be provided. 

. '. 

THE FIRE: It is impossible to conceive of any aspect 

of life safety from fire which is not somehow related to 

the nature of fire. 

While volumes have been devoted to fire and its prod

ucts, all fires behave according to a few simple prin
ciples. 

An understanding of these principles of ignition, burn

ing and sprcGd is basically more valuoble than all the 

data and charts that have been assembled; if he under· 

stands the principles, the person responsible has a 

built-in reference for assessing all planning and design 
decisions. 
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INCOMPLETE RESPONSIBILITY: It IS difficult to 

pinpoint responsibility for life loss from fire. And yet, 

unless clear responsibility for each element for life 

safety is assigned, effective implementation is not 
possible. 

FRAGMENTATiON OF EFFORT: The greatest probfem 

in the study of fire is the diversity of interests on the 

ports of the people concerned with it. The fire problem 

is an animal of mcny heads, each with its own point of 

view. While most of the viewpoints ore valid, each is 

usually subiective, limited in scope, and strongly re

lated to a particular orientation. 

PIECEMEAL ATTACKS: This fragmentation of effort 

results in piecemeal sorties rather than frontal attacks 

on the problem. Laws ore made but not enforced; so

phisticated alarms are installed, but no detection ap· 

paratus is used; great emphasis is devoted to drafting 

board details while basic planning is overlooked, and 

so on and on. Overall perspcc;tive is badly needed. 

It is apparent that providing life safety today is regret· 
tably more on ART than a SCIENCE. Although every 

fire is a potential laboratory for systematic exploration 
of fife safety factors, this approach is rarely employed. 

Based on the concepts presented in the remainder of 
the Overview, this report will attempt to: 

• provide on objective view of the problem, 

fl suggest a systematic approach to solving it, 

s recount the best thinking on fife safety approaches, 

o point directions which may ultimately make life 
safety a quantitative science. 



INERTIA IN RECOGNIZING A NEW OCCUPANCY: A 
considerable effort will be needed to persuade everyone 

concerned with life safety that there are unique prob

ler.~s related to each occupancy. History has taught us 

that it may well take a series of disastrous fires before 

housing for the e !derly is recognized as a distir)ct 

occupancy with distinct life safety problems. 

Witness the nursing home: As this occupancy grew in 

impor tance from 1951 to 1966, it took no less than 48 

multiple life loss fires (428 fatalities) in these 15yeors 

to prompt virtuall y every state to toke posit i ve steps 

regulating l i f.:: safety. While most of these simply en

acted additional legislation in code form, many recog

nized the basic problem and underrook cor.1prchensive 

solutions. Will it be necessary to learn the same 1-;:s

son in housing for the clde:-ly? 

RELIANCE ON CODES AND REGULATIONS: Possibly 

the greatest misconception is that bui !ding co ... __..; und 

regulations provide for maximum life safety levels. 

For several reasons they cannot and do not: 

• They arc social instruments, designed to protect 

neighbor and community from fire spread and con· 

f!agroti on. 

o They ore structure-oriented, concentrating on saving 

the bui !ding by setting up fire-resistance ratings 

for structural clements. This concern is rc!atcd to 

life safety, but con be misleading: it is like saying 

that a gasoline truck is safe because its contents 

arc in a noncombust i ble container. 

.:t They con require o:1ly minimum levels of safety. 

The proliferation of codes, regulctions and statutes on 

fire safety has discouraged the analysis of fire prob

!c·ns pcculin:- to ony one occupnncy or building type 
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OVERVIEW I PROBLEM 

Over the years, anyone concerned with life safety ac· 
cumv lotcs a collection of ideas, facts, concepts and 
approaches to the problem. Some of these notions ore 
accurate, others ere not; some ore proven, others "just· 
seem to work". Some ore derived from systematic in· 
vestigation, others are little more than old wives' tales. 
Some become form o/ ly em bo died in codes, regulations, 
and planning manu als,: ethers are much less formally 
applied throughou.t the pla~ning, design, and operation 
of facilit ies. 

The number of fire deaths, however, suggests that at 
least a few of these notions are less than adequate. 
Before reviewing the concepts around which th is report 
is built, it might be wise to consider some of tho more 
important "weak spots" in traditional approaches to 
to life safety. 

A NEW OCCUPANCY TYPE: The ~mergence of hous· 
ing for the elderly as a distinct· facility type is o recent 
development. The usual reaction is to clcssify this 

new housing with nursing homes, ccnventionol aport· 

ments, or other inappropriate occupancies. This think

ing when applied to life safety fro rri fire is potential ly 

dangerous. It overlooks the fact that there ore few or 
no attendants available; the occupant has not been 

considered as on individual with unique capabilities, 

reactions, ·and limitations. 

q 
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Why this study? The simple diagra ms shown are the 

justification for writ in g yet another book on fire. 

?,056 1 ) 4,343 6,247 13,5691 

65 and over age 5 7 4 

o The bar chart shows that 14,340 of 33)20 (or 43 of 

every 1 00) persons who died in f i re from 1955-1959 
were 65 years of age and older, and, 

• If children under 14 ore included , it shows that age 

and i udgmcnt were factors in 73 of every 100 Ge 
deaths. 

These ore compcll:ng figu1·cs. Th ey i ndicate that li fe 

safe ty efforts d irected to "overa ge" people of "o ver· 

age" age and judgment ore not recognizing the essence 
of the fire problem . 

What arc the premises? In simp le terms, this document 

is based on two p:-crn i ses: 

o That, to a great exten t, the expen dability of these 

14,340 elderly i :od ividuols wa:> determined, and ac

cepted, before the fact of the f i re, and 

o Thot many of these people could hove been saved 

To whom is it directed? A fu ndamenta l th es i s of th i s 

documen t is that res pon si bility for li fe safety in f i re 

is shared by rr.any we ll - i ntent i on ed peop l e who ~o not 

c l ear ly understand th eir exac t respons ib il ities . Th i s 

vo gue , and often emiss i ve approa ch,< i s too frequ ently 

the direct cause of l i fe- l oss. For th is rea son , th i s re· 

port i s directed to se veral di s tin c t dec i sion makers 

and defin es the spec ifi c respons ibility of each. T h is 

aud ience includes c ity off icials , f i re prevent i on per· 

sonnc l, inspectors, owners, adm in ist rators , staff, archi · 

tects, and the occupan ts themse l ves. 

How should it be used? Not many readers wi ll hove 

the ti me or the interest to rea d the ent i re re port. F or 

t hem a f::C rspec t ivc of the problem i s presen~cd i n th e 

Overvi ew and chapters of part i cu lar interest arc ind i 

cated in th e Respons ib i l ity Chait i n Chapter S. It i s t o the 

" Dec i s i on Makers" on that char t that the entire rep ort 

w i I! be of valu e an d interest. 

What is the ba ckground for the re port? T hi s report i s a 

re sult of a two-year research s tudy condu cted for the 

F HA by the Cen:cr for Archi tec tura l Research at Rcns· 

sc loe r Polytechnic Inst i tu te. During the study man y 

experts were interv iewed. literatu re wa s scorched , and 

thousands of f1 res were sc ree ned to provide 0 da te bas e 
of 1000 fir es for deta il ed ana lys i s. T hi s i s c di sti l lc· 

t ion of a l l th at ex perien ce, and more im pcrto:-.!l y, i t i s 

the summat ion of the ideas of many men who hove s pent 

much of their li ves study ing the prob lem of life-safety . 

T roy, Ne ·N Yo rk 
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PREFACE 

Thi 5 T cchniccl Study ho~ been prepa red for r 1 ~ ·~ Federal Hous ing Ad
ministrat ion. It ccn al sc be us ed by archi tects , bu ilde rs, and adminis 
trators of hou s ing fo r the eldcr :y pro jects as o sou rce of information 
dea!ing with the prob lems of life safety and fire protect ion. It does 
not amend or supp lan t the FHA Min imum Prope rty Stc ndords. 

As part of its continuing rev iew and updat ing proce ss, r: ;· •A regards 

this cornprehe r.s ive collect ion of data to be a s igniii cant step tn estab

lishing sc ientifi c fac ts needed as a bas is for strengt hening life sa fe ty 
aspects of design of housing for the e lder ly. This s tudy emphasize s 
human occupancy a nd personal sa fe ty ra ther than preserva t ion of the 

structure. The resul ts of invest iga tive work ir.cludc recommendat ions 
and procedures re lat ed to the protec tiun and escape of th e occupart : .> 

through the use of early warning devi ces and/ or s pec ia l de s ign and 
construct ion fe atu res based an the kllowlcdgc gathered from act ua l 
fie ld experience and 5tatistical data asse mb led f0r th is s pec ific purpose. 

FOREWORD 

Th e De portment of Hou s ing and Urban Deve lcpmer:t and the Federa l 

Housing Admi nistrat ion arc concerned with the livab ili ty of propertie s 

for which mortgage insurance is issued. Thro~,;gh the hchnical Stud ies 
Progra m, FHA sponsors research to e s tablish standa rd s of accepta
bili ty ond safety to improve this livab il dy throughout a wide range of 
residential ty pe's of construct ion. Th is dacume:1t is a co llection of the 
most up-lo·date ideas, facts, concepts, or.d a pproaches to deali ng with 
the prob lem of fire protection and safeguard ing the occu pants in hou s
ing fer the elderly. 

A 
\i\( 
From, N .F. P.A., F i re Pro tect ion Hondbook . 

J , 



.'lt 
~· .. :~ . . :.:..~J~~~~~.~.~ ...:...~~.~---~~~-~~~:£~~~......;_~'..._~'~~.;....;·~ ·:.;..,.;·';• ·.....:......·· ......__.;•:.........:....~ ..:. ....... , •:-.· · . . .. , ·· .·· ' . 

.. 

TABLE OF CONTENTS 

PREFACE 

FOREWORD 

OVERVIEW 

' . ' · ' 

·, 

AN APPROACH TO LIFE SAFETY 

1 THE NATU RE OF FIRE 

2 THE OCCUPANT 

3 TI ME 

4 PH ILOSOPHY 

5 RESPONSIB ILITIES 

THE CHAJN OF LIFE SAFETY 

6 FIRE PROTECTION 

7 DETECTION 

8 ALARMS 

9 ESCAPE AND REFUGE 

10 CONFINEMENT 

11 CONTROL 

12 EXTI NGU ISHM ENT ,_ 

. 

T HE FUTURE 

I 
I I .] 



:. ·. :, · 
• • ;,.·1 ~ • .t' · I · 

THE NATURE OF FIRE 

P?Cr ~,. · 
"-f;: ~' ·:1 ·r . , ', ~ ., ; . 

what is fire? 

Fire has mcny faces. To the Iaymon i t is a fr 
enemy. To the sc ient ist i t is a complex intcrre 
ship of chem istry and phys ics . To al l conccrnc 
LIFE SAFETY, it is a dead ly force to be reckone 
an understanding of i ts nature is essential. 

Fire often behoves in compl ex end unpred ictable 
Fires sta rt at different tempera tures, spread at 
ent rates, in di fferent manners , and produce di 
amoun ts of by-products. Fundamentally, howev 
fires are governed by three common pr inciples: 

• The fi rs t pr inci ple: A BURNABLE MATj 
OXYGEN AND AN IGNinON SOURCE AR t: 
ESSARY TO PRODUCE FIRE. 

• The second principle: THE MATERIAL MU 
PREHEATED ENOUGH TO PRODUCE C 
TIBLE GASES BEFORE IT WILL BURN. 

• The thi rd pi·inc iple: THE MATER IAL WILl 
TINUE TO BURN UNT IL IT IS CONSUM. 
UNT IL THERE IS IN SUFFI CIENT OXYG 
sus T A 1 N BuRN 1 N G, oR u ~n 1 L THE M A 1 

L:================~=====:!GIIiiE=~==~~!!!!!!I!!!------_Jij_S_iC:£0~0L\;LJEJD~BQ£E!::_LQ]OW THE TE MPERA T U 
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The fu el for o fire co nsi sts of the materials of the 

building and its contents; if these ore totally "fire· 
proof" , there ca n , of course , be no fire. T he following 

fire characteristics of mater ial s should be considered 

1n thei r selection: 

• COMBUSTIBILITY. Th i s is the capability of under

going combus tion when exposed to an ignition source; 

the usual measure is the temperature at which a 

materia I becomes preheated enough to produce com· 

bustib l c gases which wi ll burn if exposed to fl ame . 

There arc dangers in accept i ng this measure wholly, 

however, since wood sh av in gs will ignite more 

readily than a Iorge block of wood, even though 

both hove the some ignition temperature. 

• Whil e no material is " fir epr oof", some hove such 

high ignition temperatures that they ore virtually 

incombustible 1n time of fir e. 

• FLAME SPREAD. T he tendency of flame under ordi

nary fire conditions to spread along the surface of o 

material without seriously consuming the materia l 

i t s c I f i s o ch a r act e r is t i c of many b u i I ding materia I s. 

The "flame spread rating" given materials relates 

them on o scale from cement asbestos (index 0) to 

red oak (i ndex 100) to some kinds of cotton fcbrics 

(at index 2500). While these ratings ore arrived at 

in lab oratory s imu l ation tes ts, they give a good rela

tive indication of flame spread rates; this chara c ter 

istic IS particularly impor tant 1n selecting finish 

materials i n rooms , corridors, end exits. 

,gn i tion tcmperc:lur es 

rna tori a I type of specimen 

dol.!glos fi r shavings 

white pine shavings 

newsprint paper cvts 

cotton, sheet ing ro If 

woolen blonkot ro II 

matches h oods 

flame spread ra t ings 

material I - I cotton fab ric in fo Ids 

lvmbcr vntroated 
bi rc h 
dovgl as fir 

red oak 

lumber, treated 

b irch 
douglas fir 
rod oak 

gypsum wallboard 

alu minum wi th baked enamel 
finish on one side 

cement asb estos board 

I cmpcralurc OF 

I srj o 

507 

446 

464 

401 

325 

f l ome spread 

1600-2 500 

105-1 10 
115 
100 

15-20 
10-60 
30-50 

10-15 

5-10 

0 
15 



• FUEL CONTRIBUTED. Since new fuel must con

stantly be supplied and preheated to contribute to 

f ir e, the total amount of heat (and. th e rote of gener

otins that heat) produced by alrea dy -burning material 

1s a fac tor 1n fire spread. Tunnel. and co!orinwtcr 

tests to measure these quantities of fuel contributed 

provide an additional basis for the selection of 

materials. 

• SMOKE AND GASES DEVELOPED. Since smoke 

and gases ore the pr1mary life safety hazards; a 

knowledge of- the toxicity and quantities of gases 

like !y to be produced from a material is fundamental 

to life safety. There is no direct relationship be

tween the flame and smoke-producing characteristics 

of a material. So for, tunnel tests have been used to 

pro v id e comparison with red oak (at index 100), but 

safet y standards ore not definite. The usc of mater

lo is ~~ l th ·. t~e lowest possible smoke-producing 
ratin gs, :s the only available guideline. 

• FIR: R::S!STANCE. Whiie no material is fireproof, 

many con successfully withstand exposure to severe 

building fires. The quantitative measure of this 

cap:::bility is termed fire-resistance, and is measured 

by the -so-called "hour ratings" given to materials 

and asseor.blies of materials. 

Tile standard fire test expo:;;es ti1e material or 
a:;sembly bei n g tested to til e tim e -te mpe rature 
conditions 1n the: diagram; h eat transfer, 111-

I 
standard time - tempera 

1600 

I I . 
I 

800 1 I. . . l 
, I 

I 

I I 
0 

0 

combvstible ~forage, none 
bu i lding 

1000 

leryi fy under fire nne/ ';ubsequcn I f1ose s /ream J1 
.__----------------------------------------~~~~' ~~~~~~~· ~· ~~6~-&~{.~~-----------------------~ - ~- -

· · · · ~ ~ 

2 4 time in h 

40 80 min 

! 

i I 

i I I 
I. 
I 

: I I . 



In sim ple t ·~rn:s , any osscmoly given o " 4-hou r 
rat ing'' co;r be expected to remain structvr
ally sound, resist fire penetrat ion, maintain 
o tcmperatvre of less t!JOn 250° above ini tiol 
temperature on its cool side, and not foil if 
exposed to . o hos e stream for o total of 4 
ho vrs vnder the temperatvres given. 

The determination of fire resistance ratings required 

for building elements is a function of the bu il ding 

code, and here occupancy type must be considered. 

As con be seen in the di::Jgroms, different occupan

cies produce different fire loads, resu lt ing in differ

ent degrees of fire severity and d i fferent time tem
perature curves. These curves influence the fire re
sistance ratings chosen for each occupor.cy . 

ignition 

In broad terms, any source of heat energy is a possib le 

source of ignition; this includes ol! forms of mechanical, 

electrical, chem ical and othe r energy sources. Even 

though other conditi ons must be met before a fire starts, 

It is common practice to ottri bute the cause of a fi rc to 

it s ign ition source, (that is, we soy ''matches" rat her 
I I I h k , I I) tnon poor ouse ccp1ng . 

spread 

The margin of difference between most small fires and 

la rge f i res is the fact of spread . While a qua ntita tive 

measure for sp rea d is not yet feasi ble , it is possi ble 

to anticipate the probable spread of any fire by under

standing the basi c princip les of fire, the cha racteris t ics 

of its fuel, the quantity distribution of the fuel, and the 

principles of heat transfer. This kind of understanding 

ccnn ot account for ol! t ~e variables i:-.vo iv cd in spread, 

but it is the proper basis for designing for life safety. 

paper making processes, 
noncombustible building 

0 40 80 minv r 

office, noncombvstible bvilding 

fire cavses 

childre n and matches 

e lcctri col 

flammable liqu ids 

heating and cooking 

rvbbish 

smoke and mctches 

vndetcrmincd 

r---+----r---+--~~~--+--

0 40 80 

nvmber of fires 



Heat is transferred by three basic means . . . 

CONVECTION, or transJcr by air movement . This means' 

tho t ... 

• Heat and gases will move rapidly to the ceiling and 

upper walls preheating new fuel sources. 

• Heat and gases will readily move through vertical 

openings, chimneys, chutes, dumbwaiters, ducts, pipe 

openin gs, stairs, and shafts 

o If confined vertically, fire will travel horizontally 

through p !envms, cei l ing spaces, ducts, :md wall 
openings. 

• Heated air will expand, exerting positive pressure 

against doors , dampers, or weak materials, penetrat

ing any opening found or made. 

CONDUCTION, or tro11 s fer thr oU(ih solids. t11 cusc of 

fire . .. 

• Heat may be transferred throu gh me tal p1p 1ng, con

duits, ducts, or s tru ctura l clements lo oil orcas of 

the building. 

Q Heat may cause cxpansio:1 and crackin g, providing 

new paths for spread. 

RADlA T!ON, or transfer across space from c hcc ted 
-~-r ,. 

• 

convection 

conduction 

rad ia t ion 



Cer tain patterns ore always noticeable 1n the spread 

of fire: 

o Since hea ted o i r rises, the ceiling and upper we lis 

are prchcvted first, and mos t spreading occurs along 

these surfaces. Materia ls used in these areas must 

be carefu lly considered in te rm s of the ir fta me s;:Jread 

ratings . 

• Flashover, or the sudden and extremel y rap i d dqvel

opment of ·f l omc 1 is a common phenomenon in bui !d

ings with combustible surfa ces and contents . When 

tempera tu res rise to about 800", or oxyscr.- starved 

gases ore suddenly oxygen-enrich ed, o I I. th e com

bust i bles in on orca ignite practi ca ll y s imu ltone

ously1 and the flames sudden ly spread' from local 

burn ing to t otal area involvement. 

• Just as a fireplace chimney provides en escape 

route for heated goses1 and creates a part i al vac

uum in the room (which attracts new supp lies of 

oxygen for the fireL so do the verticcl open ings in 

o bui !ding provide en exhaust and a demand for ad

d i t i ona l fresh air. F rom a small pipe open-

orin ci o le 
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\..Onrrol ana ext1ngu1snmcnt 

T he third principle of fire indi cates that o material will 

burn unti ! i t is consumed, the oxygen is re:-novcd, or it 

is cooled belo w the point where combust i b le gases ore 

prod uce d. Every cxt i ng uisnr.:ent techni que i s based on 

one or more of these approaches: 

o Limit the combustibles 

• Smother the fire 

o Dro wn the fire 

T he techniques of control ore less direct. The amount 

of fuel cvoiiablc must be contr o lled, and th e fir e and 

its by-products confined. In any case, o contro lled or 

confined Nrc Lu y s time unt i l life safety con be achieved. 

T h is time i s shortened as the orca of contc i nrnent in· 

creases from the room of origin, to the orca of origin, to 

th e fl oor of origin, and final iy to the bui !ding of or i gin. 

the by-products of fire 

In addit i on to a bas i c understanding of fire itself, some 

knowledge of its by-products is necessary for those 

co ncerned with li fe safety. The by -p roduct s va ry greatly 

fror:1 fire to fire, but :he major ones ore present to s ome 

degree in every bui l din g fi re. T hey i nc l ude f l ame, heat, 

smoke, toxic gases, and oxygen depletion 

FLAME: This i s the "light " of the fire and is the only 

life safety gift contributed by the f i re: 

o It i s frequently the earliest warning that there is 
a f i re. 

• It is often close ly associated with 

helps in finding the source. 

source, end 

"' It assists in locat i ng probable and improbable paths 

of escape 

On the othei side of the pi cture, however: 

o I t con in fli c t fatal burns. 

• As o source of heat , it causes spread . 

e I t s first sighting may tri gger pa nic. 

HEAT : Heat is both a product of fire and a means for 

spreading it; by constan t ly pre hea ting adjacent mate r

ials to their i gnition temperatures, it provides new fuel. 

Tempe rat ures rise quickl y , and lt umon tolerance levels 

ore often a,s low as 110° or 115o; thus the control of 

heat i s vitally important t o life safety. 

SMOKE: T he result of incomplete burning, smoke IS a 

prime hazard to I ifc safety: 

• It breaks down bodily processes, and is sometimes 

fa to I. 

• It attac ks breathing and ViSion, lessening time 

for escape. 

~ It spr ea ds with the expending heated gases from 

the fire, permeating a building qu ickl y and com

pletely. 

o I t con block escape routes. 

.. ~. 
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causes fatalities iniuries 

body bvrns 

from flames 

su Ffocated 

or overcome 

by smoke or 

fire gases 

other causes 

'"' 

27~;, 

64(t~ 43% 

7 7% 

From, An lnvcsrigorion oF The Hazards of Combustion 

Products in Building Fires, Ocrobcr 1963. 

% oxygen in the air 

21 

15 

10 

! 

normal reaction 

norma l res pi ra t ion 

muscular coordination 
reduced 

fa u lty judgment ond fat igue 

On the positive side, however, 

o It may serve as on early warning that there is a fire 

(although t ime from detection to into!crob lc leve ls 

tends to be short). 

• It con be mechanically detected much faster than 

heat or light. 

TOXIC GASES: The production of toxic gases during 

fire has made them the chief "killers" in en over

whelming number of multiplc-casua!ty fires. These 

gases become progressively more toxic during the fire, 

th us decreasing the time avai lab le Gcfore intolerable 

conditions arc reached. A sleeping person i n the pres

ence of a smouldering ore could die without ever waking, 

or, if awakened, could become so confused as to be in

capable of logico I response . 

OXYGEN DEPLETION: Both the fire and the occu
pant compete for vital oxygen; it is possib l e that oxy

gen levels become critica l for the occupant long before 

tox i c levels ore reached by the other gases. T he chert 

shows the reaction of the average person to decreasing 

oxygen content in the air he breathes; with exert i on, 

the symptoms wi ll appear even more quickly than in

d ic ·Jted. 
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introduction 

As the human li span l0n and as an increasing 

proportion of our population moves into upper age 

brocket, to of providing Iter spccificclly for 

ol le becomes one of real importance. For many 

have establ i ts ica to 

infirm, but the emergence: of a i I 
group of heal a reasonably active 

persons, whose only co:nmon rocteristic 'ls their age, 
is a relatively recent lopment. 

Several factors have served to draw many of these ol 

people into ing specifically de~ for them 

is an increas n 

live ir own lives, in 

People ore retiring from active 

living longer a their chil 

ld. th many ol 

people to 

nt ir families. 

life corl1cr a arc 

have left the house· 

to live with i!ius, most arc 
not designed for this siluotion. 

~ increasing 

soci I security re-

In fa i l y c o II ow s 

US!n . 

fll c n to rcmoin active, ond the rc for con-
;>orory com n1on to .v older people 

rd places ere rh1s octtvily x:s!s a ere 

they can with persons their own age. 

o A conccntro ion of ol people gives r:sc to serv-

ICes Cl fccditics directly rei lo ;heir 

this, in turn, attracts more people 

group. 

sc Q 
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Ia, there 1s on 
I 

on sucn on 

on i crcasi g social concern for housing 

as ovi government pro-

soc ol security fi and aid 

to construe ion. 

c result on a pro i tion of and build-

spcc ficolly for the el !y. 
ana opera 

are 

housing (not institu-

te $ a month 

icotions separate housing 

controversio I and are not 

concern in !i ' 

e 
jcct 

, now-

population of 

in case fire is 

A c s here is the importance of tho occupant; 

to a groat extent, is character his habits and 

his limi atians i f!uence e course of action 

a hslfesa fire. 

solutely 

ly populo 
their 

to no which 

ling with 

and limite-

t is "housing tor the el ly"? As 

I Housing Administration d 
settles on co sic critcrio: age, !th, 
of assistance 

AGE: The most obvious, 

c roctcristic ing el iy is 
its occupants. It is pinpoint any 

between the "o " e "mi le-a ny ore 

as young as 55, some are as old as 100 - a span of 45 
years! Some persons in 's a 60's ibit 

ysica rocteri rni expect per-

sons 30 years ol In spite of these 

vari tions, it is necessary to con i tho overage pop-

ulation of these establi nts to be signif1cantlyolder 

residents a !lings; aver-

age ! 

The 

upper ogo con-

sh 
set limits 

responsible life safety 

be misled by this minimum however; the 

"avera " resident is at !east in his 70's, and, in many 

cases, older. 

H STATUS: As a distinct build ng typo, hous· 

ing tho elderly to axel persons re· 

quiring constant ical attention. This housing type 

nursing convalescent units or 
ito -associated care units. 

is, however, a trend toward igning complexes 

for the aged which include units for medico! and nurs· 

ing care. These bui !dings, or pari·s of the complex, are 

considered as nursing or hospital units with their own 

di li safety sta 23 



Evon with o segment requ1r1ng nuing ical 

Gl on excl eldcrfy pcopl 

er parts of thiSc 
to exploring and fin ng the range 

the gner must be care-

p this range in mind when considering li 
sa 

a 
h 
s 

In summary, 

ocs not 

s assistance is 

ho can 

CE: A crit cal distinction in de

amount of organized 

or require 

of organized 

safety consi 

lp in 
ti on. 

" " 
is occupant 

:, physiologiccd 

withoaco In-

is no, however, clinically 

SIC Finally, ho 

assistance, and, in fact, any 

not to be available 

c y popuiation described 

tho occupant's 

v!or can de: 

ly persons are bed-ri 

occupont of Cl housing for 

is at least scmi-ambulon : 

constant assistance. He may, 

ib t some rna limitations in getting 

hnve suagos ops as much 

!ant population over 65 have le 

stairs a ing other complex move-

mcnts as climbing throu windows). 

ing to lack of i!ity 

cl ly tend to 

s, 

on. 

n a 
positions difficult. Finally, the loss of strcn th often 

broods a loss of confi causing of traffic and 

movement. 

H RING: As of persons in Nursin Homes the 
lie Health Service 1 t 1 of oil persons in 

the 6 age broc % of those over 

serious impn i rments 

cstima that by ogc 

"sig:1ificont" hearing p 

wh i usually effect the hi ghcr 

particularly im nt in time of 

poor 11 ~l may not hea a 

or the fire itself. 

persons 

mpoi ents, 

frequencies first, ore 

fire; person with 

outed di ons, 

VISION: With age a I so comes imp a i rmcnt of vision. 

ly bl i 
focilirics 

loss of 

Not o:-tly significar1t portions of el 

or nco o le wi il 

gin to atrophy, the tion to 

light ns to , thus incrcosing the 

of "blinding" by fire and flame. 



S SE OF ELL: 

any ti 

it. 

Dl RIE 
a so , cau 

logical factors, naturally 

to I 

H 
two ways: 

he a se of 

· at 
I i tor-

a its products - both 

occupant tries to escape 

con 

and psycho

to increase with age. 

terms of fire and its 

study s 
in ages, phys-

on, and exposure 

di cult. An 

, however, 

specifically 

ous t many of the 

with age. 

fire con dangerous 1n 

Ia· 
are fcc-

minute; 

the 

S KE: Many s 10s have i icatcd ma 

condi ions intolcroblc excessive temperatures 

rc reo smo is ti lly 

ngerous, irs c on vision a vis1 ility are 

ably more crippling as the occupant tries to escape. 

visibility is cut to 4 or less, most cscopo 

routes useless. 

S Along with re 

omong f1re gases, and l 

at whi ome intolorab!e, are 

since they will pond on the tne fire, the 

I available, and the reaction indiv 

pont. Slow-moving fires ore cularly 

since their gases reach high levels of toxicity 

they ignite. 

ict 

of 

Gases, too, present a double danger to the occupant: 

in low concentrations they are irritating, causing gasp-

ing (and inhalation of more go and bli ing, and 

in hi concentrations, they are l oisons. 

Of prirnory concern in rcsi tial fires are man· 
oxide, carbon d oxide J·he letion oxygen (or 

anoxia). c most common cause death, ca 

monoxide, has no or color an is rhe result 

of incomplete ustion of any co i. 
Co ly less its 

rote 

gases i -
on, as sta , uccs 

fatigue, faulty ju t, collapse, a th as less 

a less vital oxygen is mode avail to the occu-

pant. The chart summarizes critical levels for 

of these gases. 25 
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toxicity levels 

results from incomplete 

cause of fire 

con centra· 
reaction passes from tion can cause; 

dizziness to nausea, death in three 

unconscious· minutes 
ness and death 

n c odor 

a. gas which tends 
to settle to the floor 
and block escape 

in· 10% concentration 
rotc can causa death in 

a few minutes 

no o 

nitro di· 
similar gases ore 

of materials in commerciol occupancies, 

to occur in housing for tho elderly. 

The li lihood hi ly toxic gases is always 

sent in a fire, especially w Ia concentrations 

of pyroxylins, wool, silk, rub or chlorine are present. 

c tics, feel that the e ts of esc 

gases in resident al occupancies ore ry to 

of the mention above. 

OCK: k is an unpredictable and o inexpli· 
cable ysiological reaction to disaster or crpergcncy. 

It may brou t on any of the ts a 

may also cau the sight of, or the psycho-

logical reaction the presence of fire. It may rc· 

Ia to heart failure whi of course, is on ever-

presen s tre for many elderly persons. 

factors 

it is di cu t to precisely assess 

logical tors on vior of !y 

person in time of sig-

nificant ct some sort. 

weak, but several reactions have 

logical reactions ore iculorly hard to a 

1n re lations, o invol in 

ly ld pay particular attention to them. 

E logical factors 

rly may significantly in

fire outbreak: 

collection, conscious a 

stu furniture, outdo 

age. on!y provi 

sources, but they o !so increase the 

fincmcnt and control n fire as 

of old 

nccs, a 

aractcri tic of 

ional ign tion 

!ems of con· 

k out. 



' . o a person oses rn 
" oesn' core", it is on 

likely to ve more acci ts, also increasing the 

fi 

It IS when fire occurs, 

first comes into contact with it, 

logico I factors c a pporcnt. 

I 

arc:a, but 

1s a great fu study in this 

havior patterns have been pointed 

out as " a c" tho a 

all 

on a I rm 

ry,or completely ovcrl 

minutes to the time 

th fire. 

fire is 

e ten 

ter 

so I f. inst net 

a thou pro

occupants is usually 
ding valuable 

to react 

an instinctive 

one can. This 
rly occu 

point of per-

his only sig-

I-
r 

one ror 

cases 

from 

fire. 

ve measures 

transoms, using wet 

for heal) rnoy ovc 

and 

otav stic to follow familiar routes in 

an emergency escape, is one w 
particularly characteristic of 

i!iar tc is b 

! t. 

plicctions traini programs 

alternate escape routes. 

when the 

uliing confusion 

as i t im· 

the iocction of 

Finally there is 
olorrn automatically 

once. 

!st: assumption t any 

in summa 

tat ions. is 

summons i one! assist· 

i fi c recornmen liens a 

the el rly, 
characteristics a 

for 

limi-

e is in his later years, older n 50 a more I ike-

ly to be 70 or more. 

11 He is not clinically infirm, may 

impairments in ility 1 vision, 

significant 

smell. 

o The whole realm of decisive movement may phys-

icolly psychologically di cult for him. 

ll7 His physiological tolerances to fire products are 

lower than of youn people. 

s He may be less capable of clear and logical think

ing in time of fire. 27 
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• The problems of security and attachment to premises 

and possessions may make abandonment a major 

problem in time of fire. 

• No matter what his limitations are, design for life 
safety must be predicated on sel(help only; ready 
assistance by attendants is assumed to be unavail

able. 

lations 

This profile of the elderly occupant causes problems 
when contemporary life safety regulations are examined. 

To a large extent, life safety from fire is reflected in 
applicable building codes, licensing, inspection and 

other regulations. These codes and regulations are set 
up and often administered by occupancy type, and, of 
course, tho principles of life safety vary widely from 

one type of occupancy to another. 

Because of its newness, housing for the elderly rarely 
rates consideration as a separate occupancy type in 
these codes and regulations. It is most often classed
formally, or, as a matter of practice, with NURSING 
HOMES or MULTI-FAMILY DWELLINGS. 

Using the FHA guidelines and the description of hous
ing for the elderly given in the preceding paragraphs, 
this occupancy is NOT the equivalent of nursing home, 
hospital intensive core unit, convalescent horne, or 
even the generally accepted definition of a rest home. 

In each of these cases, some degree of responsibility 
and immediate assistance for the occupant is implied; 
such is not the case in housing for the elderly. 

The majority of cities and states tend to class housing 
for the elderly with other apartments and multi-family 
dwellings. Only now ore they beginning to realize the 
fundamental differences between o population of o der 
people, with certain group limitations, and those who 
normally occupy these other multi-family dwellings. 

Where code or regulation occupancy classifications 
have not been t~pdatcd to include housing for the elder
ly, those responsible for life safety in this o,ccupancy 
must be particularly aware of its essential differences 

and their implications for building design; such is the 

goal of this document. 
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a traditional measure 

Through the years, time has become the accepted yard1 
stick for "measuring" fire and the effectiveness of 
techniques to prevent its ignition or spread. Intuitively 
this is logical, for common sense tells that the longer 
a fire is let run, the more dangerous it becomes. 

The role that time ploys in the various aspects of fire 
and safety is i llusfrated by these examples: 

• Every fire house logs the time spent on every fire, 
including alarm time, departure, running, set-up, con
trol and extinguishing times. Many innovations in 

practice- including the slide pole - result from th s 
constant consciousness of time. 

• Detectors, sprinklers, and other alarm or extinguish
ing devices are rated in terms of time. The fire re
sistance of building materials and assemblies are 
also rated in terms of time. Flame spread indices 
ore comparative measures of time. 

• Fire drills use constant training to reduce evacuation 
time. Distance, height and area limitations of 
buildings, too, are functions of evacuation needs 

and time. 

• Fire walls, doors, and areas of refuge within the 
building buy additional time for survival during a 

fire. 

relating time to life safety 

It is not hard to apply time as a "measure" of life 
safety; all one has to do is picture the attainment of 
life safety as a race against time. The two competitors 
in the race are CRI11CAL and REACTION TIMES. 



As a fi re burns, its don gerous by-products bui I d to 
higher and higher l evels; at some point these levels 
become int olerable to the human occupant , and hi s life 

is lost. Tlte elapsed time from the start of the fire to 

the alta in ll lcnt of these into lerable levels is called 

CRITICAL T IME . 

While these leve ls ore bui lding up, though, the occupant 
is hopefully reacting to the fact of fire and achieving 
life safety . The t ime i t takes him to do this is called 

REACTION TIME . 

Relating the two t imes, a pair of axioms results : 

• If the occupant's REACTION TIME is less than the 
f i re's CR IT ICAL TIME, he reaches li fe safety before 
intolerable cond i t i ons occur, and h is l i fe i s saved. 

• If the occupant's REACTION TIME exceeds the 
fire's CRITICAL TIME, intolerab le conditions are 
reached before he con reach safety, and his l ife is 
lost. 

_________ , __ 

~)})}))}}}})}}})}})} margin of 
safety 

~))}}}))}}))}}))}})}}}}}}))~ 

~-------------

life safety 
not achieved 
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looking at critical time 

Critical time relates to a given occupant in a given 
space. It will normally be different for each occupant. 
and each space. Whichever fire product reaches the 
intolerable level for the occupant first has determined 
his critical time: 

• Time for temperature to reach a critical level. 

• Time for smoke to reach a critical level. 

• Time for gases to reach a critical level. 

As indicated in Chapter 2, the tolerance level for each 
individual is different. It is also apparent that critical 
time wi II change as the occupant moves from space to 
space; hopefully always in the direction of increased 
time. 

laoki iori time 

Reaction time is the time required for any occupant to 
reach life safety, and it con be said to be made up of 
three component ports.* 

• Time from start of fire to detection 

• Time from detection to alarm 

• Time from alarm to reaching life safety 

Some ports of reaction time may depend on mechanical 
devices or other people, but most often it is a function 
of the individual occupant himself: his ability to detect 
fire, to hear on alarm, and Ia escape or evacuate to a 
fim<;nfn m~a. 

rqaction time is an individual measure 

young adult 

elderly person 

type of wall 
lining 

non-combustible 

combustible 

time to critical 
level 

11.7 min. 

5.6 min. 

1 '' 1/''' N.r.t·.A., 1:-,, •. l't,),, .• ,,,~,, ,,,,,,,JJ.,.~,h. 



Reaction time, then, varies from occupant to occupant. 
One person may achieve life safety instantaneously by 
simply stepping outside a smoke-filled room; another 
may hove considerable difficulty in detecting the smoke, 
hearing the alarm, or moving to safety. For this reason, 

the essential characteristics and limitations of the oc

cupant are extremely important in considering reaction 
time. 

the I of I i fe sa 

The broad gaol of all life safety approaches and tech
niques is to do· everything possible to insure that 
CRITICAL TIME EXCEEDS REACTION TIME, and 
that the "margin" between these two times is as great 
as it can be within the limits of economy. Accomplish· 
ing this objective is dependent on two factors. 

• reaction time to a minimum. This is a real 
ng e , since the physi-

cal limitations of the occupants often 
increase their reaction time. Hearing may be poor, 
visibility below par, and mobility seriously re
stricted - all will significantly lengthen the re
action time and decrease the margin of safety. A 
simple rule to remember: THOSE RESPONSIBLE 

FOR LIFE SAFETY IN HOUSING FOR THE EL
DERLY ARE DEALING WITH A LENGTHENED 
REACTION TIME AND, THEREFORE, A SHORT

ENED MARGIN OF SAFETY BECAUSE OF THE 
NATURE OF THE OCCUPANTS. 

• in critical time to a maximum. This time will, 
o course, vary p ace to p in the bui !ding 
and with the fire products produced. The chart shows 
the effects of changing interior finish materials and 
time to reach intolerable conditions in one particular 
case. 

The entire approach to life safety spelled out in tho 
following pages of this document is based on these 
simple time relationships. 

documenti reaction time 

While some studies hove been underto ken in both the 
areas of reaction time and critico'l time, no real inte
gration of the two has yet been mode. There is good 
information available on human tolerance levels as re
lated to percentages and temperatures, but the time 
necessary to produce t~ese conditions in o fire has not 
been thoroughly investigated. The entire area of re
action time remains largely unstudied, and only "order 
of magnitude" estimates ore currently available as 

standards. 

·*The notion of reaction time, as presented here, is do· 
rived from a similar time measure developed by Rexford 
Wilson of the NFPA. This "reflex time" is defined as 
the time from ignition to "water on" foro fire, and was 
designed primarily to measure fire deportment effective
ness. Reaction time orients this approach more specif· 

ically to life safety. 

33 
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a necessary compromise 

It is simply not feasible to build, for every occupon 
in every housing for the elderly establishment .•• --

••. a fullyfire-resistive comportment 
' 

... complete ~ith o.lternate ~gress ro4tes. 
' ' ' 

•.. which is sprinklcred, flame-proofed, protecte< 
. by detectors and alarms, with .. 

. • a Class A fire deportment within one minute col 

Any compromise with these· requirements accepts thE 
fact that an occupant mdy'lose his life in case of fire; 

yet for practical reasons, :there usually must be a com 

promise. 

The compromise is chiefly due to economic considera· 
tions. The conflict between the need for housing the 

elderly and the extremely high cost of "assuring" life 
safety creates a real dilemma: if the cost of housing is 

disproportionate, new facilities simply will not be built, 

and the elderly will be exposed to possibly greater fire 

hazards in existing buildings. The basic problem, and 
the basic compromise, has always been: how to achieve 

maximum life safety with reasonable economy. 

To assure that the compromise is mode as carefully as 
possible, it is necessary to approach the problemwith 

a philosophy of life safety which, 

• Assumes that some lives may be inevitably expend
nhl., 



·f 

. ; 

• -.., 
0 
1.1 

t7l 
c:: 
VI 
0 ecoromic 
(I .. 
1.1 

./ im i tati.on s 
c: 

increas ing Ide safety ~ 

• Establ i shes priori t ies to keep th i s expendabil.i ty to 
a minimum, and, 

• Provides a framework for mak~ng decisions affecting 
lifo safety. 

No ph i losophy con be applied with equal val idity to all 
build ing types within an occupancy. T he unique char· 
acteristics of the occupant and his s i tuation must be 
considered in each case, and the phi losophy derived 

accordingly. 

the notion of expendab i lity 

A measure of val idity for any philosophy -or for any 

decision dictated by that philosophy - is EXPENDA· 
BILITY. The applicat i on of tho measure is often qu i te 

simple; one question is asked of every life safety de· 

cis i on: "How many lives may be expended as a resul t 

of this decision"? 

For example, any ph i losophy which does not provide 

for the sleeping occupant in the room of origin of a 

slowly smouldering fire, inherently accepts his expenda-

bil i ty . Likewise, any plan which docs not recogni ze 

tha t entrapment is the grea test cause of mul t i pl e li fe 

loss has established a quota of expendab le occupan ts 
at the outset. 

Who establ ishes prioriti es, and where docs respons ibi l

ity for life loss l ie? These questions wi ll be discussed 

in the next chapter . 

regu lati ons . .. only a begi nning 

Many look to codes and regulat ion s as comple te state· 
men ts of I i fe sa fety phi I osophy , and as a rcsu It, the 
approach expressed in most build ings bec omes that 

mandated by th e regu lati ons. It i s onl y natural to feel 

that the pr imary funct ion of regulations i s max imum safe
ty , and that the mea sures specified ore suff icient; but 
this is on ly partly true. 

I t i s important to reali ze that the bas ic in tent of regu

lat i ons i s the protecti on of th e greatest numbers: to 

protec t the commun ity from conf lagra tion and mass 
spread of fi re, to pr event the sprea d of f i re to ad jacent 

property, and to con trol the exten t of fi re w i thin a build
ing. The greater emphas i s is not on the in di v idua l 
occupant and his l im ita ti ons, but on the protect ion of 

the majori ty . By the ir nature, too, code s are structure

or ien ted, often concent rat ing on preven ti ng property 

damage rather than on sav ing I ives. 

It has become apparen t that life sa fety depends on a 

cha in of elements, and that regulations are only one part 
of the chain . Many basi c planning decisions, includ ing 
site selected, numbers housed, max imum cost, and pla n 
configurat ion are independent of mandated requiremen ts 
and se t l ife safety " limits " long before regu lations are 
even consulted. 35 
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the components of o philosophy 

It is o basic premise of this document that life safety 
con be provided by considering o chain of events, each 
link of which represents one aspect of life safety. The 
philosophy must consider each link~ its importance, and 
its priorities in relation to the other links. The links 
include, 

• PROTECTION and DETECTION, which ore impor
tant in all occupancies. 

• ALARM, which may be general, to only speCific per· 
sonnel, to central station, or fire departments (or 
any combination of these) depending on the copabi I ity 
of the occupant to respond and the degree of assis.t
ance available. 

• ESCAPE, which is possibly only if the occupant is 
capable, responsible, and has been provided with 
the means. 

• REFUGE in a specially-protected area, as an 
alternative to escape. This depends on the structure 
for CONFINEMENT of fire spread and CONTROL 
of fire development. · 

• EXTINGUISHMENT, which is important not only in 
saving property, but also in situations where occu
pants ore "riding out" the fire inoreos of refuge. 

relating phi I osophy to occupancy 

Fire philosophies hove taken many orientations; they 
hove been structure-oriented, egress-oriented, sprinkler
oriented, detection-oriented, and so on. These orienta
tions normolly reflect tho viP-wpoints of their sponsors. 

whose interests are sincere, but whose viewpoints ore 
often limited by their areas of concern. 

In terms of life safety, the most logical philosophy is 
OCCUPANCY -ORIENTED. It should reflect the fact 
that each occupancy has o unique type of occupant with 
unique capabilities, reactions, and limitations . It recog
nizes that not oil occupants ore free to move as they 
please, and that the degree of assistance in case of 
fire varies widely from one occupancy to onoth,cr. In 
short, it realizes that a school is not the same as a 
nursing home~ and that nursing homes are not hospitals. 
To illustrate on occupancy-oriented philosophy and its 
effects on each of the links in the life safety chain, 
it can be seen that ... 

. in PUBLIC ASSEMBLY PLACES ... 

PROTECTION is mandatory, 

DETECTION should be as rapid as possible, 

ALARM should be general to all occupants, 

ESCAPE of all occupants should be direct 
and unimpeded . 

. . . in HOSPITALS, however . 

PROTECTION and DETECTION remain 
critical, 
ALARM may be controlled, alerting attend
ants but not occupants {or at least not all 
occupon ts), 

REFUGE orcas should be provided, to which · 
poticnts nwy he removed, ond, 
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EXTINGUISHMENT must be as rapid as 
possible. 

. in NURSING HOMES ... 

a phi 

the same general approach as' for ho.spitols 
holds, except that there are I ikely to be fewer· 
personnel per patient, thus reinforcing the 
concepts of refuge areas, confinement and 
"riding out" the fire with earliest extinguish
ment. 

for housin 

Relating the unique requirements of the elderly to the 
links in the life safety chain yields a definite life 
safety philosophy for this occupancy. While its details 
will vary with location and type of construction, it musl 
always recognize two critical issues: 

• Reaction time, already lengthened by the slowed 
reactions of the occupant, must be shortened by 
rapid and automatic detection, followed by on alarm. 

• Time for survival must, in most cases, be extended 
by evacuation, confinement, and extinguishment. 

Briefly considering each of the links in the chain in 
terms of the elderly, 

• PROTECTION: there is need for a program of legis· 
lotion, enforcement, compliance and education, in
cluding recognition of housing for the elderly as o 
distinct occupancy. 

• DETECTION: automatic detection, capable of de
tecting any of the products of fire, is essential to 
shorten reaction time. 

• ALARM: there must be on immediate automatic 

alarm to all occupants, fire personnel (local brigade, 
central station, fire deportment), and on in-house 
worden responsible for making sure a follow-up alarm 

is sounded and assistance given where needed. 

• ESCAPE: direct egress is important in single-story 
buildings, and acceptable alternate routes of escape 

must be provided in higher bui !dings. 

• REFUGE: protected areas must be provided where 
direct egress or alternate routes ore not available, 
or where occupants cannot react quickly enough to 

escape. Areas of refuge can be thought of as spaces 
for buying time for rescue or time unti I the fire is 
extinguished. 

• CONFINEMENT: the building elements must be fire
resistive enough to contain the fire in selected orcas 
and provide time for escape, evacuation, or extin
guishment. 

• CONTROL: techniques to control fire growth and 
the production of smoke and gases must be used to 
buy time for occupant survival. 

• EXTINGUISHMENT: since the elderly cannot al
ways be relied on for self-help, and hand extin· 

guishers ore of questionable value in this occupancy, 

standpipes should be included, but only for profes· 
sional use. Automatic sprinklers ore desirable if 
economically feasible, and an adequate fire depart
ment is needed to assure extinguishment, especially 
where evacuated occupants are "riding out" the fire. 

Each of these links and their provision in housing for 
the elderly wi II be discussed in detail in tl.1) second 
port of this document. 37 
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expendability and responsibility 

As has been suggested, life safety decisions ore not 

just "born," they are made. Each decision, as it com· 
promises the ideal of 100% life safety, makes a clear 
statement about EXPENDABILITY. 

Because planning and design decisions must be 
"made," and because specific people or agencies must 
make them, it follows that RESPONSIBILITY for life 
safety - and expendability - can be determined. Re· 
sponsibilities can be pinpointed for such hazards as: 

• the wedged fire door 

• the accumulation of trash 

• the single exit route 

• the lack of detection 

• the lack of sprinklers 

• the combustible home for the elderly built twenty 
minutes from the nearest fire deportment. 

Some day it will be possible to accurately predict 
critical and reaction times before the fact of the fire, 
thus predetermining the number of persons expendable 

in any building under any conditions. 

Practically speaking, it will never be possible to legal
ly fix the blame for every life lost in fire. A direct 

placement of responsibility on a specific decision· 
maker, however, can do a great deal to relieve the dif· 
fusion of responsibility that now exists. While this 
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approach is n.ot yet totally feasible, th.ere Is much that 
~ be done in the placing of respon~ibi I ity. 

legislated responsibili 

Certain responsibilities for life safety con be legislated 
or delegated by low. 

For many years, the only responsibility for even token 
life safety was shored by the building inspector (who 
administered the building code) and the fire department 
(who fought the resulting fires!). Several large life-loss 
fires in schools, hospitals, nursing homes, hotels, and 

night clubs, however, brought the lock of clear respon

sibility to the attention of the public -and their lcg
i slators. 

Today, almost every state has assigned specific respon
sibility for fire safety in its institutions to a particular 
agency. Currently forty-nine states have regulations 
governing nursing homes, and in each case, responsi
bility for their enforcement is specified. While the ex
tent of these regulations and the degree of enforcement 
varies widely, the best life safety records are invariably 
campi led by those states which hove recognized the 
importance of the life safety chain and hove clearly 

ted the attendant responsibilities. 

In terms of legislated responsibi I ity, however, housing 
for the elderly is generally not considered as a separate 
type; usually it is grouped with other multi-family dwell-
ings in and regulations. In order to avoid repeat-
ing expensive lessons learned in other occupancies, 
it is urgent that the necessary special legislation des
ignating it as a special type of occupancy be enacted 
as soon as possible. 

non-legislated responsibility 

Not all responsibility for life safety in any given occu
pancy can be assigned to fire prevention officials, 
however; many areas of life safety responsibility fall 
almost entirely to the architect, owner, occupant, or 
fire deportment. Locking legal definition, these respon
sibilities are often hazy; and without some clear def· 
inition and understanding, the assurance of adequate 
life safety is not improved. 

a summary chart 

To aid in this definition, specific areas of responsi
bility arc outlined as each link of the life safety chain 
is discussed in the following chapters. As in any sub
ject involving personalities, ethics, and quasi-legal 
factors, this delegation is necessarily simplified, but 
it is hoped tho t it may serve as a take-off for the proper 
designation of these responsibi I i ties . 

These recommendations are summarized in the Respon
sibility Chart presented here, with a reminder to the 
reader that these responsibilities relate to a specific 
life safety philosophy pertaining to a particular occu· 
poncy type; any other occupancy type would, of neces
sity, produce a somewhat different chart. 39 



FIRE PROTECTION FIRE OFFICIALS AND ARCHITECT ... OWNER .... OCCUPANT. . . 
ADMINISTRATORS ... 

legislation and codes 
. lnitlatB, studios' · ~\[:, be aware of and 

affecting life safety :f request logislntion '.} understand legislation knowledge of legislation 
provide enforcement ' 

-
education activities 

conduct lectures; dc:mon• 
undergroduate study 

invite fire officials to· 
strotlon s, rite, 

,, 
present demonstra'tians 

,' t 

review building pl~~s btL 
where official plan re• 

review with view does not exist, the 
architect foro Issuing pormils ·: architect performs the 

,··; "critical" judgments 

evacuation plans and ' prepare plan~ and con~' co•operate with fire 
officials, accept participate in dri {/ s 

dri II s duct drills responsibility , 
.··;,, ' ' ' •'' '·,'' •, 

decisions affecting the 
'architecf advises OWner Oil decisions' of siie, 

initial review with location and buildlng type ln accordance with 
basic planning of the architect uftimate life safety consequences, 
building 

I 
,, 

" 'd t 

encourage good house· 
., . r' 

irisp'oct promises and keeping tl~rough design m.ointaln good housekeep• 
maintenance of solo report violations of proper facilities, etc; ing; roqulro tl1at attan• help owner in maintain· 
conditions promptly advise owner on reasons donts and act:upants do ing housekeeping. 

' For safety devices (e.g., nol violate rules 
Fire doors) 

DETECTION 
,,, ' ' ' . ' ' 

ce>•operote with archi· decision about providing specify minimum ln/erprof carlos, mdking 

automatic detection requirements in codes decisions in accordance tact in authorizing 
w}IIJ lifo safety needs proper devices 

specificatian, location specify minimum so/act qua/iliad con·· co·operate with arch i· 
of automatic detectors requirements in codes sultants teet 

.naintenanco and testing provide minimum advise owner on testing ··employ qualified testing 
ot automatic detectors requirements in codas procedures organizations., ,, 

" ' 

personal detection 
provide watchmen, 
attendants, ate. 40 
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ALARM ADMINISTRATORS ... ARCHITECTS ... OWNER ... OCCIIPANT .. 

ostohlislling guidelines test, certi {y and gain famifiority with 
for alarm selection publisl1 guidelines. types and models 

specify minimum so/action i/1 accordance ca•operato with archi· 
alarm selection 

requirements in codes with life safety phi/as· teet by authorizing 
ophy /)roper devices 

maintenan'ce and testing 
specify minimum 

advise owner 
perform testing or hire; 

requirements in codes mointtMance company 

automatic alarm needed occvpont .cannot be ex• 
operation of alarm to natj{y occupant!>; pee ted to :savnd olo'rm 
in time of fire owner provide far call or notdy fire depart• 

to fire deport{nent; · ment 

ESCAPE AND REFUGE 
' 

choice of escape specify minimum make selection based on 

or refuge requirements in codes building type and life 
safety philosophy 

means far escape and provide minimum camp/ate responsibility 
insure building features protect building features 

evacuation requirements in codes ·feu building feolur!'ls 
by good housekeeping, not by good hau:;;e~eeping, not 
propping fire doors, etc. propping fire doors, etc. 

CONFINEMENT AND CONTROL', . 
advise owner and make 

basic planning decisions .' . , de.cisions aboutoccupont· 

about size, lacation, grouping, location of 

layout building, etc. in accord· 
once with life safety 
con sequences 

building features for provide minimum undertake responsibility protect building Features protect building features 
confinement and contra/ requirements in codes lor building features as above as above 

devices far provide minimum select appropriate 
co-operate with archi· 

confinement and control requirements in codes dqvices ' teet in authorizing 
' , devices 

EXTINGUISHMENT 

personal utinguishment provide professional provide access 
provide attendants only in some cases will 
to answer occupant's the occupant be able to 

ol fi ro {Ire department!j and devices call for help. extinguish the fire 

automatic devices specify minimum select in accordance co-operate with orchi· 

lor exrlnguisllment requirements in codes with life safety teet in authorizing 

p~i/o~ophy .·. devices 
'i :' ·,. 



THE CHAIN OF LIFE SAFETY 

The of life safety is not an unilateral act. 
Rother, it is like o as os ifs II 
The arch i teet, owner, the fire 
even ~e occupant must 

is to . PROTECTION, N, 
ALARM, ESCAPE OR CONFINEMENT, CON· 
TROL, EXTINGUISHMENT. The remainder of this re· 
port explores each of I inks in terms of housing 
the elderly. 



FIRE PROTECTION 

44 

what is protection? 

The first link in the life safety chain and the first 
component of any life safety phi lo.sophy is fire pro· 
tection. 

Protection, ~ brooder concept than fire prevention, in
cludes efforts to: 

• Prevent fire outbreak. 
I 

' 
• Prevent widespread damage when fire does break out. 

• Prevent loss of I ife due to fire. 

Protection encompasses the entire life cycle of a bui !d
ing and its occupants; its basic philosophy is one of 
minimizing fire hazards in every possible way. Pro
tection includes: 

• Initiation of legislation 

• Enforcement of legislation 

• Educational programs 

• Basic planning decisions 

• Evacuation plans and drills 

initiation of legislation 

Codes and regulations, including building codes, fire 
safety codes, and licensing regulations, are the founda
tion on which life safety programs hove been tradition

ally built. Initiated in port by state and local fire 
officials, they provide the fundamental author4ty to 
develop and enforce fire safety measures. As has been 
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J 
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noted, however, codes and regulations con, in general, 

provide only .Qlinimum standards. Moreover, seldom do 
they recognize housing for the elderly as a distinct 
occupancy type . 

Codes and regulations do make definite contributions 
to life, safety by: 

• Separating combustibles from ignition sources by 
fire separations, boiler room isolation, protection of 
appliances, etc. 

• Limiting the amount of combustibles available and 

the amount of fuel contributed by controlling house
keeping practices and the choice of building ele
ments. When available fuel is limited, critical time 
is extended. 

• Req~iring controls and maintenance checks on igni
tion sources such as boilers and ~lectrical equip· 
ment. 

. '• 

• Setting up regulations for inspections: evocuoti on, 
and plan review. ' ' . 

• tablishing regulations covering Jhe other links in 
the life safety chain. 

enforcement of I slation 

Enforcement of codes and regulations, both when the 
building is built and when it is operating, is a particu
larly important foetor in life safety. 

INITIAL ENFORCEMENT, including plan reviews, is
suance of building permits, and certification of Iicon-

sure, is designed to enforce the letter, and sometimes 
the intent, of the low in order to assure c1t least mini· 
mum life safety. The unfortunate result of this enforce

ment is that many architects depend on officials to 
d.etect oil errors in design and planning. It is important 
to realize that plan reviews and allied techniques con 
do little more .than establish a minimum standard of life 
safety. It Is a basic tenet~of fire protection that life 
safety begins on the drawing board; fi.re officials can 
enforce minimum standards, but· they ,cannot ·be asked 
to make the architect's decisions for bim. ·. 

CONTINUING ENFORCEMENT, in the form of periodic 
inspection, is designed to insure that the life safety 
standards established in the regulations are not com~ 
promised by haphazard operating practices. A strong 
correlation between life safety experience and the fr·e
quency of inspection has been found in many occu'pan
cies; some states require up to twenty-one inspections 
a year. Comprehensive check lists (from occupant count 
to housekeeping practices and checks of oil possible 
fuel and ignition sources), unbiased reporting, immedi
ate notification of violations, and close foll·ow-ups ore 
all essential to this aspect of life safety. 

educational programs 

Educational programs can serve to make personnel and 
occupants conscious of fire safety hazards on a day
to-day basis, and con decrease reaction time by in
structions regarding procedures in time of fire. These 
programs include explanation of regulations, schooling 
in the nature of fire, evacuation plans, anticipation (if 
not drill) for a night fire, and information about other 
aspects of fire prevention and control. 
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basic planning decisions 

Some decisions regord.fng th'e general nature of the 

project- mode long before drawing board commitments

hove a profound effect on life safety: In some cases 

they so constrict the designer that his efforts for a life

safe building ore "bond-aid" approaches, attempting 

to "patch up" the mistakes wrought by poorly-conceived 
basic planning decisions. 

These decisions include, 

• OCCUPANTS, including their numbers, types and 
densities. . 

• LOCATION, including distance from nearest fire 

deportment and availability qf water. 

• SITING, including access, manuevering room for 
apparatus, exposure to other buildings and possibil

ities of fire spread within the complex. 

• BUDGET, available to do the job. 

In many cases, these early decisions hove pre-deter
mined the approaches to life safety available to the 

designer . Certainly a suburban, low-budget, combustible 
housing project for 500 occupants (all over 70) in on 
area where the nearest fire deportment is ten minutes 

away, even when it meets all mi nimum code require· 
ments, is a formidable life safety problem for any de
signori 

' I, · ; • 

. ~~:.;; ... :~.~ 

evacuation plans and drills 

The evacuation PLAN shortens reaction time by pro

viding a predetermined plan for evacuation or escape 

from fire. Prepared for a particular building in con· 

junction with the owner or administrator, it anticipates 
possible entrapment of each individual and provides 

alternate routes or extra protection where possible. 

The evacuation DRILL is the extension of the evacuo· · 
lion plan down to the level of the individual occupant: 

• It defines ·individual responsibility and'procedures 

in time of fire. 

• It reduces the probability of panic and confusion. 

• It tends to produce a conditioned reflex in terms of 
individual detection, alarm, escape, or even extin· 

guishment procedures. 

Implementation of evacuation drills in housing for the 
elderly raises many practical problems, but their de
sirability is unquestionable. Three approaches ore 

possible: 

• They may be mode mandatory by regulation. 

• They may be voluntary on the port of the occupants. 

• They may be accomplished on on individual basis, 
since life safety in this occupancy is ultimately 

oriented to the individual. 



ibilitics 

Because ever'! philosophy and approach to life safety 
must include the activiti cs in the "protection" I ink, 
the choice of considering them in any compromises that 
may be mode for reasons of economy does not exist. 
Fire pro tion procedures and regulations am not "op
tional"; therefore these items do not figure in estab
lishing priorities - THEY ALWAYS HAVE TOP 
PRIORITY. 

In terms of responsibilities, the FIRE PROTECTION 
OFFICIALS should ... 

• Upgrade fire legislation and activities in a II regions 
with poor I ife safety records. 

• Acknowiedge housing for the elderly as a distinct 
occupancy type, recognizing the uniquerequirements 
in codes and legislation. · 

• Recognize that enforcement requires •personnel, and 
where economy is a factor, consider alternate meth
ods of providing this personnel (use of firemen, 
police, health and welfare personnel, 'etc.). 

The OWNER should, 

• Retain professional advice while making the basic 
planning decisions which have great effects on I ife 
safety. 

• Insist on the designer's attention to the life safety 
problem. 

• Cooperate with protection officials in devising evac
uation pions, staging drills, and participating in 
educational programs. 

• fnsist on continuing adherence to rules and sugges
tions of protection officials in operating and main· 
taining the establishment. 

The ARCHITECT should, 

I ' 

• Provide competent assistance to the owner in making 
the basic planning decisions; this requires a real 
awareness of the impact of these decisions on lat<;:r 
life-safety design. 

• Remember the "minimum standard" aspect of build
ing codes, and that interpretation of the spirit of 
the code rests in his hands. 

• Check applicable codes and regulations for their· 
consideration of the elderly, using a clear under· 
standing of a life safety philosophy for the elderly 
to augment cind supplement code provisions where 
no specific mention of the elderly occupant is made. 

• Refrain from relying on plan reviews to detect his 
neglect in design and planning for fire protection. 
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two means of detection 

In any effort to increase the time ovoi !able for life 
safety in case of fire, early detection is critical. If 
ignition and detection occur simultaneously, the maxi· 
mum margin of safety is possible; every minute sepa· 
rating the two reduces this margin. 

The two basic means of detection ore, 

• HUMAN DETECTION, by occupants, patients, at· 
tendants, visitors, police, outsiders, watchmen, etc. 

• AUTOMATIC DETECTION, by mechanictJI or elec· 
trical devices. 

detection by the occupant 

The usual means of detection in most residential occu
pancies is the occupant himself; a recent study of 
apartment fires indicated that nearly 90% were detected 
by the residents themselves. This is significant in 
housing for the elderly since the occupant, with his 
decreased sensory capabilities, is less likely to act 
os the prime detection means. This places greater em· 
hosis on the roles of administrative personnel (where 
they ore available) and automatic detection (where 
assistance is not available). 

automatic detectors ... in 

The sequential development of fire runs from smoulder
ing and the development of gases to the development 
of smoke, flame and finally, heal. Detectors ore avail· 
able which will respond to fire of any of these stages 
of development. The chart indicotes that automatic 
detectors generally loll into four closses, depending 
on which product of fire they arc: dcsioned to rlf'f•'rt 



Tho earlier the fire con be detected, tho greater tho life 
safety value of tho detector used. As might be sus
pected, however, the earlier the detection, the greater 
the cost of the detection device. 

The limited function of automatic detectors should be 
clearly understood: the detector is only a detector. 
While it can be connected to alarms, central station, 
fire department, fire doors, or even sprinkler systems, 
it does not, provide on alarm or in any way at· 
tempt to contra or extinguish the fire. 

automatic detectors ... heat-activated 

Heat detectors arc usually the simplest type, the most 
incxpcnsi vc, the slowest to react, and the least ef· 
fcctive from the life safety standpoint, because the fire 
must be well developed to activate them. Two types 
ore avoi !able: 

• FIXED TEMPERATURE DETECTORS, which react 
at a predetermined temperature (in the 135° to 165° 
range). These include bimetal! ic strips, snap action 
discs, thermostatic cables, and fusible linl<s. 

• RATE-OF-RISE DETECTORS, which respond to ab
normal heat rise (15• to 20• in a minute). These in· 
elude pneumatic tubes, thermoelectric, and other 
rate-of-rise devices. 

Unless the rate of temperature rise is very slow, the 
rote-of-rise detector is normally foster In detecting fire 
than the fixed-temperature device. Combination devices 
which combine the better features of both are also 
avoi !able. 

activating 

product 

heat 

flame 

smoke 

gas 

when 

produced 

fire's rapid devel· 
opment stage 

fire's rapid devel· 
opment stage 

smouldering stage 
before flame and heat 
are developed 

incipient stage 
before smoke, flame, 
and heat are 
developed 

reaction relative 
time cost 

longest cheapest 

most 
shortest 

expensive 
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automatic detectors ... flame-octi voted 

Flame-activated dete.ctors sensitive to radiation and 
flicker caused by frame are also available. To beef
fective, they must be installed in places where they 
have unobstructed straight-line views of any possible 
fire; their use, therefore, is often limited to detecting 
ignition sources in hazardous areas. 

automatic detectors ... smoke-activated 

Devices utilizing photoelectric cells to detect visible 
carbon particles in the air ore designed to detect smoke. 
These detectors may be based on direct or reflected 
light, and utilized as spot, line or sampling detectors. 
In summary, 

• They ore extremely effective in detecting smoke, 
but not as fast as gas-activated types. 

• They should not be used where smokeless fires ore 
possible. 

• Since they ore based on optical principles, dust ac
cumulating on the light source may cause false de
tection; for this reason, regular maintenance is 
necessary. 

automatic detectors ... activated 

These devices use a steady flow of ions from a small 
radioactive source to make invisible combustion gases 
conductors, and, hence, electrically "visible" to the 
detector. While expensive, these devices ore capable 
of protecting up to 3600 square feet of floor space and 
will usually detect a fire earlier than any of the other 
types. They can also be used as smoke detectors; 

Like smoke detectors, however, they may register false 
detection if not kept free of dirt particles. 

sensitivity and reliability 

How sensitive should on automatic detector be? If it 
is not sensitive enough, the time margin avoi loble to 
the occupants will be reduced, if it is too sensitive, 
it may react to cigarette smoke or even reflected sun
light and cause false alarms. Sensitivity\ should be 
somewhere between these two extremes; it varies with 
tolerance levels permitted, the range of conditions nor
molly expected, draft patterns, and location. Because 
of the occupant's sensory limitations, it is important 
that detectors with high sensitivity should be chosen 
in housing for the elderly. 

The diagram indicates the sensitivity of various de
tectors in terms of response times based on on averag
ing of twelve test fires. 

In terms of reliability, two important questions must 
be asked: 

• CAN THE DETECTOR BE RELIED ON TO OPER
ATE AT THE SPECIFIED SENSITIVITY? Many 
detector tests have been conducted, but these ore 
only approximations of what happens in time of fire. 
To the extent that test conditions parallel actual 
fire conditions, reliability information gained from 
these tests can be used in selection of detectors. 

• CAN THE DETECTOR BE REUED ON TO OPER
ATE SATISFACTORILY OVER THE LIFETIME 
OF THE BUILDING? The characteristics of many 
devices change with time, and the effective usc of 
detectors req'uires regular maintenance and testing. 
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evaluation of detector performance 

There ore so many variables involved that It Is impos· 
sible to categorically say that detectors will always 
save lives. Very little performance data has been col· 
lected on the effectiveness of detectors in providing 
life safety. It is obvious, however, that one must know 
that a fire exists before one con react. 

In addition to sensitivity and reliability, detector 11per· 
formance" in saving lives depends on: 

• The "match" between the type of detector and the 
type of fire. 

. . ~ 

• The location of the .. dctcCtor, 

• What is done after th~ .detector detects the fire, the 
kind of alarm, and the condition of the person re· 
ceiving the alarm are critical to life safety. A bell 
which rings in the night is of little value to a bed· 
ridden invalid . 

• What provisions are made for escape or evacuation 
once the fire has been detqcted. 

• What provisions ore made for containing or control· 
ling the fire once it is detected. The detector itself 
can serve the purpose only if it is connected to 
sprinklers, fire doors, dampers, etc. 

specitying detector types • 

It is apparent that many considerations influence the 
proper specification of detectors; occupancy, construc
tion type, related ~lfe safety measures, type of detector, 
locatibn, installation, maintenance and testing all play 
roles in determining their life safety effectiveness. 51 
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Misuse based on misunderstanding can easily weaken 
this link in the life safety chain. For this reason, the 
selection, specification and location of detectors should 
be undertaken only by 'qualified people who ore willing 
to accept the final responsibility for. their decisions. 
THIS IS NOT A JOB FOR AMATEURS. 

summary of responsibilities 

FIRE PROTECTION OFFICIALS should, 

• Encourage greater study of detection and early warn· 
systems and their effectiveness in time of fire. This 

ing systems and their effectiveness in time of fire. 
This implies the gathering, analysis and dissemina
tion of data or detection performance, reliability and 

sensitivit:'· 

• Recognize the ~ontribution of detectors and early 
warning systems to shortening occupant reaction 
time. This is particularly critical in occupancies 
such as housing for the elderly where the occupant's 
limitations constantly serve to lengthen his reaction 
time. 

• Set standards for maintenance and testing of auto· 
matic detectors. 

The ARCHITECT should, 

• Realize that in occupancies such as housing for the 
elderly, automatic detection is particularly important 
in compensating for the occupant's decreased sen· 
sory capabilities. 

• Recognize that an automatic detection system can 
be justified only where escape or protection of the 
occupant is possible or assistance is assured. If 
this is not the case, the money, may be better spent 
in techniques of confinement and control. 

o See that automatic detection is included in all haz· 
ardous and unsupervised areas. 

• Fully understand the differences among the generic · 
detector types and their relative performances. 

• Not confuse detectors with alarms or sprinklers . 
detectors may be connected to these d~vices, but 
they do not inherently raise on alarm or control the 
fire. 

• Select qualified consultants who will specify de
tector types, make detailed location plans, and take 
responsibility for their work. 

• Advise the owner on maintenance and testing pro
cedures. 

• Realize that codes and regulations set minimum 
standards and that their interpretation and applica
tion is in his hands. 

The OWNER should, 

• Provide full co-operation to the architect by ac
cepting his advice (and that of his consultants) and 
by providing the resources to do the job. 

• Contract with rolioble firms for the maintenance and 
testing of automatic detection systems. 
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. 
• Recognize, too, that detectors are not inherently 

alarms or devices for extinguishing the fire; he 
should extend the recognition both to the staff and 

the occupants. 

• Provide watchmen and other attendants whenever 

this is necessary and feasible. 

' . . ~ 
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~farms: two obiectives 

Although there ore many kinds of alarm devices, all 
exist for two fundamental reasons: NOTIFICATION 
TO ESCAPE OR TAKE REFUGE and CALL FOR 
ASSISTANCE. Some alarms accomplish both of these 
tasks at once; most, however, do not. The reader 
shovld . keep these two tasks in mind, for too often it 
is . simply assumed that EVERY alarm does BOTH - it 
is impossible to calculate just how many\ lives this 
false assumption has cost. 

the internal alarm 

The alarm ·which only notifies occupants 'and personnel 
within tne buildin9 to escape or toke refuge is co il ed 
on INTERNAL ALARM. (Some internal alarms have 
outside bells hop ing to alert passers-by and neighbors 
to call for assistance). This alarm, however, does not 
summon professional assistance unless it is connected 
to an external alarm as described be low. 

A specialized type of internal alarm, called a pre
alarm, is sometimes used to warn selected personne l 
or o ttendonts before o II occupants ore notified. There 
is considerable debate about the effectiveness and op· 
propriatencss of the pre-alarm; in any case, it should 
be avoided in housing for the elderly - attendants are 
not assumed to be present, and the pre-alarm would add 
to the already lengthened reaction time of the elderly 
occupant. 

The internal alarm con be activated in two woys: 

• MANUALLY, by ringing a bell , pushing o button, 
pulling a hand.lc, or smashing a pone of gloss . 
Manual alarms should be located in oil hazardous 
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arcus ond' in "familiar" places throughout the build
ing. All occupants should be familiar with their 
operation and should be trained to usc the manual 
alarm as soon as the fire is detected. 

• AUTOMATICALLY, by connection to detectors. An 
auxiliary power source should be available to allow 
activation even if the normal power supply fails. 

the external alarm 

The external alarm constitutes the call far professional 
assistance. While it may be accomplished in different 
ways, it must always be provided: 

• INTERNAL ALARM CONNECTION: The internal 
alarm may be connected to the local fire deportment 
or privately-operated central stati.on. This usually 
invo!.ves automatic detector-alarm connections and 
a private line since the amount of wiring needed 
and the limited number of circuits available usually 
mitigate against municipal alarm cpruJections. 

• SPECIAL TELEPHONE: Many institutions maintain 
a "red phone" connection to the fire department. 
This single-purpose connect,ion is recommended for 
housing for elderly where an administrator is always 
in attendance. · 

t PULL-BOX ALARM: in urban areas, municipal 
alarms in the street can be used to summon assist· 
ance. 

Even where the external alarm is "automatically" 
plocad to fire department or central station, a tele
phone or pull-box BACK-UP ALARM should ALWAYS 
be placed in time of fire. 

• 

location of monuol olorm devices 

Location of alarm stations is one which must reflect a 
compromise between the ideal and the economically 
foasible. The ideal solution, of course, is an alarm 
station in every apartment unit. If this cannot be eco· 
nomically justif1ed, there should be a station in familiar 
locations not more than a few dozen feet from the apart
ment door. Any code specifica'tions on distance to a I arms 
should be .decreased {os much as 50%) 'because of the 
occupant's physical limitations.·. 

In addition, manual 'alarm devices should be lac;ated 
in central locations (lobby, switchboard, owner's office) 
and hazardous orcas.· 

signals 

The general alarm signal should be clear and disti.nc
tive. Because the occupant may (in fact, probably will) 
possess a hearing handicap, the signal should be loud, 
and preferably of lower frequency since high frequency 
handicaps ore more prevalent among the aged. Since 
the elderly are often confused easily, the signal should 
be unique, not similar to the signals of telephones, 
doorbells or chimes, Finally, the occupant should be 
thoroughly familiar with the signal and its meaning. 

alarms and the elderly 

As with the other links in the life safety chain, the 
specifics of alarm use must vary with occupancy type. 
For example ... 

• In SCHOOLS on evacuation alarm (with a back-up 
external alarm) is necessary since escape is funda· 
mental. 55 
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• In HOTELS AND PRISONS o pre-alarm is generally 
given to selected personnel who notify the fire de
portment and decide ifevac!)otion is needed- if so, 
they direct it in on ~rgonized manner. 

• In NURSING HOMES AND HOSPITALS elaborate 
alarm systems ore usually established to permit 
orderly withdrawal to refuge areas when escape is 
not mandatory or feasible. 

In Housing for the Elderly 

• A pre-alarm should be avoided because attendants 
ore not pres'ent and the occupant's reaction time is 
unduly lengthened. 

• An internal alarm should be used to notify all occu
pants, personnel (and passers-by and neighbors 
where they may be of help). 

t Where possible, tho internal alarm should become a 
"combined" internal/external alarm by notifying 
professional assistance automatically. The faster 
professionals can arrive on the scene, the shorter 
the occupants' reaction time. 

• If tho internal alarm is not connected to fire deport
ment or centred station, the external alarm should 

be manually raised as quickly as possible. 

• Internal alarm signals should be loud, clear, dis
tinctive and preferably not of high audio frequencies. 

• A back-up notification of professional assistance 
is always necessary. 

summary and responsibili.ties 

FIRE PROTECTION OFFICIALS should, 

• Continue and augment programs of alarm testing 
and certification. 

• Assist owner and archi teet by publishing non· 
proprietary information on alarms and alarm systems. 

• Continue to set minimum standards in codes and 

regulations. 

The ARCHITECT should, 

• Recognize that elaborate ol,arm systems ore logical 
only if escape or evacuation of the occupants is 
feasible. 

• Become thoroughly familiar with alarm types and 

operation. 

• Carefully consider the location of manual alarms, 
placing them in familiar places and locations where 

fire is most likely to occur. 

• Consider the possibilities of connecting alarms to 

fire department or central station. 

• Consider a I arm connections to detectors. 

• Consider the possibilityof an auxiliary power supply 

to operate the ala;m system if nornhll power fails. 



OWNER should, 

• Co-operate fully with the architect in authorizing 
proper devices. 

• Know how tho selected alarm system works and 
whether or not it automatically places o call for 
assistonco to fire department or control station. 

• Undertake responsibility for oducoting and drilling 
staff and occupants in the operation of the alarm 
system. 

• Undertake responsibility for always providing the 
bock-up alarm to fire deportment. 

• Perform periodic alarm testing or hire a maintenance 
firm to do this. 
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escape or refuge: the distinction 

The first three links in the life safety chain- protection, 
detection and alarm- are concerned with shortening the 
occupant's reaction time; they buy him time to escape 
from the firq. The problem of escaping or evacuating 

the fire area is the concern of the fourth link in the 
chain. Two definitions: 

I 

ESCAPE, as used in this document, is total 
separation of the occupant from a burninc; 
building • 

. TAKING REFUGE docs not imply total scpara· 
tion, but retreat to a fire· safe area som cwhere 
in the bu i lding, to wait there for rescue, to 
"ride out" the fire, or to escape under con• 
trolled conditions. Taking refuge may, there· 

fore, be on intermediate step before escape, 

or it may provide for the occupant's sa(cl) 

without his ever physically leaving the build· 

in g. 

This distinction, as we shall see, is an important one. 

To the layman, life safety is usually synonomous wi th 
total escape, and certainly many of our code provisions 

are built around this notion. Unfortunately, escape is 

not always fe~s i ble in all occupancies and in all build· 
ing types. 

means of escape 

If escape, or total separation from the burning building 
is feasible, it i s, of course, idcol. 
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To escape fror1l any fire orca, some exit or means of 
egress is needed. This statement is disarming in its 
simplicity, however, one out of every four persons 

:.who dies in fire dies os a result of 'entrapment - the 
inability to reach on exit: for these people there ore 

'no exits . 

Exit requirements ore dicto'ted by the number of people, 
distance to an exit, 9nd. the possibility of alternate 
routes. 

In simplest terms, exits ~ay be doors open· 
ing directly at grade level • •• (A) 

. • • or they may be torturous routes, involv· · 
ing several rooms of on apartment, o hr.rf')dr.ed 
feet of corridor, o smoke tower, and a. dozen 
flights of stairs . (B) 

No matter how · s implo on exit route may be, 
however, the designer must face tile fact that 
it may be blocked in time of fire. The tenon t 
in plan (C) has three exits, all worthless, if 
corridor Cis mode unt enable by fire or smoke. 

Exit design, then, becomes much more important than 
on exercise in numbers. Each plan configuration must 
be evaluated in terms of potentially expendable occu· 
pants, using the general principle, IF UNTENABLE 
CONDITIONS CAN BE CREATED BETWEEN AN 
OCCUPANT AND AN EXIT, THAT EXIT DOES NOT 
EXIST FOR HIM. AN ALTERNATE ROUTE OF ES
CAPE MUST BE AVAILABLE, OR THE DESIGN HAS 
CONSIDERED THAT''OCCUPANT EXPENDABLE. 
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While escape becomes more complex as additional ele· 

ments ore introduced, the analysis of the escape se· 
quence begins simply with the occupant in a given 
room •.• 

••• the Occupant 0 in this room is consider• 
ed expendable if critical levels occur in 
corridor C .•• 

• • • while still considered expendable from 
the standpoint of entrapment, his chances of 
rescue and survival ore improved by the ad· 
clition of the balcony, os long as the balcony 
can be reached by rescue ladders ••• 

.•• with an alternate f'Scapc rotJfc, C', the 
occuponl is no longer row•j(/,•rcd cxpcndoldc. 
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As more and more units ore added together to form on 

apartment •.. 

. .. If tl1e corridor is untenable, or if critical 
levels occur in the living area of this apart· 
ment, tlJe occupants hove been considered 
expendable. (A balcony would improve the 
chances of survival). 

••• with critical levels in either corridor C 
or c•, or within any area of the apartment, 
the occupants have alternate routes of es· 
cape and are not considered expendable in 
this plan (as long as the balcony can be 
reached by rescue ladders). 

If alternate escape routes ore avai I able from any point 
within the apartment, a good beginning has been made 

toward providing life safety. The apartment unit must 
now be related to the rest of the bui !ding. 61 
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The following plans represent generic multi·fam 
schemes which are acceptable under certain conditic 
i.n various building codes. 

" 

in CENTRAL CORE plans of this tH 

on open' door from a bvrning apartment c 

qvickly make the core: vntenable. Since 
conventional wood pone/ door will oct as 

effective smo.l<e' barrier for only five m;nvte 

everyone obo.ve the grovnd floor ts potentiot 

expendable vnless they can be rescved from t1 

balconies .•• 

• .. in SEPARATED CORE pions, an op 
door from o bvrntng apartment will only ;, 

mediately affect the odfoccnt apartment , 
complete compartmentation has been och1evE 

Otherwise, oil occupants in tho core ( obo· 

the first floor) arc expcncloble .. , 

, , . and even wllll good compartmental1011, 

there is but one slolf (o.s 111 thts plan), II 

second core covld become 'untenobla 111 

molter of ntiiJVIes. 
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The linear corridor schemes ore of three general 

types ... 

• •• the CENTRAL STAIR scheme, with its 
scissored double stairway and open corridor, 

assumes each story to be expendable ... 

•.• the REMOTE STAIR plan presents only 
a slight life safety advantage over the cen· 
tral circulation scheme above ... 

••. the EXTERIOR STAIR scheme, used in 
the milder climates, is close to being an 
ideal escape plan, since only the occupant 
in the immediate apartment is potentially 
expendable . • , 63 
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One of the best l inear corridor approa ches 

for life safety is 0 modified ve~~ion or the 

mult iple-route plan shown on poge6l.ln the 
modification presented here, high. levels of .

safety are provided, both in the apartments 

and in the corridors. 

' . 
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A wide range of safety is possible in DOUBLE STORY 
UNITS ... 

. • • this scheme provides only marginal life 

safety ••• 

• • , while this approach provides a high de· 
gree of safety (except in the case of fire 
originating in the bedroom). 
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escape and the .elderly . 

The obi lity to escape hinges on the TIME it tokes a 

person to traverse through untenable conditions to an 

exit; this time, in tu.rn, dercrmihcs the maximum DIS

TANCE from the unit to the exit. The designer must 

remember the physical I imitations of the elderly I and 

considerably SHORTEN the distances permitted in most 

bui I ding codes for norma I multi-family occupancies. 

Shortening exit distance normally dictates more exits. 

Unless these additional exits con be provided economi· 
colly, as in the case of the single-story scheme with 
continuous egress to the outdoors, it may become pro· 

hibitively expensive to consider escape as part of the 
I ife safety philosophy for the elderly. 

Fire escapes, slides and chutes- while being accept· 
able in some remodelling- are of little value in housing 
for the elderly. Most stales no longer permit their use 
in new construction. 

Where it is not possible or feasible to provide total 
escape from the building, refuge can be provided to 

maintain this link in the life safety chain. 

Evacuation techniques allow the occupant to leave the 
fire urea and toke refuge in another port of the building. 
Effective refuge areas, however, depend on satisfying 

a number of interrelated requirements. 

• The building must be effectively compartmented so 
that fire con be confined to the area of origin while 
the occupants in that orca evacuate to another com· 
portment (or area of refuge). 
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• The area of refuge must be large enough to accom

modate aH evacuees. 

• There must be some means of rescue or controlled 
escape from the area of refuge. 

• The fire must be confined and rapidly extinguished, 
particularly if evacuees are to "ride out" the fire 
in an area of refuge. 

In essence, refuge buys the time for survival until the 
occupant is rescued, until he escapes, or until the fire 
is extinguished. This approach is important in housing 
the elderly, for their slower reactions and limited phys
ical capability often make total escape impossible 
and necessitates taking refuge. 

the. area of 

An area of refuge is not a separate, special area to be 
occupied only in time of fire .. lt.mqy be any area of a 
building appropriately fire-rt'!sistant on all sides, and 
accessible by horizontal or vertical access. Careful 
planning can make almost any part of the building an 
area of refuge. 

Techniques and standards for planning and designing 
the compartment ore presented in the next Chapter in 
the discussion of confinement of fire. 

horizontal exits 

The exit from the compartment is critical. 
An opening through a compartment wall is 
claHified as a horizontal exit; most build· 

ing codes stipulate that 50% of the exits from 
any fire area can be horizontal •. 67 
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As was the case in designir>g escape routes, 
the number and location of horizontal exits 

determines the number of occupants con· 

sidered expendable. 

The basic concept of providing refuge in a fire• 
safe area is shown in this schematic plan ... 

.... .t/1e building is divided by a fire partition 
(FP) into two independent compartments, 
each containing an elevator and a stairwell ... 

. .. if a fire occurs in any apartment in fire 

area A, the occupants can move quickly to 
area B and ride out the fire or escape slowly 

using the elevator or stair ... 

. . . adding communicating doors between each 
apartment and through the fire partition will 

assure safe evacuation if tl1e corridor be· 
comes untenable. 

The plan presented on page 64 represents a 

variation of this idea; a more elaborate ap· 
proach to evacuation is demonstrated by this 
plan. 

elevators as exit routes 

With more and more high rise construction, elevators 

toke on added importance os potential escape and ovoc· 

uotion routes. Elevators ore not counted as exits, but 
they con be considered os supplementary escape routes 
when they are in distinct areas of refuge. This, of 

course, assumes that on emergency power supply keeps 
tho elevators which ore not in tho fire orca operating 

as usual. 
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Even if elevators ~annat be depended ~n as supple
mentary exit routes, the designer shoufd recognize that 
all people (and particularly the elderly) tend to follow 
their normal egress paths first. For this reason, second

ary escape and evacuation routes should be ·related to 
elevator lobbies where feasible. ' 

summa sibilities 

While the legal responsibility for the "choice" between 
escape and evacuation should be placed on the building 
codes and regulations, it is today the task of the archi
tect to make this decision based on a full knowledge 
of the problem at hand, the advantages and disadvan
tages of each method, and the code requirements he 
must work within. 

Once the "decision" has been made, the ARCHITECT 
;;hould, 

t Remember that entrapment figures in 1 of every 4 

fire deaths. 

• Recognize that the provision of exits is not anum
bers game; each plan configuration must be evalu
ated in terms of expendable occupants. 

• Remember tho basic rule for exits: IF UNTENABLE 
CONDITIONS CAN BE CREATED BETWEEN AN 
OCCUPANT AND AN EXIT, THAT EXIT DOES 

NOT EXIST FOR HIM. 

• Decrease distances to exits for the elderly if the 
code does not recognize this as a specific occupancy 

type. 

• Carefully consider horizontal exits as potential 
evacuation routes. 

• Remember that refuge areas ore effective only if 
fire con be confined to its area of origin and occu
pants in that area can be accommodated in an area 

of refuge . 

• Remember that early extinguishment becomes im· 
portent if the occupants are to "ride out" the fire 

in an area of refuge. 
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The confinement of fire to a small area in a bui I ding 
has always been considered important from the stand· 

·. point of property protection; it os9umes greater impor· 

tonce, however, as a link in the life safety chain. This 
importo~ce is eo.slc.st to see when confinement is related 

to the escape or refuge link. 

• By confining 'fire ~nd . its products to th~ orca of 

origin, the time before tntoleroble condi'tions ore 
reached in other areas is extended. Since this crit· 

icol time has been lengthened, ·the occupants in 

these areas have a greater margin of safety. 

• This extra margin of safety is critical when the other 
areas contain evocuoted .·o·ccuponts, ·waiting to es· 
cope, to be rescued, or who ore 

11
riding out" the fire 

• Where confinement is successful, only the occupants 
in the area of origin are potentially expendable. 

the comportment 

The basic approach to confinement is the comportment, 
or the division within the building which is completely 
enclosed by "partitions" (including walls, floors, and 
ceilings), which wi II resist the spread of fire and gases 

from one part of the building to another. 

Comportmcntotion is important to life safety, not just 
as a method for containing fire, hoping that it wi II burn 
itself out, but also as a barrier to spread that will hold 

up at least long enough to protect occupants evacuated 
to on adjoining fire area. Cornportmentotion buys time 
for survival by extending the critical time in the adjoin· 

1ng orcas of refuge. 
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It may be compartmented by floor ••• 

, ! , f3y dividing floor areas into distinct areas 

of confinement ••• 

• • • ()r coch of the living quarters may become 
on orea of confinement. 



There ore two general approaches that are frequently 
taken in defining bui I ding compartments •.. 

Where site and climate permit, the comport· 
I 

mentation may be accomplis/Jed by physically 

separating rhe fire areas in a campus plan 

arrangement. This approach has the advan· 

tage of providing (in many cases) "instant'' 
escape, and maneuvering room for fire· 
fighting apparatus. It is, however, more ex· 
pensive and simply not feasible in many 

climates. 

' ' 

A more common approach is that of building 

liro•ratad walls, ceilings and floors to sepa• 

rata adjacent (ira areas. 73 
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compartment design 

Compartmentation is accomplished by using appropri· 
ate fire-rated partitions, (walls, floors and ceilings) on 
all sides of the compartmented area. From the life 
safety viewpoint, it is important to recognize that a 
compartment may be either on area of origin or on area 
of refuge. Because of this, the rating of its partitions 
(in hours) depends on, 

• The amount of time it would take for a II people in an 
area of refuge to evacuate, escape or be rescued, 
and, 

• The amount of time it would take to extinguish the 
fire in the fire area if the people in the adjoining 
area of refuge could not escape. 

The size of the compartment is also important to I ife 
safety. If comportments ore small, and access between 
them easy, the chances for successful evacuation to 
orcas of refuge ore increased. The problem, of course, 
is one of economics: thorough comportmentation is ex

pensive, and of some point the line must be drmyn. 

By relating fire loads and potential hazards for given 
occupancies, the building codes can provide the mini
mum hour-ratings of these partitions. 

If each fire area could be a six-sided comportment with 
4-hour wails, floor and ceiling, ond no openings, con· 

finement would be complete, and the life safety of the 
occupants in the remainder of the building reasonably 

assured. Unfortunately, this is rarely the case. In order 

for comportments to function, they must be punctured 

by doors, windows, ducts, pipes and other openings. 
Each of these openings introduces the possibility of 
fire spread. 

WINDOWS: Windows ore particularly susceptible as 
paths for fire spread: 

An operable window must be assumed to be 
on opening in o fire wall (there is no guaran• 
tee that it will be closed in case o/ fire!). 

Unless it contains wire or tempered gloss, . 
even a fixed window will act as o barrier to 

spread for only a few minutes in a severe fire 

Windows stackedvertically lie directly in the 
path of rising flames. Tluec·foof spandrels, 
horizontal sun-shades, balconies Cllld deep 

recesses ore the only reusonable controls 

available to the designer. 

A window facing an odtacPnt ftrc area is ex· 
posed to intense radiation; fire has been 
known to "leap" across fifty·foot separations 
due to this radiation. 11U"·shaped buildings 

and courts ore particularly hazardous unloss 

adequate fpacing is mointn:ncd. 
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DOORS: Heated oir expands and exerts positive pres
sure on doors. For this reason, louvers, transoms, un
protected gloss and swinging doors ore useless to 

confine fire. Where doors puncture fire partitions, posi· 

tive-octing hardware must be employed to close the 

door and keep it shut. 

Fire doors ore useless when wedged open. The de
signer must recognize that improper placing of these 

doors (such · as in the path of everyday traffic) almost 
guarantees that someone will prop them open. Where 
such placement is necessary, automatic, self-closing 
hardware and strict enfo.rcemcnt (by the owner) ore 

essential. 

Finally, a fire door is r~ted. only for flame and heat; 

unless it is adequate!'~. seQ led; o. one and one-half hour 
door may admit toxic · gcise~ ·or smoke in a matter of 

minutes . .. Even the best' doors will restrain gases for 

less than twenty minutes. 

PIPES AND DUCT OPENINGS: Since heated gases 

expand and provide positive pressure, openings for 

pipes and ducts become passages for fire and gas un· 
less they ore tightly sealed. Careful workmanship is 
necessary in providing these seals. 

MECHANICAL DUCTS: Heating and air conditioning 
dutts penetrating fire partitions are natural passages 

for fire and smoke. Since they ore fed fro~ common 

plenums, this hazard is particularly difficult to control. 

The recirculated air they corry provides both oxygen to ' 

. . · the fire and wide distribution of gas and smoke. 

:Detection devices capable of shutting down circulation 

and positive-acting dampers to seal off points of entry 

must be included in the system. 75 
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shafts and vertical openings 

Continuous, vertical openings - elevators, 
shafts, chimneys, laundry chutes, chases, 

flues, incinerators, cowts and light wells -
are potential chimneys and must be carefully 

sealed off from adjacent areas. 

Where access to these vertical openings is 
required, a "second I ine of defense" should 

be incorporated: for example, o fire door from 

o foundry chute should open into a Fire·rated 

room or enclosure. 

These vertical openings should be considered 
as hazardous areas and sprinklers providr>d 
for control. (These arens are also prime 

locati'Ons for de tee tots). 
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sloirwo 

When o stairway is planned as port of on exit route, it 

becomes on area of refuge and should fulfil! all the com
portmentotion requirements above. 

Because stairways arc designed to serve many, rather 
than few, occupants, special core should be exercised 

in compartmenting (highest fire ratings in the building) 
and selecting materials (lowest flame spreads and fuel 

contribution). Doors penetrating the stairway should be 
fire-rated and provided with automatic and positive 
closure against the pressure of gases and the neglect 

of occupants. 

All unob spaces - including the boiler rooms, 
storage areas, crawl spaces, and even unrented spaces
should be treated as hazardous areas. Penetrations 
into these spaces should be avoided where unnecessary 
on·d should include a "second line of defense" such 

as sprinklers, detectors, double doors, or sealed pas

sageways. 

role of standards and criteria 

It is in the areas of confinement and control that build
ing codes should servo as a detailed technico I refer
ence. They should provide accurate standards for 
compartmenting without making buildings unduly ex
pensive. 

In general, codes provide extensive standards for com· 
partmenting. If anything, tho required fire-ratings are 
greater than required for life safety. Where most codes 
fail, however, is in not recognizing the lengthened rc-

action time for the elderly and not decreasing the sizes 

of comportments for their life safety. 

summary and responsibilities 

FIRE PROTECTION OFFICIALS should , 

• Recognize housing for the elderly as a distinct 
occupancy type and establish appropriate compart
ment standards for this housing. 

The ARCHITECT bears the prime responsibility for 
incorporating good confinement techniques. He 

should , 

• Realize that effective compartmentation is critical 
where temporary refuge is relied on to save lives. 

• Remember that code limitations on the size of com
partments may be somewhat liberal if they have not 
been established expressly for the elderly. 

• Be careful to maintain the integrity of the compart
ment as he designs its openings. This requires that 
careful attention be given to windows, doors, pipe 
ond duct' openings. 

• Protect vertical shafts within the building by pro· 
viding "second lines of defense" where they open 

into other compartments. 

• Recognize that stairwells ore oreos of refuge as 
well as escape routes. 

• Consider unobserved spaces as hazardous orcas, 
carefully protecting their openings into other com

partments. 77 
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an intermediate step to extinguishment 

Fire control and extinguishment techniques are closely· 
related. The purpose of these techniques is two-fold. 

• to keep a small fire, once ignited, from becoming o 
large fire and producing excessive heat, flame, 
smoke and gas. 

• to ultimately extinguish the fire. 

At first glance, these techniques would seem synony· 
mous, but there is on important distinction in terms of 
life safety: a fire may be controlled, but not extin
guished,. and sti II allow the occupant a chance to 
escape or take refuge and "ride out" the f~re. Control can 
be looked at as on intermediate step to extinguish
ment- a step which "buys time" for life safety. 

general approaches to control 

Because control is an intermediate step to extinguish
ment, the general approaches for the two ore similar: 

• Limit the source of fuel, by selecting materials 
which will not contribute to the spread and growth 
of fire. 

• Limit the source of oxygen, by blocking its flow 
into the fire area. 

• Limit the intensity of heat by cooling or smothering 
the fire. 

The more detailed approaches to be described will, in 

some way, reflect one or more of these control prin· 
ciples. 
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materials selection 

Judicious selection of materials for structural elements, 
finishes, furnishings and contents is the first step to
ward effective control of fire. In all areas of the build
ing, care should be token to use m~teriols which con· 
tribute as little fuel to the fire as possible and which 
hove the lowest possible smoke-producing and flame 

spread ratings. 

In HAZARDOUS AREAS .. 

• Non-combustible materials should be used wherever 
possible, particularly where natural ignition sources 

(such as heating and electrical equipment and ap· 

pliances) are present. 

• Non-combustible materials should be used for both 
structure and finishes where combustibles are con
centrated (as in paint storage areas) and the radia

tion-spread possibility is high. 

• Fire retardants which delay ignition of the materials 
they protect should be considered. An example is 
the family of intumescent points which expand under 
heat and insulate tho materials they cover. (These 
points generate heavy smoke and may deteriorate in 
the presence of moisture, however). 

In CIRCULATION and EXIT AREAS .. 

• Materials with the lowest available flame spread 
ratings should be used in these areas. Burning tests 
hove proved that a completely healthy man often 
cannot outrun a fire spreading down o corridor's 
walls and coiling. 

• Materials with the lowest possible smoke producing 

ratings should be used. 

For the CONTENTS of the building .. 

• Materials which hove been flameproofed by immer
sion or spray should be used where economically 

possible. Flomeproofing treatments, however, must 
be very thorough or they may wash away in the first 
cleaning; the owner should make sure before in
vesting in them. 

controlling the oxyge:n feed 

To control fire, it is necessary to consider the oxygen 
that must be made available to it as it grows and pro-

duces its life-taking products. This is an obvious 

enough thought, but it is easy to underestimate the 
pulling power of a vacuum as the oxygen in the im· 

mediate vicinity of the fire is consumed; the openings 
around a door may serve as o path to keep the fire 
going for a long time. 

Since the paths of oxygen feed may also be paths of 
fire spread, they were considered in more detail in the 
lost chapter. The designer, however, should be par
ticularly wary of: 

• louvers, transoms, and excessive space around 
doors. 

• operable windows and venti lotion openings in the 
vertical planes of the bui !ding. 

• service openings. 

• the spaces around pipes and ducts. 79 



~-~ ... · ·---

• ducts which may serve os oxygen feeders. . . 

• stairs and. other vertical pane.trations. 

• the positive gas pressures exerted against doors, 
which can cause hardware to fail and provide whole· 
sale supplies of oxygen. 

equipment 

Mechanical equipment and . distribution systems ore 
potential ignition sources and should be carefully pro
tected. · 

HEATING EQUIPMENT has caused nearly · 25% of all 
fire fatalities in resident occupancies; its .isolat.ion 
and insulation from combustible materials is funda
mental to fire control. In addition, automatic controls 
capable of shutting down the heat sources at the first· 
indication of malfunction are nec~ssary. 

ELECTRICAL EQUIPMENT caused on additional 6% 
of fire fatalities in resident occupancies and is also 
fundamental to effective control. 

• aging effects on electrical insulation should be 
recognized by using non-combustible materials near 
all wiring, junction boxes and outlets . . 

• automatic shutdown from overloading should be in-
cluded in all equipment. . 

· • . sufficient outlets should be provided to ovoid over
.loading, multiple plugs, and extension cords. 

• appliances should be periodically inspected os a -------.......taQ.. _____ _l!irP prevention measure. 

devices for control 

SPRINKLERS: In addition to extinguishing the fire, 
sprinklers ore excellent control devices; in fact there 
is no record of ·multiple life-loss (outs ide the area of 
origin) in which sprinklers performed. Codes recognize 
this fact by making greater area and height allowances 
for sprinklered bui !dings, and insurance companies pro
vide lower rotes in structures where sprinklers ore used. 

. . I 
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Where initio! cost considerations rule out the compre
hensive use of sprinklers, a priority schedule con be 
established: 

1. HAZARDOUS AREAS, as boiler rooms, laundry 
rooms, and repair shops. 

2. UNOBSERVED SPACES, os attics, crawl spaces, 
plenums, vertical shafts, and suspended ceilings. 

3. EQUIPMENT ROOMS 

4. KITCHENS 

5. EGRESS ROUTES 

6. PUBLIC SPACES 

7. PRIVATE UNITS 

EXPLOSION VENTING: In any area where explosive 
gases or materials ore likely to accumulate, provision 
must be mode for explosion venting. This is o special
ized condition not usually found in homes for the elder
ly. If there ore possibilities of explosion, the reader is 
referred to NFPA Fire Protection Handbook for more 
details. 



role of standards and criteria 
------------------------
As has bc~n previously suggested, it is in the areas 
of confmement and control that the bui I ding code should 
serve its most important function. It ,should. be the de
tailed technical reference for control techniques by, 

1 Requiring the use of materials of proper ratings, 
flame spreads, fuel contribution, smoke and gas 

production levels. 

• Specifying proven hazardous areas and their mini
mum acceptable protection. 

• Requiring safety devices and safeguards. 

• Specifying controls for mechanical and electrical 
equipment. 

Unfortunately codes and standards do not always pro· 
··vide this "detailed technical reference"; and by being 

spec i f1cot ion -oriented (rather than performance-oriented) 

many codes simply reflect the current state-of-the-art 
rather than allowing innovation and new approaches. 

summary and responsibilities 

FIRE PROTECTION OFFICIALS should, 

• Consider the building code as a detailed technical 
reference for fire control. If this cannot be accom
plished in the code per sc, technical manuals should 
be prepared. ---

• Upgrade attempts at continuing enforcement by thor
ough inspection, recommendation, and follow-up 
procedures. 

As in confinement, tho ARCHITECT bears a great re
sponsibi I ity for effective control. He should, 

• Recognize that fire can be controlled without nec· 
essarily extinguishing it. 

• Exercise great care in selecting materials which 
contribute little fuel and produce little smoke for 
building clements. 

• Exercise great care in selecting materials wnich 
produce I ittle smoke and have low flame-spread 
ratings for use in circv!ation and exit areas. 

• Exercise great care in selecting materials of low 
fuel contribution near and adjacent to ignition 
sources. 

• Advise the owner to use care in selecting and Aome· 
proofing furnishings. 

• Consider critically any source which may serve to 
continuously feed oxygen to a fire. 

• Undertake judicious selection, isolation and instal
lation of mechanical and electrical ignition sources, 
Automatic shut-down controls, a~tivated in time of 
fire, should be included when feasible. 

• Consider the use of sprinklers as control mecha
nisms, particularly in hazardous areas. 

The OWNER should, 

• Cooperate fully with the architect in authorizing 
proper control devices and bui fding features. 
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introduction 

Extinguishment is obviously the final and best answer 
to the life safety problem: put out the fire and it con 
do no more doma.ge. 

But extinguishment cannot be considered os on isolated 
link in the life safety chain. 

Who attempts to extinguish a fire, 

How one attempts to extinguish it, 

When it is extinguished, and even 

!.£it con be extinguished, 

all dependon other links in the chain. 

The seeming simplicity and finality of extinguishment 
is misleading in terms of life safety- for many small 
fires have become Iorge, multiple-death fires because 
of the delay caused by hopeless attempts to extinguish 
it by misguided people. 

In housing the elderly, since taking refuge rather than 

escape will frequently constitute the basis for design, 
there will be occupants "riding-out" the fire in the 

building. For these people there must be assured ex
extinguishment, or escape again becomes necessary. 

strategies for extinguishment 

Unless the fire burns itself out, fire is extinguished by 
the combination of two forces: on AGENT and some 
sort of DEVICE utilized by the agent. 
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The AGENTS include, 

• The OCCUPANT, or someone in the bui !ding, 

• The BUILDING itself, through design or inclusion 

of automatic devices, and 

• The PROFESSIONAL, such as a fire department. 

Devices used by these agents operate on one or more 
principles, all strongly relating to the nature of fire. 

Fire may be extinguished by, 

• COOLING, os with water, 

• REMOVING OXYGEN, as in smothering, 

• REMOVING FUEL, os in removing combustibles 
and, by 

• INTERRUPTING THE PRODUCTION OF COM· 
BUSTIBLE GASES, as with chemical extinguishment 

Approaches to extinguishment can be determined only 
in the light of which AGENTS ore available in any situ· 
ation, and what DEVICES they hove at their disposal. 
This wi II be clarified in the following paragraphs. 

the o 

THE OCCUPANT: All occupants hove limitations in 
extinguishing fire; indeed, the belief that the single 
occupant can easily put out the small fire has led to 

some of the major fires in our time. The elderly operate 
under even more stringent !imitations; on elderlywomon 
cannot remove a smouldering divan from a tenth-floor 
apartment, and it is doubtful that she could handle a 

40-pound portable extinguisher, or even control a kitch
en grease fire. 

This. thinking rules out dependence on the elderly 
occupant as a prime agent for extinguishment. 

THE BUILDING: The role of successful comportmento· 
tion in confining and controlt'ing fire has been dis· 
cussed previously. Other building features and devices, 
such as standpipes and automatic sprinklers, will be 
discussed in detai I as extinguishment devices. 

THE PROFESSIONAL: A ful.ly-equi pped and properly 
trained fire-fighting unit provides the most positive 

assurance of extinguishment lf it con effectively per· 

form before critical levels ore reached in occupied 
areas of the building. 

It is unrealistic to toke the assistance of the profes
sional fire-fighter for granted: 

• First, there must be assurance that professional 
help con arrive quickly and in sufficient number. 
It has been suggested that - before design and 
safety decisions are made - the people responsible 
for o housing for the elderly project should wait on 

the proposed site, stop watch in hand, and sound o 
fire alarm. The quantity, quality, and the reaction 
time of the response will begin to establish the 

parameters that determine the design. 

• Even if the response is good, there ore other factors 
which control the performance of the professional 
fire fighter .• These include water supply, site and 
building access, maneuvering oreo for equipment, 

possibility of temporarily impassable routes, and 

so on. 83 



84 

Where codes and regulations cannot cope with these 

issues (some are minimally reflected in. fire zones, 
heights and separations, etc.), it becomes' the task of 

the designer to determine which elements of the life. 
safety chain must be strengthened to compensate for 

inadequate water supplies, poorly equipped fire depart
ments, poor site conditions, and other limitations. 

the devices 

THE OCCUPANT HIMSELF: The first extinguishing 

device is the occupant, his hands, his feet, his ability 

to throw water on the fire or beat it out with a blanket. 
As indicated above, this device for extinguishing fire 
cannot be depended on in housing for the elderly. 

PORTABLE EXTINGUISHERS: Cumbersome portable 
equipment is less ~Hective in housing for the elderly 
(because it 'often depends on the occupant, with his 
I imitations, to operate); it should, however, be ovai labia 

in hazardous, public, and other supervised areas. 

The danger of portable extinguishers I ies in the im
p I icotion that the occupant is expected to fight the fire. 

The basic rule is that if any other individual is con

ceivably endangered: first sound an alarm. 

Fire extinguishers come in many types and ore de
signed to put out different kinds of fires; on improper 
extinguisher is not only useless but is often dangerous. 
Fire extinguishers are classified by the type of fuel 

involved and the technique used: 

class 

CLASS A 

CLASS B 
CLASS C 

fuel 

paper, wood, cloth 
go sol ine, oi I, grease 
electrical 

technique 

cooling 
smothering 
non-conducting 
agents 

Certain all purpose extinguishers are beginning to be-• . 
come ovoi !able · 

STANDPIPE AN'o HdSE: A stondpi.pe and hose system 
. . ' 

con be likened to on interno1 fire hydrant with the hose 
already connected. While it is primarily designed for 

professional fire-fighters, it ~an be· used by personnel 

and attendants (not the ,elderly occupant) if the stand

pipe is of the "wet" variety. 

The distinction between the two types of standpipe 
systems is important: 

• The DRY STANDPIPE is not attached to a perma
nent water supply. It must be fed by fire fighters 

from outside the building and is, therefore, limited 
to their usc. 

• The WET STANDPIPE is connected to on assured 

water supply and wi II pour water on the fire as soon 
as it is activated. When the system is designed for 
use by personnel or attendants, a wet standpipe is 
necessary. This is particularly important in rural 

settings whore professional assistance may be more 
than minutes away. 

AUTOMATIC SPr~INKLERS: An automatic sprinkler 
is o network of pipes and distributing heads designed 
to distribute water in sufficient quantity to extinguish 

or confine the fire; its mechanics ore simpl~t to under· 
stand: 
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• the p1p1ng system operates trorn a targe main water 
supply. 

• the system may be "wet" (water in the piping), or 
"dry" (if there is danger of freezing). 

• the distribution heads ore usually activated by fusi· 
ble links which melt at a predetermined temperature, 
but they may be activated by detectors of any type. 

• the distribution heads, usually discharging at 15 
psi, form patterns 16 feet in diameter, 4 feet below 
the sprinklers. Heads ore spaced with on overlap· 

ping pattern so that only about 100 square feet is 
covered by a single sprinkler. 

• a system for controlling water flow is used as an 
alarm or early warning system which is activated 
whenever water flows through the system. 

The advantages and disadvantages of sprinkler systems 
are critical to lifo safety and ore summarized on the 
chart. 

extinguishment and tho oldorl 

One of the potential agents for extinguishment - the 
OCCUPANT- cannot be depended upon. This implies 
that other agents - the BUILDING and tho PROFES
SIONAL to an added significance. For this reason, 
DEVICES which depend on the occupant for use - such 
as portable extinguishing equipment - become less im
portant. Conversely automatic extinguishment takes 
on added importance. 

the advantages of automatic sprinkler systems 
include: 

• The life safety record of sprinklers is stotisti· 

colly impressive. There is no record of multiple 
life loss in fully sprinklered buildings. 

• In the Iorge majority of fires only one or two 
heads ore activated, holding water damage fa 

a minimvm. 

• The system can successfully monitor and ex· 

tinguish or control fire in unobserved or hazard· 
ous areas. 

• Its relatively high initial, cost can usually be 
amortized in, insurance savings in from fovr to 

a dozen years. 

the disadvantages of automatic sprinkler systems 
in elude: 

• Unless specially activated by detectors the 
normal relatively high fixed temperature heads 

ore not activated by slow or smouldering gas· 
eous fires, 

• Under normal operating conditions Critical 
Levels ore frequently reacl1ed before the head 

is activated. 

• A sprinkler system requires a positive and 
relatively large reservoir of water which is 
becoming increasingly difficult to obtain in 
rvral areas. 

• Sprinkler systems are expensive to install. 
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In relating extinguishment to other I inks in the life safe. 

ty chain in this occupancy type, it is suggested that, 

• Detection, alarm, escape (or taking refuge), confine
ment and control all take precedence over profes
sional extinguishment. Professional extinguishment 
is necessary particularly from the property viewpoint, 
but a lone it cannot be depended on to save I ivcs, 
unless almost instantaneous and comprehensive re
ponse can be guaranteed! 

• The record on automatic extinguishment is good, 
especially in terms of multiple life loss, but initial 
cost will probably remain a determining factor in 
its use. 

• The alarm should be sounded first, unless the fire 
is ..i9 small that it con be extinguished surely and 
easily, and without risk. 

• Where refuge is involved (as opposed to escape) 
and where occupants may be "riding out" the fire, 
assured extinguishment is of particular importance. 
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the future 

It is apparent from what has been so id in the body of 
this document that life safety from fire is today, more 

on ART than a SCIENCE. Unti I this situation is chong· 
ed, subjettive rothe~ than objective life safety must 
be th~ rule rat!1er than the exception. 

What would characterize a SCIENCE of life 'safety? 
The answer lies in the ability to predict quantitatively 
two conditi9ns directly related to a specific fire: 

1. When the fire protection engineer can predict, in 
the planning stages, th.c t,ime it wil,l take to 
reach intolerable levels in any space in any 
bui !ding. (CRITICAL TIME). 

2. When the architect-psychologist con predict the 
time it wi II toke any occupant located anywhere 

in the building to achieve life safety. (RE

ACTION TIME). 

Raising the state-of-the-art to the point where it is 
possible to quantitatively define and evaluate means 
for achieving life safety will not be an easy task, but 
it is not an impossible one. In broad terms, what is 
needed includes; 

1. A systematic attack on the entire problem of life 
safety from fire. Some method must be estab· 

lished to coordinate the current fragmented ef
forts in the field of fire safety by employing the 
scientific methods found so effective elsewhere. 



'2. The employment of new tools and techniqt;es, 

such as computer simulation of fire behavior, to 

accurately predict the probable results of a fire 
before the fact of a fire. 

This requires that the attack be pressed on a variety 
of fronts: 

THE NATURE OF FIRE . 

. , . an increased understanding of the physics and 
chemistry of fire is necessary to predict its be

havior and its spread under varying conditions. 

• . • each f1re is a potential laboratory involving si?:e, 

shape, materials, climate, layout and many other 

factors related to the behavior of fire. Some 
method must be developed to relate simulation 

to actual fire conditions. 

THE OCCUPANT ... 

••. greater emphasis must be placed on understand

ing the individual occupant, his characteristics, 

and limitations in all endeavors relating to life 
safety. 

• • • more must be known about the occopont, his 
characteristics, and how he behoves in time of 

fire. Questions such os these must be answer-
ed. . . · 

• what temperature range is critical for on 
elderly occupant? 

• what are his toxic gas tolerances? 

a what auditory and visual responses are nor

mal? 

• what is the psychological reaction to fire? 

• how quickly wilr he normally react to an 

ala~m? 

"' 
• how far and how fast can .'he move when 

awakened? 

• etc. 

FIRE PROTECTION ... 

... the importance of prevention acti viti es cannot be 
overstated; too often the potential of prevention 

is nullified by inadequate staff and lack (lf:eri

forcement authority . 

. . . the potential of every fire as a laboratory should 

. not be overlooked. More data or specific fire ex

perience is critical to a scientific approach to 
life safety. 

DETECTION ... 

••• the potential of automatic detection must be ob
jectively investigated; there exists little ev

idence relating to its function, sensitivity, 
performance, reliability and limitations. Field 

results on oil types ore unavailable, and per· 
formonce has been clouded by exaggeration, mis

use and misunderstanding. Meaningful, objective, 

standard tests and evaluation ore badly needed. 89 . 



90 

ALARM ... 

••. in many occupancies, such as in housing for the 
elderly, the reliance on the individual occupant 

to transmit the call for outsid~ assistance cre
ates on additional hazard to occupants. Some 

inexpensive, automatic, foi 1-safe device is needed 
as a primary, or bock-up, system in calling for 

outside help after a fire has been detected. 

ESCAPE OR REFUGE ... 

. • . greater emphasis on the potential importance of 

taking refuge (rather than escaping) as a life safe
ty measure is warranted in many occupancies. 

.•. concepts with the def,niteness of "expendabi I ity" 
must be developed and used to evaluate escape 
and evacuation routes. 

. . . further work and research in the field of orca and 
height limi lotions, egress and exit requirements 
arc necessary. 

CONFINEMENT AND CONTROL ... 

. • . the physics and chemistry of fire ore generally 
understood, but the mechanics of fire spread 
needs a great de a I of a tten ti on. 

... tho developments of positive flame-proof and 
fire-proofing methods for surfaces ond furnish
ings ore a distinct need. 

.•. better standards for both heating' and electrical 

appliances and equipment are needed. 

EXTINGUISHMENT ... 

/ ~. 

(. ·' p 'I 

• •. the development of self-contained, automatic ex· 

tinguishing equipment would be of great value 

to persons such as elderly occupants in hazard· 

ous household areas. 

PHILOSOPHY AND RESPONSIBILITY I II 

. .• a clear-cut philosophy of life safety must be 
established for each occupancy type . 

... a clear assignment of responsibility for each 
life-safety decision must be made; this involves 
a re-orientation from the minimum standards nec
essarily set by codes and regulations to the ap

propriaJe decisions arrived at within the frame

work of an overall life safety philosophy for each 
occupancy . 

In summary, a technology which is capable of measur
ing the temperature and gaseous composition of the 
surface of Venus should have little trouble in pre

dicting the temperatures and gaseous composition of 
the apartment next door in the event of fire. 

Nor should it be difficult in an age of computers to 
record and profit fro_m the lessons taught by almost one 

million building fires per year. 


