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: ABSTRACT -

This h_\ument teviews avdilable technical Iitetaturé pertaining to ertt factiicy

aééiéﬁ éﬂ& éﬁéfiéﬁéy éééiﬁé ﬁ?&vieions of the National Fire Protection Aegocia—

EQ?F,??E‘E??ﬁ,PE?Y1?§°§9:””T“§WE§P°EE,59§??§E,°",EhﬁﬁF?W?T?KFﬁd"9§?§???§E‘?9W95
building occupants to effect rapld evacuations; in relation to evacuation time
A number of functional criteria are ggg@iggq in rela-

available| during fires. A number of functiona
tion to dee provistons influencing the design of means of egress and fire pro-
tection and protective signalling systema for places of assembly; vresidential
occupancies, ggreantile occupancies, and business occupancles. Provisions
affecting |fire extit drill and butldtng managenent practices are alao constdered:
Thetechnﬁcal literature bearing on applicable COde provisions is reviewed; the
validity and generalizability of findings presented in the literature are

discusded-;| -and the aégEéé of technical support currently avatlable for egress
§i661616ﬁe of the Code are evaluated. 1In addition; gaps in the technical litera-
*tire are 1 gn;ifggg. and recommendations regarding future research are offered.
Finally, P eliminary conclusions about the supportahility of Code pr0visione
are ‘presented. o . -
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EXECUTIVE SUMMARY .

1.17 PROBLEM

This reporc reviews avatlable technfcal research pertalalng to the exit faclility

design and emergency escape provisions gf the Natfonal Wire Protection Aséccla-
tion's Lbife Safety Code (1976 Edition, hereafter referred to-as the Code); in,
order to determine the technical support for such provisions. The.central 4

foct of the {nvestigation are the time-based capabilfties of building occipants
to effect raptd evacuations, in relation to evacvation time available during

tional criterta (e g~ maximum travel distance, huilding

.fires. A number 6f,fﬁﬁ§§‘ ] e.g- maximum trave
configuration, remotenea® of @k1ts, and bariers to egress flow) are examined in
relation to Code provisions influencing the design of means of egresg and fire

protection ard protective signalling systems,for places of assembly, residen-
tial occopancies, mercantile occupancies, add business occupancier: Provisions

affectinrg fire exit drill and bullding management practices are algo considered-
- . i

1.2 TECHNICAL APPROACH

To effectively treat this hroad problem; the current report organizes Lode

provisiéns and related technical discussions in relation to-areag of potential
{mpact, including provisions affecting: (1) pre-emergency tralaing and prepa: -
ation fChapter 2 of .the report), (2) the perception of the emerpéricy environ-

wment Gnd recognition of egress facilities (Chapter 3); (3) egress stratepy for-
mation (Chapter 4);, (4) disciplined egress behavior and crowd fovement (Chapter
5); (5) occupants' capabilities to safely and rapidly negotfate egress ways
(Chapter 6); and (6) the capacity of tieans .of egress (Chapter 7). v

Within each chapter of the report, provisions of the Code which have a common

area of potential impact,; and human behavioral assumptions underlying these
provisions, are enumerated. The technical.liteviture bearing on these provi-
sions and assumptions {8 presented, intluding references to applicable theories’
and models; pertinent qmpirical data from published experiments and. field
studies, and where 5§§§b§j15té;755é636t81 accounts of actual fire events.” The j:

validity and generalizability of findings presented in the literature are dis-

cusged, and the degree of technical support currently available for egress pro--:

ition; each chapter provides a summary

visions of the Code 13 evaluated. In addi id
of gaps in the techntcal literature, recomnmending specific areas for fature
research. Finally; preliminaty conclusions regarding the supportability of
Code provisfons in each impact area are offered. A summary ~of the major

conclusions presented in the repgort follows.

-
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2. SUMMARY OF MAJOR CONCLUSIONS PRESENTED IN THE REPORT

;
.

2:1 A CAUTIONARY NOTE

The {ntention of NBS researchers 18 not to pass judgment on Lhe valldity and

usefulnese of Code provisfons. Indeed, where technical support for tndtvidual

provisions; or more precisely hﬁman,pﬁh?Yiﬁ?él agsumptions underlying these
provisicns, 1s either weak or unavailable, che aathors do not recomiend elimi-

nating or otherwise modifying these provisions.. In such instances; rather, the

auchors suggest that code-writers approach the task of revision with caution,

and that further technical investigations be conducted:

2.2 PROVISIONS AFFECTING PRE-FMERGENCY TRAINING AND PREPARATION )

Behavioral assumptions underlying code provisions atfecting pre-emergency

training and preparation are evaluated by referetice to psychological models of
learning, experimental data reported in the psychological literature, and the
growing body of evidence frow post-incident fire investigations. To date;

experimental and post-incident investigattons provide mixed corclusions con-—
cerning the supportability of there assumptions. ‘Moreover; available evidernze

does not often permit direct inferences to be drawn between research findings
and the specific questions raised by code prov’:ieng. Futite Wodificatinas to
provistons affecting pre-emergency training ap: . . to require addit‘onal

‘research on the role cf training and its relation to eémergency behavior.

2:3 PROVISIONS AFFECTING PERCEPTION OF THF EMERGENCY ENVIRONMENT, AND
RECOGNITION OF EMERGENCY FACILITLES .-

A number of humau behavioral assumptions .about the perception of emergency

environments and the recognition of egress facilities underlie various provi-
sions of the Life Safety Code. These assumptions are evalugted by reference to
several models of perception, to limited data from experiments or visibility,
and to a small body of evidence from post-inctdent fire-investigations. Taken |

as a whole, available data neither support nor refute behavioral assumptions

about occupants' emergency perceptions at a lével technically sufficient to

permit a thorough evaluation of pertinent Code provisisns. Where data are )
available. in sufficlent quantity, however, 1t has been sufgested that behavioral
asgsumptions underlying alarm provistons of the Code tend not to be supported.
The Code provision specifying a maximum (10 second) switchover delay between
standard and emergency lighting, on the other hand, tends to be supported by
available technical data: Inittal emergercy petceptions are idpottant; and
their relationship to rapld escape has been shown. Consequently, fiiture

research which teads to more effective perceptions of the fire environment by
victims is recommended. -

r

2.4 PRQVISIONS AFFFCTING EGRESS STRATEGY FORMATION

A number of assumptions about human information processing and dercisionmaking

behavior during fire.emergencles underlie seversl provisiods of the Life Sa‘ety
Code: Such assumptions éféwéﬁélﬁétéd;ﬁi,reference\to models of cognitive

behavior,.as well as to data from reldnt psychological research on way-finding

X
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hehavior. environmental cud proceseing, disaster response, and stress: Few

directly relevant technical data were found within the field of fire research

warrant statémerits specifically supporting ox refaring Code provistous which

_itself. Taken as a whole; available technical knowledge ia not sufficiqnt to

may influence egress strategy formation. However; the literature generally

gupports the notion that che demands.of occupying a burning building require

irdividuals to efficient]y extract informztion from the fire environment,; and

to formulate effective aad timely decisions about what to do._ Depending upon

the design and layout of a building, and upon the nature of given fire condi-

tions, these processes w111 consume some proporcion of the time within which

occupants must escape, Errors in judgment and decisionmaking will frequertly
consume even more time. However, crucial gaps in current Krowledge about the

time-based capabilittes of building occupants_to effect rapid emergency eScape
continue to center about questions of emergency*informatiou processing and
strategy formation.

2.5 PROVISIONS AFFFCTING DISCIPLINED EGRFSS BEHAVIOR AND CROWD MOVEMENT

A number of human tehavioral assumptiong about crowd movement and disciplined
group behavior undi:irlie selected provisions of the Code. These dssumptions ari

evaluated by refercnce to several models of human collective behavior; data

from regparch in nxperimental gocial psychology, field research on natural -
dieastezgé angigggt"iggigght fire investigations. 1In general, the technicat
literatu suggedt support only for those assumptions pertaining to leadership

and direction-texing ‘-behavior. Behavioral assumptions pertaining to the
effects of occuvant loading and physical obstactes apor orderly and rapid
crowd movement appear to be nejther supported nor refuted by available techni-

cal literature. To the extent that impediments to crowd movement fesult in

maiadapttve coIIective behavtor and panic, future research on tne role of

Code—revteion.

;
/

2.6 PROVISIONS ACCOHODATINC OCCUPLNTS' CAPABILITY TO SAFELY AND RAPIDLY
NEGOTIATE EGRESS WAYS - .

Human behavioral areumptione which underlie Eode—ptovision relat‘ng to

uated by reference to biomechanical models of humard movement,; toxicological
research, stair and ramp use field studies, pbyeiolo?ical measurements, and
anecdotal evidence from actual fire fuctdeits: At present; much of the avi-

dence reported in the experimental and nonexperimental literature on. occupazfs'

Bpectftc conclusione or inferences to be drawn., Ae a reeult, there appears to

valid aqd useful in this context.

7
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2.7 PROVISIONS GCYERNING THE CAPACITY OF MEANS OF EGRESS

the capacity of means of egress are presented. These assumptions are evaliated

by reference to several models of pedestrian movement,; data from laboratory and
fieid studies of walking behavior during normal occupancy conditions; and_ __ i
observations of stair use during fire exit drills in high-rise office buildings.
With regard to Co®€ provisions affecting the design of doors; available techni-
cal literature support only those aggumptions concerning the deleterious effects

of particularly severe congtrictions or obstructfons. However, behavioral
assumptions underlying provisions governing the design of corridors ard stairs
find challenge within the technical literatiire. This 18 especially true of
provisions depending on the validity of assumptions about the iinearity of
pedestrian movedernt and the 22 inch (0.56' @) utilt width standard. Because
there remain differences in reported data describing-pedestrian behavior on

N

¢

stair and level surfaces; inconsistent definitions of important vartabies, and

nonstandardized techniques for measuring the performance of means of egress,
it is not now possible to either support or refite exisitng provisions and
their underlying behavioral assumptions on the basls of the available technicat

literature: The most important objecfives for future research on the subject
of the capacity of means of cgress are: (1) the development and validation of
standdrdized measures and measurement methods; and (2)_the systematic analysis

of complete egress systems, emphasizing transitions between means of eRress
elemente,
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1. INTRODUCTION ' - -
S !

A predominant motivating factor behind America Bﬁthihg,(Natiéﬁgiféﬁﬁmiésiqg on

Fire Prevention and ‘Control; 1973) was the potential for muiltifatalicy fire :
tragedies in buildings. Accordingly, a primary goal of the Home and Public o
Building Safety Program of the United States Fire Administration is to ensure ;

" that up—to—date and feasible criteria are implemented tc provide for life ° :
safety in public occipsncy buildings, including multifamily residential

ties. \The three most obvicup alternative approaches to providing life safety
from fite in buildings involve rapid emergency escape, protection of occupants

occupaa%ies, plazes of assembly, mercantile occupancies; and business fatiiij

in place,; and rescue: The study reported here focussea only on' the problem of
rapid emergency escape. } : :

Many building code provisions influencing emergency eacape have rewiained
virtually unchanged since important research was reported by the National
Bireau of Standards (NBS) in 1935. In general; these provisions govern the

design and capacity of means of egress (or, egressways), and are based upon
empirically derived relationships between pedestrian flow, egressway capacity;

and escape time. Since then; several of these relationships have been called
into_question. For example, it has become more widely believed that occupants

usually do not move through stairways and other egress channels in regemented
fashion at constant speeds (although the computation of agress way capacity

often requires this assumption), that firé products can move into and thereby
contaminate exit stairwells mot carefully designed to'prevent smoke infiltra-
tion; and that many buildings of substantial size or population cannot be com-
pletely evacuated rapidly. Moreover, researchers and life safety design pro-

fessionals have learned that early warning devices; pre-emergency training, and
various social, psychological and organizational factors each play am
fiiportant——although not fully understood—role in rapid emergeucy egress., .
Finally; it has also become more widely accepted during recent years that func-
tional variations .between occupaiicy categories, and the differing needs of

people with varying escape capabilities,; both affect emergency readiness and the
ability to evacuate buildings efficiently. Many of these problems were first
discuased by Stahl and Archea (1977) of the Center for Building Technology; NBS;
in their original assessment of the technical lLiterature on emergency egress
from buildings. Since that time, various issues have been expanded and fnves-

1.1 PROBLEM
The principal lessons to be learned from research conducted during the last 10
years on human responses to fires are that individual desigin provisfons, which

1 A substantial portion of the recseacch on emergency egriss and human
behavioral aspects of life saf:ty frou fire is discussed later in this

report. Consequently; individual investigators are not “tlsicd here.

- . l B
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usually embody professtonal engineering judgment and respanses to specific

disasters, and (1) are not consgistently applicable under ail conditions or

4

circumstances, or (2) are not consistently supportable by reference to the .
technical literature. Thus, ardlyses of means of egress design provisions

(e-g. Rivers and Bickman, 1979; Stahl and Archea,. 1°977) reveal that underlyiag
behavioral assomptions are often expected to hold under d relatively broad
range of conditions,; and that empirical siupport for the validity of these -
assumtions 1is frequently difficult to 1dentify. The problems of identifying

‘relevant techntcal literature and of applying it to the verification of current

means of egree design provistons sre key issues addressed by the present study.

1.2 OBJECTIVES AND SCOPE - i 4

N~ e.

The primary objective of the present investigation 18 to assess arailable

. research pertaining to exit facility design and emergency escape criteria of
the National Pire Protection Assoctation's (NFPA) Life Safety Code €1976.Edi-
tion; hereafter referred to as .the Code); in order to determine the te:hnical’
support for such criterifa: A secondary working goal is to Ydentify human o

-behavioral assumptlons believed to underlie egress and related provisions of
the Code:. By gaining an understanding of occupant behavior patterns implicit
in compliance with various Code provisions, the project staff felt hetter able
to evaludate individual prévisions against state-of-the-art technical data; and
thereby hetter ablg to verify currently promulgated egress requirements. The
purpose of tlese agdivities 1s to provide a technical foundation from which
substantive modifidlations to egress provisions may eventually be made.2 In
preparing this report, the intention of NBS resecarchers 1s not to pass judgment

on_the validity of/the Code: Where techn cal support for given provisions 1is

either weak or unavailable, the authora do mot recommend &liminating or othe.
wise modifying cthese prqy;g;ggg;iflﬁ,EUéh,iﬁétances;,rather; the authors sug-
gest that code-writers approach their task with caution; and that forther

technical investiggtions be conducted. ¢

%ﬁérggﬁgtgirgdéirdf,tﬁé,iﬁﬁéﬁfiéégiéﬁ;§r§7§597tiﬁé-ﬁéééﬂf&éﬁésiiiiiéé of B
building occupants to effect rapid evacuations, in reletion to evacuation time
available during fires: Numerous functional criteria‘were studied, including:

(a) maximum travel distance; (b) building configuration; (2) remoteness of
exits; (d) barriers to egreds flow {e.g., railings, security devices, door-

ways); (e) 1llumination of means of egress and of directional stgns; (f) egress
' channel carrying capacity; (g) tha ability to totally evacuata a huilding, in

terms of competition for avallable sspace, and in terms of physioclogical znd-
- psychological fatigue. - » .

Sich functional criterta are specifically treated within varicas chapters of
the Code, and provisions from; the following Code chapters were selected fdr
evaluation: Chapter 5, Medns, of Egress; Chapter 6; Features 5€ Fire Protection

(specifically; provisions concerning protective signaling systems); Chapter R,

g Places of Assembly; Chapter 11, Residentfal Occupancies; Chapter 12; Mercantitle

4 h o}

2’Recommendations for mod1fying provisions of the Code 1le outside the scope of

the present report;

.
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- Capecifically; provisione concerntng fire exit driIIs and bﬁiiding management
practices). . ,
. . - ~

7

1.3 ORGANIZATION OF THE REPORT

During ;he course of the project an attemp:,was made to poeit a model of o

emergency escape behavior; and to fdnctionally relate provisions of the Code to

such a uodel. Principal components of -this time-based model included: sensa-
tion and perception of emergency environmental cues, interpretation of emergency

cues; strategy formation and decisionmaking; action initiation; and action com-—.

pletiod (generally after models Suggested elsewhere by Bickman,; Edelman and

McDaniel; 1977' _Stahl, 1978a, 1979 - 1980; and others). 7However organizations

tive behavior. Moreover, useful models of ﬁuman response to figes are neces-

;earily djnamic; environmental cues are received and assessed not once at Lhe

to bat change a8 events unfold and as new information becomee availablc to ] .

occupants. Indeed the task of relatinb existing design provisions to emer-

within the Code, including provieione affecting Pre-emergency trafning and*

preparation i hapter 2 of tﬁe current report). affecting the . perception of the'

ing egress strategy formation (Chapter a),raffectlng dieciplined eprge§7bghavior;

and crowd movement {Chapter 5); accommodating occupante' capabilities to safety

and rapidly negotiate zgress wavs (Chapter 6)j
of egreee (Chapter 7). In order to eimpitfy the pT sentétton of egreee provi—

governing the capacity of meaus

Each of the eix technical Chaptere (Chaptete 2 through_ 7) provides a cémplete

analysis of a single class of Code provigfons. These Chaptetrs ate organized

as illuetrated below with referénce to‘pypothetical Chapter n:

~

-

APPLICABLE CODE PROVISIONS ’

‘UNDEKLYING BEHAVIORAL ASSUMPTIONS ' -

This section lists provisiéné of the Qoderpertaining ﬂb the technical

isgue treated by the Chapter. - Y

,,,,,,,,,,,,,,,,,,,,,

ri

to underlie Code provistons enumerated in sectiosn n.rw.
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n.3.2 Underlying behavioral modele. ;Theories_and models selected from the

behavioral -scierice (and other related) literature to provide a frame-

work for underBtanding emergency events, and for gulding the’ dgvelopment

of design. ?o!utione.

' ‘ 4

n.3.3 Assessment of behavioral assumptions based on the technical literatire. ~
(1) literature review; (2) diecuseion of strengths and weaknesses of the
~tephntea1 Iitetature. s
° W SUMMAR¥AQFAGAPS—IN THE TECHNICAL LITERATURE
= ‘This section reviews areas for futare research, and summarizes the
; use{ilness of available etudiee in analyzing provisions of the Code.
2.5 SUMMARY : o
;Tﬁié _.gection provides an ovarall review of the Chapter and nigniignté
specific coAclusions. . ;
- o . t :
<" 1.4. TECHNICAL APPROACH : ] )
‘ " F ‘
1.4.1 Study Design and T&ék Organization RE | T

The etﬁdy was designed to analyze egress related design requiremente of the .

Code; from the standpoint_of occupants' abilities to tapidly escape buildings

dEriny fires. 'The goal of the analysis was to determine the extent to which

Code provisions ianuenétng the eecapeigqtential of buildings can be techni- ‘ a
-cally supported on the basis of state~of-the-art knowledgé of tidie~based human a
’capabtltttts during fire efiurgencies. It was recognized at the outset that in -

many cases the needed technical data are elither not available, or else ihcon-

_-2lusive., Therefore; another important objective of the research desi"n was to

tdentify gaps in tHe available technical base, and to recommend areas for

*fyrther empirical inveetigatton. The investigation reported nere 18 a continu-

ation and expansion of preliminary work on human behavioral aspects of the Code

funded by the NBS Center for Fire Research and conducted .by Loyola University =~ - P

-of° Chicago (Rivers and Bickman, 1979).

To effect the goals of the etqdy, the follbﬁihg taeke’were undertsken: (1) The

Code was reviewed and- eecape related provisions wera identified: {?) Human ﬁ

behavioral assumptione seen asg potentially underlying ‘eyress provis!ons were

whypothesized by the project staff. (3) An initial se® of hypothetical behav-
, 10rair}ssumption8 was distributed among memhers of a peer review pinel for
detal¥ed
- behavioral assumptions were modifted and refired: (6) A comprehensive review
of technical literature pervaining to human bekavior during fires and othier
emergencies, and to other salient probleme in the oehavio;al science: was;

conducted, - N

K

DEST COPY AVALABE o o

cogment, and on the basis of this review, inftial hypotheses ahout
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(5) Egress provisions and related behavioral assumptions were organized 1iito
logical categaries; and 8he extent to which provisions and assumptions are

. supported by evidence in the tgchnical literature was assessed. The literature

teview and peer review tasks are discussed in more detail below.

1.4.2 Litergiure Review )
Rivers and Bickman (1979), in their assessment of behaviorul assumptions _
underlying Code provisions,; relied almost entirely upon technical liteyature on
human behavior during fires. Referring to the newness of this field.of study

and to various methodological shortcomings, these investigators cautioned that .
indeed -few conclusive inferences could be drawn from available data in €his
impoverished area. Ongoing objectives of the ciirrent_investigators i discuss-
ing behavioral aspects of egress provisions, therefore; have been to dgaw upon _
salient theoretical concepts from various areas of the behavioral gciences; and
to cite pertinent empirical data from the nonfire related psycholééiéég
literature, in order to amke inferences about probable behavior in es.

t sought to determine the degree to which emergency exiting

; provisi of the Code ma; be supported by reference to state-of-the-art
i © kilowledg&bout the time-based escape capabilities of building occupants.

context behavioral assumptions refer -to those patterns of occupant response

that a building designer or code official might reasonably assume wilk occur,.
(implicitly or explicitly) under prescribed design conditions, in the event of

a fire. For example, 1f an “EXIT" sign of particular characteristics 1s speci-

fled, the designer or code official mey be thought to assume that, in general:
z (1) during fires many occupants in fact look for and use “EXIT" signs, and (2)

the specified design characteristics Influence the utilization of such signs in

gome positive fashipn: ~

To avilute Code provisions on the basis of human capabilities, cherefore, seemed
to require a thorough jdentification and assessment of underlytmg behavioral

assumptions. It became appare.t to the project staff; moreover; that evaluating
the technical support for behavioral agsumptions believed to underpin individual

provisions or sets of provisions, yielded the most direct and effecrive means of

evaluating behavioral aspects of Code provisions themselves.

As indicated earlier, the project staff hypothesized a set of assumptions it

believed underlie selected provisions of the Code. To avoid the liklihood that
these assumptions reflected only the.biases and exverience of the project staff,
to ascertain that the Code itself was not heing misunderstood; and to elicit

8 useful ideas from other 1ife safety professionals; a peer revbew procedure was
developed: Thils procedure involved distributing a sprcially designed revicw

_package among more than 20 profeseionals in gavernment; tndustry, and_acadenmia.

- “The revicw package displayed all provisfons of tke Code included in the studv,
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noting any changee, cor'ections additione or new 1dede. Statemente of

behavioral assumptions appearing later in thts report reflect the recommenda~

tions of the peer reviow anel. Members of che panel are lieted in Appendix A

docu-
ments the availabtiity of tedhnical Bupport for egress relaced provieione of
the NFPA Code (1976 edition). Theae provieione were noted to clueter with

separate chapter of the report;

§!

3 In some instances, several aseumptions were listed for a eingle provision.

In other cases; a single assumption pertained to a set of prowisions;

6
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2. PROVISIONS AFFECTING PRE-EMERGENCY TRAINING AND PREPARATION , N4

2.1 APPLICABLE CODE PROVISIONS

"17-1.2.1.1% Every required exit access and exit discharge shall be continuousty

wmaintained free of all obstrictions or impedimente to full instant use in the

case of fire or other emergency: )
4 ; .
17-1.4:1 = Fire extt drills conforming to the provisions of this chapter of the

Code ehall ‘be regularly conducted in occupancies where gpecified by the provi-

gions of thig chapter, or by appropriate action_ of thefenforcing authority

having jurtsdtcticu but with any necessary modifications in detail of proce~'

dures to make the drills most effective for their intended purpose in any
individual building.

17-1 4.2 Fire exit drills, where rethred Dy the authority havtng jurisdiction

311 be held with sufficlent frequency to familarize all occupants with the

driri procedure and to have the coaduct of the drill a matter of estabplished
"routine. o

¢

17-1.4.3 Drills shall inciude saftable prOCEduree to iiake Siire thac a;l persuns

in the building; or all persons subject to the drill; actaatly participate.

17.1.4.4 brills shall be held at unexpected ttmes and under varying conditions
to simulate ‘the unusual conditions obtaining in case of fire.

2.2 UNDERLYING, BEHAVIORAL ASSUMPTIONS

i

2.2.1 Assumptions Relating to'the Abilfty to Predict Occupant Responses During -
Real Fires

(2) During Fire- emergenciee, people are often coufused or lack dierpline, and

hence may require lengthy time periods for evacuation; preperly conducted fire -

exit drills result in more orderIy and disciplined behavior®during real emer~

gencies, and thereby help to reduce needed evacuation time (17-1:4).:

(3) Disciplined and orderly behavior during fire emergenciee are more impnrtant
than the actiual speed with which _people evacuate themselves (17-1:4:4).

1

L7

4 Numbers refer to provisions of the NFPA Life Safety Code, 1976 Edition.

> Numbers refer to Code provisiaiis enuterated in the provious section of this
chapter. .

'\
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2.2.2 Assumptions Relating to 'the Transfer,of Responses Learned During Drills

to Agtual Fire Situations R *
= . : . .
(1) People are more likely to exit rapldly, and are, less likely to;%nic or

racticed

respond maladaptively during actual fires; when fire exit drills are

1 At e
t2) Peoplefreépoqd appropriately and effectively during real fires when they}
have participated in properly conducted fire exit drills (17-1.4).

participation in ptoperly conducted fire exit drills (17-1.4.2).

(4) Occupant's responses during particular emergencies will be most rapid and

effective 1f drill training acc;ur’ate’l’y simulates a variety of ﬁdt%ﬁtiél fire g%;

 sc¥narios (17-1.4.6). ~ :

(2) Some individuals may not take drill procedures seriously i{f other persons

are excusel from participatton (17-1:4:5):

L 2.2:4 Agsumiptions Relating to the Accommodation of Training Procedures to the

‘Piversity of Potenttal Fire Scenarios
-

4
-

(1) 6céup§nés will be better prepared by flre exit drills and similar ttéihihg

in occupancies in which controlled discipline is<present (as in schools or
hospitals) (17-1.4). " -

(2) Behaviors learned and sractided during drills designed for one type of
occupancy may not be effective in'emergencies in other occupancies (17-1.4.1).
2.3 COMMENTARY ' B

32.3.1 Problem ’ - -

Code provisions 3;§i%fiﬁBNP?éf§ﬁ¢?8§?¢¥”fféiﬁiﬁ8 gnd preparation are intended
to prepare people for actual emergenciee;,;fduce the probability of maladaptive:
behavior during fires, and increase the liKelihood of effective egress dr move-

ment to refuge areas. The Beneral notton underlying many of thede provisions ~

is that behavior patterns learned during training situations transfer to actaal

fire ‘events. Followlng,from this supposition, behavioral assumptions underlying
these provistons address four principal areas. of concern: (1)%the ability to
predict occupant responses durlng actual fire emergencles; ¢2) the: relevance and
transferability of respornses learned during fire exit drills to actual firs sitts

uations; (3) occupants' attitudes toward the value of ftre exit drills and other

forms of pre-emergency training and preparation; (4) the ability of fire exit
drill procedures and manageient to predict and dccommcdate the diversity of

potential fire scenar??s in various occupancies. Several estahl}%hea models .
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of human learning within the behavioral scilences offed useful perspectives on.

the role of training in §¥866tiﬁg adaptive emergency behavior. Three impertant:
iiodels are considered belnw. : : .
- . ~ !
- 2.3.2 Underlying Behavioral Models ' ~ .
' L T .
lear useful insights into the problem of
pre—emergency training are the instrumental conditioning or reinforceient

Three approaches to learning which offer

. approach, the soclal learning spproach; and the cognitive gpproachi The most

basic and best knewa of these is the instrumental conditioning approach. This:
approach assumes that; with learning, ,the individual acquires a connection
between a. specific environmental gtimulus and a particular behavioral response.
The person has an active role im creating the environmental conditions which

_ strengthen the atimulus-response connection; When an {ndividual provides the

/| proper response under certaln stimulus conditions, the result is a “pewar®

“ (or reinforcer) of some kind. The relnforcer, which can_be either learned or

unlearned, strengthens’ the gssociation between the stimulus and,the response.
It is this strengthening to whicH;thé term "learning” refers in- instrumental

i conditioning. v o« - 'l N

Numerous expeciments on the conditioning of laboratory animals and human
subjects have demonstrated that: (1) learning ‘may generalize, i.e2., a partic-
aglar learned connection fiay transfeft to other Btimuli or responses; €2) sub-

jects may be taught to discriminate stimuli and therehy limit learned connec—
tions to very specific situations; (3) Iearning may be'lost, or extinguished;
1f the connection between scfmu}ﬁé and response 1s weakened by discontinuing
reinforcement. T

. The Eirst category of assumptions addregges the ability to predict occupant

resgonses during real fires. One theory of instrumental conditioning that
has implications for this category is clark Hull's systematic behayior

theory (Hilgard and Bower, 1966). In Hull's view, learning a response and
perforning it are distinguished. Moreover, motivational factors, such as
yhystoiogiéii needs, anxiety, and fear, play a_central tole in learning.

To illustrate an application of these ideas: If a fire in a bullding craates

« higb lavels of anxiety or fear among sccupants; these occupants are likely to

* have. difficulties learning new and appropriate behaviors with which to deal
. with the emergency. Habitual ways of responding, under the presgure of
- motivational factors, are likely to be performed _and could resuXt’ in inappro-
priate activity. However, {f Btcupants were well-drilled in fire emergency
procecdures, that is, had a wall-learned response or habit associated with fire
eiergerncy gituations; then the motivational factors createlby the fire are.

y likely .to result in ;hgivigoroué performance of the tearned emergency procedire
© (llgard and Bower, 1966). : . :
L. . a .

S 7”‘ L e c s -
The second category of behavioral assumptions addresses the expectation that

fire exit drills prepare occupants to respond effectively during actual fire
svents. _For exarple, -fire exit drills in elementary schosls have been hased
upon an instrumental conditioning approach: students are conditioned to
respond to an alarm stimulus (e.g. & bell or buzzer), and wheil the stimalus 1is

présented the students respond by'ﬁéEfBiﬁihg a prescrited sequence of actions

5
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A designed to result in rapid egress_from the s§ Bool _butlding. Reward for
siccegsfil petformance during drills may take -the form Qf praise from the

teacher, early dismissal from class, etc. Generalization also is illustrated

in the school exit drill. Should the alarm bell malfunction on one occasian, -
for example, a teacher's call of "FIRE is likely to elicit the appropriate

. sequence because the alarm bell and the teacher's call share the same meaning

for students. From an instrument2l conditioning viewpoint; the overall objec-
tive of exit drill training is to establish behavior seguences which lead to

rapld and orderly evacuation. It is generally assumed that if such patterns
can be establlshed through a program of exit drills, then the learned behavior§

Another category of behavioral assumptions considers the abtlity of fire exit
drill planners and emergency managers to predict_and accommodate the diversity

of potentia1 scenurios in various occupancies. The instrumental conditioning.

asﬁioaéh,,faE éi5651e, suggests that if persons are trained onzg to behave in
adaptively during

fires in that building (or within very similar buildings) only, On the other

hand, this approach suggests that training can "also be gpecially designed to
pernit the generalization of learning to other building types, or alarm modes,

- R

instruméntai éonditioning concepts. Social learning approaches emphasize the

irole that other persons play, as individuals or groups,; as sources of reward
) or of punishment. These approacheaz are predicated on the assumption that as
*  social animals; humans depend on others for help in achieving rewarding foals

- and in avoiding punishing ones. _Therefore, what others say and do can influ-

ence an individual's behavior. That is, people are effective sources of reward

and pusishment for one ‘anothar: These concepts are often used by social pEy~-
schologists tc explain the relations among individuals _and the operation of +
groips (see Qhagiand Costanzo, 1970, chaptets 2~4). Thus, people learn to

follow an instruction from a perscn 1n.&uthority because of the rewards that
compliance may bring and to avoid the punishments or costs of noncompliance.

The rewards (and costs) cofie from both the authority and from the achieyement
gfoup&

.tj of desired voals. With rerard to group effects,

(or nonachi

be soUrces e
make one ember a source of satisfaction to other memhers make the group

. 1971). By obserVinP other people; individuals Icarn both how and when to
respond. Imitative behavior may be directly rewarded by other persons; who
approve of how & given individual has responded. It may also be rewarded

) vicariously, as when an individual observes the rewards or costs ‘another. perso
i recefived for a given response, Imitation has also been referred to as obser:yn
‘ tional learning and modeling. It applies to the learning of emotional

responses and motor behavior; both of which are important elements in ft!F‘

't .
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emergency sitvations. Some explaﬁ%tions of observational learning are has 4 on
° instrumental conditioning principles (e.g.* Gewirtz and Stingle, 1968) hers

tional factors (e.g.,Bandura, 1965). Thus if 3 parson 1s seen to be rewarded

for an action, the observer is more ttkeiy-to perform this action than if the.

’ person was punished for that action. Studies suggest that people tend to R
imitate others who control resSources (i.e. _have power), such as people high in

gtatus or in postttons of authority. IR . : ) JERURANY
. ) . o

RPN A

Social learning principles appiy to the transfer of responses learned 0

drills to actuaI fire situattons. If tHe tndividual has been . rewarded. for fire

drill performance as part of a group, and if the individual wishes to: maintainr
the rewards (e.g., pralse, esteem) that come from group mémbership, then .during

other drills or an actual emergency.the pprson is likely to do what has been
taught. This behavior is e¢bn wore likely 1f others are also doing what theyv
have been taught. This is because doing what otbers are doing is an acttvity

that could lead to escape (which is rewardiny) and which s rewarded for

othere (McLaughlin, 1971). ) L oA

’

T

Social learning principles also apply to the waye in which atritudcs toward

drills are learned. A learning-theory approach to social hehavior developed
by Homaps (1961) considers the role of dietributive justice in this context.
Simply stated, peop1e expect a fair exchange in theitr dealings wich other tndi-

vidaals: 7he more a person._puts inte a glven soéial interacticn (referred _to
ag the costs of interaction); the more “the {ndividual expects to get out of
the t;énsaction (referred to as_the rewatds ot interaction). Thuq, tf att the,

pecpte asked to participate in a fire exit drill are called away from an acti-~
vity perceived to be more preferable than the drill the Arill is likely to

represent a\gz:t. If one person dges not attend the driil; those who do attend

by compariso
Homans (1961)
This effort can be refiected as dtsinterest tn futore drills (“why ‘'should I

may have incurred proportionately greater costs, According to
persons who are disedvantaged in ‘an exchange will become angry-.

attend 1f others don't?”)._ It _cauld also be .reflécted in anger “toward those
responsible for enforcing drill attendance or: to ird those individuals who
woild not attend. . . ) -

Pre-emergency training baeed _dpon socialdlearning conceptB might take edvantnpe

of célattonshtps between occdpants.and leaders or legitimate authority fiyures;
and _would emrhasize_the training of these leaders. Such leaders, once trained,

could serve as models for obgervationdl learning of eiiergency epréess prOcedure

among other techniques for instruction, - The availability of such individuals;

and the likelihood that appropriate’ relationships will exist within a given |

- bui1ding, depends considerably apon ‘the natare of the occnpancy. The proper /'

petsonnel and conditions may exist with an elementary school or nure{ng home

In contrast with conditioning concepts and eocial loatning appronrhe (which
-~ . are aldo rooted in conditinning principles), the copnitive approaches to ,/

learning tend to underplay the role of conditioning; specific stimulus- responee
. i = . ; .
o /

1t .
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connections; and physiotogically-based motivee. Instead, they éaaﬁaéizé types

of learning that result in an individual's understanding of social and environ-

. mental events (Qhaw and Costanzo, 1970, cbapter 7). Tolman,; a major learning .

theorist, conducted rescarch suggesting that_people learn about their enviranr ™

ment through repeateéd exposure to (i.e., familiarization @ith) it, even itn the

"a@bgsence of explicit reward Byeteme (Hilgard and Bowef, 1966).

Much mor e recently the cognitive approach tas been applied to understanding fhe

- ways. pesple- learn 'to gnderstand and negotiate the architectural environment
(1ttelson; Proehaneky, Rivlin; and Winkel, 1974, chapters _ 4 and 5: Evans,

i

Felloys, Zorn, and Doty, 1980). 1In this viéw, the process of learntng ts fre-

1 _ et Jsduiehediihdigl® A SR T I L L L L L e e o —ol

quently 1inked with human information procesning which involves: (1) percep-

tion and information gathering,i(Z) mediation or “filtering” of environmental

stimuli stimuli in accordance with a person's goals and traits; (3) allocation

and retention of environmental information in gshort—= and long~term memory;- (4)

formulation and implementation of specific dction strategies as requived by

cirrent environmental events; (5) evatuation of actions_against goale.l These

cognittve activities form and reform mental images; or "cognitive maps” of
environmental gsituations, within people 8 minds. As peoplé are required to

respohd to specific events, they test their cognitive maps against the reality

-of the event: As. more experience with a particular class of events is gained,
‘findividuals cognitive maps more accurately reflect reality and provide better

Lpfeparation for adaptive behavior: Learning, then; is viewed within cognitive

" theory as the development of processes by which information is assimilated,
‘proceesed and utilized, and by which the environment is effécttvely accommo~

dated. Training programs based on this view frequently stress the need to

exposé individuals_ toc ‘relevant sets of experiences, and to match these experi-

" éoces to'individuals' level of development. Children, or adﬁits with develop-

ﬁcntai disabitittes, for example, may. e.tract coneiderablylleee (or diffu"ent)‘

or a drill simulation‘ than might averagé ‘adults.

Conditioning prirciples were applied with reference to aesumptione regardiny

during a._ real fire. _Howcver; certain occupancies, such as ho1lth cai ! and
", custodial care facilities, may require a cognitive approach: Such facilittes

present circamstances marked by mobility or cognitive impairmente of occu;. .antsg;

tione, emergency training often includes lectures; films and other methods of

Bénst*izing staff personnel in addition té practice performance during fire
exit drills (Bickman, Herz, Edelman, and Rivers, 1979). Urlike the situation

in schoole, pre—eiiergency training in health care institutions 3eems to follow

the cognitive approach to learning,; which emphasizes the development ot skills
intended to promote effective decisionmaking in responge to unique and unsre-

dictdble events: -For example; the deciston as o whether patients should first

) te evacuated or doors should first be closed requires staff \personnel to formu-
late an action strategy on the baeie #f their current evaluations of specific

conditione. Thus, tratning for this type of ocCUpancy may etress the accommo-

As with conditioning, it 18 assumed with the cognitive approaches to training

that tessons learned ddring drills or from films will transfer appropriate
response patterns to actual fire crises.

e , | ’
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participants' attitudes toward ‘training. These models stress the 1mportance of
individuals' experiences, levels of develooment, goals, motivations, valoes,

and beltefs. ,Thus; a. cognitive approach to pre-emergency training might attempt
to change _ individuals' own notivations; attitudes, and bellefs about fires dnd
the need for training, 1in additioﬂ'to training specific respbnsés. e

Pre-emergency training based on a cognitive approach to learning _may also lpad

to both situation-specific and Reneralized training prorrams. Programs. may be

specifically designed to reflect potential scenarios within a given building L

type, and to take into account the capabilities of a particular class of occu-

pantg. Or programs may bc designed to equip people with fundamantal 1ife

safety knowledge ueeful during almost any fire scenario in almost any building
type.

% ) .
In summary, human behavioral assumptions believed to: underlie Code,provisiona

three general models of human learning. While each model presentg”a Somewhat
different explanatilon of learning processes, cach oine seems useful in under-

standing the problems assoctated with fire emergency training, and in evaluat-—
ing behavioral assumptions believed to underlie applicable provisions of the
Code. The next section of this chapter discusses the behavioral assamptions

; elatlon to data presented in the echnical literature.

Litera{uregreviewr A.sumptions stated in sectfon 2 2.1 assert that panic 1s a

1ikely response co a fire ‘emergency and that there is a need to prevent panic

as a psychological concept.

S

Although many 1nvesttgators have addressed the toptc of pantc, the term pénié

lacks a clear; widely accepted technical definition. There are at least two

views about what pauic means. The more common view stresses the irrcational
roots of, and maiadapttve rasponsas to panfc. This view 18 endorsed by Meltnek

~and Béiaﬁih (1975); Janis and Mann (1977), Phillips (1978); and Schultz (1967). .
' A second, far less common view, stresses -the rational _nature of what 18 called .

pantc.. In thts»vtew panic is an adapttve but thoroughiy self-serving attempt

affecting pre-emergency praparation and training are.discussed in relation to \t*\

cing others to the existing, oncoming danpzer or threat (Burstein, 1969). This B . g

3 vl o . - N

view is consistent_with research on panic by Brown ¢1965), Mintz €1951), and :
Kelley, Contry, Dalhke, and Hill (1965). In either case, these views supgest

that if there ts panic, it 15 more liker that there will ove unnéeasary victims

than if there is no panic. o

Argﬁménts ‘supporting the assumptions ébéqgﬁbéﬁié are based primarily upon . —

experimental literature _on ﬁéhiﬂ behavior. Fop example, the |903 Iroquois

d

'*3'; | “z
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have claimed some 602 lives, although the building itself was not completely ™~
destroyed. Galbreath (1969) related the probability of panic (which he did not;
define in behavioral terms) to available egress capacity in a building. Fe
suggested that panic may occur in butldings where stair enclosures have been

designed to accommodate 50 percent of the population of a given floor,; as was
recomnended by NBS (19?5); ‘

B} .- -

- . - .~
Relationships betweem—occupants' perceptions of their own safety, the amount of
time avatlable for safe escape, and the likelihood of panic behavior have been

stressed_by several researchers.. Melinek and Baldwin (1975) suggested that

after a 2.5 minute waiting period, people are likely to_panic,; and engage in _
waladagfive, ineffective behavior. Janis and 'Mam (1977), Relley et al. (1965);

. ‘and Phillips (1978) wall have emphasized the importance of actual or perceived
time on the probability of panic behavior. An examination of Janis and Mann's
(1977) argument may suggest why time plays a critical role in creating panic.

Accoraing-to these investigators; panic arises when time W8 perceived as
3 fnsufficient for finding or using a means of escape from a serious; oncoming
. threat. In such instances, people tend to deal ineffectively with available
information, and their thoughts frantically focus on_too_ narrow a range of -
-alternatives. Wrapped -in thought, these pecple are likely to further under= 3

estimate available time. 1n this regard, studies have found that there is a
v decrease in the perceived duration of an event when judgments of time intervals
are made while people are performing tasks which draw attention away from the

passage of time (Dember and Warm, 1979). This potentially vicious cycle is
likely to imvoke actions which are countérproductive and maladaptive; unless

environmental conditions tmproves

The importance of leadership and supervision in producing adaptive responses

during fire emergencies was discussed in section 2:3:2: Expertments condiicted

for the Central’ Intelligence Agency (Klein, 1976) found that orderly discipline
chanpeled through a hierarchical organizational plan was essential to success—
7 ful egress. Schultz (1967) concluded from his experiments that dependent per—
v sons may tend to respond maladaptively to life threats when leadership or super-
vision is absent: Reporting on the tragic Andraug Building fire in Sao Pualo,

Brazil, Willey (1972) noted that a rescue helicopter was almost-destroyed by a |
panicking crowd or. the building's roof. A second helicopter landed successfully L
j

/ when firefighters were first lowered to the rooftop to control the crowd, clear
a landing area; and assure those waiting that they would be rescued:

; The concepts of leadership and soctal control can be put into a larger

', perspective, and one consistent with social learning (particularly modeling)
principles; Kelley et al. (1965) who experimentally examined panic behavior;
fourd that if volunteers faced with a serious personal threat learned that sore
of their peers were Willing to wailt their; turn in a queue in order to escape,

; and 1f these peers had experience ﬁitﬁigz%gpgféhqgﬁété7ttﬁ§t§§tth9 sources of
guidancé; then successful escape was likély and the probability of panic
decreased. These results underscore the importance of social control; and of
the disciplined. response to a threat, on successful emergency escape. These

findings also suggest that there_is potential uncertainty about how others will
react to an oncoming threat: -se

act to an oncoming Will they respond 'in a self-serving way,; or take
“—their turn in a Gueue? If other indiyiduals make clear their intentions. to -

- T 14 A
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behave in a disciplined fashion, theén this may serve to reduce uncertainty and
thereby reduce the 11ke11h66d of panic. @ —

tikely threat: Pauls (1979), for example hag’ qontended that contrary to

populat opinion, panic responses are rare even wherp people pepceived the situ—

to_ 1ncrease personsl risk. In ‘recent studies modeled after wOod's wotk Bryan

quent occurrence. Baest (1978); Canter; Breaux, and Sime (1978), and 9wartz

(1979) alao presented evidence to support the view that panic is infrequent.

Assumptions enumerated in section 2:2:1 not only stress the meortaﬂce of panic

as a problem; but also suggest that the threat of panic may be reduced through

fire exit drill training. No directrevidence of this relationship was found in

the technical literature: However; Bryan's (1977) post-hoc studies of actual
firegs suggest that pre-emergency training in the form of exit drills _did pro-
gore disciplined egress behavior. Also, Kelley et al. (1965) in their

expe"iments on panic behavior; indicated that conditions such as dritls; which
people to be self-confident {n their belief that they wil} successfully

egscape, can decﬂesee the extent of panic behavior: o

fﬁe gehersi quedtion, of whether behavior patterns 1earned during drills an

other forms of pre-emergency preparation transfer to agtus;"eme:genéyrguudi-
tions was addressed by the assumptions enumerated in gsection 2.2.2. This
question hq%gbeen discussed in detail by & nuiber of investigators, and in’ -

addition; r earchers also haue often stressed the importance of exit drtlt

?equency
est (1978) si1 ttarly argaoed that the lack of fitrs efergeticy training was a

major cause of death and injury. However there remains ne direct experimen—

(3976 edition), ﬁointinr out that once a particular sequence of emergency
responses has been learned, it must be practiced. According to Bird- and TNock-
ing (1949), partictpstion in exit drtills, however, ig most likely to occur in

buildings with a single;_consistent occupancy. Moreover, to be predietive of
redponiges during actual fires, fire exit drills must simulate actual emergency

conditions as closely as possible (Rivers, 1978): This notion 18 ‘supported by

Garner and Blethrow (1970); who conducted experiments simulating emergency
conditions in commercial aircraft. They argued that simulations Approximating

real emergenctes could in fact be conducted, and that such simulations should

prepare participants (e.g. aircraft crew personnel) to respond effectively tn

. the event of a crash, fire, or other catastrophe. Observations drawn From

Bryan's numerous Baaé-ﬁaé fire 1nvesttzattons suggest @ similar conclusion.: If

actual emergency conditions are likely to be unique, then -to’ avoid the posetbte

15
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‘Bryan and DiNenno (1979) suggested that the frequency of exit driils may have

.

‘performance duyring fire drills, @iﬁﬁiétéd'?iié,ﬁééﬁﬁ?i&i; time of day, exit

route blocking; etc.; should be varied during dr1ll exercises. This 1dea is
supported by the experiments of Posner and Keele (1968) on the value of high-

-varlety learning in minimizing the effects of interfering events on task

perfoftmance.

In duch occupancies as nursing homes and hospitals, staff (in contrast to
patient) drills are critical. "In a review of two Pennsylvania hospital fires;
for example, tathsgpﬂ(;228>,ste:4§é frequent staff drills as the most sipnifi-

cant reason_for sudcessful patient eyacuations. Moreover, instances Jf multi-
ple fatalities due to fires in health care factilities often have been attri-

buted to the fact that’these emergencies occurred during night time or early

morning hours, when the smallest number of staff personnel were present,

é;ﬁégféiéﬁﬁéﬁté appear in the lfterature, however, which question the ‘
relationship between exit drill training and perfpgﬁ@@égfqgggﬁg actual fires,
In their report on a fire at the National Institute of Health Nursing Hoite,

led to the belief by building occupants that the fire alarm signaled another
drill; and not a real fire. According to Bryan and.DiNenmo, some occupants,

apparently "tired" of drills;-ignored the alarm signal and delayed the inicia-

tion of emergency procedures. Rivers and Bickman (1979) ratsed the point that
people vary in their capabllities, and. that, what may be an effective practice

- exercise for one person may not ‘be effective for another. Thus, the frequency

- of practice of a particular type of drill cannét; in and of itself, guarantee

that adequate learmning has taken place, or that "adequate performance will take
place duriag an actual fire emergency.
-y ) : —

: 1@7@@&&5&&; researchers' conclusions ﬁﬁéf@@iﬁi@hg on the significance of extt

drill frequency and on the design of particular training programs differ. More-
over; there appears to be no universally accepted opinion regarding “the degree

to which exit drills prepare building occupaiits to respond effectively during
actual fires. ' .
Sectlon 2.2.3 enumerated assumptions relating to occupants' attirudes toward

fire exit drills, and the effects of such attitudes upon performance during
both drills_and actual emergencies. Rivers &nd Bickman €1979) argued that

‘unless drills are conducted properly and are takei Sseriously by participants,

inappropriate behavior patterns may be rehearsed and learned: Bryan and
DiNenno (1979) indicated that msladaptive responses may have resulted from the

inconsistent participation of personnel in exit drill procedures.

Sectfon 2.2.4 contains assumptions concerning the accomodation of training
procedures to suit diverse occupancy condltions. Experimerits discussed earlier

by Schultz, Klein, and Kelley et al. all suggest that effective emergency
e on_posse3dsing leadership and discipline;

response requires a social organization
Clearly, however, not all occcupancles are characterized by organizational

structures which possess these quigities. Moreover; few technical data appear

78) describing occupant performance during

in the literature (e.g. Lathrop;

fire drills ‘or actual fires in wh ciplined
present. _ . ST

. L tte .

ch disciplined,; confident leadership was
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§9§v§§§i§§§i;§i?g§ﬁ currently holds that programs for pre-emergency training
and preparationishould be designed to meet the special: requirements of various
occupancles; and this is reflected in the Code: Evidence supports this assump-

> tion: For example. problems associated with evacuating handicapped persons in

an ble perfod of time have been reported (Baldwin, Melinek, and Appleton;:

\ 1976). "Additional evidence has been reported by the Federal Aviation Adminis--
tration in connecti®n with the evacuation of handicapped persons from commer-
clal aircraft (Blethrow, Garner, Lowrey, Busby, .and'Chandler, 1977). - Neverthe-
less, no evidence was found which documénts the extent to which handicapped,

- " incapacitated, or elderly persons avoid participation in drills’ or which indi-

cates specific consequences of their failure to participate. Thus, not only is = .

there no technical data available addressing the conventional wisdom on drills
with special user groups but no tests of emergency training programs have been 7

conducted across. various building occupancies, i
In summary; researchers hold a varlety of positions on the relationship between

drill behavior and responses to real fires; on the significance of drill fre-

quency, “and on chgiéggigﬁr§f71@§1§1dﬁélattéiﬁihg programs. ‘Moreover; there
appear to_be no universally accepted coficlusions regarding—the degree to which

- exit drills actually prepare building occupants for potential life threats. - _ 3
_ ~ . « . - [ - -

Strengths and weaknesses of the techical literature:r Many of the behavioral t

asaumptions inderlying Code provisions affecting pre-emergency preparatios..and

‘training deal with che notion of panic. The term "panic” lacks a widely -

accepted technical definition. For example; returning to a barning building to :

retrieve valuable possessions might be called panic by an observer; while .
;though' to be an acceptable risk based an well-planned -behavior by the -individ=
ual performing these action. If pamic 1s defined to result in wass flight or
behavior which increases risk; then it is not surprising that Pauls; Bryan,

and others noted so few examples: In the absence of a common technical defini-
tion of the panic response, reliable conclusions regarding either the predict-

ability on occurrence of this responsz will be extremely difficult to obtain. o
e T - 5 '
Experiments Gn behavior during stressful events conducted by Schultz (1967), :

Kelley et al. (1965) and Klein (1976) were all conducted under controlled lab-

oratory conditions. These investigators obtained simflar results under varying-
exper!mental conditions, and this supports their conclusions regarding condi- - ~
tions under which panic is likely and regarding the need for supervision and

.discipline. However; since important characteristics of dctual life threats,

such as fire emergencies, cannot be simulated in the lahoratory; it is diffi-
cult to infer real-world emergency behavior from these studies. , ~ \J: *

finilings, anecdctal accounts,; and by observations reported during post—hog

interviews with fire victims and eyewitnesses. As the body of data from such
post-hoc case stulies grpws, reliable statements regarding the nature and fre-

. quency of the so-zalled panic response may be poBsible, This pybcess should be
further aided by iinrovements in post—incident surveying fnd eyewitness inter-

viewing technique (Loftus, 1980); .
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7 The iiterature addressing relationships between fire drill performance and

ture presents.two important difficulties for the analyst. Firac; although the
.- frequency of exir drills is often discussed,; drill frequency has not been

L behavior:during actaat emergencies 18 primarily nonexpertmentat: This litera-

* i treated s an iﬁaéﬁﬁndﬁﬂc.0521§bl§,iﬁ research design and data analysis. Sec-

. ond, ng investigator has specifically measured the potential long-term effects
" of d4rill-participacion as™a dependent variable. .Hence; while it 18 possible

(and potentially wseful) tocontaleae speculating about the magnitude and diresc-

tion of. relatidnships. between drill performance; drill frequency, and emergency
behavior; conclusions cannot now be substantiated. ' .
of whether fire exit drills can adequately simulate

8, . Pauls' (1974) data from driils in high rise huilld-

5. Tteal emergency conditi Pauls' (19 rise huild
;ﬁgg;éhdlcétﬁéiféﬁd7315tﬁi§y 8 (1970). evacuation® from simulated plane wrecks:

e N
Cancerntng the ‘questione

* provide notewotthy data.. -These investigators learned, by analyzing queation~

naires returped after the events, that a number of participants appeared to
belfeve the drilla to be “the real thing." For these’persons, at least; creat--
ing the impregsion of aniactual jife threat ‘may have: provided opportunities to
observe their cwn performance under actual conditions. It may be useful to test
whether these individuals are better prepared during some future emergency than.

are those: who belteved the:drill to be an artificial exercige.

The paucity of research on'participants’ sttitudes toward fire exit drills, and
on. the need to accomodate’training to specifié occupancies makes it difficulc
to! evaluate the strengths and weaknesses gqf- dual studie

5 regarding these issues, but

Several fnvestigators have suggested hypothe

these remgain to be evaluated. ' Specific direct ns for further research on

pre-~mergency training Eﬁd'prepara;tpn are diétj'*édviﬁ Sectiou 2.4.
2.4. SUMMARY OF GAPS IN THE TECHNICAL LITERATURS

2.4.1 -Research on;eﬁe,ﬁfeaiCtigﬁiﬁé'oéauﬁaazai Responses During Reall Pires

Contrasting opiniogg appear to Have emetged ééﬁcerﬁiﬁg tﬁeréééﬁﬁﬁtiéﬁégtﬁit '

so-called panic behavior is a clear and constant threat, and that the danger of
panic can be minimized through effectiye Pre-emergency training.. Although
experimental data exist which ‘support these assumptions . a growing body of evi-..
- dence from post-incident fire investigations suggests they are not well founded.
Several important:issiues, however, ‘have not been adequately treated in sither
the experimental or ‘survey literature: (1) adoption .of & standard definition -
of panic; (2) identificatfon of environmental and situational cuas and stimuli

. which affect the likelihood of pamic (3) identification of perceptual and cop-
oy nitive processes’ which lead to paric (e.g. time and distance-to-threat peteep-

» tion); (4) undefstanding the processes by which leadership and the channeling
of tasks and responsibilities reduces the likelificod of panic; (5) specifica- ' -
tion: of the relationshlp .betWeeén pre-emergency training and the occcurrence of

. panic; (6) specification.of the relationship between the likelihood of panic
and thepnature of the occupancy. . . - .
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2.4.2 Research on the Transfer of Train’ng °

Assumptlions that behavloer learned during drills. transfers to actual fire
situations remain to be empirically tested.: While this problem presents_ com—
ﬁ}gif@yﬁgédﬁlagical difficulties (e.g., nelther trained nor untrained subjects
can be randonly assigned to bulldings which are later purposefully purned); the
use of rigorous drill: evaluation methods and the atandardization Bfﬁtiaiﬁiﬁg
procedires (as noted by Rivers and Blckman,; 1979) may provide elementary con-

trols which improve the reliability and validity of data from post-incident

safeguards for;ﬁqmun participants, may ultimately be required to determine the

extent to which transfer of emergency tralning occurs. Pauls' (19%4) observa-
tiéhéfﬁfié?@tﬁ@;i@ﬁ7d§@1}§7§gih§g§:r;ee'buildtngs;,in.which,a'nuﬁﬁét of parti-
cipants believed actcal emergencies were jn progress; provide a useful model

' for the design of such experiments. s

ERIC

Aruitoxt provided by Eic:

2:4:3 Research on Occupants' Attiludes Toward Exit Prills
The objectives of future research on the role of occupants! attitudes will be

.to: (1) determlne correlations between attitudes toward drill participation,

performance during drills, and in rare cases, performance during actual (or
least perceivad) emergencles; (2) deternine ways by which adaptive behavior
patterns can be effected through attitude change. Attitudes toward the value
of pre-emergency training. are complex phenomena, ‘partly because they result
from interactions between a person's history of experiences, physical cgpabil-
ities; emotional and motivational predispositions, and personality makeup. For
" exaiiple, while d@ Wealthy adult who has never experienced a building fire may
consider exit drills to be necessary and important, this person may be dis-
tressed to find other people joking and taking drills legg seriously. A hand-

icapped person working in a high-rise office bullding however, may view serious
_participation by all during an exit drill as the difference between life -and

death in the event of a real fire. Unfortunately, the psychological literature
ig;(;hé relationship between attitudes and behavior, and on the potential for _
effecting behavior change through attitude change, provides no sdund basis for

specific conclusions fn the area of life safety.
2.4.4 Research on -the Accommodation of Training Programs to Speciftc Occupancy
Requirements . ' \

Assumptions suggesting that exit drills and training programs be designed to

recognize differences between various occupancies may be relatively easy to - .
test_empirically. Por example, studies modeled after Pauls' drill observations -
and Hertz et al's. analysis of training methods covld be extended to permit
analytical cemparisons between building types; modes of occupancy and types of

organizational structure, after various training procedures have been introduced.
2.5 SUMMARY _ , . ‘. ’

r'] N . R —
Behavioral assumptions underlying.Code provisions affecting pre-emergency

training and preparation may be evaluated by reference to psychological wodels

of learning, experimental data reparted im the pesychological literature; and

)

e
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the growing body of evidence from post-incident fire investigationa: To date,
experimental and post-incident investigations provide mixed conclusions con—
cerning the supportability of these assumptions. Moreover; gvailable evidence

does not often permit dtrect fnfereiices to be drawn between research findings
and the speciffic 18sues implied by code provisions. Puture modifications to

provisions &ffecttﬁg pPre-emergency training appear to require additional

reseéarch on the role of tratnting and its relation to emergency behavior.
X ’ ;';
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3. PROVISIONSdﬁFFECTING THE PERCEPTION.OF THE EMERGENCY ENV IKONMENT AND THE
RECOGNITION OF EGRESS FACILITIES‘< P,

3:1 APPLICABLE CODE PROVISIONS : o .

542r1f411.2 Every door and _every pringigglfeggrggge ?hich is reguired to server
ag an exic sha*I be so designed and constructed that the way of exit travel is -
obvious and direct. Windows which because of their physical configuration or

design and the matetrials used in their constructiorn could be mistaken for doors

shall be made inacéessible to: the occupants by barriers or railings conforming
to the requirements of 5-2.2.3.

5-5.3.7 Ways of exit access and the doors to exits to which they lead shall be
so designed and arranged as to be clearly tefognizable. -Hangings or draperies
shall not be placed over exit doors or othergwise so located as to conceal or .

obscure ‘any exit. ﬁiEEoEé shall not be pladed on exit doors. Mirrors shall.
’—auch a manner as to confuse the

direction of exit,

S—Brlts The floor of means of /;;iss shall be iIIuminated at all points ' .

includiﬂg angles and intersections of corridors and passageways; stairways;_
landings of stairs; and exit doors to values of not less than 1.0 foot-candle o
measured at the floor. S

5—9 1.2 Where maintenance of iLlumination depends upon changing from one

energy source to another, there shall be no appreciable interruption of illu~‘

minatfon during the changeover. - Where emergency lighting is provided by a
prime mover—operated electric generator, a delay of not more than 10 seconds,
ghdll be permitted. - N :

5—10 szr Access to exits shall be marked by readily yisible signs in all. cases’

where the exit or way to reach it is not immediately visible to the occupants,_
and in_any case where required by the applicableﬂprovisions of Chapters 8 v
through 16 for individual occupanclesy

4 - ,
5-10.1.3 Every required sign deeign@ti¥ an exit or way of exit access shall -
be 80 located and of such size, distinctive color, and design as to be readily
visible and shail provide contrast with decorations; interior finish; or other

signs. Ko decorations, furnishings, or jequipment Which ifmpair visibility of an

exit sign shall be permitted; nor shall there be any brightly illuminated signm
(for other than exit purpoues), display; or object in or near the line of
vision to the required exit sign of such a chdrdcter_as to so detract acteutton

from the extt signs .
~ : | - i

© 5-10.3 Illumination of Signs. Every sign shall be suitably illuminated by a

reliable light source giviag a value of not_ leds than S5 foot-candles on the

illuminated surface. ,6Such illumination shall be continuous as reguired under .

the provisions of Sectton 5-8, Illomination of Means of Egress, and where .
emergency lighting facilities are required, exit signs shall be illuminated
from the same source. o

N
—
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- - 5-10.4.1.1 A sign reading "%XIT,;"” or similar deeignation, with an,arrow
indicating the direction, shall be placed in every location where the direction

of travel to reach che nearest exit ie not immediately.apparent.

5e10i41112 EecalatoreL Hbving Walke. R'eign complying with 5-10.2 indicating
. ‘the direction of the nearest approved exit shall PE,P;ECEd,EE,EhE,PQEEE,Qf K
entrance tq any escalstor or moving walk that is not in a means of egrese. '

5-10.4.2. 1 Any door, paaaage. or scaitvay which 1s neicher an exit nor a way

of exit access; and which 1s so located or arranged as to be likely to be; mis-
taken for an exit shall be ident’fied by & sign reading “NOT AN EXIT™: or ‘simi-

designation or shall be identified by a stgn indicatidg its actual character
such as "TO BASEMENT;" "STOREROOM,“ "LINEN' CLOSET" or the like. :3(

-

—3 4.1 Audible alarm indicating devices shall be of such cﬁarlcter and so
dietributed to be affectively heard above the maximum‘noiae level obtained

under .normal conditions of . occupancy.’

6=3.4.2 Audible alarm indication ahall produce aignals which are dietinctfbe

81‘&8. -

6-3 4.3 Audible fire alarm deviges as re&ﬁtred by Chapters 8 thrOugh L6 other

than voice communication shall be used only for fire alarm system purposes.

6-3.4. 4 Visual alarm indicating devicea may be ueed in 1ieu of audible devicea;
where permitted by Chapters 8 through 16. B -

6=3.4.5 Where a protective signaling system 13.required for purpose of .
évacuation, it shall be so installed as to provide effective ﬁarﬁinﬁ‘of fire

in any part of the bullding. - |
Q'\',

FxcEptian~ Wheteaa building la dlvlded by (1) fite wails into separate fire

sections or (2) bg other means with adequate safeguards aqainst the spread of

fire or smoke from one section to another, each section may be considered a
- Sseparate building,

4l4312149f4—7§§y apartment, building with 26 or more living units shall have
emergency Iighttng in accordance with 5-9;

e ‘e
3.2 UNDERLYING BEHAVIORAL ASSUMPTIONS

3:2:1 Assumptions Reiating to the Effect of Door and Windqw Design Upon
Egrees Route Perception " .

(1) Occupante perceptions of the obviousness“and: dire; tneggigf the way of

exit travel may be influenced by the design of doore and entrances; the design
of thEeE elements may affect egress time (5-2.1.1.1. 2). 3

22
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(2) -While seeking; . identifying, or using an egress wﬁy, occupants may mistake

some improperly designed windows. for doors, and thereby delay efress
(5-2:1:1:1:2): . .

. (ij 6ccupan£ai pérééptton of proper egress route elements can be enhanced by B )

" providing phjéicaf barriers to windows when these are not elements of exit ways:

Preventing the use of incorrect bullding elements during fires increases the

likelihood that egress ways will' be quickly recognized and effectively used
(5-2.1.1:1.2). . -

p—

(4) To facilitate rapid perception and recognitibn of egress facilities!77 o

occnpgnts require unobscured visual access_to ways of exit access., Mirrors or

wall hangings on, over, or adjaééﬁt to doors Ieadgng to means of egress may

obscure the means of egress- and/or otherwise confiise occupants, and thereby
lead to eiéeEEiGe evacuatfen time .(5-5.2.2). . -

3;2:;2 Assumptions Relating to the Rffect of 'llunégation Level Uﬁﬁﬁ Egreas
Y Route Identification :

v

(l) Escaplng occupants require the uniform illumination of egress w:y floor

surfaces,. One foot-candle, measured at the.floor, ts suffictent for emergency
5-8.1:3):

(2) 769"pggtgi recognition of ‘egress facilitles requires the continuous

‘11tuminAtion of various._ architectural and safety elements. Delays in the

"actuation of emergency lighting facilities greater than 10 ‘seconds may reduce

egress flow and jeopardize safe pedesttian movement (5-9.1.2).

)

(SL In multifamily restdenttal butidtngs whtch require occupants to negotiate

« corridors en route to exits Cas distinct from buildings which petrmit all occu-

pants to exit direectly to_the outside), emergency ligliting will factilttate

evacuation and reduce egrees time (11-3.2 10:1). ot

3.2.3 Assumptions Relating to the Role of Visual Signage and Directional

f; Information in Egress Route Recognition and the Formation of Emergeney
Egress Strategles ~ ‘ Zi_

(1) Dﬂrtng fire emergencies occupants require visual access to exits or egress

ways in order_to achleve timely emergency egress. -Where direct visual access

18 .not Poseible, directional signa will achieve the same result (5 10 1. 2
5-10:4: ; 5-10:4:1.2).

I

- (2) Occupants w111 be able to see dtrectional elgns in spaces infiltrated by
smoke €5-10:.1.2; 5-10.1.3).

(3) Otcupants dare more likely no see and use._ directional and exit marking signs
when such signs are properly illuminated (5-10.3). v ’
- : :
(4) Signs dénottng that a door or pathway .does not lead to an exit are

sufficient to keep occupants along intendad-egress ways, and are effective in
" reducing overall egress time (5-10.4.2.1):

23
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3.2:4 Assumptions Relating to the Ability of Audible and Visual Alarm Signals
to Effectively Alert Buflding Oceupants to & Firc Threat

gt .

1) __Occupants will receive an unambiguous alert of an actual fire danger from

audible and.visual alarm devices, and will take immediate and effective action
upon hearing or seeing an alert signal (6-3.4:1 through 6-3.4.5),

to formulate effective response strategles in a timaly manner (6-3.4.1 through
6~3.4.5). e - T /

(2) Occupants receive sufficient information from alarm devices to enable them

3.3 - COMMENTARY
3:3:1 Préblem

_ L S ) 4; o B R
In some instances; the design and fmplementatioi of emlergency egress facilities

for buildings may directly affect occupants' perceptions of the emergeney
environment and their recopgnition dnd conidequent use of egress facilities, In
general, provisions of the Code are intended to provide occupants with readily

1dentifiable egress channels, facilitate rapid and accurate escape route deter-—
mination; and confirm occapants' overdll avareiiess and understanding o€ a fire

emergency situation. These goals are based on the notion that the physical
features of buildings and of certain fire safety system components can be
-designed to influence stimulus and cue detection, situation definition; and

egress strrategy formation in some positive manuer; by buildiig Geciupants.

Behavicral assumptions underlytng Code provisions affecting occupants' ..
perception of the:emergency environment and their recognition of egress facili-

ties focus on four principal issues: ‘(1) the impact of door and:window design
‘on_thke perception of egress routea; (2) the effects of lighting level on the

recognition and perception of escape routes; (3) the degree to which occupants

depend upon visual signage and directional information while formating and

executing egress Strategles; (4) the abilfty of. visual and' audible alert signals

- to stimulate repid situation definition and effective response strategy
formation. . S

Models of iperception which provide useful insight to the role of fire safety
8ystems and building components in the emergency perception process are dis-

cussed below: Later in this chapter the models and supporting research
findings are considered in relatioii to behavioral assumptions believed to

underlie Code provisions affecting occupants' percestion of the emergency .
environment and recogniticn of egress faciiities. -4 -

N

3:3.2 Underlylng Behavioral Models

iﬁréé7@6aéié 6£,perceptioniofférﬁ?grﬁﬁétfiﬁé%i6@7tﬁé process of egress

facilicy {dentification. These are perceptual fleld theory (also called
Cestalt Psychology), environmental information processing theory, and signal
detection theory. Following a description of each Model, its. impiication for

one or more of the categories of assumptions enumerated fn section 3.2 will
be presented. : X

24
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Perhiaps the most widely knowfi of these ig perceptual fiéiq‘§h§§t§,ﬁahi¢h -
- focuses opon the configuratfon,cr organization of sensory events (Dember and.

Warm, 1979). Acéording to/perceptual fleld theory, individuals perceive real
world stimuli as patternsjset within 2f1e1ds;”'or,backgiBUﬁaa,f Accordingly,
objects are always viewed/ against a background which may provide varying

degrees of contour, contfast and boundary to the figure The nature of the .
background 18 thoight €

¥

777777 determine the clarity and distinctiveness with which
a figure of object can/be perceived. Figure-ground segregation, considered
to be one of the most primitive aspects of perceptual organization,;_is not
1imited to visual phefiomena but 1¢ applicable to other sensory modalities as
~'well. . In audition; for example;, a melody may be perceived ‘as a "figure”
‘'against a "ground” ¢f harmony. e .

Papirical researcly based upon perceptual field theory generally suggests that
physical objects,/and the enviromment itself; can only be junderstood in terms

- of how they "appéer”. to the observer; rather than in _tem
(or objective) physical compositicn. Recent research in

tion, for example suggests that after stimulation, sensor

, mple suggests _receptors in the
eye inftiate an encoding process which requires some fediating mechanism to

decode. the information before a response can be offered (Ratliff;:1972).

wWhat 18 "perceived” 1s thus thought to be a synthesis of ‘sensory data as __

mediated by past experience; cognitive étyléi'éiﬁéttifibﬁ and. other factors:
S ‘ g .

The percelved image may not ‘correspond precisely to the p

environmental data encoded by retinal stimulation. For example, color 1s

frequently used for *contrast iu exit signage because of its [attention—getting
capabilities (Dember and Warm; 1979). FHowever, the traditiggal choice of red
or green_ as opposed to other colors may lie less in the phxgggg&-;ncenslcy of
these colors than in their apparent brightness. A green ex f;igﬁ% tixture

18 known.to appear brighter than a blue one of equal ﬁﬁi&iéii iitensitys

 perceptual fleld theory has implications for the first and third categorfes®

of assumptions in section 3.2. The first category of human behavioral o
assumptions concerns Code provisions for the design of doors and windows along
egress routes, and generally presupposes some relationship betweei door and
window design and egress route perception., Field t.eory suggests that cdlor
and form are critical factors affecting figure-ground -digcrimination. 1In an

office setting, for &xample; in which corridors are bounded by glazed panels

of equal.size, shape and color,; valuable escape time may be lost if doorways. :
(which may or may not lead to a means of egress) consist of panels équivalent
to fixed wall panels: Similarly,,dooro which reflect the color, texture or_
design of surrounding wall;sutrfaces may also be difficult tou discern quickly:
These instances point to the need to mcke elements of egress routes visually

distinct from nonegress elements. - 0

’

The third category of assumptions congerns Code provisions, for signage and

directional information. In general, behavioral assumptions, underlying these
provisions hold that safe and rapid evacuation from public occupancy buildings
depends in some way upon the proper use of directional information displayed

on, signs. The importance of contrast and eontoiir, to eady and rapid informa-

tion perception 18 considered by field theory. To maximize the effectiveness.
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of egress directional signs; accordingly, these sipns must be designed and

located so that informaticn lettered on them 18 clearly distinguichable from

background surfaces under various lighting conditions, and 8o _that entire signs:

are clearly distinguishable from walls or other surfaces to which they are

- -applied. Contrast and contour in visual imagery is perhaps even more aritical
in_connectfon with pictographic, or symbolic directicnal s1gns now under con—

sideration by the NFPA and other.standards writing bodles (see Collins and

+ Lerner, 1980). . -

Ea

Having its basis 1n,per9eptugin?iéia theory; the environmental tnformation

processing theory of perceptior Biggests a fechanism which processes stimulus
inpu: by means of sequences of operations occurring in stages. These stages
involve the encoding, storage,; decoding and translation of information from the
environment.. But while -field theory focuses pon the perception of the envir.n-
ment by passive individuals, enviroamental information processing theory sug—

gests that observers be viewed as active participants in settings (Ittelsen,
et al.; 1974). The perceptual exploration of a setting by any person uses all

of the sensory systems through which the environment and the individual transact.

Frequently, environmental settings provide far mote information -than can

possibly be processed by a given individual on a particular occasion. Sich con-
ditions of "information.overioad” have been shown to produce Jncreased levels
of stress and of maladaptive behavior. To deal with information overload; the

individual uses criteria -in order to select from available information. These

selection criteria are determined by the person's own goale; expectations, and
needs may be affected by the individoal's beliefs about ;ﬁg probabilities of
various events and of their outcomes. v

Wher ‘cues from the environment contradict a persci's expectations and beliefs,

the individual often muct formulate some "best bet” response (Brumswik, 1956):
For. example; a brief fire in the World Trade Center in New York City produced

smoke ‘which was carried through the building's air-handling system. Although
tlie fire was extinguished almost immediately and the public address system

properly directed occupants tq remain in place, the sight of smoke appears to
have caused many occupants togigmrore. the verbal announcement: As a result,
floors 9 through 22 were evachated (Glass and Rubin, 1979). 1In this case, one

stimulus (the verbal me@MEe) contradicted another, perceptually clearer

source of Information (seeing actual smoke). In the absence of less ambiguous
instructions, and in view of the information actually availakle (the smoke '

itself); the "best bet” response appears to have been to evagiuate the affected

floors. Thus, perception seems to function as an integral elgment of the
decisionmaking process by regulating the selection of'§nformation from the ..

environment thereby reducing the degree of uncertaift# with which an 1individual
negotiates a given setting. ,

Eﬁyitbhhéﬁtél information processing theory has fmplicatfons for the second,
third; and fourth categories of assumptions In section 3.Z.

The second catepory of assumptions concerns Code provistons addressing the level

of egress route fllumination. According to environmental information proccssinp

theory; the selection of erivironmental data for subsequent dxcisinnmaking 18
A 2
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but also depends on the needs, goals, expectationu and pre\ioﬁs experiences of
the participant. For example. it 18 quite eommon for an individual to feel
uneasy upon énteting a darkened etairuay or corridor, It As not necessary for

- the person to_have actually had the expertence of trippi'g in the dark; or of
being "mugged” in the past; most people have become well aware of such poten-
tial Qazards through Iearning of other individuala® Sxperiences. Accordingly,

people sufficiently uneasy about entering dark passageways may simply-not use
them, until or unless the prevailing life threat 18 judged to be the more

sertous risk.

-

7

The third category of assumptions concerns cgdefprovisions for sipnage and

directional Information:. Fnvironmental informatfon processing theory suggests
that individuals consciously select information from the environment in accor-
dance with their unique goals and expectations. Thus, to the extent that

directional signs are identifiable; legible; unambiguous; and consistent with

occupants' expectdtions, infarmation contained on them will be effectively

incorporated within individuals' egress strategles. Ambiguous or inconsistent

;5 information may, however, also be assimilated; and it may result itn inappropri-
; ~@ate or ineffective\egress movement. In addition to occupants' gaals, expecta-
. ttons and previouns experiences, stress has also beemy found to afféct the rate
" of response to infg' iation provided by signﬁ . Smilllfe (1978); for exanmple;

found that respons®lcimey wpre faster for pictograpbic signs (e.g., shap=s and

figures) than for vérbal signals when strass was tntrodaced as a vartable.
This finding i8 clearly relevant to the fire emergency problem.

The fourth category of behavioral assumptions deais with Code provisions for
alarm signals. Omne problem 18 the potential for .“competition™ betweén alarm _
signals and other features of the physical and sgcial environments among which

an individual's ‘attention may be divided: Enviroumental informatfon processing
]’theory provides some basis for understandink tbis phéﬁSﬁénon. Tﬁis ﬁodel posits‘

redundant; ambiguous; conflicting or contradictory informacion. Thegse mechan-

isms provide data necesgary for the interpretation of settings and events, and

to the formulation of action strategies. According to the environmental tnfor-

mation processing model,; individuals cope with information overload by purpose-
fully gselecting those aspects of the environment which are judged to be rele-

vant to their immediate goals,; needs or expectations: Where environmental
» information 13 unambiguous and judged to be consistent with one's expectations,

competitfon among vartous pieces of information will be relatively low snd the
individual 18 likely to attend to those environmental data most useful in
attaining {mgied{dte objectives. Where environmental information 18 ambiguous or

contradictory, however, 1t will be difficuit for the indtviduul to determine

- which data are most relevant. Consequently,; the person's attention will be
distributed awong the variocus data sources. 'In especially complex or ambigious
settings, this division of attention is likely to result in reduced ;ttcntion
to each information Socurce. :

While rapid egress is certainly an essential goal for building occupants during
a fire emergency, for example, it may well not be their only objective. Where

occupants must divide thet attention among alarm signals or speciftc vocal

- 27
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perception of alarm signal or instructton content may be significantly dimi-

egress Instructions and, say, other persons they perceive to be endangered,

nished. Stmilarly, the competition between vocal instructions gnd the contra-
dictory sight.of actual smoke could result in these instructlons being vir-

Trade Center). N
_- : 7

“tually igiiored by many buillding occupants (as occurred inyNew York's Worla

- The theory of signal detection is a major recent innovation in :ﬁihkihg,éﬁéﬁE

the way in which information is processed in psychophysical studies. These
Studies¢ have focused on the quantitative relations betwWeen changes in physical
stimulatton and concom{tant- changes in reported aspacts of sensory experience
(Dember and Warm, 1979)... Early psychophysical research posited the concept of
“threshold”, which requires that before a given stimulus can be percéived by :
an organism that stimulus must have attained a certatn physical intensity. The
threshold notion implies two possible states: a detection state in which the
stimulus or signal 1s present and above the threshold intensity, and a nonde-
tection state {n which the stimulus. 18 either absent or balow the thrashold

intensity. Signal detectfon theory diverges from this two-state notton. By
postulating a multistate approach; it entirely avoids the threshold concept.

According to the theory of signal detection,; every perceptual event contains

- —— — o ”o’iaé “idy, emindte 'from a n?§?§§57
of possible svurces including personal and environmental sources. The concept

some degree of interference or "noise". This

of noise implies that the starting point for perception 18 a greater-than—zero

.level of sensation; and that the signal to be detected must always be distin-

guished from the background noise. Signal detection, then, 18 a process
through which the stimulus of {nterest can be reliably and repeatedly distin-
guished from the background stimuli, so long a8 _the perceiver has the needed
scnsory capacity. For signal detection_to _occur; 1t believed that a crite=
rion value for sensitivity to the signal of interest is-Wet by the person.
This criterion value may vary depending upon how often the signal is expected
to occur; and on which behavior yields the greater “payoff”: responding when

responding when in fact a true signal is presented against a background of

in_fact only noise (in the form of irrelevant signals) 1is present or not

irrelevant noise. Thus, "payoff” 18 based upon the tradeoff of values: response

to a false alarm versus failure to respond to a trie alarn. "

An example of this phenomenon involves coded emergency communications R
recoomended for use in health care facilities. Over a long period of time; and

L3

In an enviroument where vocal messages specifying individuais’ names are common

and frequent, staff members may find themselves primarily responsive to-the .

- call of their own names. Hence, an individual staff member may anticipate

calls paging that person by name, while treating other messages as background
noise. Yet the “"payoff” in missing an encoded eflergency alarm message such as
"Nurse Blaze"” or "Code Blie" represents a far more serfous threat to 1l1ife

safety than_ the misinterpretation of a non-emergency message and the tnappro-

priate initiation of emergency procedures when there 18 in fact no fire ,
emergency (Sec Keating and Loftus, 1977). In this example, anticipation of a
criterion signal (e.g.; one's cwn name versus an encoded emergency signal) may
vary as a function of other factors. For instance, physicians who spend only

a few hours per day at a hospital may be considerably less likely to notice
enicoded cmergency messages than may full time nugses who have been speciftcally
28
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FPactors relating to the effective use of signage, an aspect of the third

_category of assumptions; also may be explained by reference to stgnal detection
“theory. According to this model,; vartability in_cue detection results from

variatiofi in both environmental and psychological parameters. The word “"EXIT"

and an arrow presented on a directional sign may be thought of as visual sig—

nals which occur ~ithin visaal "nolse” prodiuced by complex inmterior design, the

moving about of other occupants; or by such fire products as smoke. TIf the”

information on signs can be made distinguishable from cues produced by compet-

ing environmental elements, there is a greater likelihood that signs will be

used effectively. Similarly, the manner in which building occupants anticipate
the availability of directlional signage may aifect the extent to whlich this

{iiforiation 18 sought out from a visually complex (or "noisy") environment, the
\
29
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. trained in emergency procedures. Time of day, ambient temperaturc, fatigie and
personality have alsc been found to affect arousal in aimilar instances (Craig
and Colquhoun, 1975).

" A somewhat related determinant of signal detection and the perception of
emergency conditions is the so-called "orienting response;” a pattern_of skesle-
tal and blological changes which occurs upon the presentation of novel and ___
unexpected stimuli (e.g:; "FIREI"). Such stimuli disript ongoing activity and
prepare the individual to receive future related stimuli and to respond effec—_
tively (Sokolov, 1963). Recommerdations concerning the use of a male voice for
certaln portions of vocdl emergrncy messages while using & female voice for
other portiona (Loftus and Kezcing, 1974) is an apparent attempt to optimize
the likelilicod of gettirg and maintaining occupants' attention and producing
adaptive response patterns during various stages of fire emergencies.

" signal detection tﬁbor} has implications for all four categories of assumptions
in scction 3.2. Thus, with regard to the first category; which deals with the
effects of door and wiidow design or egress route percedtion, signal detection
theory suggests that this need is most critical in situatiorc vhere building
occupants are likely to te transient (and hence not f: ailiar with-the true
location of egress elements),; or where low levels of alertness may 1ipate
occupants' utilization of directional signs.

Another perspective on the illumination of egressways, the topic for the second
category of assumptions; is provided by signal detection theory. During fire
emergenicies, most occupants of public occupancy buiidings are likely to be more
vigilant; and function at increased levels of physioltgical arousal, than they
would duripg nonemergency periods. As & resalt, tndtiduals may adopt lower
visual thresholds to provide cues and stimuli necessary in the identification

or recognition of egress route elements. Hence, lower levels of itiumination
may be_sufficient to periit the rapid recogmition or negotiation of environmen-
tal elements during a fire emergency than during periods of normal building

use, pArticularly in a public occupancy building where many individuals are.

only marginally familiar with the building's layout and ex{it facilities. ' Thus,
whereas environmental information prcCessing theory stresses the possthility

that the effect of variation in illumination ‘level depends on individuals®. .
motivations, previous experience, and training; signal detection theory empha—m¥
sizes maintaining illumination levels above some sensory threshold. ﬁ’ :
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threshold at which information displayed on signs will be discerned; and the:
nature of resulting egress behavior patterns: :

For example, an occupant who 1s unfamiliar with the arrangement of exits and -
egress. routes within a building may believe that in case of fire, "EXIT* signs
and direccional arrows can be counted upon ‘to ensure rapld egress: Whether by
previous experience, tratning or cultural nofm, the individual may specifically

anticipate that signs designating exits will display the term “EXIT,” and hence

the person's threshold for perceiving this word will adjust to ensure the rapid

detection of such signs even in visually complex settings. While negotiating
an egress path, however, other signs marked "NO EXIT" or "NOT AN EXIT" may be:
misinterpreted because of the tndividual's greatly reduced threshold for :the

term "EXIT" only. Under conditions of stress during which a person belleves
there 1s extremely 11t€le time, such mistakes may ogcur hecause the individuoal
fallgsto take sufficient time to fully read dnd interpret verbal signs, even
though the additional time required may be considerably less than needed to

negotiate an incorrect path (i.e., a path produced by misinterpreting a sign).
As mentioned_earlier; the use of graphic or symbolic exit and directional
Bignage may be advantageous in such situations as fire emergencies; where .

above-normal levels of stress can be anticipstad (Smillie, 1978).

1=

The final category of behavioral lassumptions deals with Code provisions for
‘concern the effectiveness of audible and

e

vigual alarm signals in alerting /building occopants to a fire threat, ip
enabltng occupants to correctly define the emergency situation, and in helping
occupants to rapldly formulate adaptive response strategies. The specific use-
fulness of alarm stimull are perhaps most simply explained by refetrence to
signal detection theory. If a visual or audible alarm is to effectively bring
forth a response; then this signal must be consistently and reliably differen-

tiated with respect to other signals in the environment (ig;g;ingégg)iﬁyggy way

vary considerably in siibstance and intensity over time. ' Because the purpose of

the alerting signal {s tc evoke within building occupants -an orienting response
by communicating the accurrence of some adverse change in the environment, the

alarm signal most be discriminable as well as detectable. A very loud; clang-

ing, audible alarm in a building where false-alarms are frequent, for example,

may fail to communicate the fact that an actual emergency is in ‘progress; -

In sunmary, perceptual fleld theory, environmental information protessing

theory, and signal detection thee®y present different but related views of

human perception. Kﬁiéﬁ theory &mphpsizes the significance of the overall
context in which the perception of information occurs: This context has been

called a fileld, an enyvironmental setting, and background noise. Moreover; eac

of these theories stresses the luportance of individual differegges in percep-
tual organization, and the role of personality variabler upon perceptual judg-
ment. Humar behavioral assumptions which underlie Code provisiofs affecting
occupants' perception of the emergency envirgnment and their recogriition of
egress facilities were discussed in relation to these general models of percep—
tion. One or more theoretical explanationd for each of four categories of
assumptions were presented; and it was shown that-while each model 1s useful,

no single model 18 capable of explaining all aspects of environmental percep-

tion during fire emergenctes; The next section treats code provisions and
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their underlying behavioral assumptions in view of data presented in the
technical literature on human behavior during fires and other stregsf%ﬁ events.

3.3.3 Assessment of Behavioral Assumptions Baged on the Technical Literature
Literature review. Assumptions enumerated in dection 3.2.1 focus on the effect

. with walls; and that windows should not

" unspecified quantity of fllumination) positioned two feet above

of dootr and window dz3igm opon rapid recognition of egress routes and facili-

‘ties. At the time of this writing, no techiical data either supporting or.

refuting these aspumptions were found: 1In general ; however; the position held
be designed 8o as, to be mistaken for

.. by writers of the Code that doors should_not be designed so as to 'blépaftn“

“exit doors (note provision 5-5.2.2), agrees with psychological modela and data

from other- contexts. Melinek (1975) recommend that designers avoid 'placing
. mirrors or other reflective surfaces where they could mislead occupants regard-
' ing the direction of corridors and the location of exit doors. However, he -
provided no data from cases alleging such confusion to huve actually occurred.,.

In their analysis of selected provisions of the Code, Rivers and _Bickman (1979)

call for future research on this topic. .They emphasize_ thé special problem of

egress route perception in the presence of smoke, and also argue that what 1is

obvious to alert and able-bodied individuals may appear quite differently to

; 5

- o - I L
The influence of 1llumination level upon the perception of egress ways is _

fatigued or otherwise handicapped persons. ’

addressed, by assumptions enumerated in Section 3.2.2. In general, there is
currently a dearth of empirical knowledge about the quality of illumination.
measured at floor level (provision:5-8.1.3); and no data are now available: to
confirm or refute the applicable Code provision. Rasbash (1975); in an experi-
ment designed to evaluate vigibility under various conditions; found that' =~
where visibility was 10 meters (32.81 feet); 10 percent of all subjects could

not complete a way-finding task and instead returned to the starting location.
Where visibility was reduced to five meters (16.40 feet) 20 percent of all sub-

jects returned. On the basis of these data, Rasbash suggested a requirement
that the minimum visibility during emergency evacuation be 10 meterb. But he
" did not convert this value to fllumination level measured at the floor. 1In a .
study connducted by Horfuchi (1974); emergency floor illumination of one Tux -
€0.1076 foot-candles) was compared with that under mal lighting conditions. "~
Only a'small difference in occupants' yalking velocW®. was_found. .Fdmondo and
Macey (1968), on the baais of their studies of emergency lighting on board

t.S. Naval vessels, concluded that standard Navy handlanterns iEéﬁGiEiﬁg an.
he floor, and

gpaced six feet apart facilkitated egress route detection by ship occupahts.

Perhaps Jin, wﬁg studied illumination and viaibility through moke, expressed

the state-of-the-art most succinctly noting, “It has not been made clear yet
how much visibility ia needed to escape from fire (in this case, through
smoke): But it 1s generally believed that visibility of 15 or 25 meters €49:20
to 122.00 feet) is necessary to escape from fires ia such places ss department
stores, underground shopping plazss; etc.; crowded with peeple who are unfagi-

liar with the interior of the building,,while three to five meters (9:84 to
16.40 feet) 16 enough Lf escape roates are well known” (Jin, 1972a, p. _138).
Jin also provided tsbles showing comparative smoke densities for the vistbtlicy

&
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distances expressed above: In addition to the problem of illumination level,
the question of whether delays in activating emergency lightifdg facilities
affect egress flow (e.g., the 10 seécond maximum delay pernitted under provision

5-9.1.2) finds no answer—definitive or suggestive——ii the techilcal literatire
currently available. ; o

Jin (1972) considered "illumination level in corridors as an independent var{able

in his study of response time in a smoke-filled environment: In a later experi-
ment, Jin (1976) found walking speed to be only slightly affected by variations
in corridor illumination. Psychophysical experiments desigied to study light-

‘dark adaptation have indicated that visual response is delayed when a person
moves from.a lighted to a totally darkentd setting (Brindley; 1970). But while

- . v 'perception 38 4lowed under such conditions in the laboratory, no documented
- evidence was found by the prefent investigators relating perceptual-decrement -

to impaired movement by; building occupants negotiating actual settings.
K - . i

-

~ In Section 3:2.3. behavioral assumptions concerning the degree to which builliing

occupants depend upan‘visual, signage and directional markers were presented.
Extremely’ few technical data .are currently available indicating that direc-
; tional sign3 are actuglly ‘tonsidered whether in formulating initial egress

ggéﬁréipéiiﬁéﬁté7é6§dﬁét§ﬁ§5§'ﬁﬁtiﬁéﬁi (1974); Jin (1971, 1972a, 1975) Garner

7// and Lowery (i976) all gfgégg;;§74ﬁ§;yftﬁat signage 18 used by evacuees; sign

Btrategies or used during:grn egergency evacuation. Although conclusions drawn

use has never itgelf been treated as an experimental variable by these inves-
tigatirs, ' In another experiment, hfawever, Horlcuchi (1978) found that the

visibility of stairs was the most important factor in directing occupants to
stairs. Moreover, studies by Jin (1972b, 1976) and Tadahisa (1975) on visi-'

btifty through smoke, though not definitive regarding sign use, suggest that

persons who are familiar with a building and with routes to exits are less
1§ktly to use directional signage. o v ;

" A number of researchers have discuised the visibility of 60é;ﬁ§§éfﬁité¢ti§ﬁéi-3

. Bigis under smoke conditions. 1In research confucted by the Federal Aviation
" Administration (Garner and Lowrey et al., 1976) several types‘of aircraft cabin
o exit 8igns were evaluated under smoke cogditions; These investigators con-

, Cluded that increasing the lumincsity of an overhead exit sign to compensate
7 for smoke eonditions producesg At certain levels of smoke density;.a diminish-
N : 1ng return in brightness and only marginally increases visibiliey. Jin (1972b)
2

" found that the visibility of exit signs varies with the density and composition
of the smoke. Bryan (1976) cited data from an earlier study condurted by Under=

writers Laboratory (1972), noting that asigns pla~ad at a distarice of 7.5 feet

(2.59 w) dpove the floor become obscured mote quickly in smoke than do_those™
placed at distances of 5.0 feet (1:73 w) and 2.5 feet (0.80 @) above floor
level. RiYers and Bickman (1979) concur; noting that the ploddhent of exit

: sigos near ceilings may be inappropriate under smoke:¢odditipns.” This notion
» 18 further supported by Edmondo and Macey (1968), who presented U.S.. Navy data
suggesting that the optimal location for {illuminated directional markers {s not

more than 2.0 feet (0.6t m) abova floor level.

that clearly visible instructiomal and directional signs tend to reduce the

The bastc theme uaderigiﬁkﬁﬁeﬁgviétéi75@666ﬁt;6h§731§é§§5@3 in this section is 55
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overall time requtred by occupants to evacuate a bufiding durtng a fire s
‘emergency. However,; few empirical -data are avallable to support this not{on.
For example, Edmondo agd Macey (1968) reported no significant difference in

.<;otranstt time between expWrienced and’ tnexperienced Naval personnel ‘when both

toxic;logical studies appear informative.. .Several studies have addressed the

affects of carbon moﬁoxide (CO), usually pfaduced An meaSUrable quanticies

1979) Although results of research on the visual effects of low levels of CO

remain controversial, blood saturation_levels as low as 5-9 percent of carboxy-

hemoglobin (COHb) have:been shown to significantly elevate the visual light

thireshold (Stewart; 1976): . Moreover; even a brief exposure to high levels of
co may result in substantially.elevated 'COHb saturation; producing a signifi-
cant decrement in the psychomotor reaction to vigual stimulil (Ramsey, 1973).

Hence, smoke - conditions may not onIy have adverse affects omn. sign detecttion,;

but they may Increase reaction time (and overall égtéss time) as well. These -
findings underscore the need to further understand the trole of smoke.

>;_The source of 111uﬂfi%tion for-egress directional siyns has also been the o
subject of research, Edmondo and Macey, (1968),,;6r example; found the etandard

bat;ery powered. sealed-beam Naval handlantern to be an effective directional

in smoke. The detéction of exit signs under both smoke and clean-air conditions -
and under different’ lighting conditions was studled experimentally by Under-
writers' Laboratory (1973). Data from this research indicated that signs illu—

minated by an electric tamp were detected and interpreted more rapidly than’
weré “gelf-~luminous” signs.

No data are currently avallable specifically indicating whether or not fixed
directional arrows produce desired pedestrian movement patterns and reduce : _
egress time during building eVECUEtiOﬁB. Although dfrectisnal arrows were not
treated as an experimental- variable per se, findings’ by Edmondo; and Macey do

suggest that directional markers haye a posf@ive effect on egress. Janda and N

Volk (1934), tn experiments designe® to study the. effeqttveness of symbols on
Higﬁﬁéy directionél aigna, fauna that symbols yielded shorter driver reaction

Stearns €1965) corroborate this finding. Moreover ~Sm1th and Weir §l978) and

- -

highly visible than were coﬁvenctonai atrow types. : 2

No reFErence to the effectiveness of verbal “NO EXIT" signs in reducing egress

time was found ftn che technical lfterature: Recent studies conducted at the _
Natfional Bureau of Standards have; however, addressed the comprehensive of ° *
pictographic no-exit signs. For example, Colling afid Plerman (1979) and

Collins and terner (1980? found ‘that the. no-exic piccopraph proposed by the

experiment. . : ;- -
- 3.

The effectivencss of visuaI and audible ulaxm dovicee to prgvide occupants

clear alert signals and ﬁufficient information for egress atrategy formation -
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1s the subject of assumptions presented in Section 3.2.4. Although the Codes

gives designers- little guidance regarding the quality of alarm signals, appli-
cation of the Code's alarm pr.visions generally agsunes fire alarm systems will
enable building occupants to initlate effective emergency egress behavior with
minimal delay. Almost  without' exception, lowever, the tedhnical literature
contradicts this notion. Pauls studied egress behavior during exit drills in
high-rise office buildings {n Canada (Pauls, 1971; 1974, 1979). He noted that
‘1n several instances public address systems were used by an excited amnouncer

.providing occupants with ambiguous informatiofi: On the basis of his observa-

tions, Pauls_argued that a simple alarm device can confuse occupants as often
as it effectively informs them; and that even automated public address systems
utilizing prerécorded announcements may annoy and confuse occupants. Moreover;
Pauls suggested that .the long-term performance capabilities of prerecotded
vocal alerting systems has not been adequately addressed; even during the. .

‘ploneering research on these systems conducted by Loftus and Keating (1974) and

Groner, Keating and Loftus (1978),
4% o . ] L o
A number of investigatdrs have reported on the problem of alarm credibility.

Brediix, Canter and Sime (1976), for example, concurs with Pauls (see above); he
suggests that alarm sigrals often have low credibility for building occupants
(i.e.; are not regarded as signalling a real fire emergency; in contrast to a
drill). Likewise, Baker and Mack (1960), who studied responses to umantici-
pated air raid signals; concluded that merely hearing a warning signal 1s
insufficient; in and of itself; to stimulate people to take immediate protec-
tive action. Haber (1977); in post-igcident studies of fires in health care
facilities, noted that alarm signals were sometimes disregarded as an indica-
tion that a fire is actually in progress. She described one case in which
mirsing home residents and staff attributed .an alarm signal to factors other
than-fire, and another case in which the alarm was specifically interpreted as
signalling the onset of an exit drill, Confusion regarding the meaning of an
alarm gignal was also noted in a fire at & nursing facility at the National
Institutes ofi Health (Bryan and DiNenno, 1979b), . Reporting findings from a

similar incident; Bickman, Hertz, Edelman, and. Rivers (1979) noted that some
patients did not define the situation as an actual fire emergency until they

heard shouts of "FIRE.” 1In view of such evidence; Rirers and Bickman (1979).
have suggested that the assumption that occupants will be effectively alerted,

by means of standard audible alarm devices may not be true 1i all cases.

Visual alarm devices also_are permitted by the Code (note provision 6-3:4:4);
According to Kravontka (1975), visual alarm systems usually conéist of flashing
red lights working in unison with audible alarm “gonga.”.  However; where cer-
tain physiological factors are not taken into account, the health and safety
of occupants may be compromised by such_systems. ' For example, Kravohtka has.
sugzested that {in deaf persons with epilepsy, selzures may be triggéred by cer-

tain flashing rates (6-8 Hz). However; other studies questfon this effect
(Engle; 1974). ;7

-
. v

e o - - - e L o I A
Regarding the sufficiency. of information: provided by audible ﬁhdi?iéﬁélfalaims;
Baird (1963) reported that responsges elicited by manual alarm bells tendad a

be ambiguous. Baker and Mack (1960) found 1n their regearch that most people

sought some sort of additional informatich to velidate the meaning of alarm

34
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Eighéié. Results from these studies suggest: tﬁét when hearing an alarm signal,
building occupants constrict thelr egress behavioral strategles on the basis of

available . information, .and; in order to reduce the degree of uncertatnty u der5

which decisions are made; they actively seek out additional information ich s,ﬁ?_
may °°m§,§£°§,§{993Y observing the behavior of other occupants, from seeing E
smoke; from persons in dutherity; etc.). - R e

Several models of human behavior during fires (e.g., Bickman. Edelman. and

McDaniel, 1977) treat the sufficlency of information provided by audible and
visual alarms as_the "situation definition™ stage of a fire event. Suffiecient

tnfofmatton, tn this view, will unequivocaiig gnd ﬁnambiguousiy inform the occu~
pant that a situation i8; or is not; a.fire emergency. _To illustrate insuffi-
. clent information, during the.fitre at New York's World Trade Center, the emer-

gency communtcations system fatled to provﬁde information sufftctent;y effec-
tive to_prevent occupant movement- (the desirable objective in that case),
especially 8ince smoke——&n_extremely powerful stimulus——was pregent (Glgsa and

Rubin, 1979). k somewhat reiated problem potnted out by Rtvers and Bickman

and thereby interfere with necessary verbal communicativns among occupants j

nduring emergencies: These investigators found in sevq;al narsing homes they
studied, that staff experienced coneiderable difficulty giving and receiving
verbal lnstriuctions due to thie loiid sound produced by alarm devices.

tnformation to effect ‘raptd emergency egress, are occasional news medta accounts
in which occupants specifically reported having seen or heard an alarm signal;
formulated an egress strategy, and succed8fully escaped. However, no research

has been reported evaluattng :he,generaltzabtiity of these anecdotes in ﬁiew of

organizational environments supported the egress activity.

~—

Overall, there ts little technical evidence presenciy avatlable which dtrectly

supports or refutes behavioral assumptions believﬁg to_underlie Code provisions
governing the design of doors and windows, emergency illumination, and signagei”

emergency Lnformation.

hnlcal literature:; Behavioral assumptions

Strengths and weaknesses of the tec  Behavio
underlying Code provisions which affect door and window design emphasize the

importance of these architectural elements in egres8s route perception.by bulld-
ing occopants during fire emergencies; These assumptions are based primarily

on a consensus of professional opinion. _The assumptions' credtbiiity is rein-

forced by reference to variﬁus b°haviora1 models and experiméntal data from

other contexts: Bowever, no direct tests of the role of door and window design

have Been conducted in connection with building evacuation behavior. Conse—

regard’ng the validit& of these design provisfons on the basis of available
iiterature. ’

35

b)

C{u

ERIC

Aruitoxt provided by Eic:

TR RV T SN R o) WP SRR

P T

'_‘",_-_...~" e

e e e etk



4

_ . ‘ \ . ) o
. N . B R _ N . - PP hS SRS,
.o N [ *.
* 3

- . R ; .
- . S

<

Although the literature on illumination level and 1ts effect on egress route
perception reports experimental data, shortcomings in the design of various
experizents render many of these results difficult to interpret and apply 1in

relation to the Code. For example, Rasbash (1975) found that within a certata

visibility range subjects returned to their starting locations rather than com-

plate a way-finding task. He concluded that the ability of individuals to com=
Plete the task depended upon the light-filtering qualities of smoke. ‘He did
not discuss visibility impairment due to lacrimation or motor impairment

resultirg from smoke inhalation as possible alternative explanatiocns of such

results: In Horiuchi's (1974) experiment, groups of subjects followed leaders,
. and allsubje ' > spatial layou son
able hypothesta.1s that Horiuchi's finding (that evacuation speed under condi-

gcts were familiar with the spatial layout under atudy. A reason-

—--~ tions of low-level emergency 1llumination differed insignificantly from that
7 under normal lighting conditions) may not generalize to situations in which
- leaders are not present or where transient occupants lack familiarity with
egress ways: Similarly, while Edmondo and Macey (1968) evaluated the effec—
tiveness of various lighting sources and lighting fixture locations, they did
not specifically compare lighting configurations on the basis of 11lomination

quantity. Hence, their results are not directly applicable to validating pre-
sent Code provisions regarding egress way tlluminations: Jin (1972a) and

" Tadshisa (1975) have themselves indicated that data from. thelir studies are not

as yet: conclusive concerning minimum required emergency lighting levels.

The Code provision permitting a 10 second maximum delay in the activation of

emergency lighting is partially supported by the literature. _Light-dark adap-

tation experiments suggest that the need for people to adapt from light to dark
(and the~ agatn to light) be minimized. However, becduse these data were col-

lected under idedl laboratory conditions, they may not be directly applicable
to_actual emergency settingJ in which the visual and other sense modalities are
simultaneously stimulated, and in which. visual perception 18 continualtly infli-

enced by the individual's motivacrtons, experferice, and by physiological
stresgors.

‘Current knowledge regarding the affectivemess of signs and visual directicnal
“information aldo 18 based on limited experimental data; . Perhaps tlie most

applicable data were collected by Edmonds and Macey (1968), who found that
directional markers assisted Naval personnel in way-finding; and that the .- )
presence of these markers produced no significant difference_in transit time -
between experienced and less expertenced Bailorg. A cricical unanswered ques— '
tion, however, i8 whether the transit times were influenced at all by the pre-
sence of the markers:. That 18, the research design failed to include a compar-

. 18on of two important groups of inexperienced personnel: thode performing an

escape task with directional markers, and those performing the task without

markers. Moreover; since Naval pergonnel are likely to have undergone more
extenslve safety training than have most civilian butlding users, inferences
from this study should be limited to those civilian sifuations in which occu-
pants_can be expected to be well tratned and disciplined. In additiod, toxi-
cological experiments suggcsting perceptual and cognitive decremerit resulting
from carbon monoxide exposure are not yet sufficiently advanced to permit

inferencés concerning the phipiolqgﬁcai effects of smoke upon 8ign effective-

ness. Moreover, data trom highway safety symbol studies are applicable only
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to the degree that driv}ng behavior transfera to pedestrian behavior .

(espectally during emergencies); itself 'an unanswered empirical question at
this time. . . i“ » e I

A brief digression: into. the nature of experimental design in firefreaearch )
3eems useful at this point. Laboratory experimentation has traditionally 2

af forded researchers the greateat opportunities to obtain -highly reliable data.

Many problems; however; are extremely complex; making laboratorxfexperigentgfi77

difficult to design and experimental data difficult to apply. Where experiments

cannot be deatgned to accommodate (and control) the full range and complexity

(that ia, data may not be genetaltzable .across time frames, settings, or. groups

of persons). _When studies do not cover the range of factors accounting for a
phenomenon, then external validity is threatened (Cook and Campbell 1976)

For

example, experimental data on directional - aign perceghibnrin a smoke simula-

tion study may yield important psychaphysical information about the effects of

) Vafiation in ahbke denaity on viaual perception. But where experimental aub-'f

to a Life threat; nor believing their lives were otherwise éndangered the

-potential effects of fear; stress; and otﬁSr pertinent factors remain indeter—

minate, How then 18 the analyst to draw conclusions about sign perceptionfand_

ita effect on_ behavior during actual firea? Clearly, reaearchera muat not‘.

poses. Conaequently, reséatchérs may nevet advance beyond the limics of _valtt-

dity attainable through. simulations such. aa\thoae reviewed above. Conaiderable\.

additional work may well be needed, however, merely to approach theae limﬂts.//
e
In_ contraat to the quaai—experimental nature of the .echnical literature on

primarily nonexperimental poat-incident case study data. Post—incident surveys

conducted after air raid drills, natural disasters, and fires in commercial, =

educational, health care, and residential buildings provide a growing body of
evidenge contradicting the general notion that alarm devices, once activated,
will yield unambigupius emergency information. However, conclosions based on

available post- incfdent investigations are by no means unequivocal. _Conse--
quently, specific redomméndations concerning the value of present Code provi-

slons for alarms are opeén to varying opinfonss: Nonetheiesa, the post~-imcident

case study is expected to_remain a valuable source of fleld data neceaaary in

. validating findings from laboratory simulationa.

3.4 SUMMARY OF GAPS IN THE TECHNICAL LITERATURE

~3;4%i_ Research on the Effecta of Door and Window Design

No data currently exist either aupporting or refuting .Code - provisions governinr

the deaignﬁofﬁdoora and windows within egress ways,; or dealing with assumptions

about occupanta behaviora with reapect to theae building elcmenta. Ouestiona

requiring éﬁﬁi;tca1 inveatigation. For example. Code proviaion 5~5.2.2 requirea
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EE&&E with surrounding surfaces are more li’kely to be quickly detected How—

ever; the designer 18 provided nq guidelines by which to_determine the adequacy
of any given door/wall combination, ncr any range or region of acceptability

foi various dee‘gn sotuttons: Simiiariy, while such addicional factors as

“111lumination and occupants' visual capabilities gre believed to influence

" individudls' perception of egress route elements, the effects of variation in

these parameters upon door/wall contrast and door detection 1is not now known5
Most important, no data curreatly exist describing the impact of door/wall

- “Tontg{wet va Intion and arher design features upon egress time.

’

" tory conditions. and then vaIidating thege data againet victims experiences

ERIC

Ae a point of departure, laboratory experiments ehould ‘be designed to evaluate

way-finding and exiting time perfotmance for indtviduals of verying visual abil-

ity under different conditions of door design and door/wall contrast. Similar
experiments may also be designed to assess the extent to which doors are die—l

tinguishable from windows under various environmental conditfons. Where proper
controls and safeguards are feasible; moreover; future experiments on door and
window perception should be desig”’ﬂ'to evaluate the:affects of smoke (& lghor:

tory procedure for optically aiMulating characteriétics of emoke and its ¢ff

Findiﬁge from recent reeearch:on the role,df il}umination in emergency egress _
are ambiguous, and difficult to apply when evaluating Code provisions. Although

such factors as the preeence of smoke and the degree of familiaricy with egress
‘ways have been treated toXa.limited extent as variabl*sfby previous investiga-
tors, other important factore including gtress, motivation, and visual acuity

have not. . Although etudie8+euch as those conducted in Japan by Jin and Tashida
have been gomewhat successful in simulating smoke- cohditione safely;, the intro-
$uctton of other stressful and more dangerous espects of fires 1into experimental

settings may be ‘oo costly-—especially in human terms--to be feasible: Future
regsearch directed ‘toward building 4 more reliable data base under "safe” labora-

reported during post—-incident case studies; appeare the best approach to obtain-
ing a quantitative basissfor emergency illumination standards.

3. E 3 Research on Directional Signage

Previous regearch on directional_signage hae focused primarily on the vtslbility
of signs under varying conditions of 11lumination for people varying in their

familiarity with egress ways. In some fnatencee. particalarly in the Japarnese
"studies, effects of smoke were considéred. Work 1in_progress_at the National

Bureau of Standards {(Collins and Plerwan, 1979; Collins and Lerner, 1980;

Lerner; 1981) is evaluating the extent to which various pictographic Bymboie
are Interpreted correctly under exfarimental conditions.‘ _In these studies;

Eubjects were specifically instructed to look at’ 8igns. Consequently, one

cannot Iinfer from the data that the mere presence of directional signs assures
thelir detection and proper use In real buildings under emergency conditions.

PRV

T

i



Q

ERIC

Aruitoxt provided by Eic:

A nggzer of humszn behavioral aseumptioné abaut the perteptton of emergency
i

The degree to which eigne are in fact ueed by bujlding occupants as an atd to

egrebe rogte: perCEptton, and the manner in which information derived frdm T
signs is integrated with occupants' goals, experiences, and other environmental
information, have not been addressed to date. Futiure research on dtrectional

signage (verbal, pictographic, or their combination) must be specifically
designed to aeéess the contribution of signs to way-finding performance and_
egcdape time. Moreover, researchers must examine the infiuencea of stgn loca-

tion, letteriag and graphic deq_gg;_pnd of variatfons/in_human visual acuity,

act to reduce the positive and ysgful aspectaof d‘irectfonai stgnss

. building familiarity, smoke density, and 1llumination, all of which may inter-

R ;3

3.4.4 Research on Alarm Signale ”~

The ability of alsrm.aignala .to alert building occupants.to_ act effectively

during fire emergencieﬁ candot readily be determined from the techntcal litera-

ture currently available: This is primarilyi&ue to the lack of data useful in
understanding the role of several key parametebs, especially for noninstitu-
tiqnal public occupanciee.. Among the criticak parameters are (I) mode of

ubuilding layouts, pnd (5) occupants’ phyeical apd psychological characteristtcs.

Controlled f1eld experiments inm actual butldinge during simulated exit drille,

the role of such parameters in alarm effectiVeness, and contribgte to the

improvement of alarm system design. Similar experiments evaluating deaf indi-

Y149§19, respontes to various types of visual alerting devices, and blind

pecesons' responses to audible alarms (espectati& in reiation to other parameters
noted above) are also required. . I

3.5 SUMMARY - o ; LT '
. N ] . ' ot

env nments and the recognition of egresa’ facilities underiie various provi-,
sions of the Code. These assumptions were evaluated by reference to several :'

models of perception, to ;tmttéd datas from egperimeﬁts on visibiiity, and to av
amall body of. evidence from post~incident fire idvestigations. Taken as a

wiiole, available data neither support nor refute behavioral assumptiona about

occupants' emergency perceptiona at a level techntcatiy safficient to permit.
a thorough evaluation of related Code provisions. To the extent that initial’

emergency perceptions (a8 developed by alarm systems, for example) can be

1linked to ponfueion reeulting in increased evacuation time, however; research
on the role of emergency perception and 1its relation to egress behavior will
remain & neceBsary precursor to effective codes and standards.. . -
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4. PROVISIONS AFFECTING EGRESS STRATEGY ‘FORMATION

4.1 APPLICABLE CODE PROVISIONS

5-2:2:2.12 Stairs and other exits shall be so arranged as to make cleayr the

" direction of egress to the street. Exit stairs that continue beyond the floor

of discharge shall be interrupted at the floor of discharge by partitions;

doors; or other effective weans.

5-2:421:2:1 Eveiy fire section for which credit is allowed in connection with

‘a horizontal extt shall have in addition to the horizontai exit or exits at
least one stairway; doorway leading outside, or other standard exit: Any fire

section not haviig a‘stalrway or doorway lesding outside shall be considered

as part of an adjoining sectisca with gtalrway.

5-4:1.2 Exits shall be so located and exit access shall be &6 arranged that

exits are_readily &§§es§;§;éigtiﬁ}} times (see 5-5.1:1); Where sxits are noc
immediately accessible from an open floor area, safe and continuoug passageways,

alsles; or corridors shall be maintained leading directly to every exit, and
shall be so arranged as to provide convenicnt access for each occupant to at

least 2 exits by separate ways of travel.

Exception: Where a single exit or limited dead ends are permitted by other
prpvisions of this Code. :

2=5.1.2 When more than ~uc exit ia required from a story; at least two of the
exits shall be remote from each other and 8o arranged and constructed as to
minimize any possibility that both may be blacked by any one fire or other
emergency condition. : o .

.

4.2 UMDERLYING BEWAVIORAL ASSUMPTIONS , ?: SRS

4.2.1 Assumptions Relating to Occipants’ Capacity to Process Infordation About
the Location and Tunction of Egressways. : ; Y

information to the contrary, they might assuie that exit discharge occurs at _
the Iowest level of the building (5-2.2.2.12). B - RE

(1) Occipants geherally expect stairs, to discharge to the street, und lacking

(2) Building occupants understand the purpose of horizontal exits €5-2.4:1:2:1);

(3) Routcs leading from horizontal exits to stalrways of ofher means of

reaching the outside are known to butléing occupants (5-2.4.1.2.1).
. ~Z .

' Abilities to Determine the Safest and

4.2.2 Assumptions Relating to Occupants’ :
Most Accessible Escape Route Under Potentially Stressful Conditions

alte,???,a!:?,ﬁj@,téé_ to exits will be perceived §?§7u§§¢f?t6§d,55’,ﬁééﬁi§iﬂfte
(including occupants not otherwise familiar with the building), even under

(1) Where exits are not immediately accessible from an open floor area,

conditions of stress posed by a fire emercency. The foimation of egress
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strategies in situations where exits are not lmmediately accessibie will not

require go much time as to significantly increase cccupants' exposure to fire
products or t»s other dangerous conditions (5-4:1.2);

(2) When access to one exit is blocked by fire products, secupants will adjust

thelr egress strategles to seek an elternative egress route. Any additional
time required for these adjustments {and to traverse the newly selected route)

will not pose additional dangers to occupants (5-5:1:2).

4.3 COMMENTARY
y ——— ARt

4.3.1 Problem

Several provisions of the Code are intended to ensure to a reasonable degree
that occupants will not be ‘trapped because any single egross way is blocked;

that the occupants will not become unnecessarily confusgd *f exits are not

immedistely accessible, and that they will not “"overeshoot™ the discharge point
when.moviung through stairways and other exits during fire emgrgencies. Each
of these conditions requires that occupants make decistons about egress toutes
during various stages of the exiting event.. Accordingly; Code provistons
affecting the availability of ‘chotces (e.g., at a corridor Intersection or
stair landing) iafluence occupants' emergency egress strategy formation.

A broad-based assumption underlying these provisions appears to be that the
physical and social environments prcvide huilding occupants w$§§h£ﬁ§§g§a§1§@7§
necessary for sitJation definition and strategy formation durirg a fire events
More specifically; human behavioral assumptions underpinning choice related:
design provisions seem to address two important concerns: (1) occupants' capa-
city to process informatiocn about the location and function of egresaways; ard

(2) occupants' ability to determine the safest and most ‘accessible escape route

Strategy formation leading to effective emergency egress behavior may be best

understood in terms of the cognitive procesdes——most specifically tnformation
processing--which govern this activity. Models of information selection and
decisionmaking processes are considered below in relation to behavioral assump-

tions believed to underlie Code provisions affecting egress strategy formation.

4:3.2. Underlying Behavioral Models

In general, the environmental information processing model (Ittelson et al,,
1974) holds that soclophysical settings usually supply participants with more .
information about current and ongoing events than can be processed by any

individual. People obtain information about the carrérnt gtite of a setting
directly through perscnal experience with an actual event; and iIndirectly
through media accourts of the event and from conversations with other individ-—
uals who may or may not have had direct expertence with the ‘event. This -
information 18 transferred to sc-called "short term memory;” where it is avail-
able for immediate use; and may be transferred to “long term memory,” to be _

made available for future use. Long term memory refers to what ar individual

a1
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“knows" bt 15 not currently attend to (l.e:; thinking about) at the moment.

A person can know and be capable of retrieving information about an enormous
number of things (f:e.; can have stored billions of items of information in_

long term memory), but can retrieve; decode, and use.only an extremely small
number of items at any one tifme. .
People formulate decislons by comparing present informatlion about an event
against information previously stored and available. This dtored information

18 continually affected by information gained from more recernit experiénces.
For example, a person who never experienced a building fire but who has
participated in numerous exit drills will have stored a "mental picture" 2

(structure of information) about fire events and effective behavior during such i
a t

.events: This mental pictura-comprises the individual's expectations about fire

events. Should this person bEcome involved in an actual fire which matches_ B
d of appropriate '

these expectations, the individual's mental picture of fires an.

responses to fires may not substantially change. Moreover; new information »

that conforms to current expectations is assimilsted sc as to enrich the indi-

vidual's knowledge of fires and of effective means of responding to them; If,
however; the person becomes fnvolved in an actunl Fire which creates conditions

differing substantially from expectations based upon fire drills, the indivi- )
dual is 1likely to alter or adjust the mental picture bf fire events and his or 7 {
her opinions about the value of fire drills as well. The alteration may result
in_a new conception of fire events and of proper responses to the eveiits, which

might be an adapative solutfon to the extent that it matches fucure fire events,
or 1t may result in confusion about the nature -0f fire events and of the pro-
per_response to fire emergencies; which could prove to be disfunctional during

an actual fire emergency.

-

‘When negotiating an egress route; frequent decisions may be fééﬁited which

necessitate the evaluation of current environmental information. For exampie;
when receiving an alarm signal, hearing shouts of "fire", or seeliig other occu=
pants engage in behavior suggesting a fire drill or fire emergency, an indivi-
dual will decide on an fnitial course of ,action. Proceeding along an egress
route, the individual can reach corridor intersections, doorways, stair land-
ings, or other choite points, earh requiring additional dectistons to be made.
On' what basis 18 an initial egress strategy formulated? How'does this strategy
enable_subsequent decisions to be made? What 1s the effect of subsequént stra-
tegy change upon egress time ahd success? What fs. the. role of architectural

design and building configuratton in egress-strategy formation?
J

strvategles result from “firet cut™ comparisons between incoming information and
information retrieved from memory. Upon_receiving an eme-gency alert; the per-

son's initial strategy may simply be to “get out of, the building.” If the indi-

vidual 1s Familiar with the building's layout and safety features (i.€., this
taformation is stored in long term memory), enacting the initial strategy should
not require much additfonal fnformation. If the occupant lacks such famiifartty;
or if the initial strategy is rendered ineffective because of unexpected events

"(egg;; ¥ blocked exit or the presence of another person needing tmmediate assis-

tance), considerably more information may be required: Where is the fire?

- ’
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N information (Miller and Mackle, 1980).

1

-

.Where are ei{th? 18 ‘enough time available to aaaiet another person ang ati}}
assure one's own safety? Acting on the inicial atrategy, then, creates condi-
tions that favor seeking specific information about the’ environment. Many.
subsequent decisions may derive from the need to_obtain necessary information,
dand may not appeatr to lead directly to escape. For example, upon receiving an

ambiguoue atert from an andible ‘gong, _occupants might either continue their

[y
/

As a person proceeds through the fire event; more information about its nature
18 obtained and stored in memory. This information stems from direct experi-

ence and 1nd1reét1y from rumors, persons in authortty, and (where available)

from public address messages. When a cholce point concerning the egrees route
i8 reached, information pertaining to the needed decision 18 compared with

information obtained and stored during the f¥re event: If the -urrent situa-
tion could not have be°n predicted from earlier experiencea (i.e., if ‘the

the individual might react adaptively by _formulating a new. gtrategy which»

accommodates the current understanding of the situation. Klternatively, the

individioml may react maladaptively by continuing to:pursue the original

_ strategy, ignoring new Information; and otherwiae failing to deal rationally:
" with unanticipated changes in eventsa e .

As_indicated earlier; the environmental information processing. moded ﬁederally‘
holds that phya?cal gsettings provide morte information than possibly can be pro-
d

cessed by indiv{duals at any given time: Hence; the likelihood that a person
vill respond adaptively to events requiring shifts in egress strategy may
depend upon whether the most important, or attention-getting, information is

easily detectable in an otherwise overloaded or “"crowded” information fleld.
An {mpcrtant implication of this idea is_ that the architectural design and
layout of the bullding environment may themselves facilitate—or inhibit——

information processing; decisionmaking; and strategy formation.

Clearly, then, succecsful egress atrategy fopmation démanda the abilicy to

select important information from an environment and to use this information in
efffective decisionmaking. Séveral models offer useful perspectives on these_
1ssues: These include Broadbent's - fflter™ modéi and Brunswik's moltiple coe

prohahility model. L

The se ec'ion of information from the environment is eddreseed by Broadbent's
(1971), “filter model;" which compares the initial stages of information pro-
cessing (sensation and encoding) to an automatic railway,switching gystem.

According to the filter model,; varlous data are introduced ;vda individual nciural

channegs which meet just prior to tﬁﬁ%encoding point in the ‘brain. Here, one
ing signals, te others are pIacea in a

standby mode. In other words, a stop-gate or filter 1s posited; that protects
the encoding anW: processing mechanisms againsat information overload. Criteria

for fiitering taformatton (i:es; opening snd closing vartous input’'channels)
depend on the attention-getting properties of the information itselF. - : These..
properties. include the, intensity, blological importance, and novelty of thé

3
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Anotlier explanaticn of Che function of thia stop-gate {nvolves the use of ‘short

term memory. While important information ia being ‘encoded and processed, other
incoming data may be temporarily atored in a ahort term memory buffor (hotding
area). The gate thua controls the flow of data frow receptors to ahort term:

menory and higher-order information procesalng centera tn the braln. If the -

information “n the buffer goes unused for a period of time; it may decay (be
forgotten), or alternatively; 1t may be transferred to long term m2mory. An
example illustrating both the atop-gate and Buffer concepta can be drawn from &
the Arundel Park Hall fire. Post-imcident interviews revealed that a great _
many participanta could not recall whether extt aigns were illuminated or - :
whether they were even present (Bryan, 1957). These sligna were in fact both

present and {lluminated, and clearly some occupante did use the signa during -
€gresa.. The filter model av<geats; however, that sensory infotmation concern-

ing the presence and charactertstics of exit aigna was _overriden by more obvi- .
ous information (e.g:; viaual data from the fire itself) requiring rapid fro- '
cessing. Information about the exit signs was either filtered oit:-and never
Processed at all, or it was encoded into a short-term memory buffer.and pverni~

tually decayed. _In efther case, this information was lost during the rela-
tively short period between the fire event and the post~incident interviews.
_ - : T . _ y S
Brungwik's (1956) wultiple cue probabtlicy model offers a somethat different

perspective on information selection. Brunswik heid that information trans-
mitted by the environment 'is always less than consistent and complete; that
there is usually more information available than can be processed, and that at
any time a person must make decisions. on the basis of parttal and sometimes
conflicting information. As a result, the individual selects information by

- perceptuslly “sampling” the environment. The sampled duta are encoded . and

compared against previous knowledge, expectations, and heeds; and although no

single’plece of information perfectly aatisfies all’ requiremeqts, some are
judged to have a better probability of satisfytng requirementakc A decision
based on probabilistically weighted environaental information 18 called a

“best bet” by Brunswik. A atmple example concerns the fire victim who finds

all stairways to be blocked by fire products. Several ootiona are availa%le

to this person, including: Jumping from a window; riding-out.the ftre 'tn place;

risking injury in attempting to use a statrway. The environment itself provides
litele fnformation about the 1likelihood of success or fatlure asgoclated with
any one alternative, but the victim must weigh the subjective probability of
-death or injury resulting from jumping agatnst those associated with -gmoke inha-
latton and/or burning resulting from using a stair or rematning im the building.
Which strategy appears to the itndividual as offering the greatest. 1ikelihood of
Buccess may well depend upon the person's prior emergency trainfilh (e.g., "close
the door to your apartament and.ride~out the fire™); exposure to Wedia headlines

(e.g.; "man dies attempting to jump to gafety”), and the 1like.

Strategy formatfon, then, involves decisionmaking as well as infPrmation s

selection. The conflict-vigilance model and various heuristics are useful in
explaining cognitive behavior under stressful condittons which may exlast diring
fire emergencies; and shall be disciussed here briefly. The confltct-vigtlance
model (Janis and Mann; 1977) offers a step—by-step explanation of decisionmaking

during a stressful event in term#? of how people cope with stress. _Otie coping

pattern; vigilance; results tn thorough information séarch and an unprejudiced

L
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assimilation of new information. Vigilance alone among the various coping

-t

S
e - B ey |

patterns discussed by Jaqis and Mann 18 held to result in efféctive N
dectisionmakirg: : . - !
e : = : !

The conflict-vigilance model views behavior as cegponges to a Beriea ‘of

questions which are posed duringwp decisionmaking task. Depending on how a
ﬁéiéén anéﬁefﬁ these questions; the copiny behavior will be either adaptive

i

. a o
The first dﬁéétion concerns risk evaluatibn.f When a person determine?'that

risks will be. high' 1f no protective or defensive actions are taken,.thg
" arousal to the danger will occur and the individual will, for example, g1l
antly seekx escap2 routes and other options. If failure to initfate protg\pfv

actiéna is mot expected to imncrease personal- risk,,then the likelihood of
1g -behavior pat{ s will be quite low.

The second question concerns the cffect of taking the most_readily_ availaﬁlé
protective action .in response to exposure to a risk. If the individual i

believes that taking the most readily available protective action will result

in a reduction in risk; then the psychoiogical gtate of arousal is likely to

gubside and the individual 18 expected to initiate protective actions in a

routine fashion. However, the actanal risk may well axceed the person's expec—

tations; and the most readily. available protective actions may not be the most

effective. Under such conditions, arousal will not diminish, and the inﬂivi-

dual may become preoccupled with finding a more effective escape route: For

example; a bullding occupant who 18 most Tamiliar with travel routes used

daily in nonemergency ingress and esgress 1s likely, in the event of a fire, to

regard egress on th?ﬁé routes as an effective protective action: On evacuating
the buiiding,; the person could find that a portion of this route has been _
.rendered 1impsissible. The occupant's level of arousal should increase substan-—

tially; and alternative acttons wtil be sought: R

to expect to find a better alternative action. Information necessary to answer
this question can come from knowledge already acquired by an individual, or ftom

contact with cther pérscns' expertencea, from romors, etc: Befenaive avoidance

lovwg

ccupant may purposefully "tune-out” life-threatening events,

native action: The
may attempt to pass
{nmedidte environment ("you decide, I juat can t ccpé ), and may attempt to

to occur when the in§:vidual has little hgpe of finding a morereffective alter-

to increage risk. When an occupant believea it is realiatic to expect to £1nd &

more effective alternatives; the individual is likely to initiate a vigflant
gsearch for these options.

of suffliclent time for conductinyg searches and evaluating new information. 1If a

_fire victii believes availiable tiie 1§ Lnsuffilclent, “panic” (e.g., snap judg- ’ i

ments; herd behavtor) is more likely to occur. That 1is,. levels of _stress ean

kY
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2 other special case involves elimination by aspccts.f This _strategy treats

ﬁ{:.

- - o . )

A

ﬁé@é@er,'ﬁhen an occupant does percetve that%ffiqient time exists ia which to
carry out_the escap€ task; normal vigilant behavior is 1ikely to continue and
yield effe“the ‘coplig patterns which reault in successful escape.

B
A

A somewhat different decisionnaking strategy is poaited based on optimiz iéni
models. These models emphadize the vaIués that individuais~p1ace oti alternacive

course of actions and. the subjective probaEilities of success ar failure. of
these ‘alternatives. Such models. suggest that during fires oc\¥pants will tend
tgichpasg;thoae cgressistgategies that yield the htBF?‘F,P‘Y°f ¢that are
optimal) . for the individual: Payoffs are'a joint function oqvthe values ard

probabi}iti 8 for each alternative.. Thus, a person 1s likely to jchoose the
aitgrnativefthat offers the best balance between-success Itkqtlhood -and risk Q
of fallure. _ , ' ?D . _ X 7 ‘

A speciai case of the optimization_ model 1s a dectsionﬁﬁking strategy called
“gatisficitig” {Janis and Mann, 1977). Satisficing implies that, pedple do not
necessarily choosde the highest or best payéffi In gome aituations, bacause of

the complexity of the alternmatives or the stresses on the individual; people

will not consider a11 the alternatives bul only a subset they are able to han-
dle. Under such circuﬁstances, they are most likely cto choose. Jlternatives

they regard as workable or- qatisfying. _Thus; 1f a persnn in a fire emergency

hag ag an u1;<:ate objective ataying alive, any course of action the person

beiieves will{ meet that objective will be adjudged as satisfactory: Time will
not _be needed ¥r ‘spent seriously evaluating alternatives to determin< the best

option, ag 18 implied by optimization models of decisionmaking., ) o

selection and decisionmaking as processes of elimination. For example, a

buildiog occupant may ch;pse to eliminate one egress route because it has .

been blocked by fire products, another because it has become blocked by other

escaping occupants, still another because of tnfamiliarity, and &~ ou. The

remaining a1ternative is chosens '~ -~ _ _ - |

. P

In snmmary, using current psychoiogtcal models of human information processing

to analyze pertinent behavioral assumptions. rrovides a useful; although some-

wh conplex, framework for evaluating Code provisions affecting egress strat—-

'egy formation. In the next sections of _this chapter provtstons and thetr asso-

Literature_review. The assumptions presented in section 4.2.1 address the

capacity: of occupants to rapidly and effectively process _and ‘use information

about the location and function of egressways: The Itterature‘review revealed

l1ittle substantive technicsl data~direct1y relevant to_ this issue. Moreover;
although. a number of . time~based models of emergency behavior have appeared in

the literature (Bickman et al.; 1977; Stahl; 1978a; 1979; 1980); only Stahl's
computer simulation model postulates. specific mechanisms by which information
about exits and egress paths ig” applied co scrategy formacion and evaluation.
The review of pertinent technical 1iterature which follows here covers the

2
—_ 2
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state-of-the-art: Wood-(1972), in a post-incident suiVey of more than 1,000

fires, found a significant positive relationship between familiarity with
particular means of escape and the actual use of these elemgrits. Specifically,
Wood found that about 95 percent of thosé respondents who left buildings during
fires. used the route by which tHey entered. However, Wood's research design
and findings permit ho inferences about how occupants’ sought alternative exits

or formulated ég?esﬁﬂstrqtggiééz‘ ge
TP N o

Unlike Wood.(1972), Waishan's (1980) study of way-finding in buildings under

nonemergancy_.conditibns concloded that occupants' prior familiarity with g

butlding probably accounts for only a small portion of the vgfipﬁceft@ success-

v > v or. complexity of
the building's layout appeared to be the most lmportant variable in predicting

ful completion of a way-finding task. Rather, the simplicit

: way-finding success. Weisman's findings suggest two interesting hypotheses:.
(1) during ‘fire emergencies, ‘time spent formulating egress strategies is fnflu-
enced by the complexity of a bullding's. layout,Vand (2) a person's general
knowledge of a building, which may have accumulated over a long period of
-nonemergency building usage, may include little information about emergency
exit location. Similarly, in Huriuchi's (1978) experimental investigation of
exit choice in a Japanese depattwment store; exit visibility was an fmportant

Q

variable in egress Ffoute® choice: _Huriuchi reported that the most immediately
visible egressways (in this case stairwells) were the most commonly used by

expe-imental ‘'subjects. ;j
N - : e .

Baseq on Welsman's and Hirluchi's studies; bullding tayoup codfifexity and

egressway visibility appear to be the fiost salient environmental cues ‘affecting

escape strategy ‘formulation., _However, the available technical literature does

not address occupants' knowledge about emergency exit location and use, except
for institutional and other occupancies in which egress training programs have
been effected. 1In addition, any assumption that occupants undérstand the pur-

pose of hortzontal emergency exits has not as yet been empriclally verified:
Assumptions 14 section 4.2.2 focus on occupants' abtlity to determine the

safest and most accessible escape routes during potentially stressful fire con-
ditions, Again, fire research directly applicable to this issue 15 scarce.
Wood's (1972) finding that occupants were more likely to infttate i@fiedidte
egress action even when eacape routes were not clearly recognizable; for exam—
ple, seems to 1llustrate one manifestatlon of psychclogical sStress duripg Fires.
Findings from research on environmental stressors other -than fire and from

studies of natural disasters provide additional bases for evaluating pertinent
Code provisions and behavioral assumptions. Examples of this research are

reviewed below; ' .
Cohen (1978) postulated that in a stress-provoking environment, unique demands

are exerted on individuals' capacities to attpnd to environmental and soctal
stimuli. According to Cohen, the nature of the:effect of these demands varies

with the intensity, predictability, and-contfollability of the stress—prodicing’

agent. Recalling that human tn_ormation processing is analogous to a limited
channel information network, a person exposed to a stresasor may be less able to
process task-relevant {nformation because attention has shifted to, the stressot

or its source. Thus; features of the physical and snckal environments which
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degradation; o

' __object behind. These feelings may éb,d&ﬁiﬁaCe,che'ipdtvidﬁa; that there is _

>which could be employed. : 4 : .

H e . e = . —— e DD

L

aré largely irrelevant to the task at hand compete with important and necessary

information for the individual's attention. Since considerable effort may be . ?
expended monitoring task-irrelevant input, the individual will process;fewer = ‘
relevant stimuli, and this activity could result in overall performance ’

. - . i N - ; b !
Fogﬁéxﬁﬁﬁlg,ééﬁ occupant ﬁié*?\éccempc to return to a dangerous area in a

burfitng. butiding in otder t¢ retrieve a valued personal pogsession, The - T
attehipt may be:motivated by the anguish created by. the anticipated loss of the

item or by the sense of embarrassment or guilt associated with having.left the

¥insufficlent consideration of the risks to be faced or the a1t§fn;ce>acrategiéé T

“~

Ly

Saegert (1973, 1976) studied cognitive fatigue resulting .from information = =
‘overload. 'Cognitive fatigup-often characterizes stiess-prduciig situationss: ;
Under these conditions, the amougt of information that canfbe effectively pro-
.cessed. by the brain can be copsiderably reduced, andﬁecreé%fd perceptual and
’éEEEifiié;éfficiency.h39§7§§§§”ﬁé;ga,i'géégfaing to Saegert, overload may -

result from an overabundancé“of dtimulation, information; and. decision; * Stiiu—~

“lus ovefload implies the excessive stimulation of the human ﬁSﬁfji,éiatem; 5
ntal information

Information overload results when the processing of environmental
prodyces excessive emotional arousal An eXample 18 the high anxiety of an -

acrophobic individual confronting the use of an outsfde stair. Decision over-,
load results from increades in the number of required decisiohs aud responses

in a given situstion, and 1s particularly applicable to the present investiga-.

tion. Saegert (1976) suggests that as the reasponse requiremeiits increase f&rvi-- ”%f
an_individ8al, the amount of dseful feedback from each response tends to o0

focjonees iUnder such chnditions, responses result from decisiahs made on the - -

basis of incomplete or efroneocus evaluations, When this leads to maladaptive
- responses, ‘€levated lévels of psychological stress for the individual are
likely. X . ’

- - - - . ,,;,7,"‘:7, '_7‘—‘—— = ,',-_. - e ',’, - - .
§agggggjﬁifgﬁdinga,éfézéppliggyig'to the situation in which an escaping '

occupant most formulate ‘A Gomplex egress strategy in a relatively short ‘times .
The number of decisions or ‘choicesa which this individual must make 18 directly .

re. xl patial nmetwork to _and to the per- = - .
son's perceptton of the fire threat. .In a ‘complex 3patial setting the number i C

related to the’'complexity of spatial network to be traverged and to the per-

of decislons likely to be required may be quite high, and ‘thé likelilood of - W

making lncorrect decislons may be high as Wéllu<:As more errors-are made,
psychological stress *increases, and the sources of this stress compete for the ~

e i

individual's attention. Degraded task performance in tha form of excessively v

time-consuming evacuation or failure to evacuate 18 a likely 'outcome of this
scenarlo. o .
’ - 3 -

Best (1970) conducted way-finding experimenta in public buildings and found
That the uncertalnty with whicK occupants perceived a route correlated posi= 5
tively with the quantity of information individuals must process in erdeg tg . s
successfully negotiate that route to reach. a predetermined location within a

building. If complex routes require the person to process a greater quantity

R

of information than Jo simple routes; complex roiites could induce;stimalas i
; S :

48

. PR s e

s T



[

(i:erload with the result that informatiOn processing and way—finding arei

_complex layout of a butlding should not- only be difficdult to learn under high %

\l

this in turm could result in ‘a further degradation of in ormation processing ‘

and way-finding processes (Janis and Mann; 1977)., Wbuld familiarity with Q‘
huiiding 8 layout facilitate successful way-finding? Wé%gmdn 97(1980) way~- 4

degraded. With malggaptive responses more 1ikely, atresg could inctease1@nd >

finding research indtcatea that even when a peraon inten

onally aearches fof
a_route; familiarity with the building layout does not prddigt; successful wa
finding., As discussed in chapter 2.0 of the present report, tn an emergency .

situation; high _arousal favora the petformance of well-learned responsesl,suoh
as taking a familiar route. But it also interfergh with new learning. The

arousal conditions, but it shohld further increaae arousal. This analysia

with fire emergency escape routea, the 1ikelthood of maladaptive behavior or
unsuccesful way-finding during a atress-producing fire emergency may be high.

Simon €1967) and Weick (1970) view satreas as an interruptor of_ ongoing behavior.

RS RF SN OISR -4

Eaaterbrook (1959) argues that high levels of emotional arousal are most disrup- -

tive of those cognitive tasks réquiring attentfon to large numbers of éues ors

" stimuli. Kelley et al. (1965) presented experimental data describing theii
a

effects of potential entrapment. Holsti (1?70) reported experimental dat

which auggest that .decreasing the time available for decisiomnmaking reaults
in increased errof .rates. When stress levels were high; re1ative1y few indivi—
duals appear to make full use of' available information neceséary in fotmulzting

an effective course of action. ! P . K . o
= o .

that perceptions of time-to-escape comprise the easential inducer of stress
{possible mechanisms underlying/ this phenomenon were comsidered in section
2.3.3 of the citrent report). z;yres and Quarantelli (1967), who atudied

natural disastera; reported that people devote considerable effort and atten-
tioid to information gathering. However, a study of combat experience by Glass.
€1968) reveaIs that onder Iife—threatening conditions persons Capabie of tni-
tiating prompt action on their own; are clearly in the minority. &

This section has illustrated ways in which emotional characteristics of fire

situations may influence important cognitivd processes such as _decisionmaking.

;Consideration also must be given to the role of physiotogical stressors com-
monly found in the fire environment. 'Chief among these is carbon monoxide (CO).

Chapter 3.0 of the presgnt invnstigation notes that at certain levels of con-

centration within the bloog €0 has been found to have a detrimental effect upon

sensory threshold and reaction time; eapecially after initial low=level expo-
sure. Research on CO toxicity in rats by Petajan (1976) found that after 15

.minutes of increasing exposure to CO (up to 45.9 percent COHb), the animals

failed to perform appropriately in a simple shock-avoidance test. Petajan
argued that the fgilure of .the rats to perform adaptively could not be artri-

.buted tc any physfcal breakdown in sensory or motor systems; but rather was -

Q

‘based upon the animals inability to process and integrate new information.

.Petajan wmade no attempt to draw inferences from hia findings to the behavior of

human beings. _In_another animal experiment; Carter; Schultz; Lizotte; Harris;
and Federsen (1973) also oted that CO affected performance on discrimination
tasks. ) . oo

w R
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Studiee on the effect of CO on human cognitive function report conflicting

findings. Mach of this research has_addressed performance on time perceptioa
tasks (e.g.; Beard and Wertheim, 1967, 1969; Otto, Benigus, and Prak, 1979;

Stewart, -Newton, Hasko, and Peterson, 1973), arithmetic problem solvink (e.g-;

Schulte, 1963), vigilance (e.g.; Groll-Knapp,; Wagner; Hauck; and Hailder, 1972;
Fodor and Winneke; 19723 Horvath, Dahms and 0'Hanlon, 1971),7356 driving per- .
formance (e.g., Forbes, pill, DeSilva, and Van Deventer, 1973; Ray and Rockwell,

1970; Wright, Randell and Shepard 1973; McFarland; 1972). Although a number

of investigators report decrements in cognitive behavior at low COHb saturation

levels, others find no such effect. Stewart (1976) concluded that COHb satura-—

tions must be above 5 percent to function as a stressor or as an inhibitor of

cognitive processes. He also noted that partial Ioss of memory mway be the .

Bost obvious effect of CO exposures

v ,

. Thus there 18 little technical evidénce evatlable which directly supports or

" refutes behavorial asédmptiéds underlying Code provisions on (1) the ability of

-

’-S:Eéaiéﬂg and veaknesses of the technjical literature. Behavioral assumptions

occupants to process, storeL and retrieve information about thé Iocetion and

furiction of exits during-fires; and ‘on (2) the capacity of_ ‘occupants to choose

the safezt and most accéssible escape route under stressful conditions. How-

ever, studie# in the areas of information processiﬁg, environment psychology$

natural disasters, and toxicology offer substantial but indirect support for.

these assumptions and provisions. The remainder ‘of @eétion 4:3.3 réviews the

strengths and weaknessges of the avatlatle technical literature, and" .comments

apon the extent to which cited studles are useful for evaluating provisions
of the Code.. . - o

9‘,

concerning the capacity of building oc¢cupunts to seleét gtore, and retrieve

fnformation about the }ocation.and _function of exit facllities involve the

—— - = Y

notion that occupantg’ consciously familiarize themselves with a building's

-egresa routes and exits prior to the onset of an actual émergency event. None ~

of the models of fire event dynamics nor the field studies discussed above

‘specifically address the validity of this notion. As noted edrlier, Wood

{1972) found that most cccupants laft buildtngn via the same means by which

they eﬂteredﬁ This suggests that people do not generally search for new
routes or. egress strategles. However; certain aspects of Wood's research

design make his finding difficult to intérpret im the present context. For _

example; Wood emphasized single family and other relatively small residential

‘structures. It is likely that occiipants were inosrdinately familiar with these

bui%éings, and with alternate movement routes within them. Wood's research

desn does not allow an analyst to determine Whether the ‘use of a single
roiite for entfy and eiiergeiicy egreéss resulted (1) from the habitual use of &

this route during years of occupancy,; (2) from conscious decisionmaking by

occupants during actual fire events, or (3)_because small buildings (e g-,

S B8gsrs TTEAT2TOT A

single family residences) offer relatively few entry and exft options.

Horiuchi (1978) suggeated on the badis of his- Experimental ‘dats that when

subjects were completely unfamiliar with the experimental setting (ensured

during his study by conducting subjects blindfolded to the starting,position 1n

a building),.the visibility of egress routeg¥w§§ an essential factor in-egress,
irefighters; they are

stirategy formation. However, Horiuchi's subjects were

50
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“ekpected to be more sensitive to_problems of ‘emergency escape, and to the
location of means of egress. Henge, it seems inappropriate to genergliZe these
findings to lay populations. Thg usefulness of Horiuchi's data are. further

clouded because his subjects too - i e

18 subjects took part inm several experimental tasks in the
game buiiding. Their possibly increasing femiliarity with the building 8 lay-
out _over _ time could have affected their performance on_ later tasks. The effects

-

The ﬁéiéholoéiéal literature on djs sionmaking under _8tress dgglgfon1y7W77'
indirectly with behavioral assump®ohs concerning safe and successful egress
route selection during fire emergencies. Horeover, treatments of this problem

by environmgntal psychologists tend, to be theoretical rather than empirical,

To date, re have been no field atudies in natural settings as stressful and_

as complex as the fire environment, ‘As a result; inferences from environmental
research on’ day-finding (Brunzaft, Dobrow, and O'Hanlon, 1976; Sadalla and

Magel; 1980; Weisman; 1980) about human behavior under actual fire conditions

should be made with caution. On the basis of Best 8 (1970) argument, that the

obtained from) buiiding circulation routes a;fects the likelihood of decision-

about direction and rpute, the- higher thé probability that oceupants wilt make

"effective way-findiug judgments.

The studies by Kellay et al: (1965), Janis (1977), Easterbrook (1959), and _

Simon (1967) reinforce the notion that stressors originating in the physical
environment. .impact can negatively (e.g., interrupt) decisionmaking and other

perginent cognitive processes.. At present,; however; it 18 not clear how such
stressors prevent or inhibit the 8election of effective egress routes during

« fire emergencies. It is clear, by Comparison, that, they causé decisiormaking

to consums more time. The emphasis of Janis (1977), Hosti (1970); and Glass
(1968) on decisionmaking under stress created by time conatraints reinforces

the importanée of_ time, (more specifically the situational deterioration which ..

. may occur over time); as a stress-producing agent. Although this expefimental ¥
-work offers important hypotheses about behavior during fires, inferences fromr.ju

currently. “dvatlable data to further buitlding code development do not now seem .

warranted.

. : ,

Definitive inferences to humans from toxicological studies involving laboratory /

animals are not currently recommended. Petajan (1976) has cautioned against

applying results from these animal experiments to human behavior under nataral-

tstic conditions. Moreover, the overall lack of consistency in currently
- available human‘CO studies weakens inferences and conclusions which might
- otherwise be generalized from this 'line of research:

Neither standard cogritive tasks nor well-controlled experimental procedwdes
available which reflect the complexities of actual building fire events are -

currently. Until these have been carefully”designed and validated there shall

remain a lack of data il1luminating processes by which building occupants

develop egress strategies and select egress routes, especially under conditions

typified by higﬁer than mormal levels of phys: :fogical and psychological stréss.

3
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4.4 SUMMARY OF GAPS YN THE TECHNICAL LITERATURE ' s T

S T e I o «x . - - - S
At present few data cleirly and directly support or refute Code proviaions

reflecting assumptions about occupants' information processing Cépﬁbflitié§7i§

connection with emergency escape. The complexity of human cognitive functions;
particularly during stressful:and potentially life-threateming everits, has

understandably discouraged fire researchers from studing cognitive behavior:
Moreover; many investigators seem reluctant to Gonsldeér the cognitive and -

motor behavior of individuals during fire emergencies, believing that studies

of non-emergency, group behavior, crowd flow, and groas patterns of pedestrian .
‘movement have tﬁézgreaCest payoff as . far as building design regulations are
corcerned (Pauls,&1974; Seeger and JEEﬁj 1980; Francis and Saunders, 1979).
However, research in cognitive psychology and other areas discussed earlfer . -
in this chapter suggest a role for infprmation selection and decisionmaking ;//T

processes within any time~based model /of emergency escape:. Hence, fyfther

study of cognitive processes in 95e efnergency context is fndicated. ]
- a4 ‘ e g e g - :,,,,,L L R S - ‘!.i"
. -Fpr example, it may be possible and relatively -easy to measure the speed with !

©+ Which certain stimuli can be sensed and pertelved. Similarly, motor reaponse

time can also be measured. However, the intervening proc:ases by wich per-

ceived environmental information is imcorporated #nto decisions and actions
. 8trategies is currently difficult to quanitify and measure. This is especlaily

‘true {n complex and relatively ambiguous and stressful emergency environments
ia which an indivIdual switches bctween numerous decisions and strategies——both
consciously and 'subconsciously——at various points during the escape task. Thus;

Caravaty and Haviland's (1967) equation for estimating life safety during fires,
DLk ‘ ~ :

’té,, = . ] ; - R -
=<1 - : R %)

tc .
111 red¢h a safe refuge 1f and only 1f the time

required for escape, tg, éé-édﬁél,tEQéE_léés than the time required for; the

toxic environment to reach a critical or untenable state. t.. In many cases

_this equation may be difficult to apply accurately. The problem becomés more
“obvicus when equation (1) 18 expanded to the form, 7\ '8
- .

) ; C"+C”+C’t+té+ti+t;<i; ]
. . tc R y N\

vhere tg = time; required for sensation of a stimulus from the fire envirore:
e oo ol o ' - ; ~.
time required to become-“aware of this sensation, . . .

P
-]
]

t; = time required to become gwAre of the gensaticn as a potential life
threat, - S . =

g,
-

b M PN
L /,'?’ - .

i

. 2 oot ) ' B . L )
* Based on personal communications with Harold E. Nelson and Bernard M; Levin

of the Center for Fire Research; Natisnal Bireai of Standards; between 1977 -
©* and 1980. - '

— S -
-
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te = time required to evaluate the quality and extent of the 11fe threat;

ty = time required to initiate effective actions, -

- time required to follow-through and complete actions leading to
safety: i : e

Research reported in this chapter suggests' that the factors ti and t -are not

./ now capable of being estimated with any degree of accuracy. This chapter has

', .also_suggested; moreover, ‘that thé processes of egress strategy formation and
‘resulting escape behaviors may not follow the linear-additive model implied by
equation’(2).. Rather, some factors may be more heavily weighted than others;

and gome éléiéﬁt§,6f,tﬁé,processés may reguiré répetition more frequently than .

othars during a oingle fire event. FPurther research must focus upon the char-
acterization and _measurement of thede procészes befare escape. time equations

such _as (1) and (2) can be reytinely applied to building design. - ; .
- « L oo
Preger.tlx there'1s also a lack of useful technical iﬁfﬁrﬁétibdggérectly,

applicable to eyaluating Code provisions and related behavioral Bssumptiosis
reflecting escjbe route choice behavior. . However; investigations of way-

finding, environmental cue procesaing; response to n#tural disdsters, and the

effects of stress and elevated levels of environmental toxicants .discussed

earlier in this chapter suggest a number of directions: for further research.
Yor example, the capacities of individuals to make decisions under highly

stressful conditions; and in environments characterized by elevated levels of
s ' _reader willi recall that GIgass.(1968)
) could not explain why approximately 50 percent of those disaseer victims he
studied were incapable of miaking decisions, although tﬁéy;apﬁegqeﬁzsufffctently
LX) - N ~ N .

CO, remain to be-examined in detail. The reader will:

~able to ‘percei\.le_and process epv;ronmental {ﬁfét@iﬁi;:{ﬁm . 3 ?; - L

-

".'Future research should emplgy a aa@ﬁi@§i;étéﬁ,§§§t§;ﬁéiﬂéﬁt Interview e

technique {sece Loftus; 1980¥ capable of - pevealing.complex -route choice behavior,
and of identifying organtzatiopal, social; and psychological attributes of the
route selection process: In addition, field and laboratory experiments should
. be condiucted to determine the influence of architectural design and building
-conﬁﬁznrattéﬁ upon route selection and way-finding performance. Finglly, future
- ‘reséarch should; wherever feasible, strive to study the effects of physiological

and emotional stress on route cholce behavior: When practical and ethical con-
- siderations render the introduction of stressproducing stimull undesirable; how-
- ever, researchers may—within the Xtnits of {nference-~make prudegt use of cur- -

rently available research on CO-indueeéd physiological stress (Laties and Merigan

1979) and on emotionally-induced ssychological stress (Koriat; Melkman, Averill
and Lazarus, 1972). A ' RO . '
Because .the stress-producing qualities of emergency environments may influence

the amount of time required by.individuals to formulate egress strategies and

select egress rodtes; the significance of stress as an experimental vartable
gshould not be underestimated by future investigators. Janis- (1977) has_pointed P

odut that to a certain degree stress arvuses a person and increases vigilance to
danger; higher levels of stress tend to interfeie with effective decisionmaking.

Properly conducted post-incident interviews with fire victims, possibly in a

sy
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clinical setting, may srovide clies about the onset of stress-indiced response
patterns and their relation to decisionmaking aud choico behavior daring
emergerncy periods. 7 2 .

In summary, a number of assusptions about human information processing and

dectsionmaking behavior during fi;éxemg;ggygigg;@uaétlié,ééﬁé:e}v556vi§§op§ of
the Code. 1In this ckapter, such assumpcions were evaluated bj reterence to

models of cognitive behavior; as well ag to data from recent paychiology zal

research on way-finding behavier; environmental cue processing; disaster

response; and stress. Few directly relevant technical data were.Foun? within |
the fieid of fiye research itself. Taken as .a whole; available technical
knowledge is not uufficlent to warrant statements specifically supportiug or

refuting Code provistons which may Influence egress straregy fermation. . Fow-
ever, -the literature generally supports the notion that the demaands of occupying

a_burning buslding require individuals to effictently satiple irformation from
the fire environment; and to formulate effective and tiwmely cecisions akbout what
to do. Depending upon the design and layout of a building, and uwpor the natire
of given ftre condirioes, these processes will consume ecome, praporticon of the
time within which occupants must escape..  Frrors in Judgment and dectsionmaking
will frequently-consume even more time, PBowever, a crucial gap in rarrent
knowkedge about the time-based capabilicies of building occipants to effect

rapid emergency escape continuves tc centers questionp of emergency informatisn
processing dnd strategy formation. L S . .
' ' . et D '
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53? PROVISIONS AFFECTING DISCIPLINED EGRESS BEKAVIOR AND CROWD MOVEMENT .-

5.1 APPLICABLE CODE PROVISIONS ' - : 'ﬂ,.:‘j'

5- 2 1.2.1.3__No 10ck, padlock; haep, bar,; éhztn or other device, or combin;t;on :
FOEZ2EE: 2 ny:

door on which pantc hardware is’ required by this Code if such device ptevenis .7;/
S

thereof shall be installed or: qpintained a§ any time or in connection with’

or_is intended to prevent; the free use of the door for purposes of egress. -’

. e

nare aha - ba

E . = The capacity of means of egress for any floor; balcony; tier; gr g?hetr
occupied epace shall be sufffctent for the occupant 'load thereof. ) e

"1n the space at any time; as determined byrthé Euthority having juriedictif

' ' but shall not be less than the number computed In accordance with the regq
ments of Chapters 8 through 16 for individial occupancies. (Where Both gros
and net area figures are given for the aame occupgnecy cIaeB, the grogg, grea _ P
figure shall be applied to the building or structure ag a whole: A" eeparateJ_ .

calculation shall then be made for thoge spaces where _occupant -load 18 deter-—

< mined on the basis of net area and {f the total occupant load detegg}geg on_the
’ net area basis exceeds that on the gross area basis, the means of egress shall -
be baeed on the Iarge occupanttioad figure ) . a

5=3:1:3 Where exite eerve more than one floor, only the occupant load of each‘f- ,

floor considered individaally need to be used in computing. the capabity of .the

exits at that fldbr, provided that exit capacity ghall nqt be decreased in the
dtreccion of exit travel? . “ e

v

mediate finor; the ﬁ&pacity of the means of egreee from the point of convergence

shall be not icss than the sum of the two.
ow . :
5-6:2 The travei dtstance to an exit ehall be meaeured on the floor or other

walking surface along the center line of the patoral path of travel, starting
» . ~ onua féétﬁfrg@ishg most_remote point, curving around any corners _or obstructions

with a one feot clearance therefrom, and ending at- the center of the doorway or

other point at which the exit begins. where meaaurement tnciudes stairs, {1t
shall be taker In the plane of the tread ‘nostng. g

541117 All exits ehnll terminate directiy at a public. way or at an exit

discharge. Yards, courts, open spaces, or other portidnas of the axit discharge

shall be of required . idt“ and elze to provide all occupints with a safe access

to a public way. -
&

; 41~4’R;%7 In thc conduct’ of drills emphasis shall be placed upon ordcrly

evacuatton undér proper;discipline rather than upon spced as such; no runnlny

or horseplay ahull be permitted.

FU”
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17-1.2:1:1 Every required exit,rexit access and exit die charge ehall be

continuously maintained free.of all obstructiouns -or impedimente to full instant

‘use 1n the case of fire or other emergeﬁcy.

5.2 UNDERLYING EEHAVIORAL AS$UHPTIONS . o T

‘5.2.1 .Assumptions Concerning the Influence of Degignated Leaders Upon Egress
Time Du'ing .Fire Emergencies .

(1) Specially trained occupants (e.g:; "floor wardene") assure that building

evacuationg are effected within acceptable time 1imits and minimize the _ -
Itkelihoqggpf panic during fire emergencies (17-1.4.3; 17-1.4.4).

present, occupants usually take directions from tnese authority figures; this

minimizes escape time (17 ~1:4.3; 17-1.4:4):

(2), During actual fire. .emergencies where speclally designated leaders are

(1) 1In the event of a fire on a floor. balcony, tier or other occupled space

which offers a potentiq; for high denstty use; the, entire population of the

gpace will in fact be evacuated to the outside or to a place of refuge before

. the level of onicants in the space becomes untenable (5-3.1.1 through
1 5-3.1.4). ) o

(2) oOnce occupants disgharge from a building, they will clear the area and

not congest the diecharﬁe area; _disgharging occupante will prgﬁeed directly

to public ways oiitside the building (5-7.1).

52523 Assumptions Concerningfthe Effects of Bullding Configuration and
Archttectﬁréi Obstructions on Efficient Crowd Movement .

(1) Althogghiphe nacUral path of egress tr&%el may be influenced byhfurniehtnga
and other fixtures; occuparts can generally be expected not to deviate from
straight-1line paths (5-6.2).

\
(2) The improper uttltzatton of Becurity measures ur devices increases the
overall time required for emergency egcape (5-2.1.2.1:.3).

(3) The full carrygng capactty of means af ‘egress may be expected to be
ﬁﬁdﬂlable at any time a fire occurs (17-1.2.1.1).

5.3 COMMENTARY -
o ' b}

5.3.1 : Problem ’

A number of Code,provieiono are intended to increase the 11ke11hood that

emergency egress from public buildings will be orderly and well orgunized, nnd

that maladaptive crowd behavior during fires will be minimized: Homan behav—
foral assumpttons hypotheuized to under ie these provisions address: (1) the




Vo | ) . . > ' | —ﬁ\; R

degree to which cocupants will follow the instructions of a leader or person in

authority; (2) the ability of occupants to tolerate undesirable conditigns (e.g"

" crowding) which may be present within egress ways during fire emergancles, and

-(3) the influence of obstructione to effectivy yu d flow upon efficient

emergency escape. I

i &
k@@?ﬂggéqgg pertaining to crowd flow in &g "to social and ehvironmental
factors can_be understood in terms of &c ychological models of group

bawavior. 'Several models are available whith%lucidaté the influence of grodp

01 crowd phenomena upon\the behatior of iﬁd;iiiﬁﬁlg;7;T§g7?§;§vahce of such_:
models to Code provisions And underlying behavioral assumptisns enumerated in

gections S.1 and 5.2 is conegdered below.

5.3.2 Under

-

P pécapectives

f

Pour social paychological models applicuble to group be

: on disciplined egress behavior and crowd: movenment “whith can be useful 1n
- understacmding large-scale emergency response phenomena in public Buildings. .

These are (1) the outcome dependericeé model (Thibaut and Kelley, :31959), (2) the
imigation model (Bandura, 1965), €3) the reward-exchange model (Homans, 1961),

and (4) the environmeatal space model (fcllowing Hall, 1966).

n P

The outcome dependence model Eféﬁéééd”ByvT$1%§ﬁ§f§h@;ieiiey (1959) is based on

\\(g; thegotion that persons sxperience varying degrees of confiderce in the valid-
\ . ' ity ok their perceptions’ar given times. Thus; an individual or group can

becomd dependent for information upon another individual or group, if the lat-

ter chn improve the validity of thé”fﬁrﬁer'gupErceptioﬂ°ofgééﬁé event beyond

p the lpvel attainable through other sources. According to Thivaut and Kelley,
information dependence may be “defined in terms of either actual experience or
antfcipated {future) effects:. In the case of anticipated effects, a person or

interaction withlothers upon whom the pe# p is

group sceking to{validate environmental information tends to increase soclal
son or group is dependent for
information. -,%

kS

I L. L - S S U
Before conaidering an example which illustrates this phenomenon_ in_ the ocontext
of fire emetgencies; several social psychological premises of the fire emergency

Eiéﬁt,ﬁiiijfiiégrséridéﬁggflg@;ii§6gtalléd panic behavior 1s more likely when
the time available fog.safe escape frou a life-threatening situation .is judped
by an individual to beidhsufficient (Janis, 1970; Janis and Mann, 1977; che
Eﬁ%ﬂétr§h6ﬁ1§;§1§67§gfg5”§§ discussions presented in chapter 2.0 and 3.0 of the.
cu¥frent report). The onset of panic behavior also has been related to occupants'
expectations régarding the nature of social and phyaical interactione in antici-
paticn §§Shhd during the use of available egress channels. Such interactions

. can be' cobperative or competitive in nature. When occuparts view . one another
‘a8 potentlal obatdcles to sdfeé egress, for example; the likelihood of a so-_

called panic response increages. Similarly, to the oxtent that occupant's do.
not compete with cach other fer access to available egress pathways; the entire
group could more rapidly and etfectively exit the building. Thus, in situa-
tfons where occupants view themselves as individuzls unaffflfated with any
larger groupwithin the building, which can occur in multifamily apartment

buildings ot ‘mercantile and other public facilities, then the onset of
t N . . L
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:'other pergon behaves in a particular sgnget. .

-

\Here, the group 1s perceived as a source of direction and f

= S e
fire might bring individuals together in cooperative or competitive

relationships in regard to the use of available exit facilities. The impor-
tance of faciljtating the movement of a crowd, particularly in public buildings;
1s underscor y_the possibility that large numbers of individoal ocgupants can

collect and efther will compete for, or cooperate in, the use -of scarge means

of egresa. o

?té&iéﬁ;&EéééiEéﬁ on fire hazards in health care facilities provides.an example

¢f crowd movement which ‘can be explaimed, in part; by the adttome dependence
model: Investigatione of firea in health care facilities have.often noted that
during fire emergenctes; hospital staff are percéived to be the legitimate
authority figures by patients; visitors, and other transient occupants (Bickman,
et al: 1979; Appleton and Quiggen, 1976; Archea, 1979). Even physiclags who ars-

not regular hospital personne! follow the authority of ttii@éd nursing staff .
during hospital evacuations. T .- : g

Anotlier approach introduced in chapter- 2.0, ig the imitation or observational
learning model, As developed by Bandura (1965); this model .suggests that indi-
viduals copy the behavioral responseq,of othgrs, particylarly:if the other
people control resources on which’thé indtviduals depend duting everyday

(nonemergency) events and actiﬁftié*ﬁa‘rﬁé-Iﬁ&iéi&hai'Eighc,obs!i$e,chac the
N L_ -2 =27_% -4, b . NS S AP S
Gular ® -and that he or ‘Bhe 1§ positively

. reinforced for that behavior. _The observed person becomes a model for the

. observer; and the envirogpental cueg which . @¥t: the .stage for a partfcular
> environmental !

behavior from *he model become agsociated ik 'th@bbperver's mind with.the
model's behavior. Through.a process of vicarloul‘fat orcem¥g®(1.e., the

observer experiences the reward or punishment that happens to the model); the

observe imitates the rewarded response patterns of -the model wheinever 'a gimilar

set of environmental cues is introduced. Observation of a model can inhibjt an
observer's performance of a model's recponse if the obaservar perceived that thé
model's enactment of the response led to negativerconaeg'”gggqf _Conversgeély, an

einforced (rewarded) for the behavior. A &
During fire emergencies in public buildings, it might not_ be e to determine TR
who to observe, For example; whiie people dressed in uniforms or \hos '

observer's inhibitions about performing a response can bel reduced if the model
is observed being posit_tveﬁ o

ospital
“whites™ can clearly emerge as models in certain typées of butidtngﬁx in public

occupancies such as office bulldings or ahopping malls jdentifying those who
control rerources can be far more difficult. Here, well-dressed buainesa

executives, desk clerks, ot janitors may be identified as Eﬁﬁfépgtgtgﬁﬁgéeggii
depending upon a wide variety of circumstances (e.g., the ‘degree to‘which each

is known by, and is perceived as credibls to; other building pccupanta).

o I U ’\
e B

8o can b

Although the model is usually conceived of as a peraon, 1t |
nere : rmat tgn about
safe egress during a fire emergency. The case of a transier

visitor to an
office bullding is illustrative:. The viaitor, upon hearing a fire alarm aignal =l
and obuerving the movement of office workers; joina the group on the assumptioci
that there will be “aafety in numbers.” However, this giZCééﬁ could also {nhi-
bit the visitor from entering a usable eyressway when other occupants are ’

observed tnaoring'tt,/ Data from post-incident questionnaires adpinistered to
= 58
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viccims of the Thurston Hall fire (Bryan, Milke and DiNenno, 1979) indicate
that only d. few occupants, ng fatled to successfully evacuate the building,

refused to awa’t rescue in.,
of responses pegﬁormed b"~

occupants (i e~ movemenc COward 1nterior rafuge

1nCerior locar*on A1 rescnﬂd.

" The reward- éxchange model (Homans, 1§61), also 1htrdﬁuced in chgpcer 2 0 ,uces

* the basic concepts of aconomics and of instrumental condiCiouing to expiain

i

. face-to-face interactions among individusls. According to Homans, interaction

among 1ndtviduai§ will continue and be positively valued 86 lorg as, the- psrtic-

ipants _receive more rewards (benefita) tnan punishments from the tncaraccion.

Put differef6iy, interactions that participants find profitable._ will continue.

Punishg;;éf can be direct (e.g., being cheated'out of money, being injured) or

1.¥07% unavoidable). _Unavoidable. punishments; which Homans calls
costs, fer to the forgone value of an activity. Wheénever the psychological

indire

cost-benefit equation shifts toward unprofitable interactions for a parcicipant,

thdt person 13 more likely to choose a different course of action; one that is
petrceived as more profitable. Thus, competition can arise aﬁong individuals 1f

one person's activities results 1in hin or her receiving more than their fair
share of rewards or if their activities resulc in reductione of rewards to
othéts to u“profiCAble or unfait le ls. -

The relevance ot che reward-exchang model to behavioral assumptions underlying
Code pfbvisions afféccing discipiined egress behavior and crowd movement is

11Tustrated by anecdotes. Accounts of the’ 1903 Iroquois Theater fire indicated
that some exit doors were either locked or .were ocherviseB}rbperable (Foy and

Harlow; 1928). Obstacles resulting from turns tn stairwayd were also reported
to have caused cheocrampling of many victims. _During thisf fire event; normal °
qnéuing behavior by thieiter occiipants appareintly gave way tu "surv.ival at all

costs” behavior. 1In other words,; physical impedimerts to orderly evacaoatfon

(resulting from locked doors, turns which narrowed the exit channel, or from

‘*fatlen pezsons) ‘may have led to the beiief that queuing would not prodice the

desired reward (safe e§cape) and could resuﬂﬁ in che ulcimaCe cost (death),;
, membcrs of the

8o few people can -experienck these rar

- enced the rare coat of risking one’s fe fo{ nnocher,ron elrns the commensu-

—TIZTT T T _ToyZz>2zZ 2Tz T

‘rate rewards of being identifled as a hero and receiying ulatton from others.

However, the reward-exchange model also suggests th . 8 wopld-be rescuer may
not belicve a situation is a serious risk to life, or\pm find risk—takinp

icgelf rewnrding., Ocherwiqe che risk could upset the cost-bencfit equatton in

'

7«., . $9 : ) .

- ' - . '?}i

erior refuge areas. "his suggesfh that a s:;yence

T

Y



The environpéntal space model (based on Hall; 1966) deveioped from studies of

animal and human territorial behavior. - This model focuses on the app#rent need
of individuala to lay claim to certain areas. This need has been expressed in

. two forms: the ueed for personal space and the territorial need: Personal
‘space 18 usually defined as an area with invisible boundaries surrounding a
person'® body into which no one may intrude. The size of this surrouding “bub-

' bie” varies between CuIturg; grogps and for different persona and situations in
‘the same culture. By conkrast; terriorlaiity refers to the need of individuals

and groups to lay claim to some geographical areas as their ow. Territories

are fixed, circumscribed areas access to .and the use of which Individuals and -
groups have the capacity to control. Personal space, which is something the
person “carries .arourd,” 1s sometimes called a portable territory (Gutman, 1972).

When applied to the_ study of . human spatial behavior, the _concepts_of . personal

- space and terrioriality aid in our understanding the environmental forms by
which individuals protect their idtosyncracies and resources and project their
identities.

purpoaea. The distance betwecn persons, or between a person and a phyaical
,object is an important factor iu the ability of the individual to properly

¢ perceive_objects in the eni:ronment. Such environmental data ia crucial to
e

< - \~effective negotiation of t
I _cesses are‘believed to govern distanctng behavior as well: For example, dis—,
" tancing appears to vary as i function of an individual's role in a given sett-

‘ng. The size of a person'’s personal space "bubble” is determined in part on

the basis of behavior patterns normally associated with carrying,out a role. _
* For example,; the spacing between a lecturer and a large dudience differs drama-

tically from the distance betwetn discussants participating in an informal

seminar. Gimilarly, aubﬁay passengers typically seek to avoid phyaical con—
tact with fellow riders until. the train becomes quite crowded {Ittelson et al.,
1976). It.also has been found that in additioen to protecting their own per-

sonal spades; individuals are frequently reluctant to invade the .personal

domains of others (HorowitZz, Duff and Stratton, 1964).° Moreover, as already

?9§§d””§héré are coltoral differences in the. size and role of. personui space
" envelopes. ; ‘ _n" ‘ 7

assumptions about the average area occupied by pedestrians; and abdu t ‘the uni-
formity of pedestrian movement over some time period. Unless a building is
'relatively sparsely occupied at the time of a fire outbreak), however, giergency -
egress by individuals is likely to involve Bome’degree of social and physical

interdction with other petrsons. As the populatipn of a building increases,

moreover; the potential for infringments upon:each individual.'s personal space

% ‘envelope during emergency egress also increasés.. TwoAqueationg are relevant
4: here: (1) What amoynt of personai space reductiOn 11 individuals accept

during fire emergency. conditions? €2) What are th ffects of personal space
infringment upon rapid and orderly emergency escape? Saegert (1923) réﬁorbéd
that as the number of persons required to occupy a gilven space Increases, the .

complexity and uncertainty associated with the event at hand increases; while = *°
the abiﬁity of individuals to organize their behavisr decreasea. Saegert also

. ¢
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-'able gocial and physical interaction among pergons, resulfs in decreased cogni—"

" somewhat problematic; - . - 1%

a
]

noted that personal space infringments reduce behavioral alternatives available

to individuals: Furthermore, reduced, Freedom of choice, combined with unavoid- ..

tive control over the situation by an individual; and in a‘general tncrease in

psychological arousal. Thug individuals who."eannot accept prolonged infringe-

g

ments of personal space may revert to simpler, more regimented behavior patterns
and may find individuilly determined and flexible behavior patterns to be

LA DTN PP

5:3.3 .Affessment of Behavioral Assumprions Based on the Technical Literature
q )

eview. Assumptions in section 5:2.1 address the degree to ﬁhitﬁ;:Q\L\;h\»
re \

occupants will follow a perceived “leader” or person in authority daring a f£i :
emergency. Available technical literature provides considerable support for i
‘the notion-that individuals and groups will tend to follow the lead of a per- K
ceived authority figure. Klein (1976), i a laboratory cxperiment designed M

~ to siulate egress from a theater from which only one narrow exit was available,
found empirical support for the hypotheses that groups lose coordination udder

conditions which personally threaten the members, and that a_group under_ stress

+ Wil perform best in the presende of a strong leader -(initially advanced by :

. Relley; et als; 1965). Similarly, Glass (1968);.1in his studies of mass psy® -

chology; noted that as many as 50 percent of participants in large-scale
disasters are willing to follow the lead of others and td respond to the

directions of some authority figure. Moreover, McLuckie: (1970) reported that
upon being warned of an impending crisis, individuals tended to telephone <

“significant” persons to seak recommended action strategies:

Under conditions of stress and iupending life Chreat; individuals who are.

regarded as “knowing more” may, by consendus of ogher parsons present -be given :
decisionmaking authbority over ghe group (Quarantelli gnd Dynes, 1967Y. In _
e22% gné bLynes, 196/J. _In .

support of this. finding, Beat (1973), in his review of tWe Beverly HilVS Supper
Club fire, ccncluded that the majority of patrons responded to and .fcllowed the -°

directions of waitresses and’bartenders. = Yamada (19 \suggested that when -

R . bewilderment among victims bBecomes extremé, individuald become docile and take

s

Q
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_ A significantaand freguent phenomencn is'the emergence of a leader who “get® .

willing to ‘take directions from more kilowledgeabl

——— B2 __ PR Y

directions more easily. Although Klein (1976) noted £he key role played by ° = 7 -

leaders in achieving safe egress fﬁda,a,étmulacea theater fire, Quarantelld:.

and Dynes (1972}, Form and Nostow (1958), Fritz and Williams (1957) and Drafek - -

(1968) all foun that during 1argé—acalgfggygga;7gigggtéta,yietiagggyﬁiagii

do not wait for an authority figure to provide dtrectiéﬁiitbgzisghﬁétbrtéébt >

immediately, attendimg to their own well being and helping otPers qearby.
) . -‘4‘8 ! :

people organized" durtng the edarly stages of a disastar (Killian; 1954).

‘Numie roud pogtr-incident studies by Bryan' (1977) of-fife episodes in nursing

_and physicians alike are

"staff (e.g.; nurses or

homes also pfovide evidence supgesting that patient

orderlies)s , Evidence from post-inefdent studiés bf hospitsl fires roported by
Lathrop- (1978) corroborates tlicse findings. But When no leader is percefved - ' .
. to be presenk; individuala: tend to seek informatign from sther nearby people

For examplel, ffitéhux, Canter; and Sime (1976) repo hat during fi
look to othe *thdiytduaté around théﬁ.f@t-ihfétﬁﬁt a which will help define
the situation. 7. T . ’
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Johnson, Stemler and Hunter (1977). Results of research in this area suggestr

that groups are more willing to tolerate higher levels of risk-than are indivi-
dual decisionmakers. Studies on altruistic behavior (Latane and Diarley, 1968;

Pilavin, Radin and Pilavin, 1969) demonstrate rather clearly the potential

iAfluence even small groups can have over an individual's behavior.

"'\ R L
Behavioral assumptions fn sBection 5.2:2 uunderlying Code provisions on occupant
loading can be evaluated using environmental and soclal psychologlcal researth
ofi density.  For exaiple, Sdegert (1978) investigated “cognitive overload™; an

hypothesized result of forcing an individual to process more environmental -
information than is psychologically poaglble. Saegert noted that in crowded:

dual B gosl -directed behavior will be interrupted may be quiue high. Saegert '

either frustratiow and aggression, or to withdrawals Bxaﬁples of environmental

settings with 'elatively weak social st1ucture8 ihclude ehopping malls and
theaters. - : g ‘?Aﬁ

numbers of peoﬁle increased arousal qithin‘individuals. ‘Dratrd (1975) reported

a concommitent elevatfon in blood pressure under such condirions: Other inves-

tigators have suggested that the magnitude of physiological consequences of -

ceptiogiof escape or control alternatives (Averiil, 1973; Kkahn and French

inescapable crowd involvement depefids upon the pericd of exposure and the per-

1970; Baegert;, 1976). Nevectheless, ‘elevated arousal has been shown to inter-
§9£9,¥1£h,someleﬁ,iﬂfermation proceaslngirequ;red to discern changes 1in the -
environment (Broadbent; 1971; Cohen; 1978)., ° . ;o

Y . ’

While the Iiterature suggests that, gader certatn condttions, effective 1eaders

can faciiitate orderly emergency egress, there-is almost no technical documenta-

tion of emergencydexperiences during which specially trained leaders (e e, -
“floor wardens") wer¢ available within various public occupancies. - Available

research on this topic; moreover, has cast doubts about the effectiveness of -

specially trained occipants during. sia sitvatfons, For example, although

studies of simulated aircraft evac Xn}

crew training,{they also showed the'¢inad

vided aircraft emergency "leaders™ ason, 1974; Becker,,1973 Garner and .

Blethrow; 1966, 1970). Wi regard to buildings kaytmag €1969) -suggests that

special emergency-relateéd responsibilt émtbe allocated-to buildings oceiipants. .

8 demonstrated the need for epecialized

pPaals (1977, 1979), on the other hand; triticized® the usefulness of trained .
Bupervisors in office bqudirgs, noting that assigned floor wardens tended to -
be poorly trained and to perform incompetently during firé drill sitdationE;,'

Hertz; Edelman and Bickman (1978), examining differences between’ v&%i&ya Eeﬁ& dg

of training nursing home staff.personnel, concluded that in_many cases such
staff were unfamiliar wlth existing fire eme%genc plagg However. cheserlnyes-
r

manceipf nursingk me .
stafgrduring evacuatiﬂn drills, although this effect wis?not strong as- ant&\
cipated, (this- may be._ due to the extremely High staff turiiove
institutious). . : : :

at such 2
v ~ ,-3‘ .
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Suggestions also appear in the litera

" Matthews, 1976) and _emergency prepareduess. (Rivere and Bickaman, 1979)‘ More—-":

(_'_;,;/«—?\ § ' ’ ' 63 :

F; 6

Stratten, k970 Evane, 197 )., ‘otek (1978) attempted to auggest apecific
personal

- a3 well

space needs lncrease in Bettings which are unfamiliar to the indLﬂ
as in poorly_ lighted aress. Similarly, Shiffenbauer (1977) noted that®
incredgsed 1llidination appears to decrease feelings of being crowded in a room.
Evans (1973) and Pauls (1974) have suggested that {ndividuals might require

more personal space under emergency conditions: Others have argued,; however;

that obgerved increases in §§T‘Perebﬁal space required during evacuations may

be due more to faster walkini Gpeeds than to underlying psychological needs

(Canter and Matthews, 197§).

ure that nersoral space needs during
emergencies vary as a functiog of th +homogenelty of an_occupancy (Canter and

pant denéity increasee in a given p'destrian way, p°op1e are more likely',

Other aeeumptione iﬂ eection .2 2 ingdlve the notion that upon reaching a safe
garea; usually outside che(building, ‘e8caping oc&upants will clear the crea and .

thereby not hinder_the .subsequent evacuation of_ other occupants: No studies
treat thig iééue directly. Of some relevance, however, are data describing

re-entry into burning batldings by evacuees. For example, Wood (1972) found:

during his post-incident survey that. about 44 pergent pf the fire victims e +
interviewed re-entered tne building atter having evacuated. - ,Similarly, Bryan

(1977) found that approximateiy 28 percent of those victims he gurveyed algo’

ve-entered. Moceover; Bryan (1977) reported that re-entry was more typical of
male than of female fire victims. There 18 presdently no evidence, however, to

.suggest that re—ent:ry into burntng butidtnga by victims interrupta or otherwise

loral asyumptionf in section 5:2:3 address the potentiatiy inhihitory
3 on safe and

Rends and corners

Behav
effects of bullding c dnfiguration and environmental obstructio:

efficient crowd movement. ‘Melinek and Booth (1975) found that

bends or at other changes in pedeptriun movement paths; However' 777777 n
Transport Board did find that’" nor-constrictions in paeaagewaygrtended to.
* increase overail travel cime: his finding was not corroborate by MeIinek and

~Booth (1975), who argued bhat elight projectione into pedestrtan uays, such o8

upon pedeatrian flow rare. In smoke filled environmente, walkinp epeede ‘Were

recorded to- be lower at cornere‘ﬁhad Lhey were along linear portiona of an

'expe;imental pedegtrian way (Watanabe, Nayuki and Torizaki; '1973). ° Similarly,
Welsman (1980) suggests that even when occupants are familiar with a building,
eome urchitectural conﬁdyurntione may be so complex as to induce confueion anpd

. ‘,S S ) 7

blerivother individuals ‘who are attempting.to escape. . .




ERIC

Aruitoxt provided by Eic:

{4

@

s

\

"&cmngcha and weaknesses of the technical Iiterature. In geperal; current

" investigations. Results of numerous social. psychological experim;hts ar con~‘

A

2

a - concommitent reduction in walking speed at sufﬁ decision: points as corridor
Junctions. Finally, Sadalla gnd Magel (1980) emonstrated experimentally that .

as the number of tarns or bends tn a pedestrian path was increased, subjects’ o
perceptions of the time required to negotiate the paths; incrqpsed as well, - The -
importance of this finding could be _8ubstantial, particularly ‘when one recalls

that perceptions of time have been found to be 1tnkedrwtth the onset of so-

called panfc behavior (Janis, 1977).« 7 a' S ; - ‘td :

The available technical "literature coutains no docdmentation of -fnhibitions to

crowd flow caused by security proceduges or by the improper use of security

hardware in: buildings. However, anecdotal accotints of b Iroquois “Thedter

fire; the Trigngle Shirtwaste factory firej?and other more recent: tragedies

provide ample,evidence of the potential ‘for panic; and_for the crqshing of

occapants attemptin% to escape whizh may reault f;om 36ckihg.means of egress,
e R

Thﬁ;j alth0ugh considerable technical evidence can be cited in support of the:"ﬂ

authoricy f gure during a fire‘bmergency, there is very little evidence that
-leaders wi) “have been amply trained in emergency escape procedures. Moreover,

while tharé ts a growing body of ‘evidence concerning the role of personal space

In group behavior and pedestrian movement; the relationship betweén _personal 7 ]
space variation and building evacuation time is presently little und!rscobd o T

Tecgnical evidence‘concernirg the behavior of occupants apd their evacuoation -
from burnigg buildings and- garaing the effects of physical obstacles on crowd .

assumptions or their antecedent Code provisions.- The weight of anecdotal evi~
dence‘concerning the impact:-of security prooedures dand the improper use of

!
!
licable behaviora ) |
!

seaurity hardwarxe in butldtngs upon crowd flow and panic: behavtor however .

ddes .appear sutficient to—support related behavioral assumption'“and provisions‘
OftheCﬁde; o - . : :

. - . .
p P - ) - '

knpwledge about whethei or not occupants follow the lead of individuals per- ' :

-cefived to’'be in authority during fire emergencies .comes f?om post- incident fire

sistent with this finding, a8 ate several theoretical. positionss Examples n{ -

this rese@rch were presented above, The literature on natural dtsasters tends

trainea emergency . managers (e.g:, floor wardens) does not generally suppbrt

the assumption, presenteéd in section 5.2; that ihe presence_of such individuals

will facilit promot and orderly evacuation. - Pails' (1977, 1979) finding that

many occupants were anable to obtain needed information from floor wardens dur-—- )
ing evacuation drills is relevant to this argument particulurly in view of his ",

actual ﬁi{e eventa. Substantial differences between butldtng and k craft s -

evaluatton of bﬂtldtng régulstions. THe anecdotal natiire of seports ubout .

lcadersh qualities displayed by waiters. and bartenders during the Beverly

. .. ‘ 64
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Hills é\pper Club Fire (Beet, 1978) render general}zatione otger thaﬁ informal

vnes untenable. . S 3\ : ’
' 7 . o ’

Féicﬁologicél studies of density and crowding were discnééed in connection with

.provigions of the Code. which bear on occigjan’ loading in_ public buildings.

.Although increaaed emotional “and phyeioiogicai aroueai have .been reported to- N

increéaez in arousal wiii tnhibie or stimadlate vigilance during actual fire i@

emergencies. In addition, the importance of ﬁéiaaﬁai ‘space; and its pretise

ments by some researchers (Evans, 1973, PHﬁIB, 1974). For exampiqr experience

in a large metropolitan subway system seems to euggeet that mpst individua}s
will tolerate a ad Rtuﬁcondition‘ie

percetved- to of short: tem

n extreme logg of.personal space provide

fe of short: temporal; dnratton and provided movem t toward some
gaal ie‘app Enb.;~ Sl . ' oo

that upon e cuating a building occupants "leavgs the discharge _area. The most
""" ible evfaknce Jpredentad by Bryan (1977§;and “Wood (1972), who comment ed

tang
(\\upon re-entry behaVior- by evacuees. However, e tremely few of the cases Inves-

tigated by these reeearchers involved pub‘ic occupancy bulldinge. ﬁbrever,

vidudls' pérceptions of traversed dieta,,i:ﬂnf.
daggist in evaluating the assumption that

occupants tend to. traveree linear route

emergency conditiqne, beople consciously'eeek the ehorteyt known\pathp,‘theﬂ.Q

and tts antecedent Code provision: Tt ,honId be kept fn mtnd however, thet y
no reeearch on either dietance perception or 1inearity of pedeetrian movement

. .t

The aesumption that eyress ways in- buildinge will be.maintained fully available

for Instanc use in case of fire emerge/ciee can nat be evaliiated becauee there”

are no <echnical data on this topic. Althodgh some anecdotal accounte have

suggedted that the astorage of boxes, etc., within corridors or stalrwells might -

have tittle effect on egress’ flow or escape timé, there:are currently no

empirical data to either support or refute thie notion, '

d teports
by fire victims. Indeed, Seciurity procndures _could have made emergéncy escape

‘The available literatufe on potential cbﬂfitctﬂ between emergency &gcape and
buildiag security objectives consists almost entirgly of anecliotes p

very time consuming;, even impossible; during numerous fires reported fn-the

press. It 18 precisely such events which.have given rise, over the years,; to

e s -
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public conce:nESbout potenttal conflicts between emérgency escape and secnrity R

e "~ ' goals., However; no systematic investigations of fhe mutual effects of emergen
. " escape regulredients and biuilding seciitity procedtires urder real or simulated/
. emergency conditions have been conducted to date: In vieq of the likeliWwoc
that there are numerous impediments to speedy ®gress movement; as well as
'numérOUs sources of maladaptive behavior during building fires, it is important

to determine what. aspects of ;the problem. are actually attributabl to the impro-
per plementationﬁsfasecurity procedures., At present, however Sﬁe lack of
tecﬁ /;ai data ‘on .this topic makes such a determination impossibl

5.5 SUMMARYAOF—GAPS\IN THE TECHNICAL LITERATURE . _ .

(. 5.4.1 Research on the Effectivqness of Trained Leaders tn ?ééiiitﬁting,ﬁapid
’ _Emérgency Eacape and in Avoiding “Panic” et .

;;';' . indivigl_ualsa end take directions from a percéived leader was amply 1llus-

.The éatiaﬁ tht,\difing simulated emergencies and large-scale nataratl disasters.

ldboratory experiments and case studiés degctribed in section 5.3.3.

. trated by
~ . However, the degree\to which this phenomenon ‘occurs durfng buildingfires can-

basis of currently available technical results.

fectiveness of trained leaders during real

* This_ 18 also true of the actuai ef\

fire‘sitqatiggs;) The principal rekson for .thgse gaps is that; to date,

tncident studdes Bpecifically designed to dssess the leaaership function hive
been feported E

post—Hoc research. A gubstamffial proportiof of this complexity owes to .the )
.4i need_for investigators to successfully distinguish truthful and accurate answera
‘;;vqp their tnquiries from answers regpondents may fabricdte for fear of "looking. <

v .
v g z L R R - [ ‘. ot
“ Humanireaponses doring fire&;f(;gencies comprise a highly complex area for ;

*¥i'bad" or Eecoming involved in legal actions. To. a certain degree, such difficul-.
ti€s ‘can be ovetcoie by comparing and cross-checking the responses of numerous

vié?iis, or witnesses to the same event. In this way, it may- be possible to

K converge upon a reasonably accurate description of ‘the actual event. Gpecial

been developed for use fn police and COurtroom investigatiOns (Loftusf 1980),
$nd_these approaches may be useful in the preseﬁt context.

g
It also should be’noted that’ although behavioratl aasﬂmpttons cOncerning
leadership and direction-taking appear to,be generally pported by available

X Leader
! techntcal iiterature; situational variabjgs affecging Bse phenomena have not

been widely investigated. For example, eating and Loftus (1974) recommended
on the basis’ of their research,.that female vbices be used for certain portions "
of messages delivered by vocaltatarm systems, while male voices be used. for ,
Other sepments. These investigators noted that the female voice is less Itkety*
to agitate occupants and cause paniciggring and is most -approprtate for an ini-
7; ., tial alert. while the -male voice; 1s more 1likely to be associated wi i an
. authorityrfiggreinnd therefore should be used to impart’aspecific instructions.
S F However; ‘the extbd? to whieh dtrection—eﬂging is influenced by add#tipnal fac~

tors such as victim'd.previous-emergency \experiences; their

. “'

xperiences; their emottonal\and phys—
. ﬁi‘tal capsbilities, End the. degree of social nnd functioual vnriation '

aracterizing the @

\
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Extremely little technical literatore was found applicabli to evaluating Code
. provisiona intended to minimize physical. impediments and obstacles to rapid

i
N 1 3
— - ghe:
. R,

Finaily; behavioral assumptions regarding the avaiYbility and fdtiction of

trained leaders presuppose leaders' knowledge about effective emergency escape -
procedures. ‘The fgw available studies do not support thisenotion {recall Pauls’

finding that' even.where designated floor wardens were specially trained, they
did not function as expected during fire escape drills). Accordingly, ques-

tions apout the soctal dynamics which _arise during gg;;dtng-emergencieS;,and

about the nature and-quality of training programs, must be considered. Par—

ticularly vulnerable are visitors to public ¢(noninatitutional) building because
they will have few, if any; preconceptions about the avatlability or role of

emergency supervisors.

S.4.2 Research on the Effects of Occupant Loading and Discharge Behavior on
Successful Crowd Movement B > ]
Presently available data éfé,iﬁéufiiiig;;itg7§i§§ér,éabpéii or refute human

* - pehavioral assumptions. underlying Code provisions affecting Eﬁildiﬁg76b¢up§ht

loading and exit discharge facility design. Although several investigators

have suggested the neea to incorporate personal space requirements and side-to
éide body sway into the design of means of egress (e.g. Pauls; 1974; Fruin,
1971), the effects of siuch factors_on escape time, particularly under actual

emergency conditions; remains little understood. For example; the manner by
which occupants physlcally wtilize egress ways {viz. their interpersonal Bpac-

ing behavior and the blomechanics of walking, stair use,-etc.) may well influ-

ence the time required to hégbtiétéigﬁfgggiﬁé”égress.rputé. "But it is not now

known at what point éﬁ@ibg;thgrﬁechanisms,oﬁcuﬁéﬁté will relax their own per-
sonal space requirements and accept more phyaically crowded conditions during

egress. The ability to identify ‘this threshold and, more fundamentally, to

determine ‘a legical connéction between constriction in égteggi?ggé;igﬁégeasé&a
physiological and emotional arousal, and.the onset of matadaptive (panic) . .

and systems. - _ e

oF | : ' - ™

" behavior; may eventually lead to iiodifications in the deaign of exit components

5.4.3 Research on the Effects of Architectural Impediments and Physical

Obstacles Upon Crowd peﬁéiiai-éﬁa Disciplined. Movement

escape: The specific cffects of physical obstacles (e.g. corridors or stair-

wells being used as storage factlities) of escdpe time has not beeu Systemati-

cally investigated, Future “time-motion” experimeits undér a wide variety of
simulated egress conditions should provide data useful for comparative purposes.

Motcovet, future post-incident investigations using gophigticated intergiewing
techniques can query victims about problems they may have encountered with..

architectural impediments or other physical obstacles. - ¢
) : : _ .~
Stmilaply; experiments on the cffects of locking exit doors or of other

security procedure infriactians -could be coaducted under carefully controlled
simulated emergency conditions, The appropriate dependent varimble in nuch -
atudles ie a measure of clapsed percelived time~to-escape, .and this measure

" ghould be’ coipared under vartous conditions of occupancy, Jdensity wind sccupant

loading, actusl as well as perceived alternative-cacape routes; and cmergency

-t s -
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;raining. Although data obtained from such experimente mEY be ueeful for

comPparative purposes; extrapolations from eiqplatigﬁs fo behavior durtng real -
eergencies should be made with caution. Fof example; whila maladapt!ve"

behavior may take the form of an incorrect regponse leading to exceesive eecape'if

time in a laboratory gimulation, it may take the form of‘“pantc » injury, or
even death during a real fire. -

Code provisions specifying the meaeurement of dietances to means of egress alonp
along linear path gegmeritg . geem L2 nuggeet that during’'fire emergencies occupants

will traverse linear-segmented routes:. If individuals traverse nonlifear paths

or 1f on occasion; they meander during an evacuaﬁion, then_ thegr egress times,

will be longér than those produced ‘'by piirely lifiear travel.’ Iongﬂr egress._ timee_ b
would impi¥ a reductign in the maximum allowable distance between the furthtest -

lpc&tion &n a floor and an exit (see proviti 5"6 2). Available data do not
make such a recommendatiogﬂPoggipleigogi7;! re” research 1s required-to docu—
ment actual path lengths and patterns travctsed by escnping occupants. . This .

N

! regearch may be accompliahed during evacua ons nf large “roone’. or entire buildr

< e

group behavior gnderlie selected proyisiogg{of the
were evaluated by reference to several models of haman collestive Zﬁpavior' + (3
data from regearch ie experimental social psychology, fie reeear on narural ’
disasters; and posc-incident fire investigations. In jrneral the tochnical’
literature suggest support only for those assumptions : gﬁaining to leadership

and direction—taking behavior. Behavioral aeeumptione P rtainiqg to the effec*’

of ‘occupant loading and bhvsiéat obstaclee upon order'y and rapid ﬂro -move-

ture. To the exteiit that impedimente tu crowd movement rneult in_ maladapti

collective behavior and pani.; future research on the role cf building deslg“

in -facilitating crowd moVemenc eeemg an essential precureor to Code development.
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6. PROVISIONS ACCOMMODATING OCCUPKNTS' CMABILITIES 'ro SAFELY iﬂ' RAPIDLY :
. ; NEGOT'KTE FGRESS WAYS . S R ‘

6.1 KPPLICA!LE—CODE—PROVISIONS .

bl

5-2.1.1,.3. 3 The floor on both sides of a door Bhall be subetantially level

and shal}iljgve the same elevation on both ei;les of the door; for a distance. > ~!
on each side at least equal to the width of the wigest sirgle door. When the ) S et
door discharge to the outisde or to an exterior balcony;“exterior exit; or s '@' -

exterior exit access, thaﬂfloor level . outaide the door may be one etep lower

than the inside but not Wc than 8 inches ‘lower.
wz’) '

ai)plied to the latch stile. 7
5=2.1, 2.12 A latch or other fastening device on @, 'Vq”gtighall be nrovided

with a knob; handle. panic bar, or other simple typ of reii\eaatng device, the
method of operation of which fs obvione, even in dar&‘hese., :

§-2.1.2.2.1  When a_door 18 reguireditoibeiegnippe’\i with Banic hardware_by sopes v,
other prqyi§ionio§7thts Code, then panic hardware shall:cause the door- latth to %
7 release when agforce of not to exceed .15 pounds is ébp to the releasing .

fdeiiicé?s in the direftion of exit travel. s

egress.rsucﬁ as 2 door. to =3 tafr’. enclosu

. * 5-7 1 2 3 Self-Closing Dewicee.i A door d 'igned to

br
self-closing door and uhall not at any time be secured

‘/ ’ . [ ,'; 2 - - -
- ‘ - ._ o '. 3

o - a5

\

S—Z.I.LI 1" Wher; requitred. doo.s are operated by ‘poyer, eu’cmg S
- . aghoto-électric actdated mgfhanism to_open the door apon the ¥pproach MK person
o™ dovrs wi powef-assisted manual operation; the denign shall be such that in

. %event of. ﬁo\wer failure the door may be opened manuallg to permit exit travel or” -
\v‘\clooid where necessﬁry to safeguard ﬁiegns of’ egress. 4" . /_;1’

OO T

- - - ’ 4

platfonn, landing ) etcs, U'e'ed in coniuncpio Rl

" e ;5—2"2'2.1, Each nev staiz ? .
ﬁ there - with in b?lldings% than 3 stertes ‘in *height and in new b ildingn L0

< reg red- thits Code to be ‘of. fire—resistive construction, shall b : /:1
nonebmbusti 1e material throughour, L . _ . A
) T o - b N RN P nj
l . .
X

. - Jare . exe? from th.lS requlfement.
~o ﬁ,,,,,i _ — | . B

L5=22.2.2 jﬁei—e st A1l be na'7 Ioaed usable_space under 8 'ré in an exit ’:“i -~
iqxgiosure nor shy.

B - the openfspaqe /uder such stairs be used frr any purpose. "f ]

.- R

E :
i —2 2134 NG arrangemant o treade known ae winders shall be permitted in new - (
’ -\
{

Bt rmys. o - . : . .
\ 3@ . fg_" ] J \‘;.. . . ’
{.\

.

s There ma{:rtat of ‘stair treads and laﬂdinge 1s; such as to 1evolve . -
AN

dan@r of s‘li’pping onslip material ehal){?/providéd\on\tread surraces _ s
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CA6-2.2. 2*17éThe height of every riser and Ehe width oE ery tread shall be so
' i)

g} y propcre¢toned that the sum cf 2. rxsewé and 'a tread; excllsive ov its nosing 8rg
o ! proj?cﬁion, 19 not leee than 24 gor modre t1an 25 inches. ) “ : f/r\

5-2. 2 2 8 The mintmum number of rieere in any one flig\t of ttaié% ahall be 3.

treads or in the height of rieers in any flight. - ;

-

5721212110, There shail be no varii?&on ‘exceeding 3/16 tnch tn tie d%pg?%:f

_ _ _ . . N .5

. Exceptlon. (As permitted by 5-2 2. 1 4 for monumentaz Stafrs. ,.” ) a

. 572 2 3. 1 MEEne of ;éreee such as etaire, sqgir landings, bhicdntes, Ydﬁps eﬁd . : $\<;/

———t—— cos
-3

aislbe, located aléng the edge of open—atded floors and mr;zanines; shall have 3 .
guards_to prevent falls over the open side. Each new stair and ClasevB ramp . ;l{_ '
shall hav e handraile on- both sides (see- aleo 5-2;2; 33&) ,. _‘ , .

.fy -~ _

- { Q s" ECRE x
. . 5—2 2. 3.E(e) xvery etat;wayereguired to.be moreftnan SE 1nched
ay « - have not Iens then T tntermedtste handr&il for each 88 inches in }gqf?hd wldth] o
is0 5-2.2. 3;1\ TE L e . T b e
-'.rr . ’ : : = %

(eee

,
w . 3

gbfé{b- on: ﬂn moihmeﬁta’ outaide stairs 2 hapdraiis mi? be permxtted. : 3 - T

. % g S . 7
° S—Z.3fl Acccse from“a inxldin” 1 VEHtibUlég or balconies shall be through P _

E “doorwdys not less thah 40 inchdl/wide for ne¢ and 36 inches wide for existing TN
’ “‘towers.” These openings _an® th¥ entrances to Yhe towers shall be provided with
‘ﬁppr&ved, self—tloeing fire doors swinging with the exit travel. Clesr wired

- glags nog.exéee&iné /20 sqdare Anches shall be provlded in all doors. giving s

,,,,,,,,,,, e
. -t

'
¥ oe.

. ”,”,3L;L””l, .
v Outqide stai shall be so _arranged as to avoiq\ Y
7”’&; icap to the; use of the stairs by persons having a fear of -high places.

3 g g B A .
[ rd more than 3 stories in height any arrangements tntended to meet. this P

u;% requirement shdll te at least & feet in heigh . : . - . =k
Y -y , 5:24541;3;4,,w§?cﬁéi,é§§9§ét£°“3 Outside stat;e fn cltmates sabject to snow
) ’ and ice shall be protected to prevent accumulation Qf spow or ice. ?
I { i - «

A  5e2:5.3:3 Risers shall, be soitd:’ * | ' i ;

R —

i.£.2 The4810pe of: a ramp shall not vary, betgfen landinge.g Landings 7A.'§
. shall be level and: changes in directtcn of travel, it any;. shait be ‘made at land ngﬁ?t”*

S -

5—2 6 2 2.6 Weather Prptectiéﬁ; Uutside ramps in cliﬁ%tes eubjgct to snow and ; V—

. 1ice shal? be protected to prevent ECCﬁmulatton of snow or i:ce.“,-(,_,f o . B

;'/-' e
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5-5.1,f Exits skall be so located and exit @ccess
s .

exits are readily accessible at 311 times,
S 5 1 2 When more than one exit ie reouired from Ethary, Ht least F§o\pf the

- amergencf condition.
5-5.1.3 Meané of egress ehall
hallwaye, éorridora, paeqageways7og7c9ﬁr§§7ghoae depth exceeds the limits
Bpectfted for tndtvtduni occupanciee by chapter 8 through 16.

‘ménimize .any possibility. that both may

v§§T~'

.

T exits shall be’ resiote from- each other and go. arranged and. conetruc:ed as to
- blocked~by: anx one firc or pther

1(ﬁ$26;57 Where‘bpen stairwgygwggirggggigrgipérmttted as a path‘of travel to
reqﬁtred extts; #uch as ‘bekween mezzanines or balconiee and the floor below,
shall include ‘the ‘travel on the stairwgyﬁgg ramp, and the travel 7

e albta'cg

i e
a&ﬁf*

{ . éhall bé 86 Hp!hnged that .
G

: @f

~

.
s 3
el - P

i k

.he so arrauged that therewaggigo dead end pocke s,

her in

of the stairway or ramp to reach art outside door or &ther .edit;

ce to reach the etairwéye or ramp.
“

njto: Eﬁé dteta
- Wl
erd any part of Hﬁ extertof way of exit ac¢eee is within 15 feet
\protecte buildiug opening, as permitted by .
%tance to “the exit ehall‘:gélude :he
& & : v
: »

Vi,
zonthl distance of any;
8,. the &

Sr2.51.3.1 for outside st
rungch of trHVﬂlrpo grohndﬂtevei. .
l**”;.**f’"”._ =1 ?’”*:j*” gl 7:—-—.', I Y
é.2.1 sABsumptions Relating to the Effects of Stair qg@fBgmnges b ou rgw®
Occupait,a' Capa‘bilitiee to Safei ;E;nd Raptdi@egottate Egress Wa¥$
",.,ch ° < IR, & ‘uog
""""" immedi@t on either gide of a doot‘py 7 .
ruak, (542:1:1:3:3) . A :
ay cause stipping,

d?iz, ’!%iff ch; dtBéharge ¢’52 ;7 :

N
N

-—
-

ERI!
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‘(3) Tﬁe-r

1 rediice the: likelihggd of falle, slips,
(5?2.2 3 4) A

attumpting to escape

e of §£ait_£read§’
.2.6).

(2) Certain materi 3
whereas otherﬁ may pi
via an exit etﬁir conbfibutee to re egress flow (5-2.
D)
of rieer-to-tread dimeneione iwfluéncee flow ate along stairs
I - 1.
AN = ‘1! S . .

fewex than 3 risers may,qguse falle or accidents, or \

~A~

%

(5-2.2.2.7) A
: %
ay cont:iBute»co

(4) Stafs Jlights
'5;6théfﬁi§é pede egress flow (5—2 2 2. 3)
¥5) ipregular Tiser‘or kread dimensione alo g any st ii
. missteps,OF falls, “and th‘_fby redice - cgree flow (5- tZVIO). Y .
€6) Hamdrails preyapt falls, sHps, or &‘550 on eté 8 ;v and thereby prevent
%nm@\-z 2:3.1; ,-:2* .2 ' o
' : A
asdrai}=
prevent

reductiohs to egre
(7) On etaitwaye greater than 88 incheatin uidthe, an intermediate h
or missty , and thereby
i ==

reducttons to egress fi




- b Qf el : Lol SRS PP Iiivais 0T AL HOMAS M LR ST L AT et LTl L O
PRPIVUINTENE (P TPRRY .1 (S S Lt R h

. . . ) ,
‘9 td
> . . //‘; e ’ ©Nr
¢ ' # ‘ i = N —ab V . ‘|
, F - f‘
X ' o - - b ) :
i . : , é ;3 ., L\'. N
(Q)/ Egress flpw on outside stairs may be 1mpeded by é&ler condicions which
s inrease thxglipperiness of stairs (S-—Z. .1.3.4; 5-2.5 :
) e fa . . /_
o 5(9) the slope. of a ramp bétwéen Iandiﬁgs may- reduée the flow C ‘
P Pt S sl the fler o\
" ;7 . P S i
ﬁlgt.)s‘pecificall Itreated to ircrease BIip reiist:ance may oG
-ﬁsstepti‘, 01\, 8, v which reducé’ egrees flow (5-2.6.1;4, 1.) L
; ‘ ;:~ 2 i miseteps or Ialla ‘whizh reduce;, egress row occur moé 7,,, : o
S - qiitside ramps-not adequately protected from the weat:her, than ok "g-“.‘
P . dequat:ely ;rotecbgd (5-2 6:2.2.4). . A = /’//:\\‘ - B
N Rg}iaggxgit:o ;bgigff{zgts of Phyeiologica! and Psyélologicalf\ .
- S’res Upon Occupant:s Capabtitttea to Safely and R;‘-ip'idly Neéotiate :
. E . . _ . ®
} e . - Vw
Q1) _ Infiltration by fire ptoducts Into egrégs
Do ;\(5-—, <1.233; 582,2.2.1; 5-2.2,2.2).

may be;
nc,.osuré' (3““

13) 'ﬁersone. havi
»oﬁxt:s'ide stai‘rs“"

4) e’nd pocfcet:s, haleavs, corridors, paesagewa court 71
., . _2g lgggggﬁggdggg egresy efficiency and increase: cg ess time; thege
. . vary'. ccording to occupancy (S-S 1. I .55, 1 2; 5-5.1. ,3) _ f‘:)

S z"oﬁ, Or - area may‘result in sIower overall evaéijztion (5 6 5 5«6 6).
d Ay

\ (5) Wravol; to aimeans of egress which requires passiqg throughisan up 13

P BN ~by - Vg Wl
3i11ding 0ccupa t?;caﬁﬁpply as.much as 50 ‘pounds of forée =y
Jree to a\ganic bar, and in so doing gill ‘not

(1) - genw ii

- a doo- atﬁgﬁnd 15 pounds of
1iiip§di < throty h a doorg&" T means o’f ress (5-2.1 1:4:5;3 5-2 1, 2.2 II.)

68? Thardwar tnfiﬁenée‘s fiow through t:he door, under bot:h ]l N ."""4“.%

conditions of - ligh darknass (“S 2.1, 2 1.6 ¢ _ < e \ < - "";.\“'
: (3) 'I‘he means - of ‘manullly ope;zt:tt7 ~autoi§§§1¢” t’ @wer asslst:ed door (as may ;;; W "
{)g)’egggged during a power fail J7are familiar“to,; or known by, escaping o >

occu arrt:s, hence any nieed to mari 1ally operate such doors wilgd not: tncrease” \
sacuat Fon time (5-2.1.3. 1.1). p
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S ’ : 7- : )
’ . < f
. v ' . . B N
"' 6:3 COMMENTARY . .- o B C
.. '6.3.1 Problem = . Y B
.7 ST : - ' . \
: ,/, ‘ The abﬁ:it:y of buildiggigggggqntibfgg eafety and apidly negotiate egreesw‘ye

; may be affected by the eeneory—m'étor capacities’Bf these individuals. Writ:ers”

. :&Ehe Code hgve recognized,; at, leaet: in pfinciple, the need to consider human
' f
tie

ormance- criteria in the deeign atd organization of building egrees facili- -

?I 'This concern.is reflected in several provisions of the Code. Human
o vy i behavicgg}i agsumptions believed to underlie Code provisions intemded to accom-

,,,,,,,, P - P

B : o -modate .occupants' abilities to safely and .rapidly negotiate egressways prim;r-‘ : \.

.!i 11y address three issues: (1) the extent to which accldents such 8s, slipwg

e misstepg,igtifg}ie which may occur while people negotiate pedestrian ways; o ¥,
(’ . dmpede fl&w along corridot’s, staira, and ramps,. agd through doorways; (2):the. '

degree to.ghic¢h et:mas and fatigue - impair watking behavior and inéredse t:he‘ - !

time_required fof”%gress‘ id (3) the influence cf_door and other hardware

e aeeign upon occupants' abi} Eiéé to raptdly and ‘effectively operate elements . &
L comp ein bfeane of eggx

Jyes comg 8in ' Several models which provide asefal ‘tnsights gpom:
7 bum rmam:e _¢ap

ent to emergency eecape during building
eit:ua oris *d?'e %scusséd below; : ,

ilitiee pertin

; 5,.3.2 Underlytng Behav:torai Maaém .

_ . ’ . . o o b
g ychalogy and biomechanics has. given ) S
tota m.mﬁ&nwf n&idis expl‘aihf '

'?amh in t:he fields of human fa”r o
X an. performance capabilit:iee under F

‘,.
[ 3]
~N

ich ap | to undg, ode : erning e .
staits and gﬂpe is that’ Zondnt iich Intrease g ikelihood('?fj\

54 m{ﬁtepa, or falls may increase overall e tess
the,tiost > commonly cifted cause:Bf accidents

of ‘the_enviroument (Zeller, 197
feg dlf)agl}-;’ p mdgele ~have been uged to deegri \ ﬁ 1 o
. to EcciQente (Ze'f T, 1959). For exanple, ‘€he user of a sy R
porcion of an eg e '

aaa peréeives its configggggigiL. An Viigiial “Anter= - ¥
Ve 'abom: t:he stalr; and; d compargs kriow R
: ’J@})er stairs. 'l‘hi‘fl,_groceea results in o

rpereonw:ll spacing, fevelof vigilance, etc., -
t.'.’e sta begins. : . e o

_.4

, g X ¢
fbealns feedbaok c n\ce\ﬁng Btt r use. A5 the’

9% the 75..ai71jway,2‘_§ucceeefu1 bigHech&nical heha .

n an_unencumberéd negotiatiehlbf the ‘s
eps or-°falls) are greinforced. ,Thefmore sa

s ptitr, the mere likely 1s the fuser- t,o conti”\ue ererc
of \bith g) - 15

“the partiCUla'

nechani atterns, and._: at
)likeiy to become (Archeaf,

Coll1nefad Stéﬁl—, 1979).

, which tend to ale
chqremainder of
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5>

L il

air hazarde fArchea et al, 1979) -

3 o }-A- Q‘ -

Thus ; stair ‘users continually test their preconcepttona about wljat they exp ct

tatr,; dﬁd which may aleo cause the usdr to be wigilant Witii.i‘égéi-a to iiBteiiiiai

. S t0_encountét during stair use against the physi-al propérfies u;f th?,f’,‘i’f!‘]

aétually fiegotiated, According\ to Archea et aly- (§79L& the user initiates
b &

. ﬁ - thig test cycle immediately’ upon approachiﬁé a gty 7tTjag:7‘7Evgr@eforev &
. ]

taking the £irst step, the user co res perceﬁtf&ne “of the present stair ~

environment with an internalized * e of sta T8 in_,gé‘heral (1.,e.; what stairs

ought to be) which have been built up over years of experience ‘using etaire.

If the user finds a close matchﬁto exigt between ;he current statr and
: . Jinternalized image, then the :Lndivid@i em:Et& 't etain)ay with ¢ ;idénce

. that it can be succes? gl;[y négotiated, ‘Each euf)ﬁédue,nt movement -ofl the stalr g. ‘,3;_!

. then engages tactile #idMineschetic feedback mechighlsns; wvhich provide e mimrp,.,/

mental data neceeeary 'to Eeet the “fic” between ‘physical properties of e%

. stair and the crer's 1nterﬁalized image. As Roted earlfer, the ingiyidual may
becoiie léss vigilant (i.e., lesa aware of tact#le nd.,kineetheEic informattbn . L
ob/uatriéd during,staic negotiation) s the tntérnagzeg image of the stal 8 e 4 g
. . . copfirmed throagh actual stair uge., According’ to Archea £t al. (1979/)7”3@6&1: .
R ﬁﬁ, e in regotiating-the first few treaﬂi may be: the most; critical fn/eqj;abttgh—;, :
S cing a wérking lévél of vigilance. - ool -
. >
' ';;-:" ; WhiIe regotiating a etair, 'deviattons frmgi,ggit’ieiﬁﬁ ’d physical propert\t
’ o l, require_the user to adjust blomechanical pbehavior vat:terns.ﬁlgcordiny to
LS @t al, (1979); minor deviattons ‘which, falfl within some acceptable rangé>
4 \ occgsional igregularities in riser.or tyr ad dimension 7
n%'} . only very sma11 bi\oﬁedhanical adjuetment . Imneistenc_:tes which fall outsidf E
= 1), however, if detected; »-will arolis
*& . -/ the usér vigilance to the stair envi rqa;nt and caiﬂfe the individual to.

dimensions) ire likely to regygre 9

e A 7? & the correctnegs of the ogT; nally-chosén behavior pattern, making

e an Mju@menta required. X :

. )A;Z o sto gross de‘vctatfone in the etair— ment ‘mpy depend, to a large extent; 'y
YN

. upon ‘how far the individual has pt -negotiating .the present stair. . ~ .
Fb# examp leg ndividual ﬁ :
who 1s stfll in fhe process o

stair, may ‘& fciously anticipate er

o;”the stair user eucceeefully adjasts -

nly, ta . a few, etepg’/onto the stair, and

mental h&potheses concerning this.

nd_thereforc be likelk tp maWe behav- L l

ral adjt stmentgf;glatively edsily,' Ig higginstance, stair® negotiation'is-

; . ‘ot likely to suffer, However, a user \ '8 negotiated almose .the entire -y
Ce [ - ;ggaigibefore obtaining negative feeic!pam” 7,5 ve alreitdy obtained suffictently
R \ _Btrong conftti;iijij of' mental liﬁiiithcses concerning the, stair to cause overall
i : ‘vigilance redudtion:~ In this case, the user may be ill-prepareflﬁgoﬁgeepond t;p

BRI i unexpected variations in the physicai propertiee of the “8talr, and may misste
= ‘ ' "\ =2 SRR

5: Eﬁ&i,statgiacgiQmﬁreeult when stair users(

e beh patte ns upon_ e;troneous ‘expectations, (2)

mechanical re§p """ P& terns; or. (h under—~o¥ dveru

nical modifi"'tto vepom‘} g r@ hyéieai

R . S - ' ‘ 4 '..
> C - A
- = ' ; -~
i P R . i‘
- [ e |
~ & )/ - ' %' 7 )
L S - = . M T‘!‘/
~ ~ « I P et )
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Arched, _____
and: r'i,rguvs (1978)
n\tattovv"edgm ,This

a‘no hae pointed to the tmportance of the ao-caiied orte

r - enclosed stair to an open view of another. larger gpace at the top ot ﬁy tom of
. the stair. When descending a #hoving stair in a depaftpent store, for éxXample,
B2 the pedestrian often moves from a .visually=confined enclosure to a widg\-ope
N 7 and _visuaally complex space. This sudden change can distreget Ebgfggegﬁfrpuﬁn ~
R theyixed stair or mogipg stair and cause thefliser to orient .toward, the ac c
.. . tded, people, or mili¥u yithin the larger opén space. -1f this regdlts in a eub
#o atm’ftiai reduction inlattention to stair negotiation while the ifdividual must
Lf‘e% 0 som > deviation in the stair itself; the likelihooa of a stair
- : -hcé:ld t ig presumed t% increaee. ) . 4

ggested\ that general models of pedestrian movement in bounded environ-.

' \\’5 - Pﬁéééhtly th’f'réré'ré no 'Béhéiiiéi‘él modcls describing ramp.use per se. It ‘has

L ‘been guggeats’?}

: o ments; baséd imarily upon the; negotiation of lewel plardar surfaces, can

.- ¥ " account for ramp Usage (Ftuin,,1971$ However, modqls of pedestrian movement
" ©y in bounded ervirSnments typically are lhsed gu physical analogs ratheg than on

L 7'7'eed ﬁphysical analogs rather than on

v >/ , cheoriee of hum n_behayior.  Thdse _modells are i43 sed. 1n chapter 7.0 of the

. ‘ preseut repogs; ‘For the purpose oBfdgpcribing »&@Mpants' capabilities to safety
“and. raptdiy&&ttate ramps,fthe stair Gse model. deecrihed abm}/e appears

J ﬁzusibl ¢
. . A :
e influfnces of stress and fattgue on- a/upant cap&bilitiee, parttculagly S » !
. .under émergency conditions; involyés numerous and;fliverse perce.ptuaf. cognitive :

“and phyﬁiological reacti’one. These phenomena hav "not been organized into a

. . single model of emergency behavior pnder stress, WHowever, concepts from bach :
\‘ D - ,enﬂ;onmental psycho og%ﬁnd\heurophysiology may contrib?fte to. a greater,
Ny a a 7 _

e

Fg ple, stré@s—can be
R u%ucien _intensity to adl
/7o defiped ) e yiesed,qu benaviot-nEgErupt in

~ ' ﬁional, or ‘physiologfl 2al otigin '

Ll :—— igterrypt ongoing%ehavtor patte
!3, A ¢ m c\:xi )- overload, conflic¢ting;

7 § « ment; ‘and_ sensory- o\tor gtem ailur

i . thegse influgfce beRaviar either indirectly by affectin' the #€n organe, or :
N direct¥ . by #ffectinp~fuman central agd autonomic nervcus systems atd - ' S
j- .- ¥ .reactions resulting from stregs cZ;ri %eratg a local adaptation synd¥yme (Selye, '
P, 1956). - ThHe reactiops And-the gy N rome are directed toward theximmediate . %E

T ate Ob_‘k.‘CCfUE “

4

‘streseor and have survifal as_ l:he I ) 7 B o
) A SN v “\..l . o~ ~ 7’ :

ation eyndrome conemt-s

_body autématitally a l\tdy evpkes tn respon
¥~ These processes. avoi . repl r utilize stressors w
: origoing and adaptive behavt{orwiiniggggr to compensate for the

When the local
é&ié‘i‘?jéﬁﬁié energy;
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. The onee;>of é@%e 9XGICione in _a building._ illustrates the processes descrtbéd

~an external\chreac. Once ortented to #he- threat, #hCerrupCi'Ji:‘”
‘Mdistract the individual from the demande 9f chelimpenaing

: any nearer thgnlpreviq?sly Poe t

- SE . oo ‘ ;

4 ' _ -

. . >
R Sty i
* . A X 2 ’w‘etl ) 'q

v K
N . 'ﬁ ’ :_'E‘ e
L PPN
e » B N ‘/‘_Q > - . e .
% ] g . e
E' o \ N - 4“,‘,;.
< B Y

aﬁtentioﬁ; and time E'

or those of relativély long temporal duration, y bring about the general acti-
vity syndrome characterized by endocrinal activity resulting in physiological
changes throughout the body. Under che most extréme circumSCancea, adrenal

stre'e?feduccion.r Moreo;gx‘,ejtféﬁélj intense stressors,

exhauscion may result; wherein an tndtvtdual's neurcendocrine system becomes

completely overYoaded and is rendered incapable of responding to any

environmental stimuli at all, S

aboves On being alerted to a life threat inm the building, an occupunt’s cur- .

rent pdttern of 'Sehavior is suddenly tiperruptéd by spimull (i.e., 1nformacion

a8y be perceived by /the occupant ss both .
lerf engages the individual's neurologi-?
, which focuses the occupant's . éﬁ
cond@tions. _This process ~~ "
system, a8 well as secretion of

contained in the alert meeeage) which

unantictpated and amb*guoue. Such an

cal orienting response mechanism (Sokol 1963
attinplon on the newly-discovered envirZ& ay
‘involves activation of the sympathetic nervojid system, a
Hortones by the adrenal medulla.; The resul d%f'chege phystologtcat processes

1s a mobfIfzation of chg body's resources infreparation for swift action . A

(primarily “fight" 9r “fiight"): A marked increase in heartbeat rate and

strength, necessary to satisfy the body's increased deman@e for. oxygen, also
results; ) - o J ) . e
. : 3 oo

Thes demandh require the epleen to co trac@ (and chereby releage_ SCO:ed
a B
cinn:
cs

s

blood cells. which.aré fieeded to carry,the increased oxygen supply), r&s sp
to deepen,‘and the bronchi to dilate. These, gaxe the prtnctpat pliys

ate§§ taken automatically by the human b&dy wk’meeQJChe perceived hal

yes of

ChE\fOCUB of concetn, ot may'overload
cope : ' 4
* o

pereon eApﬁxgigjl':
v v ' N '.'/7'
_ This Cybernecic model Qé\neurophyeiolggical coping hgars,x

“behavioral” aseumpcione elieved to underlie provisipns of. e

. 8ccommodate occupants' capabilities to,safely and rapidly negOC1a s e péé!

For example the Code addresses itself to the infiltration of fi'e'proghgc;;

into means of egress. Where such infiltratidn occars, CO often ‘acts to tarfr

rupt _the bodyisinpgmal oxygen intakg-meeahnisms. As & ‘result; the S%dy"tgl

¥ ays ‘18 adversely geréssed {X 1ts attempt on
videnced by cofghing; choking, gaggipK, etc:). The inicial
ark alarm reac;}on, which hay Lead the individual
u¥§§ge’COXicggng§?on9”ntg .Indeed, -the indfvidual is physioclogically
prepare onsgum rger amghknts of- oxygen _howev roxygen cannot-be bfo-
chemteutxyq >rocessed .in the prodence of CO:coltamination. If_ the individual
K] vL al homeosta

I

SCreee can also affect cognicivejigrfépCual processeg;,Atn tICration of fdre
- products tnto an edressway-can prawidd. e fheir first EEEJEI g 8 ,
" glimpse of fire\gfraﬁECS. _In: this’ pa eac—" ,' R
tion 18 triggere&# when.the i.-~ 1a idpr- - %E{{:
.,,‘ﬁ.; .

to reject the pois

cannot - mdy to a lese toxic envtronﬁenC, the: eforé, tHe bod'
will be 1¢st. (.

.
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X

e e |
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' . presence of fié products results n a temporary, alt]iioiijg}jipo's's'ilglzidistracting,
adjustmez,pt in the focus of_the person's attention away from the escape task and
toward nearby fire~produc€s. Here,; the sudden recognition of the fire's realityh,_.

.serves to. ihtei‘rupt a,dapt e behavior (movement through -the egress wsy‘).

I N 2 ~
o Y Once an occupant d at%’ yn hag been redirected away from those cponents of

ESE?B‘E,E@XE,EEUE!&LL theltr sugcessful egress, t})eilikglihoo _Lpotenttaiiy
time- consum g misstep or £a11'is increased: If_a stair is 'tered for .

‘ example, t redirection of visual attention to fire producr

. side,',“*})},iifs‘}}t in;only klne’gg@etiitegting of just the firsjon ) This
redirection of stair. users' attention may result in a stair §
temporarily impaiMmethe ise of theTstair by other evacuees (A ””l'ﬂg);

rticj&lar action and to réfoi:-iiiu;. <

ﬁterna;tvely; env:tmnméntal stréssots ‘may, friterrupt ongoing aaptive behavior _
« patterns Sy causing_ an individualstu- avoid a. 92 «

la%e_.,the egress strﬁ' € gy. ——t g i e : =
h . b I~ T -
Upon opening ?He a'aa'r to s...atairwe.‘ll}\ for example; an occupant may see fire o
. P?@?Ctsn,‘i@@?lude that this\mt:m_gf egress is unsafe, and geek another statr

Voo : = 1w
_.r ) . ) \

o

pair Eiso can lim&a person's capacity to tapidiy

| Impairesﬂﬁg,seff; hild
g negotiate means /¢ es{s,; an inter»r"dpt egress-—related behavior patte\’ns.

pritation to:the eye 7embranes produced by. these prod ts,( combine to .
éric%:age caut¥ous ane hesitan;@avior by occupants; - Such’ behavior may N

result in reduc-@ ‘walking spee ing a nonlinear walking path; an® {in some.

instances; totral avoidance of the nmake~filled area.. Similarly, occupanks t,end =
to approach and utilize garkened pedestrign: . ways with extreme ca,ujion! and may, .
in soq? cases, prefer to avdid darkened tes ett;atrel . (" oo 5%

A ”ally, acrophobia-—-—ab"n'o%l ‘fear of high piace{écﬁ be t-rlggu- d:py viamai.
snYormatin whidk ts psrticuiarly relevant ‘to, the. forced dse ‘of side/stalyrs C
(fu m”g fir%\menggncies. During an evacuation utilizing such a stair n

i 'b ccupant may hesitate, "freez;'}' 5 og/" pante.” - -

’Fatigue may also impair o!c evacy
buildings during fires. Af illusérative case fnvolves| o’c’c’up’an’t"‘ neégocidtidn

ere an ocl:’upant has unknowingly been b;pught"Co a
dead end, .a rapid shift in egress strategy may be required. - 'Eh}QShift can . ,
increage: gtresy, for g;hgg.gd,tviduql‘tn two {mpoftart ways: = (1) nonproductivg '
negoj Tation of an_ ;ir;correct path uses valuable time; during which effective b
AL egtgss routes\could ‘become blockad- and \2) the sudden realization that par-ﬁ .}-/(
\/g ﬁticular Btrategy was nonproductive may. -r ate{w‘tthtn the tndtvtdual pﬁception’_
e at the time remaining- for safe egcape has dramatically deqreased. Under /

Lo 3/ 8 se c{rcumstances the individual, ‘ hav] Pg“rpad'e 3K erry e

_ _-pant perdeives eftremely little; time an
- N fnrmption pragkssing .capaci\ties l)gconi
t’es\xlt in psycho-—mo):or fatigue. Hence

- - “the _oceupant 1s -1¥ss able to process crjtigas

adja®® quite rziidly to a nets set-of enffiron
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Behavtorai as%tttms believed to underlie:Code 'pi-’cSvini "

“ t. »

e 8 in section 6.2 3
address the oﬁribility of exit door hardware du during fire ‘emergencies. A bio-
mechanical mgggf«;of the human body provides gpme insight into questions posed
by these pr ns;: In brief, the hwuman body may.be conceptualized from a _
mechgnically® ic viewpoint as a highly, complex mechanical structite consfsbs
ﬂing of - numerous mass-spring-damper elements. In addition to their inertial:3’

;characteriattcs, the skeleton, organs, ligameiits, gnd mue:;les have elastic B

propertiee as well, Within t:hie model ; the torso may be considered a pure ™ .
m g which 18 supportfd by the spinal column resting on the pelvis, Arm- -
u

lder configur;}t ns (wht‘ch are jmost relevant torj'(he predent diecijééid'rij
4

.°' gv‘ comprise subgyste see Coermann; 970)-, Subsystem “omponents and entire o
SR asubsystéme are igserconnected by a iwited set of rigid links, The 1links arti-

; « .+ Tculate at plvot points which may bg_ haraét grized' in terds 9@,”}9,12' limitationd
to free \govement. Under the biomgkhant ‘model ; fhe body' s"dens:[:t:y is Esuumed

~>-—  to be homogetous. The biomechs alflﬁgnipulation f architectural hardvarg nay.

be modeled as ’Ee vector moti /bf spring-1ike1ir ke with intervening pivqts. !

-

AN p . . 7'}1 . I
\ - *The relevance of- c' e bibm chpy ical »ggdel to emerg\&?‘ﬁscag{ may now be
7 - considered more spkcifically, The moddl sugges & thet when calculatipg- the ﬁ
T force requé;eg to actuate panic hardward; a tharoughPgnalysis of statfc ‘and™ .
dyndmic forces applied by aj:he human ”dy throughe both rigid elements and pivoté
18 necessary. Buch analyses ;npy yieldy for

oz example; that dif erent door/land— {
SN ing configurations provide varying of

portunitice for individuals®to apply forces

. to hardware efficiently and rapidly:.| They would also 11lustrate the differences
R v'in panic hardware operatidn between; \say; able-bodied occupants approaching .the
/}A/ . ; dqpr via rapid movement along a:level|surface, able-bodied. persons appreaching
: tHe door immeﬂiately upon stepping. ¢ a stair, arid wﬁeelghair-bdund individuals'
» e dikely tqgéi’& t smaller forces thro fgh non—hormative vector paths. K N

of thie eet of assumpttons foccaes upon the ‘ﬂeslgn of door

“a re. ~aHeM/goo,-a bigmechanical “inderstanding of arm-shoulder and hand ¢ .
filactdn iy aseful: SPor/example, ngstedoors may be ﬁickly and easily )
8 biF p;' ng one hand on_a circular knob, -and then-by. ‘tur fob
e'ii’n’ul\ ingotisly pushiﬂg (or pulligg) the knob and 305

jixng ‘placen t cf Such ‘hardware hag typical]‘y been Fhtended :

Ho must’ reach upward before ,7uehing upon or. pulling a“dook g t
pexsop who might be unable to rotate the¥knob sufficient®y, \or \an elder1y§
JAndiyidual who/inay be incapabie of: ppg%ing sufficient for ‘e c” dgen ¥a o
intol a staizwpy, jiay be Jbiopechanicallyldisedantaged 1# me

h 3 not: requtrea to éontain:iyani’] hardwaze,

.

_ £ 4
anOf Q% Behavioral Aasum;tio s Based"ﬁlggn thed

Literature. review.

ox

'Kssumptio%e enumerated in sect

L ; " stal¥s and ramps as[{means of egre3s: & 'rS@bét o " iegﬂx‘egog;i ‘ .‘.,l:tﬁ on

j. L stairigngirggpigtil zatie 'f'fb'e.'ame available irmnediately prior to and w _352;

- : publicaton'of the 19 editidn of the Code., 'In eevera]/fust:ancee thee‘e?‘d 'ta :.9'

appear to g_\?ort ‘applicable Code provisions. For- exajﬁple, the, Code prohébit
., the placement. of nqn’.—leVel floor eurlaﬁ or steps i:nmediat:e v oneithet tde,/{'/\
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of most doorwaye (proquion 5\2*1 1.3:3). Designers and building officials .

apply this prohibition under the assumption that iioor plane irregularities in
L the immediate. vtcinity of doorwdys -may slow egress £f1% etther directly, or
indirectly by causing” mieeteps or falls. This ngtion 1s supported by Archea et

'.al. (1979), who suggest " thatfthe gudden shift in pgople's attention from door

negotiation to the floor surface tr?eguiartty may indeed decrease the effi-
‘ciedcy of the dooryay as a means of egress. Additional support is provided by
Peschl (1971), who found that occupants passing through doorways. which imme—

3 SEEEDS NSO WY YR _rT

diately preceded\eteps frequentiy fell or etumhled.

s

~ .
aseumptione deal with the matter of traction on walking R

Othet oehaviora

surfaces. Arclea et al; (1979) "suggest that most so—called “siip” accidents.
may in fact regsult from incqtrect rlacement of the foot when negotiating stairs ;
snd may nof rdsult from ihﬁufficient traction. Moreover, they point out that Ezﬁﬁ

when stair tr¢ad surfaces are maintdfned clear and dry; severe slips in either i
ascent or descent, due to reduced traction, may be virtually impoeeible. Fuar— ;.
ther, these infgetigﬂrore point out that a certaimiamount of “gli is require

for eaf? and efficient stair negotiation; énd that excessive friction between
footwear and tread eurfaces may also contributeﬁ;o migsteps and other factor
which redtice rapid egress ‘through gtairways. This notion 18 supported by il
Carson set al.; (1978) who, finding no statietical relationship between g&ai,”,"
accident: rates and stair;tread \ﬁateriale, repoLE:. g\ positive correlaticp. betw ﬁ
statr accident ratas and. Cnefftcieits of . frtctton, However, Carson et at.

>, (1978) ne}e that coetfit}; tof .friction of materials ordinarily found on. f; )
e stair treads (pawticulapty *n-residential conetruction) fall in a range whig
N cannot be stat sttcaIIymit with stair accident rateq. Withyreference '
r inclement wedtHer condi{%ons euch as_those which may influence ‘the efficient'* -~
. { ;. use ofioutside egreéss SEANEN iglerf,<197 g found wet stairs to be substan-: :
_ _‘tia 11y mofé slinery thatciy “-;, 8igler found- 2attetica1
N . cor elagggn betﬁeeh»eurfdcﬁ;‘ fident rates. ﬂe sures_taken Vv,?

. to corréct slippgry :fmﬁ;gél logd 3 anomoloﬁs stalr usg:,
behaufor. .For e® pke r-t1961) foqnd that* sabber qbte and -

2+ -+ varnish coatings were each twica egfhazardoue as paint cc tinge or bare wqgg:‘y”

- _surfacee of restdan;iai statré: Vhere tread covertngs (e.g., .carpets or
plaettr runners) ar®t applied to stair z;:fdces in. residehtial}dLructuree, ic -

. "‘ ig *estimated that the 4nproper fagtening#of sich "coveringg mdy accouut for as <

,mady as 10 perc t‘oﬁ\all sgair accideu:s (Velz and Hemphiill, 1953). x ; Y
. . .lt‘gg P - /‘ Y “ '
ot acsump;ions Eonce ~,Q§ effective eme"L' y etair use 7golve
lationships between -risars. and/iregde, as '1 as the num%ﬁ;fot'

{ sugggst"—that s eep éﬁ& ﬁéhﬁhif m

J Baged on gaitdi
experimen s utiltzing a mechanical ir ;2
that rﬁatvtduals are. Ieast Itket to TN

m) ggiid 1&*2
, Eof .
N h

dimeq;bonal—se
ers pregeﬂc in etairs-
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In contrast; Neutra (1972) and Carson et al. (1978) fqund no significant
correlation between etairway elopn and eccident rates ) Theéé inﬁéétigatbré

~\ to a greater likelinood of miestep%, euggeetin that more attention be paid to

Conccrning the. potential effects of atatr design upon the epeed and effictency
- .- with which stairs can be negotiated, Fruin (1971) reports a négative correla-
- tion between pedestrian movement speed and stair slope. Pauls ﬁ
with Fruin;, suggesting on the basis of his observations of stair ud
in public buildings, that within & certain range, larger treade prg

effictent u‘tttzatton &f stalrsa- :

The Code,ie aleo concerned with the provieion of”;and;aile in egr @y

In general, ﬁhen provi ding handraile, the designer and buttdtng offi

and effictent uBé cf staits: particulaniy durtng emergencies. Similarly, the

\ _¥To =Rt TE2oTE FUELEETESEYe VIR ZS2 S L

incregse the likelihood-of etair accidents and of other imﬁédimente to safé
ani/zﬁpid ﬁﬁvEment. The literaturd on stalr use behavior and stair mccidedts
.remains equivocal on. these points. For example; while McGuire (1971) and ‘v

Templer (1974) attribute a) substantial proportion of stair.acridents studied .

to a lack of avatlable hafidrails, Gatrsén et al.” (1978) could establtish no

gsignificant relationen/p/between the preeapce or absence of - handraile and -
accldgpt rates. Intefestingly; Carson et al. *(1978) note a positive relation-

snip between handrafl avatiabitity and such ’tess sertous“stair inctdents as | ‘E
missteps., This_ relationship, however is coiinterintuitive;' since miestcps 5
were fouind™ by these. anesti ators to be more’ frequent in caseg where handrails )

were in E;&E available. HW‘ A ) .o

o ) o
-

. However, "these investigatora did find that Ehe aegerityfogiqtair 3991@99g£

2 tends to increase when handrails are abéent Agnd that in generatl, acgiqg
) stairs without thandrails tend to result in_mome-segrioud bodd 1y injurieen
* this regard, Pauls (1980) has: pointen to the Waryi needs of individual “octii-

pants for handrail support. ‘Archea et al. ¢1979374 410, found differeneﬁ;in the
need for’ handrail support between elderly pereons,'childrens able—bodied adulgsL

* and other indivtﬁoals, P « . ).
. - - OP 1 ] B

2 -
Benefits derived from proqiding center, handrails in wide.etairs have not been

analyzed in _detail by researchers. Galbreath (1969) suggésts” that while . the

provision of center-handrails may decreaee the likeldhood off atcldents; Ay
»  redices the overall Mdth of the egresswax.i _Archea_et. al, "(1979) report tha

no caus%l link between the provisTonlof center handrails and. gccident rat‘s Dn .2/
hedvily-traveled stairs has as yet bPen empiNically. estaBQbshed -#However;= v “
s these tﬂVeStiyétQTS also recommend the uee!g{ 'ntermediéte Qdﬁ i ot : \
stairs. ! . X S

Reg ﬁdtng the efftctent use of ramps undessegresa condittons, Fgyia (1971)

to have little effect!bn pedestrian
Wovement speed. This finding is co;robora ed by Tregenza (1976), who also _[\Q,
&

notes that a 10 nercent ramp gradient could reduce ;upward walktﬁg‘éE:fd py as

X
- |
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. N 1 R .V . ‘; :.777 7 -

mﬁ

. . Sy

4 : . . , . . . : Y,

v - T T o T T et — 0 AR A g P Tl Al bt b B o
Iy

e e e e et e ’ ;
= - , ) : - -

B & - ?. O T | S?f;v _{. B - .hws.
ERIC

Aruitoxt provided by Eic:



ey N J - - - . g
: S e . 7 R Lo R
ST . - R A el
N T m -~ IR S L b S -
_ o Yy - el Vs SESEEIE . PEPS - - :
. . N AET- o« 4 zn e s e o .
VL . ik 3 ) S w0 ) o) o
. - . N . - 7

. much as 40 percent. Mot - recently; thg fmportance of ramps as means of Ingress,

] : egrgss. 'and interior circulaticn hab baen heightened by concerna _for handicapped

' ocgtisPqts of publiz buildings. Tregenza (1976) reports that rampa steeper than
8 [paycdht can be dangerous for wheelchair users and -other persons with motor
a—grﬁiliiiéa., Steirnfeld (1975) recorme-is that ramps dezigned for disabled ‘
ochjipantg vary between 4 and 8 percent, with 5 percent as the preferred design .~
value.  Walter (1971) susgests tnat a 7 percent gradient was 6§tiﬁ’17f6t;h§hd@ﬁ?;

b capped users. To date, no evidence was found to support or refute the a1t p-Tp o

P S
: &

Assumptions cousidersd in section 6.2.2 consider the {nfluence of stressnend

resistance féatﬂteﬂ\gsiﬂtmb provisions of the Code. - -

fatigue on bccupants’ capa*!lities to safely and effectively negotiate ‘egrrss=

ways. A number of these sssumptions assert “hat the infiltration of gmioke into
egresaways ~uch as stairsy because of 1its potential effectd on human respiratory;

visual , and nervons systems; may exert physiological stregses on escaping occu-
5 pant#® reducing their egrers capatilities: Perhaps the most prevalent fire
T . proddk 18 toxic smoke, a crit'cal constituent,of which 18 carbon monoxide (CN). °

& number of experiments have been conducted to Btudy the effects of high dofes
. of-CO on both conditioned and unconditicned responses of laboratory anlmais ' .
. (Latiee.and Merigar, 1975). In most’ of 'these studies, jthe onset of abmormal =~

7 behavior occurs’at 20 concentrationg of betwean 200 and 400 parts per milifon |
N for a miuimum' exposure of oue hour. -These concentrations are generally
’ ”a.'ﬁﬁﬁﬁc%ftéd thh-carboxyhembgléﬁié {(COHb) levels of between 13 and 25 pégcent.
o G R L. a S RS
L T S SR S i
Petajan (1976) has pointed out on-the hasis cf hig experlients wich labggatory

anfmals that nonadaptive behavigy may result from {mpafrments of animals' abili~

tieg_to process and utiljze new envirommental information, rather than from

purely physiclogical tmpairments f ‘dcnsory and motor systems. Obviocusty, the.
"% examination of human cognitive, gensory, an#f motor behavior under’ exposure to.

high concentrations of CO for prolonged periods is life-threatening and’ls not,

e

‘advocated heére. A number-of experiments ufilizing humaw sgbjects have been

carrted out, however, to study potential efrfects of relatively low:CO concen—

. : trations aver time periods somewhat characf%peﬁ§§§%§f,tﬁééé gr.countered during
- fire emergencies: Under euch conditions, mést 1 stigatprs found that COb

tevel of up to 30 percent had litile effect of Ea&éﬁ‘7§y£€od5@9£¥fééé§ﬁéé pat-
terna, reven when subjgcts derx grposed to low ccncent ation CO*for five hours

- {Milkulka, O'Donnell, ¥einig and Théﬁdété,712?027§;¢QiftiiPeterson:ﬁpdffﬁféttég
{ 1970; 0'Donnell, Milkulka, Feinig and Theodore, 1971). Results of Chese atudiee

- . ' suggest that moderate doses of CO; “as might ha experienced under cdttdin conmdt-

- tions.during building "ires, would hd;fégqgggg;yﬁsffect occupanta' escape per-
formance to any sigrificant degree. Tn aupport_cof these éﬁﬁ,ticg}“fiﬁgiggﬁéij

post—incident fire investigations by Wobd ' (1972) and Byran (1977) revealed that

.'a“'g a substantial propgrtion of individuals fnterviewed moved through smoke while
. eVacuating,‘andhj%lhome of these occupan & may have travcis=d-up to 400 feet
<o T o (122 @) in @ smod lled edVironmet. Wood called this finding "surprising.” ‘

. 8 e

) 57 - o . s s - - s
- _ These findings indicate thit CO contributes to_parformgnce decrement during

. fAres in only minimal ways. However, anecdotal evidence from actual fires . .

M peovides a contradictory viewpoint., The December ‘&4, 1980‘Stbu§fétrlﬁﬁjftée'&ﬁ oL

L . . Westcheater Courty, New York, ¢The Herald Statesman, Pecember 74, 1980) prog’ .-
vides a case in point. ¥t wi

ie fire departient was on the scene- within 12° minutes,
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of the fire's initial dctectiﬁﬁ. and found thatya number of virtimu had already

died: from what 1s: believed to have been €O poisoning: County medical examiners
have speculate:d that in this case the presence of avtomatic sprinklers might
not have preveated the-rapid spread of toxlc gases which are believed to have
been the cause of death for numerous victims. In _onc instancé; the last pcracrn
leaving a rocm inagdvectently made a wrong turn and vas8 soont overcome by smoke.
This indfvidcal dted as a result of toxic gas inhalatifon. Such events aw the

°touffer Inn fire and the recent hutcl firee in Lae Vegae. Nevaﬂa. point to the

» -
- " One ernlanation for the apparent disparity between rnqearch findings aud
S anetdotdl dccounts concernd the nature of bullling @materials which, diiring tire

o condicione. release toxic products: Yor example, an experiment by hit(}éli
' - (1978) demonstrated that the time required to Iincavacitute laburatory rats was
\\ less in ‘the pregence of burn@ng synthetic pélymeric fLrwiehingq than in the pre-

sence of burning natural fibrous materfals: Extremely few data arc cor ﬂntty
avallahle regarding human tolerance to short term exposures .({.e. iess unan
five minictse) to high concentrations of multxple cortamirants. HnweVur, the

intalation of hydrogen chlorlde simultanecasiy with carhen mondyxide is now )
known tu be corrosive to human vecpiratory organs (Fhillips: 1978). A siny.le
materfal comprising a room furrishing may trelease a rcxat;:ely harmleds toxi-~

cant when {gnited. But when such toxlcsnts combine with other substances tn

the fire environment, the result may be debllitating and even lethal. (Phillicvy,
1978): ‘

-

ég’Eé;SL.ﬁé. is viatbtltty. ‘5ht*1tpe (1973) noted that when bydrogen chioride

gas comes Iin centact with the “human eye hydroehloric acid is formad, causing
Antensn oain and tearing, and interfering ‘with nordal visior:- Amnonia and

fluoride gases have similar effects. Such toxlcaats are capable of fmpatrtng
human vision even before smoke density 1is sufficlent to ohbscure vieibliity
throogh dZffusion. Experimental dats reported by Raébé§h7(1975), and Jin

71976); iddicate that when visibility is reduced te approximately five meterse;
“the ability of subjects t% rnegotlate egresaways is impaired. Howaver; these -

findings are not corrobnrated by d¥ca from post ~trnctdert sLrvers collected by
Bryan (1977) and Wood (1972). ) :

Research on the effects of CC also has indfcated that this toxicout may
influence tje vigibilitv threshald (McFarland, Roughton, ﬁélﬁé*iﬁ and Niven,
1944 Halpertn, McFarIand Niven and Rotghton, 1959). Tecent §tudies have

_ suggested that visual functic. ‘s relatively insensitive to €O (Satwntorc,
1974). Hovever, Latics and Merizan (1979) .ote that the b*'ef =xposure to

particuiariy high concentratfons of cC nay impair vision. An anecdotal accouat

of one victim's experience during the recent Stouffer I . fire {lluost: ates this
phenominon. This individual reported escaping only aftar having seen a “flash

of 1light" (as 2an exit door was momentairly opened). Although the tndividual

quickly lost sight -f the light gource itself; he did rememver the genej)al

o ' direction from which the laght had -ome. Tﬁue, it would appear that w':.le occu-

pants are often wiilipg to walk thrcw ‘a smoke-ftiied egresswav, the fnfiltra-

tion of smoke and toxic gases fnto s. :r shaanels may_ create phvsilologlaal
stresses which inkibit eftectivi ~eore vehaeior,

{

2

1

o N N . LT L -7 _ I N o . . T
Q : - T \-*AA-'G.E‘.‘LTM _.1"1". - '..i ind olnr et AW S R e d

- g-  BESTCOPY AVAILABLE

ERIC

Aruitoxt provided by Eic:



E‘J

1 4l

YR

ERIC

Aruitoxt provided by Eic:

o o L _ e ——
4 . !

FY

In addition, the infiltration of fire products, {ntc egressways may substantially

LYl

'JCEttéht investigators that a properly enclosed outs{de stair should increase

Ancrease ambient temperatures in these spaces. -‘Mura (1975) reported that the

highest ambient temperatures which humans can tolerate without undue_physiolog-
1cal stress 1s 42°C (110°F). Most of the literature on hiiian pliysiology under
high temperatures has been concerned with relatively long-thrm endurance, and '
stress due to heat has been examined primary in relation to performance decre-

ment and fatigue by humans performing experimental tagks in laboratories
(McCormick, 1976). - !

fﬁé;§§é§é5§7§60i6§ 6f7tﬁé literature yielded little 1nfqrwa§iaﬁ CQﬁtétﬁiﬁgf

potential’ effects of dead end corridors upon egress time. The perception that
dead end corridors contribute to fire deaths and injuries continues to be held; ,
however. For example, Westchester County (New York) Executive Alfred Del Bellos t
called for a County-wide fire cnde prov:sion prohibiting dead-end corridors; in
the immediate aftermath of the Stouffer Inn fire (The Herald Statesman; Decem- g

ber 6, 1980): The current investigators' exumination of the Stouffer Inn floor
plan; indicating locations where fire victims found (as published in The Herald 't

Statesman), however, ylelded no direct evidence that the preserice of dead end
corridors fn that building was a direct cause of death. It should also be -
recalled that Best (1970) found, on the basis of his field experiments under.
nonemergency conditions, no statistically significant relationship between the
presence of dead-ends and subjects' repo.ts pf being lost. .

One somewhat obvious argument for the limitation or prohibition of dead end

pockets or corridors concerns the notion that a person may suddenly become

intensely stressed psychologically upon realizing that an erroneous —— and

PBtenttally very costly-—egress decisior was_made. Although the literatiire on

huma? behavior during fire situattons sheds little light on this notion; the
psychological -experiments indicate that when'%;rﬁs or other adjustments are

presént in pedestrian routes, experimeatal subjects perceive thems routss to be N
longer than linear paths of equal length (Sadalla and Magel, 1980). This phen-

omenon may contribute to qccupants' perceptions of increased distance (and
time)-to-~safety when dead ends are encountered. “Indeed; the perception of

increased time-to-safety has been linked “panic” (Janis and Mann, 1977).

The hypothesis that persons:with fear of high places (acrophobla) could panic - = .-

or otherwise slow movement on unenclosed outside stalrs i{s reasonable but must
be qualified. According to knowledgeable experts who treat acrophobia clini-
cally; the foliowing scenarids are reasonable: Faced with a clear life-or-
déath sttuation posed by a fire emergency;, many arsphobics will successfully
‘use an unenclosed outside stair {f there 18 no other alternative.  Tf tc s
clear to the acrophobic that others who are facing the fire emergency are fear—
ful, many phobics are less likely to have the phobia Interfere with using an
outside unenclosed stair. If the Gcrophobic {s with someone who can guide

this individual and offer him or her physical and psychological support during

egress,' the acrophobic is increasingly likely td use an outside unenclosed

egress stair. Of course, if. the outside stalir s sufficiently enclosed to pre-

vent the phobic from seeing over the stde or down, this will make the outside h

foute acceptable to the acrophobic since the cues that would arcuse the phobia
are avolded. There ts consersus among expert clinicians interviewed by the

|1

°

83 . .



e el e o ey -

Q

ERIC

Aruitoxt provided by Eic:

 of the body; if necessary. ,

4. —

B i

R .

. . )
* n ~

the likelikood that acrophobics will use the Stailr during a fire emergency a8
an egress route, These experts do, however, question the adequacy of the

current Code proviston for meeting the needs of acrophobics.

Thus; the available literature supports behavicral assumptions on the effecta

of fire products on occupant's capabilities to escape rapidly. Sipport for
assumptions concerning the effects of dead end corridors, however, remains weak.,
and equivoctil. Clififcal evidence appears to suppdti the assumption conceraiing

occupants with fear of high places. X

S e - - L . e
Behavioral assumpticns enumerated ¥n section 6.2.3 address the influence of

doorway and door hardware dégﬁggiﬁpéﬁrécgupan;y! capabilities to ﬁégbﬁiétéfﬁééﬁél

of egress. Very few data arejax ilable describing door operdtion by building
occupants. Code provisions ﬁﬁf"jfiiﬁi,algaximum door opuming force of 50 pounds

‘and_ 15 pounds ‘applied to a pantc bar may be applied

88 reprasent normative maximim forces aiplicable

by mos¢ building users. , Experispntal research by Van Cott aiid Rinkaid (1972)
Buggests that, when gtanding tndfviduals apply right-handed static forces to
vertical handgrips, somewhat 1ess than 5Q pounds of turce may in fact be avatl-

able. However, evacuees can often generate additional dyﬁaﬁ}gffggégﬁ assoclated
with potentially rapid movement up to a door., In add‘tion; occupa ts can be
expected to apply extra forces available from the shoulder and other portions

.
.

été;ﬁféid; Schroeder and Bishop (1979), sty ying problems aaé@cié;éarﬁitﬁfﬁﬁiiﬁé

buildings more accessible to disabled pergbns, investigated the ability of
individuals with various disabilities tg/exert forces on doors and other archi-

tectural hardware. These researchers pdte that more han 23 petcent of the

ﬁh§§}§§§1tiﬁﬁété\ihéi,Bbéerved coutﬁtﬁfétt7f6?¢é§,§fé':§5 than 15 pounds in any
required directisii.  In additdon; between 33 and 44 percent of all other_ dis-

dbled subjects tested could exert for@s greater than 15 pounds in any required
direction. However, EVEilable,qvtde§¢§“§1§§i§@ggé§t§ that disabled polulatiois,
even_ those with comparatively “nonserious" disabilities, are not able to exert

50 1b (222 N); which 1s the maximum force permiited to open a nonfunctional
power-operated door (see Margulis. 1981); : ’
Based on data from a survey designed to study walking and pshic behavior during

fires, Yamada (1975) found that the design and configuration of doors influeric:
the flow rate through doorways. For example; substancig}jdgcyééééﬁliﬁ flow
werc noted for sliding doors and doors opening “against the flow of pedestrian
trafftc, The study also_noted that people often tended to pull at doors
designed to be pushed: These data suggest that occupants' lack of familiarity
‘wich the opearting characteristics of various. types of doors way lead to

increased evacuation time,

Thus, with the excepcion of data Tessribing-panig bar operation (prisarily by
disabled occupants), there are presently too few data on door manipulation to
support or refute behavibral assumptions believed to waderlie provisons of the
Code enumerated in section 6.2:3:

N
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Technical strengths and weakn » ljiterature. Many of the behavioral
agssumptions relating to Code provisions Intended to maximize the safe and effi-

cient negotiation of egressways by occupants focus -on vertical components of
-building circulation systems (1.e., stairs and ramps). Altlough several stud-

les provided data concerning stair use; the application of much of this data
to the specific issue of emergency egress remains problematic for a number of

important reasons. First; all stair usec dsta available in the litersturé are

derived either from field studies conducted in everyday, nonemergency building

environments (e.g., Carson et al., 1978; Fruin, 1971), or from experiments.
 utilizing relatively unrealistic laboratory apparatus (e.g., Tempder, 1974).

- Thus, envirbnmental cues and stimuli; sources of psychological and physiologi- ;1
cal atress, levels of occupant density, and déterminants of arousal and vigi-
lance may differ widely between settings from which available data have been

gathered, and those found during actual fires requiring rapid emergency egress;

Second, the nature of the available data on stair use behavior presents certain

% difficulties for the builfing design and regulatory analyst., There have been

" no attempts to systematically compare stair use behavior-under different
design, structural; and environmental (e.g.; smoke) conditfons. Hence,; there
is no real basis for determining the relative advantages or disadvantages of
particular-condftions. Worse, with the exception of Templer's (1974) research

on_the biomcchanics of stair negatiations; all relevant studies involve non-_
experimental research desigis. Thus, even given a comparison of design; struc-

tural; or environmental conditions, these research designs do not allow
researchers to draw plsusible inferences sbout the_ casual relationship between
these antecedents and stair use behavior. Similarly, the failure of investiga-

N tors to make systematic compsrisons betwaen occupancies, classes of events, and
- occupants of varying capability render many of the_available cpnciusions diffi- .
cult to generalize with-any degree of precision. In all, thefe 18 little basis
for supporting or refuting the acceptance of particular des

solutions or of environmental conditions.

The reader also should be cautious when making generalizations about the use of

ramps as mzans of egress during agtual fire/situations on the basis of avail-
- able data. Nevertheless; data reported by Fruin (1971) and Ti:genza (1976)

vhich suggest that ramp slopes greater than 6 percent substantially reduce '
upward walking speed do geem useful in estgblishing performance objectives for o

ramp design. By contrast; the lack of data carrently available to either sup-

L. port or vefute assumptic.s about the role of wesather pqotectioqugﬂ*siip resis—

. tance in ramp design make analyses of certaln ggggagsggégiégg,ac»cﬁié time

The literature on respiratory and visual stress and ‘fatigue reports data which :
‘ cre often only indirectly.relevant to anaylses of egress time. Moreover, N

findings noted in this literature, when relevant; are sometimes contradictory:
In most cases; studics of CO €xposure employed wellcontrolled laboratory -
procedures. " While laboratory experimentation is intended to asaure fnternal .
validicy, its very strerngths may severly limit the extent to which inferences
from experimental data can be generalfzed to complex settings encountered “ -

) during real fires.- For example; experimental data describing the effects of

Yong~term éxpaau;é to low level zoncentrations of CO on behavior should not be

- - -
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assumed to describe behavior undetr short-term exposiure to relatively high level

CO concentrations; or under conditions when CO combiiies with other toxicarts.

Findings reported by Bryan (1977) and Wood (1972) are relevant to the role of

smoke ir analyzing emergency escape behavior. However, neither investigator
actually measured smoke density and levels of CO_and other toxicants, nor sys-
tematically correlated characteristics of siioke—filled environments (beyond the

A

3 - mere presence of absence of ““smoke”) with such observed behavior patterns as

Te—entry.

'~ Dramatic decreases in occupants’ egreas capabilities arising from she exposure
of human eyes to fire products have been well documented (Phillips, 1978).

Such performance decrement is almost entirely physiclogical in nature. In addi-

tion, reductions in visibility, while they do not phystoiogtcniiyijfféégigﬁgiﬁﬁ
eyes, may psychologically stress the evacuee. Research by Jin (1976), Rashbash

g (1975); and Watanabe et al. (1973) has begun to yield physical measures of

} Vvisibility distance under varying levels of smoke’density. However; mo inves-
igators have empirically stidied the influence of visibility decrement on

egress decisionmaking, strategy formation, and on other cognitive factors which

influence overall égress time. For example; smoke may be presumed to slow
walking ppeed urder certain conditions, and this increases egress time. But
perhaps smoke also prompts occupants to seek alternative (potentially simokefree)

paths to safety. How does this behavior influence egress time? Does the need

to rethink the egress strategy create additional stresses for humans which

exaggerate any time lost negottating longer patha?

Similarly, ft ts not now possible on the basis of avallable literature to

evaluate either Code provisjons intended to 1imit dead end corridors and to
regulate the design of outside stairs;, or behavioral assumptions concerning

occupants' use of these design features. Relevart research has suggested a
number of useful hypotheses. Hoaver, these need to be empirically tested.

- Current clinical assumptions regarding the behavior of acrophobics do appear

' —

ERIC

Aruitoxt provided by Eic:

. useful in understanding certatn problems in the use of unenclosed outside egress
. 8tairs, although the effects of acrophobla on egress behavior tn the presence

of life-threatening envirpnmental stimuli are, at present; little understood.

Current data are not useful for describing the effects of door and hardware
design upqn evacuation time. Much of what is avallable provides a basis for
the design of doors to be operated by handtcapp persons. Today,' the building

§' design community generally holds that design solutions intended for handicapped
_~ ' persons shWould pose no obastacles for able-bodied petrsons. Wowover, there

remains ng ‘generally held analytical bage which etther supports or refutes
behavior;

asgiudptions about door use, and related 5i§§i§1555 of the Code.

- T : Iy N N . S
. " 6.4 SUMMARY OF GAPS IN THE TECRNICAL LITE § \

6.4.1 ZResearch on the Affect of Stair and Ramp Design on Occupants’
7 Capabilities to Safely and Rapidly Negotiaté Egressways
. 2. _ - L ‘:(/ ) . ~
The stair use model proposed by Archea et al. (1979) has ‘found . some support in
the accident and human factors literatures. However; connections between

86 -
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gpecific perceptual failures ayd acfident modalities; as predicted by this

wodel, have never been kmpiricaltykstablished. Even minor stair mishape can
be significant during emergency evacuations, insofar as they block egress g
pathways and slow pedestrian flow; and increase overall exit time. To the

degree that perceptual failires indeed increase the likelihood of such events;

their specific role must _be more fully understood. This understandably will
make designers better informed as to opportunities for mitigating potentiai
sources of increased evacuation time., For example, it 18 important for

designers to comprehend the role of color; itghting; and surface texture in

occupants' use of stairways, precisely because these factors may either clarify

or obscure visual and tactide stimuli necessary for efficient stait negptiation.
Changes in occupants' attention to stair-specific environmental cues, particu-
larly those which may be.brought about in a rapidly, changing fire emergency

scenario; have not been tnvestigated and therefore require study.

Avallable research on riser-tread dimensions 18 not sufficient to permit

conclusions regarding stair design practice for emergency escape. Future
regearch on this topic should strive to ascertain the degree to which particu-
lar riser-tread ratios influerice egress flow rates on stairs. ' Similarly;
future research on stair tread and ramp surface treatment should be directed .

towaoll developing standard friction-versus-flow functions useable by designers.
3

Ramps are Frequently provided to facilitate building access and egress by

hapd;;a?gggfggggaﬂgj7§§gt£pulat19 those in wheelchairs. In an,increasing num-
ber of instances, designers are providing ramps exclusively for changes in

level of less than one story. in such cases ramps are clearly useful by hoth

wheelchair-bound and ambulatory.persond. But can this be naid for many elderly
individuals; or for people suffering degenerative décreases of the foot, knce,
and hip joints? For su:h individuals, the presence of a ramp may have an

appreciable effect upon the selection of an egress route, and hence, impact

these people's egress times. Differences in ramp effectiveness pust be studied
across groups of people who differ in mobility characteristice before designers
can _provide faciJities for vertical moveme:t on a well-informed basis. Simi-
larly, designers require information describing the relative effectiveness of.

stairs versus ramps Auring egress, for nonwheelchair-bound occupants.

6.4.2 Research on the Affect of Stress and Fatigue on Occupants' Capbiiities
to Safely and Rapidly Negbtiate Egressways _

S - - - : i,

Behavioral assumptions suggestfng that.the infiltration of fire products into

egress ways adversely influences egrgss flow require further empirical verifi-

cation. Available research and éﬁézgétéi accounts dtscussing the effects of

CO exposure are contradictory and of limited utilMty. wWhile certalh effects of

short duration exposure to low doses of CO have been noted in the l{terature,

inferences from these findings to:behavior, during actual butlding fires are
difficult to justify. This report's authors do not advecate the use of human
subjects in experiments which accurately reproduce the toxic and other life-
threatening qualities of fire environments. They do; however; suggest that
animal time-to-safety experimeiits within tox{c environmeirts, as well as simula—
tion excercises using human subjects; be redgsigned to acsount for greater
perceéntages of extraneous varilation due- té likely environmental effects than
has Baiiiéééaﬁipltshed to date. P s
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Studies of respiratory,,visual, and temperaturé adaptagiiity of various

occupants under a ncmber of fire scenarios are warrantéd by available evidence.

For example; contact with toxic fire products may lead to occupants' incapaci-

. tation more quickly in a senior citizen's center than—tn an office bullding.” *

Available knowledge on the effects of. visibility decrement .upon egress speed >_l
also requires exransion and verification. _3 © . .

- 'Clinical experience suggests the need to obtain evidence to specifically 3

determine the adequacy of the Code provision addressing the needs of acro-

phobics. This provision requires stairs three or more stories in height to

. have partitions at léast 48 inch high. However, clinical experience_ suggésts -
4 that partitions are required on outside stairs at least two stories in height;

since the acrophobic response may be likely on_an unenclosed stair two stories
high. Clinical experience and anthropometric data also suggest that 'a 48 inch

oinimum mag be tov low. While it 18 crittcal to have a stair properly enclosed

g

at its entrance, there is debate among clinical erperts abnut whether enclosure

sion. As for tuf nature of the enclosure; 1f the walking surface of the land—

ing er treads of an outside stair permits the phoblc to see douwn, through the ‘o
metal elements, a phoblc response 18 liKkely. So, too, is phobic response ‘

likely with an einclosure that is only 48 inch high. A significant portion of

the populatiQn (assuming that acrophobics are representative of the larger

. # .
6.4.3 Resedrch on the Effects of Doorway and Door Hardware Design on Occupants'

Capabilities to Safely, and Rapidly Negotlate Egressways

; , é“rre@t,Ee§9§EEbﬁ9n,§he door—-manipatating capabilities’ of handicapped persons

X - . " shogld be expanded _to: include all categories of building occupants, as well as

the wide variety of door and landing configurations. While the design of

physical elements (doors; hardware and spatial configuration) comprise one

class~of independent variables; ambient environmental conditions provide another

class. A8 a point of departure, future investigators should be concerned with

x - identifying variations in door manipulation performance which may be attribut-
able to changes in lighting and visibility. .

relationship among stress, fatigue, and evacuees gapabilitiés to mantpulate

- doors and door_h 111tps' (1978) comments illustrate this critical,
e understood, Imgue: She notes anecdotes descriBing evacuees
‘ clawing at doorknobs under smok: ’and fire Conditions apparentiy these 1indi-

viduals actually thought they were properly turning the knobs..

i

- In _summary; humén behavioral assumptions believed to underlie Code prcvisions

relating to occuparnts’ capabilities to Bafely and rapidly negotiate means of

egress may be evaluated by reﬁé}ence to biomeghanical models of human movement, .

toxicological research, stair and ramp use fleld studies, physiological measure-— _
ments, and, anecdotal evidence from actual fire.incidents. At present; much of °

B \ ) ° e
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ory, ‘results in mixed opinions, and does

fqi— s geg-ccco- ———— ——— = - - - LI - T ﬁ LIS - O
the evidence; reported in the expérﬂﬁéﬁtﬁl and nonexpérimental liteératures on |

occupants' capabilities is contradi lts in mi;
not permit specific concliustons or inferences to be*drawn: As a regult, there

appears to be no analytical basis upon which to unequivocally support or refute’
. - applicable Code provisions. It {s left for future research to detérmine the

speclfié domains (i.e., .

data are vaild and ur-ful'in this context. . :

occupancies of fire scenarios) upder which particilar
. e

~ - ? . ) . '
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7. PKOVISLONS GOVERNING ThE CAPACITY OF MEANS OF ECRESS R

7.1 APPLICABLE CODE PROVISIONS
5-2.1.1.2.2 Where a dooruay is divided by mullions, the allowable units of
exit width for the ertire doorway shall be the Sum of the units of exit width

calculated Separately for each individual door im the gpening. .
5-201:1.3.1 No single door in a doorway shall be lesa than 25 inches wide.
\.——1 . . 3 . ‘
5-271.1.3.2 No aingle door in a doorway shall exeed 48 inches in width.
2=2:1.1.3.2 ! ;

5-2.11. 41 Any door in an exit and not exemptad by 5-2:1.1.4.4 or other
. Provisions of this Code shall be so designed and installed that when a force is
' 5§pligdﬁgéﬁthé7366t on_the side from which egress 18 to be ﬁgaej”;gﬁghyl; swing

*1n the direction of ‘exit travel from any positfon to ths full instant gse of

the opening in which iiiigiiﬁéti;léﬂ. During 1ts opening Process or when fully

opened, a door shall not obstruct the exit width ag determined by $-2.1:1.2.]1.
5-2:1.1.4.2 Aidoor giving access to a stairway shall swing in the direction of
éiic,cravel;; A door ahripgﬁigéigﬁgﬁgféﬁéil not block stairs or landings, In

new buildings any door, at any point in its swing,; ghall neither reduce the

effective width of gtair or landing to less than one unit of exit width nor
when open Interfere with the full uge of the stairs; <

5-2.1.3.2.1 & révbiﬁihé door shall not be used in a means of egresa;

Exception: Where specifically permitted by some Individual occupancy cRapter
of this Code for an exit from the level of exit dlsgharge directly to thy
outside, in whick case: : T o
_ . _(a) " such-door(s) shall not be usel at the foot or gt the top of statrs at
the level of exit discharge. , T . ’ ) :

. (b). Such door(s) shall not be given ciedit For mope than 50 percent of
the requireqd units of exit width, .

tc)  such revolving door(sj shail be of approved typs(s),

5-2.1.3.2.2 .Each allowed revolving door nay recelve credit as éaﬁééiiﬁiingiﬁi;-

unit of exit width. . : , . e
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- 5:2:1:3:2.3 The numbet of revolving doors used ms pxit doors shall not excesd

thelnamber of swinging doors used as exit doors within 20 feet thereof. .

- Exception: Revolving doors may serve as exits without adjatent swinging doors
oo for the straet flootr elevator lobbies, iIf no stalrways oy doors from other parts

of the building discharge through the lobby, and e535§655§ has no occupancy

other than as a means of. travel between elevators and street.

5-2.1.3.2.4 Revolving doors shall be equipped with means to prévent thelr

rotatfon at- toc rapid a rate to permit orderly egress: ]

; 5-2.1.3.3.1 No turnstiie or simular device to restiict travel to one direction
or to collect fares or admission ciiarges shall be so placed as to obstruct any |,

: . required means of egress:

* Bxceptlon: Approved turnstiles not over 3 Feet high, which turn freely in the

direction of exit travel, shall be permitted ‘in any occupancy mhere revolving

doors are permitted, : . '

5-2.1.3.3.2 Turnstiles over 3 feet high shall be pubject to the requirements
. of revagilving doors.

5-2.1.3.3.3 Turnstiles in or furnishing access to required exits shall be of
such design as to provide 22 inches clear width as the turnstile rotates.

5-2.1.3.3.4 No turnstile shall be placed in any, reqiired Geans of egreass.

5-2.1.3.3.5 Turnstiles shall be rated the same as revolving doors as regards

units of exit width and rates of travel.

5-2.2.2.5 Stairways ahd intermediate landings shall continue with no decrease

in width along the directfon of exit travel. , .

5-2.8:2.4 A single escalator 32 inches wide shall bé given credit for I unit
of exit width. An escalator 48 inches wide shall be -given credit for 2 units
of exit width. T R

~i

L~
5-3.2.1 Means of egress shall be measired in units of exit width of 22 trches.

- " Fractions of a'unit less than 12 inches shall nbt be counted. Fractions of a
anit compgt@tﬁg”}giéyfﬁétéiiﬁ?ﬁéé; added to One}or more full units, shall be
counted as 172 unit of exft width. ¢

~ 5-3.2.2 Uidth of means of egress shall be measured in the clear at ther v

- narrowest point of the exit component under consideration. & °

. : S ] » o
" Exception No: 1: A handrall may projéct inside the measured -width on each side
not more than 3 1/2~inches. -
5-3.3 Capacity of Units of Width. The capacity in number of persons per unit
of width for approved componexzts of ‘means of egress shall he as follows:

v 5
i R r - '
s
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= : } (a) Level of egress components, aiéiaéé A taﬁ§§22106 for travel in éifhér
direction. ' Cgry '
_ (b) Clzss B ramps—-60 for travel in the up direction; 100 for travel in.
the down direction. . N )

€c) Stairways-—60 for travel in either direction. = , i

5-3:4.1 The minimum width of any way of exit access shail be as specified for

- individual occupancies by Chapters 8 throigh 16; but in no case shall such |

"width be less than- 28 inches. ) L _

- e o T i ] 77 7”””;7' B
117-1.2.1.1 Every required exit, exit access and exit discharge ehall?Se

“continuously maintained free ofall obstructions or tmpediments to full instant
uge in the case of fire or sthetr emérgency. : i

5 . 7.2 1 R HAVIORAL ASSUMPTIONS ' B

o R . - - - -
7.2.1 Assumptions Pertaining to the Influence of Architectural Bsrriers and

< of

Other Obstructions to Egress Flow 7
(1) Intended maximal use of means of egress can only be achieved when
- egress ways are maintaired free of obstructions (17-1.2.1:1);
: . =(2)_Egress 1s slower through doorwavs with mgllions than through those
- - without mullions (5-2.1.1:2,2).
_(3) . Doorway width influences egress time; the optimal width 1s,28 through
48 inches:(5-2:1:1:3:1; 5-2:1:1.3.2); ' : SR

(4) Architectural obstructions within egresswiys (e:g: door hinges,

rallings; etc.) may reduce discharge rate (5-2.%l.%4.1; 5-2.1.1.4.2;
\5-2:1.1.4:3). ' ) : AN

- T

© (5) The degree of reduction of egress timg-due to sbatrictions in egress
ways 18 a function of occupant load (5~2.1.1;4;§e; : -,

~ (6) - Revolving doors may tncrease evacuation time by as much as 100

percent; revolving doors cause congestion and a “bottlenecking” effect which
- reduces floy through ‘the egressway; the speed of rotation influences the flow
. rate through 4 ‘revolving door; and withig a ceértain range, an increase in

' spced of rotation results in rediced flow through.the door (5-2.1:3.2:1 through
5-2.1.3.2.4). - . s T :
- (7) Tornstiles have substantially the same effect on the efficiency of
pedestrian ways as do revolving dporu«(S—Z;l%}i?;l through 5-2.1.3.3.5).
:(8) Vatiation in stairway width along the dirsction of egress travet may
result in reduced egress flow (5-2.2.2.5), Ty

92
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(9) To matntain-adequate egress flow o an escalator; tt most be wider

~than a conventional stalr (5-2.8.2:4):

) (10)__Whon an egrews channel element varles in width (along 1ts length),

its overall flow capacity is approximately equivalent to the capacity at its

natrrowest .point (5-3:2.2).; .~
( .

\

:7.2.2 . Asévmptions Pertalning to the Flow Capacity of Egreds Channels

(1). Plow rates average 100 persons per 22 inch exit unit rer minute (pers/
unit/min) in:level egress Gﬁ&g; and 60 pers/unit/min on stairs (in either

1 4

direction) (§E§;3)2

(2) In general, the capacity of ramps ia substantially more tlian that of a |

~

straight flight of staifs, particularly in the downward direction (5-3:3);
X . : 7 7 , B
pable of providing appropriate egress flow-

(3) The ainimum chanzcl width ca ppIC
rates 1s 28 inches, although this width is expected to yleld the same flcw

Characteristics as an egress element 22 inches wide (according te provision
5-3:2.1 and 1t8 underlying assumption) £5-3:4:1). :

(4) Pedestrians travel in linear files approximately 22 nches, in width; an

exit between 22 and 34 {ncies in width provides the same flow capacity as a 22
inch ex1t; an exit between 34 and 43 inches wide provides 50 percent more flow

capacity than a 22 inch exit;_ a 44 inch exit provides 100 percent more flow
1pac{ than a L J

capacity than a 22-34 inch exit (5-3.2.1).
7:3  COMMENTARY S ‘ g L s
EEEees— .‘:. - ) -

7.3.1 Problea’

Code proviaions governing the capacgtycf means of egress aré intended to

assure that exit ways permit escaping occupants Eo”§v§§ga§93g)bgrﬁihgibﬁila:
ing as rapidly as possible, This assurance requires not only that exit ways

*§§é7§f7§ﬁffibiéﬁt'aiﬁéﬁéiéﬁ; bat that they minimize opportunities for blockages

or other impediments to egress flow; as well: Human behavioral assumptions
which underlie Code provisions enumerated in Section 7.1 address; (1) the influ-
ence of architectural barriereignd other potenitial obsttiuctions on egress flow,

ess channels.

and (2) the flow capacity of e
Conceptual views of pedestriai movement drawn from fleld investigations of such

behavior gre useful in understanding the flow of occdpaqteﬁth?@qgﬁi§gigiﬁéy$ in

of gas molecules with pedestrian movement); while one concept 18 derived from

buildings. Three models are: based on physical analogs (e.g. .equating the fiow

human behavioral theory. Their relevénce to Code provisions and underlying

behavioral assumptions concerned with the capacity of means of egress is

considered below.
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7.3.2 Underlying Béhavioral Models -

Prevalling models of pedestrian movement have been det{ved primarily from

physical science concepts. In general, investigators have distingiished high
density from low density flow (Henderson, 1971). A number of researchers have

shoia that, under certaln conditions; high density human movement may be ade-
ticle movement (Peschl, 1971) or fluid

quately modeled as an example of part

dynanics (Archea, 1979; Henderson, 1971), while others have suggested that low

density pedestrian movement 18 best modeled as an example of gas flow _

(Henderson; 1971); In addition to tie phyaical analogs, the concept of personal
space ldentified by environmental psychologists (Sommer, 1969) has been usefully

applied in explaining human movement in pedastrian ways (Fruin, 1971).
The particle mddei,iuééfuifihféiﬁiéiﬁiﬁézﬁiéh denasity pedestrian flow, has been

most succinctly presented by Peschl (1971). According to Peschl, crowd movemant

18 analogous to the flow of granular particles from bins. The model recognizes
that human beings are not merely granules; that spaces within buildings are not

slmply bins; and that pedestrian movement 18 not governed by the force of
gravicy. :

-, .

However, the particle model posits that under conditions of high density,

(crowdlike) occupancy, individuals have virtually no freedom of movement and
are little more than elements comprising a flowing granalar mass. The model

further suggests that the behavior of this mass may be descrtbégﬁaachem&ctcalli.

The granulat analog suggested by Peschl may best describe high density oecupancy

conditions within a tightly bounded environment, under a state of panic. Under
such conditions, individuals may attempt to escape as guickly as pussible. If
there 1s_a single exit (in the direction of flow); then there is likely to be a
"pile up” of people pressing against the exit and its surrounds. Here tndivid-
uvals will cccasionally be able to pass through tle exit, but most ‘people will
pack against each other attempting to gain access to it. The particle aralog
sUggests a vessel open at the top and with a small hole in_the bottom:. PRall
bearings are poured {iiito the vessel, and these, by force of gravity, fall to
the bottom of the vessel.  Some ball bearings fall through the hole at the
bottom, which 18 just large enough to acdmit orie ball bearing at a time. BRot if

the ball beyings are poured into the vessel at & rate faster than that at which
they leave through the hole, ball bearings soon begin filling tle vessel,; pack-

ing against one another. Soon;, very few {f any ball bearings are aomitted
through the hole. A piston pushing down upon the ball bearings from above will

make it idpossible to empty the vessel:

The particle model is useful in describing the so-called “arch effect”, firat

observed fn the field by Togawa (1955): An arch 1s_a ¥tall semicircular web

of people held firmly in place at a doorway by the forge applied by people
behind the arch attempting to move toward the doorwayl Peschl noted that.the
formatton of such arches, which can prevent ind viduals from passing through
the doorway, is difficult to predict. He cgndudred experiment~ with both
human sabjects and steel balls gyged téfitmﬁﬁkge a\hymgn masg”in order to test

the arch concept. ' On the basis of these experimenits, Peschl concluded that

(1) the wider the exit way, the smaller the probability ot arch formation and
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the greater the vartabiitity tn flow rate; (2) the probability of arch formation

decreases as de¢nsity decreases; (3) flow rate through doorways decreases as

density increadsed; (4) exft rate 1A a positive linear functlon of ddorway

width; and (5) pulsating flow through exit ways OfCEn results with the natural
formation and dissolution of arches. R

A clear illpstration of the relevance of the particle model to behavioral

agsgumptions concerning the capacity of means of egress; particularly under high
density conditionsa, 1s foirid in the éyewltness report of a victlm of the Beverly
Hills'-Supper Clut fire (The Cincinnati Post, Fhursday, June 2, 1977). The indi-

vidual recalled having first wondered why the egress line had come to & halt:

This was prier to the intrusion of fire products inte the room in question. The

victim next reported pushing against the crowded line ahead. As fire products

entered the _room, frustration appeared to build. At the open exit way, the

victim reportcd, people had "bottlenecked,”™ forming an arch which enabled very

few people to actually pase thlough the extt. _This tﬁdividual was gaved by

reaching the arch and thei by finally exerting cousiderable force and "popping”

out of the arch and through the door (a phenomenon observed previously by both
Togawa, 1955, and Peﬂchl 1971).

A ﬁbﬁéﬁhat diFferent .analog ugeful in describing high density pedestrtan
movedent is sujgested by the hydraulic model (Archea; 1979). The hydraulic _

model posits that above some level of occuparnt density, the movemient of people

through a network consisting/of corridors; doors; stairs; and simtlar archi-
tectoral elements is analogous to the downward flow the water through pipes;

valves; and other elements of a gravity-fed fluid distribution system. Kccord-

ingly, the hydraulic model presents building evacuation as a two-phase procese.

The fnitfal, or “start up,'iphgqgiggncerns the simultaneous initiation of move-
ﬁpn receiving an_emergency

ment directly toward exits by numerous tndividuals y
alert., This is présuned to be analngous to opening valves and fi1iling basius

at the periphéry of a gravity—fed water distribution gystem (e.g. household

plumbing). The actual _egress phage concerns the deliberate and systematic

have finallv extted the building. This 18 viewed as analogoue to the path

. followed by water as it works tts way thQugh a. gravity -fed plumbing system,
ag the peripheral bains are emptied.- .

In employing rhe hydraulic model; one assumes %hat occupants béing modeled are
" alert and able bodied, and Lhat all occupants of a building or section of a

building are not oniy simultxnébﬁély alerted to the fire danger, but that atl

occupants simultaneously initiate purposeful egress behavior as well: Moreover,
all occupants are assiied to travel At a uniform rate of flow, and to be suffi-

ciently close to one an.ther so as to severely corstrdin each other's freedom

of movement. Finally, the model assumes the undirectional flow of occupants

from occupied spaces along cpeéified pathe to predefined exits. In the hydraulic

model; valves and pipes are. analuzous to egress way elements, while ginky, tibs,

' and eimilar fluid~holding fixtures are analogous to rnoms and other occupied

spaces within buildinge. Polling the 8topper in a sink is analogous to sounding
a fire alarm and thereby initiating uniform nass evacuatton: The focus of the
model 18 on maxinmizing the flow capacity of the egress ways. Here; flow rate
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18 the key measure of system petformance. The processes by which building

Occupants respond to alerts and {nitiate movement toward (d@s distinct from

through) meana of egress are not addressed by the hydraulic model;

In discussing the relevarce of the ‘hydraulic model to behavioral assumptions
considered in Section 7.3, comparisons ' with the particie modetl described =
earlier are useful: Ruman behavioral assumptions outlined in Section 7:2.1 of
the current report address effects of architectural impediments and other

obstructions to the efficient flow of occupants in egress ways. The hydraulic

model provides analogs to such barriers as decreascs in channel width along a

gilven distance, and such physical obstructions or blockages as doors with
insuffictent flow capacity. These hydraulic analogs primarily include o
decreases_in the diameter of fluid-carrying pipes, and the partial or fgilt

clssire of valves, respectively, Such _analogs_ permit tha hydraulic model ta

describe flow characteristics in egress channels which in fact vary in width,

and which contain turnstiles or other opportunittes for bottlenecks to occur:

However, whereas fhe particle model provides a pﬁ?éiéél,ihii&é for arching at

doorways, blockage or entrapment at wight corners, and the prohibition of
pedestrian wovement resulting from individuals being pressed against channel

walls, thesge phénoiienda-~observed in_ the field——cannot be ﬁroperiiﬁ@éégieé

using hydraulic analogs. While ball bearings may become jammed and arch .
against a very small opening (analogous to human arching at a relatively narrow

exit);;11quid will always flow freely f&ibeitﬂ;cigfgéggbég rate) through open—
ings, however small. Thus, the hydraulic model best simulates flow reductions
caused by the closure of exits; flow cegses entlirely when a channel 18 com-

pletely =ealed, 1In contrast, data indicate thar pedestrian flow can hecores
virtually halted even though exits are open, as in the case of  jamming: and

arch'uz. This latter phenomenon is better simulated by the particle model.

Whereas the Béverly Hills Supper Club, fire provided an exampie of arching in
support of the particle model, the tragedy which claimed the liveg of 1
individuals; and injured approximately 10 others, seektng entrance to the

Riverfront Coligeum in Cincinnati, Ohto, in December of.1979 BUZEEBLS support

for the hydraulic model: 1In repeated testimony before an investigatory body

covened during the aftermath of this event, victims reported “waves” of_ pres—
sure literally lifting them off their feer, Such pressure was reportedly

exerted from the rear of the crowd, which 48 a mass," was pushing against the

closer an individual was to the doors, the greater was the force experienced.

- Once the doors were actually opened, several eyewitnesses reported having been

"swept” {into the Coliseum. Other victims suggested; when interviewed,; that if

more doors had been open, fewer people might have been killed or hart. ‘No
evidence of éiéh,formattoniwggigéﬁbttéa by victims of this incident. Anecdotal

evidence from this incident does suggest, however; that the ease and:-rate of
crowd flow are directly related to avallabile doorway width.

A rigorous analysis of low density pedestrian movement, based on the 19th

century Maxwell-Boltzman gas model, was conducted by Henderson (1971).
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Henderson arguéd that while medtum and high density crowd behavior could

-effectively be modeled as a problem in fluid dynamics; under low densfty con-

ditions pedestrians behaved fn a manner more consistent with the kinetic-

molecular theory of gases: In particular, pedestrians, irrespective of whether
they move as individuals or as members of small soctal groups; may be viewed as
(1) being spatistically fndependent of each other in position and velocity; and

(2) moving with a_velocity which :z/ynéﬁrfekpted with spatial position.
In Renderson’s analogy, occupant density (the number of persons per unit area)
18 equivaleqgt to particle density in a gass Differences between pedestrian

nt modes, 1

i.e. standing still; walking; or running, are compared with

differences between gaseous erergy modes. Pedestrian movement 18 assumed to

take place on_a continuous planar surface; and tf the low density crowd 1§

/homogenecus; then each individual should exhibit both the same mass and the

same probability of attaintng expected velocity values in a given mode.

According to Henderson, these assumptions would not be expected to hold for
relatively high density situations. For example; pedestrian movement frem a

very large open space through a narrow channel may, on occasion, result in .

Increased population dersity.. Where this density ts eufficlently high, the
behavior of pedestriars appraﬁchihgf@gafgqvihg,thtaugﬁ the narrow channel might
be better degcribed by a fluid; rather than a gaseous, fiodel, . Henice, Henderson's
gas analogy seems relevant: (1) to those situations where low density crowds
move within extremely large, effectively unbounded, spatial- settings (e.g. out-
-door malls), and {2) to_those spatial transttions in whih density values,

although fncreased; still exhibit the kinttic-molecular properties of gases.

Ve R

The relevance of the gas model to understandlpg the capacity of means of egress

may row be considered. A frequent barrier to free-flow pedestrian movemert
along an egress path way is a wall containing a door enseuble. “Under high
density conditions, Peschl's particle model suggests that such @ barrier would
entrap pedestrians, jamming individuals against the wall and door opening
(where the door ‘s only slightly wider than any individial seeking to pass

through). Under similar conditions; Archea's hydraulic model suggests that
individuals would flow slowly through the opening, and that eventually all

individuals would pass through the door. Both models hold that occupant den-
sity in and of itself produces forces which move pedestrians in a given direc-

tion; and that such movement ts trnfluenced b prevailing spatial boundary con-

ER ditions. Under low density conditions, however, such forces are presimed not

to be present: Here, individuals approaching a potential barrier (such as a
transitibn from a relatively open space to a narrow channel) are not likely to
be either pressed against a wall, or else pushed under forte toward and through

a narrow door way or channel. Rather, any individual directed toward an open-

ing in a physical barrier will pass through: Moreover, seemingly random search

behavior and meandering, as has been kfiown to occur when smoke severely limits

visibility by tranglent occupants undet low density conditions, may, perhaps,

_ - Tz _ X’ ,

be effectively modeled by the Brownlan motion of gas particles.

Although not itself a descriptive model, the psychologlcal concept of personal

space (Sommer, 1969) is useful in gaining a deeper and more realistic unders-

tanding of the actual capacity of means of egress. Discussad earlier in the

A}

current report; personal space gefers to the small protective zone, or “"bubble;"

Y

Y
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¥hich individuals create around themselves. Perceptions and b-+aviers
© ° assoctated with the establishmedit; maintenance, and adjustien: of personal _

space comprise mechantsms by which individuals cope with foclx-eavironmental
stressors of the tyve usud “with medium 2
and pedestrian movemest; |For example; Fruin (1971) and Pzils (1974) havé st.swn

11y assoctated with ﬁédiuﬁiéﬁd”high.aéhéit&,occupau;y

that pedestrians appear. to purposefully establish minimum distaices between

themselves and othérs. | Where occupant density becomes quite high; as in a
crowded subway tt;}gjf@%;'jhiﬁd a blocked exit way, the psychological need for’

personal space apparentiy|remains: individuals' inability to 12lieve them~-
selves of crowded conditipns for lengthy periods have been known to elevate

stress and anxiety:

-~

. - H
Fruin (1971) found that

, .

nder high density conditiois 16 pubiic transit '

facilities pedestrians afe more likely to close their ranks by redicing their
longitudinal (front-to-bgck) spacing rather than their lateral (slde-to-stde)
spacing. Although longifudinal spacing is gqverned to a great extent by the

the need for lateral spaGing suggests that whereever possible; pedestrians seek

< maximum distance required to avoid tripping over another tgdividual's feet, .

to avold brushing against) or otherwise contacting other individuals. _Current

provisionr concerning thg width of stairs and other egress channels. however,
: are not_based upon analfses which specifically consider the role of pedestridns’

personal space needs. ~For these reasons; Pauls (1974, 1980) has drawn atten-~

tion to the problem of effective channel width computation, suggesting that

the traditional 22 fnch unit of exit of width, referenced by numerous Code

provisicis, imay be ugtééiiétié and ipadequate; '

- . el Nl o___ - - . - - - ol
In summary, human behavioral assumpt ions which underlie Code provisions

i affecting the carrying capacity of means of egress are considered in relation
to three physical models of pedestiian movement and to the psychological con—

cept of personal space. It was shown that while these models and the personatl
space_concept are each useful in understanding a different aspect of egress
way flow capacity; no single analeg or toncept is sufficient to completely
describe occupant flow dynamics within baildings. " The next Section of the.
report treats Code provisions and their underlying behavioral assumptions in

view of data presented in the technical literature.
7.3.3 Assessment of Behavioral Assutptions Based on the Technical Literatupe

Literature review. Behavioral assumptions presented in Section 7.2.1 consider

' the potentia) effects of architectural barriers and other impediments to rapid
and safe occupant movement through mweans of egress. Generally, such barriers
and imﬁ%dtmen;s include doors and doorways; revolving control barriers (i.e.

~ turnstiles and revolving doors), redictions in egress chanmel width; and
* obstructions caused, for example, by the use of egress ways for storage. FExit
width has long been the key concept used to characterize and measure. means of

egress, and for analyzing occupant loading and the adequacy of aé{fiabié'meéhs
of egress (Sharry, 1978). : : . , ] .

A nuiiber of behavioral assumptions are concerned with occupants'. use of doory
during egress. The National Bureau of: Standards (NBS) reviewed field investit
gations of pedestrian movemen: during periods of normal buitding occupancy at \
> — 98 ' Y

ERIC

Aruitoxt provided by Eic:

B T T U

LY



N

Q

ERIC

Aruitoxt provided by Eic:

a number of government office buildings and at. a major.rail terminal (NBS,.

1935): On the basts of data cbtained during these ;investigations, NBS con-
cluded that the effective rate of pedescrian flow throigh doors 1s ‘approxi-
mately 60 persons per minute per 22 inch ynit of eyif width (p/m/unit), or .
1.75 p/sec/m: ' The same report recoumends, for the building types studled,
that up to 100.persons per available anit of exit width be permitted to occupy

‘inoterior spaces. This design capacity-would; theoretically, require approxi-

mately 1.67 minutes to moye all occupante of an interior space through avatlable

exits (exclusive of the time 1t might be required to bring occupants to the ]
exits from various parts/bf the space).  Conclusions reported by NBS in 1935

remain central to Code provisions governing the computation of means of egress
today (Sharry, 1978). ‘ ) :
© ' - R . &

More recently; Togawa (1955) surveyed pedestrian walking speeds apnd flow rates
through doors in department stores; apartment buildingr, places of asgembly,

and transportation.terminals in Japan. His data, among the most comprehensive

available; indicatéd that flow rates tnrough doors tend to averageé approximately

50 pers/min/unit (i.50 pers/sec{m). A survey condacted b the Institute of

Traffic Engineers (1964) revealed professional opfnions suggesting that pedes-
trian flow through doorways averages 30 pers/min/unit (0.9 pers/sec/m. On the
basis of these data, the Institute of Traffic Engineers recommended a design .

value of only 20 pers/min/unit (0.5 pers/sec/d). , Lo

Some of the mosy recent data were collected by Fruin (1971); who studied =

pedestrian movement through doors and other facilities at large transportation

terminals. Fruin found that queues deveioved when the flow rate through a

door was' less than that of the feeding passageway, and that for doors swinging
passed thirough per minute (0.67 through LJ00 p/sec:)s -Fruin also noticed that

.freely in the direction of pedestrian traﬁ:f. 40 through 60 persons typically

if a dodr must be operated manually, and if~the following pedestrian arrives
before the current individual has completed operating  the door, a queue will

develop behind the door. Moreover; Fruln reported that elderly and physically
handicapped pedestrians, or persons encuitbered with baggage or packages,
typically require longer periods for door operation. Thus, ,pedestrian ways:
(involving dosrs) which are .designed at or near capacity. pegestrian lcads are

likely to generate frequent queues and similar impediments to rapid;, free Eﬁiiﬁ\

ﬁﬁ?éii_iéﬁt ;7.
Peschl (1971) conducted experiments to gssess the capacity of doot spenings

during simulated panic sltuations. Under a variety of doorway conditions

simulated in the laboratory; groups of people wére asked &o press against door -
ways until all individuals had moved through: Peschl noted that stable arches ¥

formed openings of 47 inches (1.20 m), and that the frequency of arch formation ,

lncreased as door widths became narrower. Openings of 34 inches (0.86 m) '

resulted in extremely stable arches,; and made passage through the door almost
impossible; At openings of 24 inches 0.60 m, Peschl found that flow rgte was

effectively zero. Under one experimental condition, an exponentially curved”

funnel leading to & door way was used. .According to Peschl, this type of
design increased pedestrian moveieit velocities through door. ways by a factor

of three, when compared with movement velocities through doors set flush with:
sorroonding wall surfaces. Similarly, when an exponentially curved Wwall was
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cotpared with circularly cirved wails (also providing a funnel towaird a door

way), Pegghglrfbﬁﬁavpedeetr;aﬁ movement ihroughﬁ;heiéiﬁbﬁéﬁtiéilyrcﬁ;yéd condi-
tion to be 25 times as fast. Peschal also noted; im general, that as crowd

rate of flow through doors was a linear functtion of abbtfﬁéi width: Finally,

» 'Peachl suggested, on the basis of hig experiments; that floor surfaces in the

1mﬁ§d;§géfiitiﬁit§,of;waﬁﬂflééaiﬁg directly toward, éxit doors be sloped down-

ward toward these'doors; and that the minimum door width for effective safe
egress -1s 47 inches (1.20 m). :

Melinek and Booth (1975) also observed arch Formation at door_ways under high

density exiting conditions. Thege reséarchers found that ardh formation became
conspicaous when the flow rate of an exit reaches 60 pers/min/untit (1:80 pers/.
sec/m). They also noted that the frequency of arch formation is inversely -
proportional to the sqlare of exit width, _The former finding appears substan-

tiéil;,highg;'gﬁéﬁ Peschl's (1971) fiadings that stalle arches tended to forn
when the flow through doors averaged 40 persfgin/unit (1.20 p/sec/m). The
later fiading 18; however, consistent with Peachl's data.

N> data are Presently available to 11luminate the offects of intermediate

mullions on egress flow through door ways; Dégyi§té]é§éiiab1e'éﬁigbéiéfféété
bgiiﬁtioducting'héﬁdiéiié,on,wtdé stairs, an indirectly related probiem (London
Transport Board, 1958). Studying the movement of §ééeenégr§wﬁﬁ mass transit

15525 72 {nches (1.83 m) widé was reduced from 130 ro 105 pers/min €2.17 to
1.75 pér§/§g¢),é7ieducti§§7§§ some j§,pe;ge§§iia§;ét the addition of a center

handrail, This finding contrasts with the fact that the actual number of- _
pedestrian lanes on the stair wasg effectively reduced from three to two; a

difference of 33 percent;

5if¢¢§i§ﬁ,6f,§56%,swing7i§ relation to flow has alse been studied. Peschl
(1971) and NBs ({9 ecommend that TS bé designed to ore. 1
direction of egress travel; but neither bféﬁiaéd,euppértiﬁgrtégﬁﬁjq§1 evidence

to indicate the magnitude of this ﬁEoblem;ﬁiyéﬁédé (1975) found that egress

time increased by 12 percent when pedestrians were required td pass through

doors ﬁﬁiéh~openééiég§1ﬁét the traffic flow, provided redestrian density was
sufficiently low to permit the doors to be operated at all.

walking speed ﬁiphg pedestrian ﬁayéifprbuilaiﬁéé; Si@iiéti?, Céibreatﬁ7§j§é§j
tndicates that gtde railings along Stairways tend to have g negative effect on

pedestrian flow, _Moreover; Landon-Thomas (1972) has argued that even the

slightest 6bstrﬁc§g§ﬁ in_an egress way could be fatal; _In eontrast; Meltnek

and Booth (1975) holds .that minor restrictions such as wall projections have

licele effect on flow rate tn corridors, , The_London Transport Board (1958)
report that obstructions up to i foot (035176) had no effect on flow, even
under relatively high density condifiions. As noted ahove; however, this organ-
ization also reported that the tntr duction of certer handrails coutld reduce -
flow by as much as 19 percent (while effective walking width 18 reduced by

some 33 percent). Provistons of the. Code §péé£f? allowable occapant loads For
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1interior spaces on the basis of available exit width leading from such spaces,

5 . )

(particularly provisions 5-3:3 and applicable appendix notes; see also Shapfy,
1978). Accordingly, to the extent that obstructions to means of egress indeed

restrict exit flow and egress tiwme, bullding designers and managers should -
realize that obstructions may ultimately inflience permiissible occupant loading
on building floots.- L : v

Sends or corners along corridors and eiﬁiii?_éﬁr&éélpﬁtﬁrﬁ?YQ frequently result

in variations in the effective width o egress ways. The London Transport
Board (1958) reperts_no_ queue formationm at bends and corners. Similarly,.
Melinek and Booth (1975) found that bends and corners along any given stair way
did not appear to redace pedestrian flow on gtairs. _In contrast, Watanabe,

, Nayuki, and Torizaki (1973) report that walking speeds decreased when subjects

passed through sorners along an experimental walking course:

When linear paths become narrower as one Eraverses their length, wovement speed

may decrease. For example, the London Transport Board (1958) found that while
small reductions in corridor width had virtually no &ffect on the capacity of
egress ways, such architectural features did tend to incredde the overall tra-¢
vel time for individuals. This organization noted that flow (i.e. capacity)

reductions as high as 10 percent requir channel width reductions on the order
of 3% percent, : : -

A nurber of additional Code provisions and behavioral asgumptions deal with —

potential fmpediments to pedestrian movement which may be caused by revolving
doors and turnstiles: Resedrch reported by NBS (1935) examined the viabiltty
of revolving doors” as components of building egress systemd. Pedeatrian move-

.ment through revolving doors in a department store and in a Federal office

building was evaluated. The investigators found that for a revolving door with
leafs 42 inches (1.07 m) wide; an average of 11 to 12 peisons discharged per
minute per foot of width (approximately 0.63 pers/sec/m). ,Evaluating another
doorway in which the revolving leafs were collapsed to fbg%;tiéﬁééﬁéfété and

adjacent openings each 25 inches (0.63 m). wide, an average of 22 persons dis-<
charged per minute per foor of width (1.20 pera/sec/m). These fiow rates are \
congiderably lower than those for swinging doors: In addition, the mechanical

operation of revolving doors may not be “gure" (see NBS; 1935, Aﬁpendixrkj

note 60) apd problems assoclated with théir use may be exacerbated under very
high density conditions. On the basis of these findings, NBS (1935) recommends
that revolving doors mot be used as meang of egress in places of assembly

and certain other octupancies. For mast other occupanciea, NBS (1935) recom-
mends that revolving doors receive 503§Ercenc of computed exit credit. All
editions of the Coge published since 1935 have based provisions for revolving

doors on NBS' recommendations. o ' ¢ N

Pedestrian flow through turnstiles was examined by Pruin (1971). Fruin noted

that free-swinging turnstiles regquire a headway of between 1.0 and 1.5 s€conds;
and. accommodate from 40 to .60 persons per minute (0.67 to 1.0 pers/sec). Where.

ticket collectors wége posted; turustiles were found ‘to; require a headway gf
from 1.7 to 2.4 seconds, and to permit between 25 and 35 persons.'té pass per
minute (0.42 and 0.58 pers/sec): Turnstiles requiring pedestrians to deposit

. coins 1in a single slot device‘were found to require from 1.2 to 2.4 seconds of
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headway, and to accommodate. from 25 to 50 perons per minute (0.42 to 0.83

pers/sec). Finally, where pedestrians had to deposit coins in 3 dual slot

d~vice, a headway of from 2.5 to 4.0 seconds was notéd, and these turnstiles -
> - sere _found to erdit only between 15 and 25 persons per minute (0.25 and 0.42
pers/sec) to pass through: These statistics appear to be consistent with

. (although slightly higher than) those reported by NBS for fiow through revolv-

! ing doors; and to %gétify the similar treatment of reévolving doors and sturn—

Btiles by provisiods of the Coads: . ;
> - :

~
Behavioral assumptions presented in Section 7.2.2 underiie Code provisions
concerning the flow capacity of means of egress. Thege assumptions address:
€1) pedestrian flow rates per unit width on level surfaces, stairs; and ramps;
(2) the value of fractions of standard width unigs; and (3) the linearity of -

pedestridii fiovement within means of egress. Several studies report flow rate

statistics; the most pertinent of @hich are reviewed below. The reader should
: note, however, that various investigators often differ in their definition Sf
critical teris (e.g. "flow” has been defined in terms of “persons' per unit
time” as well as "persons per it time per unit width”). * Consequentlv, it is
not always possible to draw direct comparisons between data reported by differ~
ent researchers. In addition, comparisons among investigations have been comp~

licated by the fact.that extremely few researchers sought to verify azgsgﬁaéia
set of descriptive functionai relationships. For example; while the Lo on
Transport Board reported a relationship between walklug spced and pedestrian
density, PFruin considered the relationship between walking speed and area

(defined as the reciprocal of density). Similarly, while these investigators

~ 7% " were concerned with the influence of pedestrian density (however defined) on
= ' walking speed; others sought to describe the relationship between density and

. F_flow rate., As a result; analysts should exercise caution when drawing infer- !
< %f Qnces from research reviewed here to questions concerning the validity of

elther behavioral assumptions absiit the capacit¥ of means of egress, or their
anftecedent Code provisions. .

Data describing the movemen: of pedestrians through linear corridors were

reported by NBS researchers /1935); who aeasureq flow rates at arbitrarily
selected locations during periods of normal building occupaiicy. These investi-
‘gators ggéggithét under such conditions,; flow rate varied across occupancies,
and in generat, found a negative relationship between flow rate and channel

width. Togawa (1955) also observed variations in flow rate as a function of
occgpancy, corroborating data reported by NBS, and alsp reported sex
differences. 7

% Togawa furcher noted that men traversed level surfaces at an average velocity i
of 4,60 ft/sec (1.40 w/sec) while women typically watked at an average velocity

‘of 3;997§;Z§ec,(1.19 m/sec); assuming a mean density of approximately : ‘

0.90 pers/ft2 (10 pers/m2). . :
" The London Transport Roard (i558) found that flow rates in linear corridors
approximated 27,7 pers/min/ft (1.48 pers/sec/m): This finding is slightly

higher than that reported by Galbreath (1968), who noted linear woveiient in
corridors to average 21,86 pers/min/ft (1:19 pers/sec/m). The London Transport
. Board also reported ithat flow was often as much as 50 perceiit higher for short
. ‘ . o
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(1.e. less than 10 ft; or 3.0 m). paseages when compared with lonzer segments
of equal width. In order to achieve mean free-flow walking Speedsd 6f:§bbi6iij

¥ mately 3.37 ft/sec (1.03 m/sec) in the forward direction; these inves igators

found optimum pedestrian densities to_average 7.7 ft2/pers-(0.69 m2/pers)b.
When available area dropped to 5.0 ft2/pers (0.45 m2/pers)’ in corridors; for-

ward walking speed was found to approximate 2.20 ft/sec (0.67 m/sec): Forward

movement was noted to stop when occupant density averaged 2.0 ft?/per .
€0.18 m2/pers)8. : -

_ . : ! - . L . e i§
Free-flow walking speeds reported by London Transport Board averaged some 21
percent lower than those reported by Togawa (1955). Fruin (1971) observed

L4

varlation in free-flow walking speed between male and female pedestrians: ;

Fruin's data agree extremely closely yith those reported by Togawa. 1In addi--
tion to sex differences; variation In pedestrian walking speed may alsoc be due

to such factors as time of day, trip pdrpoaé;ﬁﬁﬁgi§§¢7¢§ﬁé6éitiQn of pedestrian
groups. In general; walking speed decreases as pedestrian density increases.

According to Fruin, this is mainly due to reductlons in available clear area

for locomotion. However, pedestrian density appears to have relatively licele
tmpact on’ individual walking speed until average ‘pedestrian area drops to

approximately 40 ft2/pers (3.60 n2/pers)9. Fruin has also_found that Gﬁlkiﬁgr
speed approaches zero Wheﬁ7éié§7téiéﬁéé,iﬁé,vtciﬁicy of 3.0 ft2/pers (0.27 mi/

pers)10, 45 comparad with 2.0 £t2/pers (0.18 m2/pers) noted by Galbreath

_X1968), In addition, Fruln noted that peak flow volumes in corridors éveyégéa
approximately. 25 pers/min/ft (1;37 pers/sec

r m); and that maximum flow capaci-

ties were attained when pedestrian volume was about 5.0 fr2/pers

(0.45 m2/pers)’. : .

Melinek and ﬁddtﬁriié;ijféﬁéftéa that the fi@ﬁ7§§§§éit§,6f,corridéré between

3.2 and 9.6 feet (1.0 and 3.0 m) wide averaged 28 pers/min/ft (1.5 pers/sec/m).
These investigators suggested that a free-flow walking speed of 4.16 ft/sec
(1.3 m/sec) be adsgumed, -and that free-flow walking speed could be attained at

densities up to 11:1 ft2/pers (1 w2/pers). 1l Ac higher densities; flow rates
were found tc decrease. i :
Stairs are vitaloelements of efiergéncy egress systems: Accordingly, a number

of investigations of pedestrian movement on stairs have been conducted. For
example; NBS (1535) reported flow rates from 165 separate 6B§érvattoqgiéf

stalrs. The discharge rate of stairways was found to vary sgifewhat across

6 Equivalent to 0.13 pers/fc2 (1.45 pers/m2).

7 Bqitvalent to 0:20 pers/fe? (3.22 pers/ml). ¢

8 Equivalent to 0.50 pers ££2 (5.55 pera/m2). ‘

é;iiﬁivaient to 0.03 ﬁéfé/fii (6;i§ pers/m2) .

10 Equivaleit to 0.33 pers/¥t2 (3:70 pera/m?). , o

11 Equivalent to 0.09 pers/fc2 (1 pers/u?). s '
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" up or down stairs, could be estimated by applying the formula

occupancies, a8 well.as on the basis of story height and riser—tread ratio:

Under conditions of normal occupancy, NBS reported that flow down stairs aver—
78°d_approximately 57 pers/min/22 inch width unit (1.70 pers/sec/m). jn |

inverse relatiorship ‘betweer. stair width and discharge rate was also found:

Moreover; NBS frvestigators roted that people moved more 8lowly, and at higher.
densities, on the first bali of statr flights. After intermedtate landings

walking speed were & served. Finally, data recorded by ﬁiéfggggggg,;ﬁét occu-
pant density on stafrs varies with the speed of movement. For example, undet

were passed, Hbﬁeve;;a,decreése in density and a concommitant increase in

rapid discharge conditions, dehsity averaged 0:25 pers/frd (2.78 pers/m?2); at

more liesurely discharge rates half this density was observed. On the basis of
thesge findings, NBS recommended that analysts assume a discharge rate of 45
persons per hinute per 22 inch exit unit (l.35 pers/sec/m) &wn s-<airs, under
conditions where pccupants are not likely to interfere with one gnother on
. stair ways. This 1s substantially lower than 57 pers/min/unit (1.70 pers/sec/m)
NBS ¥ound empirtcally, although 18 consistent with state discbarge recommenda-.

tions promulgated earlier by the Natfonal Fire Protection Assoctatton (19)9).

Togawa (1955) congluded on gﬁgiﬁagigrgf,ﬁia Eiéla'BBEéEaéiiﬁﬁéfgﬁit'étéit
= 3

SRR R 8 c_Pheer -
width alore was not an effec e predictor of flow rate on stairs. Instead,

walking pace, and that for stairs, the’critical aiaéﬁaiaﬁ,$s tread depth.

Togawa belieyes that the most usefyl predictor of flow rate is individual .

Moreover, Togawa observed that travel time on stalrs is ifversely proportional
to staircase angle and story height; and that down?aigiﬁﬁ}kihgiEﬁééaiaverages.

1.64 _ft/sec (0.5 m/sec). Finally, Togawa suggested that trave! time, either
-

t = 4H S : ERRED)

where t = travel time fn seconds . :
H = gtory height in meters: ; . : ~

described by NBS .(1935j. . v . .

'Eib@wfétééfbﬁ_étiiEé,fepﬁrfed_SY Togawa are substantially equivalent to thode

Findings presented by the London Transport Board (1958) concerning the capacity

of stairs differ from those reported by both NBS and Togawa. London Transport

Board-researchers found flow rates’on stairs to average 35.3 ?étqjﬁiﬁ]uﬁit,widch
,,,,,,,,,,, 37.4 -15 pers/sec/m) in.
descent. These are substantially lower than flow rates reported by either. NBS

(1.04 pers/sec/m) fn ascent; and 37.4 pers/min/unft width (1

or Togawa; as well as those assiimed within the Code;
. . . TN o o
Fruin €1971) slso foind tiovemént speed on stalrs to be higher in descent than

in ascent. He noted tHat males traverse stair fiightllmbré rapidly than do

females, and that in general movement speed decreases as the angle of stair-
case iacline increases for both upward and downward travel (contradicting

Togawa's finding that movement speed' incredses; or travel time, in Togawa's own

terms, decreages, as the angle of incline increases). Moreover; Frutn fount

that within low and m@@égggglt@ﬁgéQ,ﬁigéétiiéﬁ density.appears to havc rela-
tively little effect on statr traffic’¥low. According to Fruin, flow rates in

T
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‘rate on stairs also Increases until it “reaches a—tertain level. At that point;

-AAccGEding to Yamada (1975), people travel up statrs more raﬁidIy than thgy
trave} down, where stair&zarg\not more than three stories high. Yamada also

Pauls (1974; 1977 1979; 1980) challenges tne% sgumption promulgated by NBS .
- €1935) and the Code regarding the design flow‘rate of 45 pere/min/unit width i

5
LY
v
T
f
.
i TR

the victnity of 18.9 pers/min/ftr(l 03 gers/sec/m) are representative of i

crowded. conditions unde:.which queutng occurs at stair entrances.

A -

etmtiarty, Meiinek and Booth (1495) suggest rhat flow rates averaging 37 4

e Leeauree.

pers/min/width unit €1.1 pers/sec/m) reptesent the nérmal capacity of stairs. 5

In addition, these investigators note that as crowd density increases,; flow

flow decreagee again. Melinek and Booth aleo found that hends and corners

,,,,, ) -

notes that people aged 50 and over often re
time than do younger pedestrians to descend 14 fiighte.

over often require as much as 40 pereent more

(1:34 pers/sec/m): . OMthe basis of his qbservations of forty evacuation drills

in high rise _office buildings, Pauls argues, that this dggumptior. may overesti- ;

i

mate actual flow rates by more than 50 percent; particularly during winter

months in cold- climates where escaping occupants are likely to wear bulky . i

clothing. Under many conditions; Pauls foand thaf speed of degcent on stalrs
tends to be considerably:fore varlable than is assumed (indirectly) by users of

traditionally—promulgated deeign flow valiies. Pdiils suggests that a “comfort-.- -,

able” range for evacuation movement of between four and six stortes per mirtte y

raquires deniities within the range of 0.1 and 0.2 pers/ft2 (1.11 and_2.22

pera/m2);  He alsoe found that such movEment becomes virtually impossihle when y”

density reaches 0.45 pers/ft2 (5.00 pers/m2). Pauls has stated that flow ratesg -
greater than 30 pers/min/width unit (0.9 pers/sec/m)®Me usually only achieved

‘'under ideal conditions; where butlding’ occupants have been specifically -

instructed about evacuation proceduresj: where they -are motivated to act effec-
tively; and where they are familiar with regimented movement. - :

Paulé found evacuation time in "total evacuation _drills” (tﬁ&éé in which all

occupants are alerted at once are presumed 1in inftiate evacuation simul-

taneously) to depend upon total building population and available stair width.
For example, a ten Story building with 100.occupants pe? width unit could

tvﬁically be evacusted tn less than five ninutes. (plus or minus 20 percentj.

In contrast,;a 30 story building with 1; OBO'occupante per width anit has been
shown to req&ire more than 30 minutes to evacuate. .Pauls notes that although
most evacuees participating in the observed drills had obtaiied prior drill

training, they Were typically unaware "that the evacuation was in fact'only a

drtli. - -

f his most re wd movement onzstalrs, Pauls
¢1980) has presented the cancept of "effecttve Btair width,” suggesting that -~

pedestrians typically maintain themselves at a distance of approximately six

tnches (150 mm) from the sidge of stair wells. Apparently," this spacing

regults from individuals' body sway; fear of bumping frto slile walls, aAnd

utilization of handrails. Consequently, Pauls suggests; a_typlcal two-unit F
stair 44 inches (1. 10 m) wide may only have an effective widil oﬁ 32 inches o
105
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2) pers/min; accordiug to Pauls’ calculation, howsver, the same stair might,
under certain conditions carty only 38 persymin. ; . :

Regardiug flow tateS(S%ramps, NBS (1935) summarizeg findings reported earlier

* (0:f1 ). Accoriing to the Code; such a stait would permit & ioad of 120 (50
x 2)

by the Illinnis Central}Railway System demonstrating that flow on rsaps fs
essantlially equivalent to that on level surfaces. NBS researchers also noted
that; according to their own observations of ramps in New York City's Grand
Central Station, pedestrian density on rafips éiégiééa,éﬁﬁfﬁiimateig,B7§§?l§été
K ml/pers) 13,
Under similar conditions, NBS concluded that the discharge rate of ramps {is

ent , ; P nsity on ramp L
(0.72 mZ/pérs)li; and peaked at approximately 6.2 ft2/pers (0.56 m
faster than that of stair ways.

—- - = N - ” L ;,,,,,,v, - - - - - - = N
Evans (1950) estimated flow down ramps to be: 37 pers/min/unit (1,10 pers/sec/m)

width when slopes were within the range of 6 to 12 percent, Al<n within this

range; walking speed was not found to vary significantly with slope. ' Moreover,
walking speeds on _ramps were found to be slightly higher than those on level

passages: 4.2 ft/sec (1,28 w/sec) for ascent on a 12 percent .ramp; to

4.8 ft/sec (1.46_m/sec) for descent on a 2 percent ramp, as compared with 3.5. -

through 4.5 ft/sec (1.07 through 1.37 m/sec) on level surfaces;

Fruin (1971) also found that for giades up to 4 percent, ramp grade has little
effect on walking speed; Other researchers have suggested that grades as small
as 5 percent effect walking speed: A controlled experiment’ in which military

personnel walked on & variable-grade treadmill; reviewed By Tirnéer and Collins

(1979), indicated that an increase of grade from 5 to 10 pece-nt decreased
average waik;@gﬁﬁpcédﬁ,bif&ﬁﬁféiima;ely 1135 percent. Increasing ramp grade to
20 percent decreased walking speed by a total of 25 percent. Melinek .and Booth

(1975) teported that for upward-sloping ramps, walking speed decreases by 2

percent per degree of grade. They also noted that for downward-sloping ramps,
walking speed increases for small grades, but decreases for Yarger slopes. .. In

ééﬁe;aljﬁﬁﬁiiﬁ@ﬁwﬂéﬁﬁiéia walking speed is assoclated with gradients of
approximately 7 percent:— B .
: N . N ' ;.

Tregenza (1976) agrees with other researchers noting that at slopes of §
percent or less, gradient has virtually no effect on walking speed. Citing
data collected by the Road Research Laboratory 1n the United Kingdom,; however,

Tregenza indicated that a 10 percent ‘ramp gradient could reduce upward walking
speed by as much as 4Q percent.  Under certain conditions, especlally where
elderly or partially mobile persong’Are concerned, a similar effect can oceur

 with downward travel:

In summaty, gonsiderable data describing pedestrian flow on level surfaces;
stairs, aﬁﬁﬂjSSpsihas been reported in the techntcal iterature. Although it
often 1s rot réasonable to compare data collected under different conditions
(e.g. evacoation drills in office buildinga versus normal movement in transit

12 Zquivalent to 0.17 pers/ft2 (1.39 pers/m2):

13 gqatvalent to 0,16 pers/ft2 (1.78 pers/m2); - ,‘ )

\.7
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. flow rates substantially gimilar to

-any egress way element 1s 28 inches (Q:71 m).

“'as'4 inched (0:10 m) oi edch gide under more crowded conditions, particularly

”_:fi- : 3: - . RS | B Aj[ééié "

\!

facilities), observations ander a wide varlety of clecumstances do permit,
certain conclusions., In particular; data currently available in the technical
literature support-the assumptici that ramps;, within certain timits; permit

dse found on level surfaces. In. addition;
available data support the assumption]that walking speed on ramps 18 faster than
that on stairs. However, available data do flot support the assumption that .
dowiiward walking spsed on ramps is always faster than upward walking speed. S

Elaborating or the general issue of egress way capacity, the Code wpectifies )
that although the fundamental unif of exit width is 22 inches (0.56 m) for the
purpose of establiphing occupant’ 1od¥ 1limits, the minimum wilth raquired for

: { 8 Several references to the avail-
able techntcal literature ‘support this feature of the Code. For example; . ‘
Langdon-Thomas (1972) has expressed considerable concerm gver the possihbility
that even the slighteést obstruction to movement in means of egress may have the

most serfous consequences. As a results, he has recommended a minimum width o¢ )
30 _1inches' (0.75 m). for individual egress channels and elements. Similarly, the .
Fire Protection Handbook (NFPA; 1976) cttes Fruln's (1971} findings that while

adult men typically measure less than 20.7 inches (0.53 m) across the shoulders,

additional allowances must be made for clothing (especially heavy winter

“clothing) and for body sway. Fruin has soggested that the average adult "hudy

ellipse” be taken as 24 inches, or 0.61 m. The Fire Protection Hindbook further
considers the question of side-to-side body sway, estimating sway on each side
to be approximately 1.5 inches (0.04 m) under free flow conditions, and as -much
on stairs, On the basis of such estimates, the Handbook recommends that egress

s - S e . . !

channel width be no leas than 30 inches €0.76 m)~

fouuded on certatn assumiptions concerning the lineartty of pedestrian movement.

In_general; a majority of tnvestigations of pedestrian movement reviewed by NBS . _

Finally, Céde provisions goveraing the capacity of waans of egress” appear to be

- (1935) led the organization to eonclude that, on the average, peoplc moving R

through corridors or stair ways can be assumed to travel in linear files.22
inches (0,56 m) wide. -According to NBS, the origin of this assumption ites in
line of reasoning leads to the notion

- military experience. By extention, this i

that a 44 inch (1.12 m) wide channel adequat<ly supports movement by two linear

files of pedestrians. _The Fire Protection Handbook (NFPA, 1976); citing more \

ecent rejsearch by Fruin (1971), accepts the assumption that people tend to

'vgggyglifrtdugh egregs ways in ltnear filesy This notion is further qupported-_ ? ,

by Soviet research on emergency egress summarized by Roytmann (]1969).
€ :

London Transport Board (1958) regearchérs report that they could not detect

. this “lane” effect for footwaya more than 48 inches (1.22 ©) wide. However,

~these Investigators noted that for warrower stair ways and corrtdors flow rate

was dependent on tha number of available lanes of unit width, The London. -

Transport Board :also suggests that widths falling between unit wiltiples have
capacities that _are not sfmply predicted by computing fractions under the .
“lane” model. For exanple, when a center handrail was introduced in a stairway
previously capable of permitting three files.abreast; the lane model Sugpests

‘@ reduction in the stair's capacity by one third (since; presumably; the rail

éiiﬁipates one aisle). However, actual flow on the stalr was reduced by a @7
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small amount, suggesting pedestrians walked tn staggered, rather than purely
linear, filés. 1In discussing the raticnale for peraitting credit only for
addittonal exit width increments of 12 inches (0.31 m), Appendix notes to the
Code also support the notion that flow may be meaningfully increased by provid-
1ng sufficient space for staggered files. Galbrzath (1968) interpreted the

Londor Transport Board's data; discassed above. to suggest that staggered
(rather than pure’y file-like) movement 18 most_common, particularly when tall
buildings are bei g evgcuated. The Institiite of Traffic Engineers, (1964)

report finding no studles which actually verify che 22 inch (0:56 @) lane

effect, noting further that lanes of this dimension may be too narrow to permtt

free flow pedestrtan movement on stalis. . =

By far the most noteable challenge to the unit ufﬂth congcept; particularly as

this concerns the granting.of credit for frucggogg of units, derives from the
work of Pauls (1974, 1977, 1980). In his study of some 40 evacuation drills in

high—rise office buildinga, Pauls notes that occupants did not mote down stairs

in a highly reg’mented fashton; etfther shoulder-to-shoculder or evei in stag—

gered files. Rather, pedestrianq obserVed by Pauls_appeared to make every

effort to maintain a body buffer zone (similar to the body ellipse concept

discussed by Fruin); even in cases where density was fairly high. Pauls sug-

gests that this spacing behavior 18 influenced by such factors as type and

weight of clothing worn; occupants' cultiral backgrounds, pedéstrians' sex; and

-their social relationship with_nearby persons: Forther,; Pauls argues that

shoulder-to-ahoulder movement {8 rare on stalrways narrower than 4.0 feet

(1.22 m). Where it does occur, according to Pauls, it primarily 1nvclves
pedestrians trying to talk to one another.

i f
H

Pauls also found that_ side— o—side body sway; and pedestrinns' varying need for

handrail support, influences movement behavier on stairs. On the basts of his
research; Pauls (1980) recommends a minimum wﬁdth of 55 inches (1.40 m) for

stairs normally Ssubject to heavy use. This dimension takes body sway into

account, permits movement two-abreast, and allows convenient passing on the
stalir. .

of granting credit for fractions of egress width anits. He hasiggggeﬂftﬁgg

-f{bggiqgwgfegit stairs tend to be proportional to stair width; sud that the
" relatfon between width and flow 1is eggentially linear. Thus, siace each addi-

tional inch of exit width has the potential of increasing flow: rate, each such

inch shculd be considered for credit under provisions of the Code. At present,

the reader will recall; one-half credit is given for extra widch, from 12 to 21

inches (0.31 to 0.53 m); no credit is given for extra width from 1 to 1! inches

(0:03 to 0.28 m). According to Pauls {19B0), this step—like Function has no

basis in avallable empirical data, while the linear "effective width" sodel, on

the other hand, can be justified both by Pauls' own data and by thoseiﬁeported
much earlier by NBS (1935). .

Strengths and | A number of behavioral
assumptions underiying Code ptévisions which concern the votential effect-of

architectural barriers consider the influence of doorngg and iatermediate
nmullions on egress flow rate. Most of the avalilable data on flow through door

10m » -
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- ways (NBS, 1935; Togawa; 1955; Pruin; 1971; ﬁeliégﬁ and Booth; 1975) are based
e d on fieigiopgervations made under conditions of norWal building occupancy. ‘A
- " number of difficutties arise, however; when these data are appIiEd in analyses
: of emergency egress situations. First the process by which occupants form
queues at docrways may itself be substartially influenced by cirﬁumstances

brought about by actual fire conditions: While queuing regolarly takes piace

fire); yet remain orderly during others (as reported after the Stouffer Inn

fire). Clearly, however, the assumption that door width and design alone

tnfluencc door flow characteristizs seems miaguided. and while door ways may
be examined under nonemergency conditions; results of such tests may not be
predictive of emergency performance.

Second. while the code—writer may be tempted to draw causal inferences about

the role of exit design in achieving desired flow rates, available data derive

from studies lacking experimental controls which permit such Inferences; at

best, these data report trends and correlations. Moreover, the available data

do not now permit the code-writer or amalyst to estimate the probability with
‘which a given exit width or door design will be adequate under hypothetical _
emergency cdnditions. Thus, although a considerable amount of data are avail-

able describing the flow capacity of door ways; the techntcal basis for design-
ing dcor ways to -accommodate overall emergency requirements remains weak. On

the other hand; a govd deal of research is now available describing siich spe-

cific plenomena as arching at dodrways (Togawa; 1955; Peschl, 1971; and others)

Although the effects of arching on egress time remain to be quantified, inves-

vigators’' beliefs that door ways within a certain width range often result in
t{he~conguming queues and arches do appear thEe supported.

Available literature conceruing the potential effects of intermediate mullions,

door hinges, and other similar projections into door_ways on door flow rates is

ineafficient to suppert or refute Code provisions and their underlying behav—
ioral assumptions. Thig 18 also true for doors which open against traffic; and
for mid-stream exit chalinel width reductions. Research by Melipnek and Booth

(1975) and the London Transport Board (1958) provide the strongest indications :

that minor architectural obslructions have 1little ot no effect on egress flow.

However, data reported by thesge inVEstigators "were niot collected under either

real or simulated emergency conditions. Here again; it 1is not possible to

assess whether emergency conditions exert additional forces on escaping occu-

pants, sufficfent to alter the effects of otherwise minor obstructions to flow.:

:Code préviaiona pertaining to revolving doors and turnstiles are based largely

on recommendations by NBS (1935). Fruin s the only other inveatigator to kave

empirically addressed these elements. There presently exist no empirical
grounds upofi which to challenge the pertinent Lode provisions, ®

=

‘Available 1itPrature uescribing the capacities of stairs;, ramps and 1évéi“ic
surfaces, while somewhat vquminéus, has not developed in a cumulative manner.

To data. 1nvestigarors have rarely attempted analytical compartsons among’thetr
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‘data; accordingly, appear most directly

" of egress. Given the.significance of Pauls'

*

.

ways; and varfables frequently liave been defined inconsistently across

investigations. For example; Togawa and other investigators studied pedestrian

walking speed in relation to density; defined as the numbgr of, persons per unit
area. “Fruin,; on the other hand, studied speed and flow in'relation to area,

which he defines ad avallable area per person, the reciprocal of density.

Another shortcoming of this literature concerns ambiguities dmposed by data
collection techniques. For example, studies of pudestrian walking speed .usually
involve timing pedestrians as they pass between two fixed points along a mea-

sured linear path (e.g. a corridor). Although the length of the maasured path
remaing’ constant for all pedestrians, the actual lengths of pedestrians' move-

ment paths do not; since some pedestrians are more prone than others to deviate

from “purely” Iinear walking patterns. _Thus; 1f two pedestrians walk the mea-

sured path in gthe fdentical period of time, the recorded apeed of one will be

equal to that of the other; even though their actual walking paths—and thereby

their actual walking speeds—-differ. Such ambiguities make it dffficult for A

‘the code-writer or analyst to infer trends or. draw definitive conclusions from
pubItshed studies. ' -

The work of Pauls (1974, 1977) departs somewhat from that of other researchers;

particularly in that he specifically investigated fire exit drills in public
occupancy buildings. According tc Pauls, moreover, many occupants participating
in_these drills actually believed real emergencies to be in progress. _In addi- )
tion to data concerning the time required to evacuate butldings differing- in -
height and under a variety of egress scenarios (e.g. evacuation en-masse; ver-

sus "staged” evacuation); Pauls also collected numerous data on film, video
tape;_and gound tape which describe a large number of behavior patterns occeiir-

ing alcng agress routes. Flows reported by Pauls are in most cases lower than - -
those published by other investigators. According to Pauls, flow rates ,
reported elsewhere are artificidlly high, perhaps due to the artifictality of -
the situations studied. These differences between Pauls' data and those Eéﬁ&?tﬁf

- by other researchers remain to be verified and explained empirically.

—

Pauls' findings are often difficult to compare directly with those reported by

. other investigators, primarily because Pauls usually reports walking speeds

and flows down stalr ways in terms of stories per unit time. This difference
' poses serious problems to the analyst wishing to employ Pauls' data, particu- -
larly since story height may vary considerably between building types. Pauls':

e ' useable when applied to high-rise f
office bu{lldings. More generally; idwever; the fact that Pauls' flow data

[P

o

unde: dril conditions (which in some ways simulate emergency events) appear
substantially lower than those collected in tramsportation facilities and

elsewhere (under decidedly nonémergency conditfons) gives cause to resvaluate
the present basis for computing bullding occupant loading for the sizing means

auls' findings to goals of the Code, a _

nomber of his studies warrant replication; parttcalarly trie where the ctode-~

writer is interested in making generalizations from Pauls' data describing

office buildings to other occupancy categories.

o - - g cem o R __ . _ _
Research_on_pedggtrian moverient down ramps involves methods and techniques
substantially similar to those employed in stalr use research., Although

conclusions regarding pedestrian flow on ramps are analogous to those reported

] 1io [
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in connection with stairs; numerous studies; including those reportéd by NBS
(1935) suggest that pedestrian behavior patterns have more in common with move-

ment on level gsurfaces than with movement on stairs. At present, most investi-

e neen "m |

gators of ra%£ use report similar -findings concerning differences between pede-

strian perfo ance in ascent versus descent, although the precise.relationship

between ramp slope and walking speed remains clouded by eqiuivocal findings.

no»ement and the longvaccepted "standard“ 22 inch (0:56 m) exit width un&; are

? problematic. As poi-ted out by NBS_(1935); the idea of studying pedestrian

movement Iin terms of linear flles of standard width stems from military experi-

ence._ But to wha§ extent 1s regimented ' military walking behavior _generalize-

able ts the siovement of building occupants, either under normal or emergency

- conditions? Despite’ met d<
" and Fruin's data difficult _to
suck clearly observable pedestr

Qterpret and apply,; their ideptification of
learl an behavior patterns as side-to-side body sway
and_personal space maintenance raise important questions about the validity of

the current standard. On the other hand, available data also. qugest that

under relatively high density conditions, escaping occupants may be willing to

forfeit comforts associated with personal space maintenance, and given little

freedom of choice within an egress channel; may effectively follow linear
paths and mcve in files of unit width. Thus, with no replacement for the 22"

unit clearly in view; the current standard should riot be abandoneds

a

down stairs; to 5 great éiEéBE. to the fact that ﬁgnyroccupants of the bu ldings
he.studied believed that the drills were actual emergencies:. However; Pauls

has made this sgpposttion on the basis of a relatively small sample of drill

participants; perhaps on the order of 10 percent; Moreover; thess {ndividiials
were not forced to escape in ¥he presence of fire products; nor did they . receive

such ambiguous signals as”distant shouts, etc., which might have affected escape

behavior (refer to Chapter 3 of the present report): Indeed; the prcblem of
predicting behdavioi during drills remains unresolved, as noted .Ain Chapter 2.

From a gcientific perspective, consequently, Pauls' recomiiendatiois concerning

the design of exits to facilitate emergency escape should, perhaps; be viewed -

more as hypotheses than as statements of fact. Replications of Pauls' work;

both under more controlled conditions and ander a wider range of occupancies

. and emergency scenarios; are indicated. g

7.4.1 Research on the Kpfluéncé of Architectural Barriers- and Other Potential
Obstructions to Egiess Flow

' The majority of studies ayatlable describe thie influence of architectural
barriers and other obstructions to.egress flow focus on pedestrian movement
through doot ways. Provisions of the fode specify the design of door ways on

the basis of occupant loading criterla and available door width: Oiie point on

which there is 1littlé equivocation in the literature 1s the finding that, under

conditions of relatively high occiipant density, queues form as individuals wait

to pass througﬁ door ways. However; researchers have yet to study the questions

-
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of how queue formation snd processing influence egress time, and how door__
width specifications may be adjusted to compensate for time potentially

. in queues. - _

: . I < o N L . ,

A closely related gap in the technical literature concerns the prediléction of

., most researchers to study pedestrian behavior in relation to some one egress

way element (e.g. doors) in isolation: Indeed, the task of exiting a building
usually invelves passing through numerous door ways, as well as corridors,

stairs, and lobbles; all of which are mire or less interrelated. When a queue

forms at a door vay, for example, it 18 not merely flow thtough this door thaC"“\k

is affected: the capacity of the precedfhg stair or corridor is being taxed. ~

N as well. Future research -must address the intecrdependencies between adjacent
) egress way elements, and provide guidelines for the desigh of effective

transitions between elements; . . ) .

' 7.4.2 Research on the Flow Cébééiti of Egress Channels

Flow rate has been the wost universaily accepted measure of the performance of
means of egress, Considerable work remains, however, to develop a standard
jgggggréaéﬁ;_ﬁétEBA., In the absence of such a standard; it wijl continue to be

‘difficult to determine precisely why data from various investigations often
digagree. For example, Pauls and Fruin ecach found different variables to
interatt with flow rate and walking speed; Togawa folnd@"no such tnteraction
effects: Similarly, although Pauls and Fruinm have both advocated an incorpora-
tion of body sway ‘and personal space maintenance behavior fnto computations of
flow capacity, thére remain netther standard measures nor verified models of

these phenotienad.
7.5 | SUMMARY L 7 _

\ number of human behavioral assutiptions underlying Code provisions which

Bovern the capacity of means of egress were presented. These assumptions were
evaluated by reference to several models of pedestrian movement, data from lab-
oratory and field studies of walking behavior during normal occupancy condi-
L tions, and obseryations of stair use during firé exit drills in high-rise
office buildings. With regard to Code provisfons affecting the design ot
doors, available technical literature support only those assumptions concerning
the deletericus effects of particularly severe constrictions ‘or obstructions;

corridors and stairs find challenge within the technical literatuce. This 18

especially true of provisions depending on the validity of assumptions about

vJ However; behavioral assumptions undetrlying provisions governing the design of
the linearity of pedestrian movement and the 22 inch (056 m) unit width stan-

" dard. Because there remain differences in feported data describing pedestrian

] - behavior on stairs and level surfaces, inconsistent definitions of important

> Vdriables, and nonstandardized techniques for measuring the performance of

' means of egress, it 18 not now possible to either support or refube existing
provisions and thetr underlying behavioral assumptions on the basis of the
available technical literature. The most _important objectives for future
research on the subject of the capdcity of means of egress are: (1) the develop-
ment and validation of standatrdized measures and measurement methods, and (2)

the systematic analysis of complete egress systems emphasizing transitions’

. between megns of egress elements.
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T T TS SO RO STUN RIS A T
The primary objective of the investigation has been tb_ééiiﬁs:avgilable{rééea?hh

' pertaining to thg exit fééiiit}-aéatgn”and“emergéﬁag-gaggyelbrpvigtaﬁagat,thé“

- based capabilities of building occupants-to effect rapid acd§t16ns,“in rela~;

NFPA ttfégsafezygcade77(197§,Eaitiaﬁ);:;ﬁ—éfaéf.£§ déterming the technical sup=-: .
port for such provisfons. The central foci of" the investigation dre the,time- '~

tion to evacuation time available during/fires. A numbér’of flinctional criteria

(e.g. maximum travel distance;: building configuratiofi, remotejess of exits, and‘

barriers . to egress flow) are examined in relation to. Code provisions influenging

the design of means of egress; and 'fire protection and ptb:ec:t&é*signq;;pg;syﬁf.
tems for places of assembly, residential occuparicies, .tiercantile occupancies;
and buginess occupancies. Provisions affecting fire extt drill’and building -

management practices are also considered.- - e

. /

‘To effectively treat this broad problem, the current report organizes Code

\ Within each chapter, provisions of the Code which have a common area of

provisions and related technical discussions ii.relsti®n: to areas of potential

impact: provisions affecting pre-emergency training and preparation (Chapter
2), occupauts' perception of the emergency environment and recognition v @

egress facilities (Chapter 3); egress strategy formation (Chapter &), disci-

plined égress behavior and crowd movement (Chapter 5), occupants' capabilities
to safely and tapidly negotiate egress Q?&é (Chapter 6); and the sapacity of

ﬁﬁ?ﬁé of egress (Chapter 7). A ) .

potential impact} and human behavioral agsumptions underlying’these provisions;
are presented. The technical literature bearing on these provisions and

assumptions is reviewed, ;gg}ugiﬁgfféféijhbéé,tB.éﬁﬁiiéabie,theories and models,
*xperiments and field studies; and

pertinent empirical data from published

where appropriate, journalistic or anecdotal accounts of actual fire events.

The vaJidity and generalizability of findings.presented in the literature are
diacusBed; and the degree of technical support currently available for egress
provigions. of the Code 18 evaluated. Finally; each chapter provides a summaty
of gafds in the teéchnical literaiure, recommending specific arpas requiring .
additfonal rescach. The remainde- of Chapter 8 summarizes Code provisions '
behavigral assumptions, technical iiteratdre; ani recommendations presented in

.~

each of\the substantive chapters of the report. %

8.1 SELECTION OF CODE PROVISIONS

L .

Code provisions addressing occupants’ “readiness” for fire emergency 8ituations

were selected for amalysis, emphasizing provisions for the conduct of fire exit

/

drills which appear in Chapter 17 (Operating Features) of the Life Safety Code.

Provisions selected for study are presented in Section 2:1 of the report. A

number of provisions are noted which potentially influence occupants' percep-
tions of the emergency environment and their recognition of egress facilities.

The principal-sources of thes= provisions were Chapters 5 (Means of Egress) and

6 (Features and Fire Protection) of the Code. Provirions selected for analysis
are enumerated in 8ection 3.1 of the present study. Once occupants have deter—

mined that @ fire emergency is in progress; they must decide on a specific

course of action. When a decision BP made to evacuate, an ‘egress sseft,gy most
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s be formulated and acted upon: A number of Code provisions were found which

g

potentially affect occupants' cognitive behavior and their ability to make

effective decisions leading to successaful emergency. €scape. These provistons
N tre drawn primarily from Chapter 5 (Means of Egress) of 'the Code, and are pre-

sented in Section 4.1 of the current report. Problemis associated with emer-

gency escape during fires tpipubliéfg;éﬁﬁéhéy,bﬁildtngs are .often complicated

by the fact that occupants are members of social groupings Gﬁiéﬁrﬁéy vary quite

widely with regard to a nutiber of éﬁdfacteristics.’iﬂehéé, the &ontrol of

social interactions during fires may be a desired outcome of building manage-
ment; and to some extent planning and depign as well., A number of provigions,

" drawn prisarily from Chapters 5 (Means of Egress) and 17 (Operating Features),

~ ment; and are ghown in Section 5.1 of the gééggf:fiEtéiiéibﬁﬁ,1hten§§d7§§777
'V minimize human bhysioiogtgg;i}ﬁ@édiﬁéhté to the safe and rapid use of egress
P § ways were gelected principally from Chapter 5 (Means of Egress) of the Code.

. These are presented in géctiéﬁ 6.1 of-the iepoté. fiﬁill?; QEBSe provigions of

iiq’ Chapter-5 .of the Code which focus on the carrying capacity of egress way ele-
ments; and which may fluence :
- &re evacuated, are presented for analysis in Section 7.1 of the present study.’

8.2 UNDERLYING BEHAVIORAL ASSUMPTIONS

C

" Provisions of the Code were selected for analysis because of certain assumptions

‘ é6ﬁ§érntné_thé potential affect of code compliance un escape performaiice

L during fire emergencies. That 18, when designers or biilding officials make
design or compliance dectstonq;ﬁitbitéﬁﬁéét to many Codeiggég;ggdﬁéiltﬁéy do
80 in the underlying belief. that; on the average, occupants will respond pro-

perly, and that compliance with such provisions thereby increases the ltke-

a get of huiman behavioral assumptions pertaining to.Code provisions

‘#thoqd that occupants will survive fires. Initially; the proj=ct staff hypoth-

1 each impact area.: Then, a procedure was established for submitting this

Bet foct expert peer review' (note Appendices A and B of the current report. The .

T PYRJect staff accepted behavioral assumptions as modified during the peer

FevIgw process as the best curreatly available.description of human behavioral

L AR Attun —¢ one =
- Chapter 2 of the report addresses Pre-emergency training and preparation.
. Human behavioral assumptions found to underlie pertinent Code:provisions

d to underiie selected provisions of the Code.

k' clustered into four subsets, including: (1) the ability to predict occupant
' - responses-during actual fires, (2) the transfer of responses learned during
fire ékit'drtllﬁ,tgfgttgél,fiié Eituattéﬁﬁ;5;32;§§éﬁﬁﬁﬁtﬁ' attitudes toward

fire’exit drills; and (4) the sccosodation of training procedures to diverse

fire scenarios. Specific assumptions are given in Section 2.2;
"/Ghapter 3 of the report treats provisions affecting occupants' perception of
the eémergency environment and their recognition of egress facilities. - Human

. behavioral assumptions underlying related Code provisions clustered into the
following -subsets:_ (1) the effect of door and window design on egress route

identiffcatfon, (2) the effect of tllomination level on cgress route identifi-
catlon, (3) the role of signagevand directional information in egress route
recognition, and (4) the abilicy of aiidible and visual dlarm signals to effec~
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Chapter 4 censiders Cade provisfons which may influence .the ways building

occupants formulate emergency escape strategies during fires. ' Underlying

behavioral assumptions concern: (1) occupants' .capacittes to progess informa-
tion about the locatfon and function of means of egress; and (2) occupant's
abilities to determine the safest and most accessible escape route under

stressful and life-threatening conditions. See Section 4:2:

Code provigiocns considered in Chapter 5 of the Surrent report potentially

affect disciplined emergency escape and crowd movement. Three categories of
human behavioral assumptions were found to underlie such provisions: (1) the
influence of designated leadcra on escape time during fire emergencles,
. (2) pedestrian mavement \inder high density occupancy conditions, and ¢3) the
effects ‘'of dbuilding configuration and architectural barriers on efficient

crowd movement. These assumptions are presented in Section 5.2.

Chapter 6 deals with-the physical capabiifties of occupants to safely and

\rapidly negotiate egress ways. Human behavioral assumptions underlying Code -
provisions which potentfally influence such capabilities cluster in thre=.cate-
gories: - (1) ‘the.extent to which accidents such as slips, missteps, or falls,
which.may occur while people negotiate pedestrian ways, impede flow along

- corridors, stairs; and ramps and through door ways, (2) the degree to which

‘stress and fatigiue iimpair walking behavior and increase the time required for
safe escape; and (3) the influence of door and other hardware design upon occu-

pants' abilities. to rapidly operate elements cpmprising means of egréss. Note
assuuptions in Section 6.2. . )

Finally, Code provisions treated within Chapter 7 concern the capacity of means
of egress: Two categories of behavioral assumptions appear to underlie -thede

provisions. These are: (1) the influence of architechtural barriecs and other
potential obstructions on egress flow, and (2) the flow capacity of egress ways.

Refer to Section 7.2 ) ’

" 8.3 TECHNICAL COMMENTARIES 3

ERIC

Aruitoxt provided by Eic:

- applicable to Code provisions and their underlying homan behavioral assumptions

Thorough reviews of-the theoretical, empirical, and journalistic literature. &
~were conducted. These reviews made it possible to state; in technical terms, SF‘

. the fundamental nature of various facets. of the cimergency escape problem; to
explain behavioral phenomena known to occur during fire emergenciea, and to

assess the state-of-the-art of technical data which either support or refute -

the Code provisions under study. 7 o

8.3.1 Problem Statements

Code provisions affecting pre—emergency training and preparation are intended S

to maintaln occupancles at a sufficient state of emergency readiness; to reduce

the 1ikelihood of maladaptive responses during actgal fires, and to minimize the

. time required by occupants to either escape buil

g8 or move to refuge areas.,

In general, these provisions are based on the agsumption that behavior patterns

learned during=¢raining situations trapsfer to actual eunergencies, and thereby
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result in effective behavior durlng real fire events. Problems addressed withii

Section 2.3.1 of the current refort concern the validity of this supposition; as
well as otlier questidns about the value of pre-emergency preparation and.
training. :

Under certafn conditicns, the design and provision of emergency exiting

facilities may directly affect occupants' perceptions of the emergency environ-
ment, a8 well as their recognition and subsequent use of these facilities.
Chapter 3 treats Code provisions intended to achleve easily identifiable egress
wvays; facilitate rapid and accurate escdpe route determination; and to confirm
occupants' awareness of immediate fire conditions. These provisions presuppose
causal relationships between the deslgn of architectural features, and siuch
attributes of emergency edcape performance as stimulus_detection; situatton
definition, and egrees strategy formulstfonm. The verifiability of this suppo-
sition; the validity -of causal relationships.ibetween phiystcal design and escape
performance; and the availability of empirical support for\ applicable Code

provisions are the chief problems outlined with Section, 3.3\1. .

Additiopal Code provisions are intended to assure that occupants are mo .

entrapped in the event that any single exit route becomes blocked by fire pro-

ducts; that og¢cupants will not become unnecessarily confused if exits are not
immediate accessible,; -and that escapges do not overshoot discharge polnts along
any escape route. Decisions which occupants must make concerning the formula-
tion and revision of escape strategies are often requirpd on a number of occa-
8ions during the emergency event: Design provigions which potentially affect
the quality of .occupants' egress strategles presuppose that escaping occupants
obtain information vital to decisionmaking from the social and phystcal envi-
ronments during the course off the fire event. Technical problems associated

with these issues are presented in Section 4.3.1 of the report.

A number of Code provisions are intended to afsure that etmiergency egress from

public buildings will be orderly and well organized; and that maladaptive ptﬁﬁa
behavior which could lead to pauic or abnormally lengthy escape time will be

unlikely. The special problems associlated with crowd behavior and the implica-:

tions of building design for crowd management are int¥duced in Section 5.3.1.:

Whether or mot building occupants can safely -and raptdly negotiate egress ways

may be substantially affected by the sensdrimotof capabilittes of these indi-
viduals. This effect is potentially influenced by a number of building design
provisions treated in Chapter 6 of the current report. Section 6.3.1 intro-

duces the problem of accomodating human performance capabilities in egress
design provisions of the Code. :

Code provisions governing the—vapacity of means of Sgréss are inbended to assure

that exit ways can_adequately carry anticipated occupant_ loads during fire emer-
gencies. To accomplish this purpose requires not only that exit ways are of -
sufficient dimension; but that their desigi and arrangement minimizes opportuni-
ties for blockages and Sther impediments to rapid egress flow. Section 7.3.1 -
of the report presents the problem of evaluating exit ﬁéy,éagactty; in view of

occupants' sensorimotor capabilities and the dynsmics of fire situations.
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8.3:2 Behavioral Modela ‘ E A

- e e

3 Theories, modela, and concepts from tha behavioral sciences and other pertinent

f dlaciplinas provide an important framework for understanding fire emergency
events and for guiding the development of more effective design solutions..
Consequently, they provide a useful basis for evaluating Code provisions which

potentially {mpact occupant performance during fires.

In evaluating tﬁgléfféétiiéﬂééirég pre-emergency training and preparation,

three models drawn fraﬁf;ﬁ@,ﬁéygﬁolgky,of'learntng appear to offer inaights use-
‘ ful in understanding relationships Between tralning and behavior durlng actual

emergencies. These models are the instrumental conditioning; social learntng,
and coguitive models; Ingtrumental conditioning 15 baded on the assumption®
that an individual; through reinforcement in the form of .reward or pui:lshment;
acquires connections between speeific environmental events or stimult and par-
ticular behavioral respongses. Stemming from insttumentilib§§céﬁtéir666151

. learning emphasizes the importance of soclal environmental stimuli to the
behavior of any individual. According to the social learning model, the behav-

dividual, who may find imftative and vicarious behavior to be poaitively

ﬁ)rofothers may have considerable influence over the behavtor of an observing
réinforcing, Social kearning also suggests that indgwiduals often depend upon
otherg in the immedIate environmeut for help in achteving goals. In contrast;

Ny -9 _ oY%

the cognitive model treats 1éarn1§37§$7§7@é?élbﬁﬁéhtéi,prpcess by which infor-
mation from the environment 1is Eésimilated;.;ﬁgé?ﬁréggd,f&ha,éﬁblied,by indivs-

duals as they continuously make decisions eassential to effective envitonpental
accomodation. vAccording to. one popular approach to cognitive learning, Sndivi-
duals are thought to teat their own mental image, or “cognitive map” of #n , -

event (which may or may not be sccurate or_eqrrect) against the reality of the
event being confronted. Here_an tndividugizz\success in negotiating the event

IS

ognitive map (the mestal guide for

may well depend upon the “fit™ between the map (t
behavior) and the actual.event; as well as on the individuail's avility to make
rapid mid~9tr§§§7§§gtébﬁi§ﬁ§:é§,tﬂé cognitive @ap. These models are considered
in detail iu Section 2.3.2. L h

3

Three theoretical explanations of human perception provide insights to occupants®

perceptions of emergency environments and their recognition of egress facilities. . . . . . .

- These are psychological field Eheory;'eﬁyiraﬁﬁéﬁtal information processing

théory, and signal detection theory. Psychologtcal field theory (or “Gestalt™
peychology) posita that physical objects are always viewed against & background
which provides varylng degrees of contour, contrast, and boundary to the object.
Characteristics of the background field may substantfally influence the clarity
_, with @hich an object 18 percelved. With i{ts origins in Gestalt psychology,
Eéﬁfﬁéﬂﬁentaiv1ﬁf6t@§t§§§iﬁt6béﬁéiﬁ§ theory suggests a mechanism byiwhich {ndt-
viduals interact with their physical surroundings, simultaneously extracting.
information from them and contributing to their change. Based on psychophysical
regsearch; signal detection theoty posits that environmental stimuli muat contin—
ually compete with other; less relevant, atimuli. Fuorther discyssion of these

s approaches {s provided in Section 3.2;2. ;

Euvironmental information processing appears to provide the most useful

-conceptual framework for ﬁﬁ&éié&iﬁaiﬂéﬁemeggégcyi@grééé;Qttétééi formation;

'This model hoids that Bociophysi:al settings supply individuals with at least
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as much information as any person_ can_effecttvely process and ude; irrespective

‘ of whether the available information 18 of sufficlent quality or quantity to

permit successful event negotiation:  Accordingly, fire situstions can _be con-

- ceptualized as sttuations in which escaping occupants continucusly seek cut
information they need to make effective behavioral dectsions. ~'In addition to _
the general framework posited by the env;gg@ﬁéhtil,iﬁfﬁiﬁitton&pra;gggipg model,
3 number ‘0f other models which describe processes by which information s o
stored, retrieved and utilized, -and which illuminate potential impediments to

. people attempt to escape. public-buildings during firég: _The outcome-dependence

' ent with the individuai's pwn obiéggtvgég The environmental space model is -

information processing, were aigo considérgg within Section 4.3;2: i -

Models of ‘group behavior, aEibﬁ;fgg@ the field of social psychology, provide a
framework for understanding problems which may arise when large groups of

e ely upon other people perceived to be better informed
(e.g. visftors. to office. uildings may, during a fire, depend upon workers tn
the building whom they :éxpect to be much more familiir with exit locatiogs),

tion dependency exists

model, for example, éﬁésséts:;hhq:iﬁdivldﬁilé and groups for which some informa-

The imitation aaaétﬁggggeggarghat»ﬁaaéi-Eérca;nfg;gggﬁaqahéés individuals will
copy behaviors exhibited by other pecsons they perceive to be role models. The
reward-exchange model posits that an individual will interact with others only

to the extent that the products of such interaction are perceived to be congru- -

— =7 g

“based on afithropological research aid - ocuses on individuals' apparent need to

circumscribe territortied for themselves., These territories may be useful as °
protective boundaries between an fndividual and other persons in the immediate
environment. Consequently, according to the model, individuals strive to
maintain personal space buffér zones. Relatlionships between such models and
problems associated with disciplined egress behavior and crowd movement during

fire emergencles are treated fore fully: in Section 5.3.2.

Models stemming from research in human factors psychology and blomechanics are

useful in explaining occupants” performahce capabilities unde®? various circum-
stances which may arise during buildings. fires. . The man-machine and feedback-
loop models suggest, for example, that in the process of negotiating an egress
way,, an individuail conducts perceptual; tactile, and kinesthetic tests of
environmental ‘conditions; while receiving feedback from the environment concern-—
ing its state. The cybernetic model of neurophysiological coding Buggests that
Stressors from.the environment interact with human nesrological processes,; and
may interrupt or overload individuals' abilities to cope with énvironmental -

stress. The biomechanical model describes the human body as a highly complex

structure consisting of nanerous mass-spring-damper elements. Such a ¢onceptu-
alization of the body appedrs useful in describing the way a person regdtiates

elements of egress ways (e.g. stairs) or operates pertinent architecturatl

hardware (e;g}; dd@té);x These models are the subject of Section<6,3,2.

fodels adopted from both the physical and behavioral scieiices are useful—in

Eonceptuattztﬁgftpé,ﬁétfaiﬁéﬁéé of'méiﬁ§7§fié§féébf§nd for predicting their

capacities. -The: particle model treats emlergenty egress as being directly anal-
Ogous: to_evacuatirg ball bearings from a_ funnel-shaped bin. In the hydraulic .
model; the movement of masses of people through complex buiiding configurations

18 viewed as analogous to the gravity-induced movement of a flufd~chroagh a
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system of pipes; valves; and catch basins. The gaseous model has been suggested
. to_describe low density pedestrian movement; under condiéions where indivtdaals

- exercise considerable freedom of choice. Although not itself a descriptive

<

‘model; the psychological concept of personaI space, which posits individuals’

.needs to maintain protective buffer zones around themselves; is useful in under-
standing limfcations to the capacity of egress ways, These models and concepts

are discussed in relation to Code provisions affecting the capacity of means of

egreds in more detail in Section 7.3.2. i
b

8.3.3 Assessment of Behavioral Ansumptioni Based on the Technical titeratﬁre~

Pre-emergencxrtraining,and;p;épatation, A review of the literature pertaining

to provisions arid assumptions concerning pre-emergency training and preparation

yielded mixed conclusions8., In many instances, assumptions in this area_imply_

that panic is a likely outcome of fire emergencies. However, the term “panic"

lacks a widely accepted technical definition: Controlled social psychological
laboratory experiments have shown panic-like responses to result when_ time-to-

escupe is perceived to be insufficient, and when leaderehip is unavailable.,

Journalistic accounts of actual fires have also recorded panic-itike behavior

under similar conditions. On thie other hand, post-incident technicgl studies
of fires have shown that such panic 1s a rather infrequent occurrences- Behav-~

ioral assumptions underlying pre-emergency training and preparation“provieione

of the Code also imply that the threat of panic may be reduced through fire

exit drill training. A number of post-incident .studtes support-this- notion -

although no direct evidence of a relationship between drill training and panic

reduction is currently avatlabie in the technicaI literature.

The question ofrwhether behavior patterns 1earned during exit drills and other

forms of pre—emergency preparation transfer to actual emergency cond tions idg

been considered by a number of investigators. <However; there remalmns no empir-

tcal evidence of a transfer of training from exit drill performance to emer-

gency egress behavior. Some fire researchers have aiso noted the importance of

demonstrating the effect of driII frequency on performanceiduring actual emer-

'gencies. Two incidents recorded*in the literature actualiy question the
benefit of frequently-conducted exit drills, °

:Virtually no technical data are presently available EEEcriBiné occupants’
atcicudes to drills and drill participation, or illuminating the relationship

between occupants' attitudea and their performance efther in drills or actiial

emergencies, The problem of accdbmmodating training procedures to the peculiar-
ities of individual occupancies also has been noted- in both the Code and the

1iterature., To date; most research on drill effectlveness has béén conducted

in occupancies with distinct leadership hierarchies (e.g. nursing homes); and

results of studies in these occuparicies may nct generalize to other building

types (e.3. shopping malls). In summary; the technical literature neither uni-
vergally supports the behavioral assutiptions underlyinZ Code provisions affect-—

~ing pre-emergency training and preparation, ndr supports specific alternatives.

Perceptions of the emergency environment. Available technical data are

insufficiefit to .either support or refute most assumptibnns underlying cgde
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provisions pertgining to occupantn' perceptions of emergency ‘environment and

their recognitich of egress facilities. Various ‘studies appear to refute

asgsumptions conderning emergency alerting signais. Extreme® few technicai

data pertaining’ to the effect of dvor and window design on route perception

were found; VirtuaIIy none of these data specifically addressed problems dsso—

ciated with _emergency egress. Similarly, very little research concerning the
effect of 11lumination level on egress route perception has been conducted,

and 1t 'is not_ now possible to either confirm or. refute the minimum illumination
level. currently specified in the Code. . : L ? .

A number of experiments have been conducted to examine visibility under smoke :
coniditYons. However various methodological difficulties make it difficult_to

interpret findings frog thege studies. Moreover, conclisions ahout optimal

7.

visibility distance; particfilarly under smoke conditions, remain somewhat
equivocpl. The Code ptoviaion specifying a maximum switchover delay between" .

etandard and emergency™ighting, and its antecedqnt human behavioral assgump-,

tion, are supported by available psychophysical literature on light-dark adap~
tatichi. It should be noted, however, that the literature reports data fro

laboratory experiments 1acking many of the ambtguitiea and stimuli whieh"”
be present during actual fire emergencies. : _ : i

Current knowledge about the effectiveness of signs and visual informatiod is
based upon_laboratory experiments designed to test. the visibility and:under-

standabiiity of saoch stgnage. However, little is kiiown about how, .and whether,

directional signdge is actlally used b& escaptng occupants daring ftre situa-
tions, The question of whether the visibility of directional signs is impafred

by smoke has been spectifically considered in the literature. Although the

available data are not extensive; they do suggest that such signs; while commonly
positioned overhead, would be @ore easily seen under smoke conditions if .~

posgitioned within two to ‘three feet (0.61 to 0.92 m) from the floor. § ;

i

A number of toxicélbgical iﬁvestigations have considered potential effects of .
carbon ‘mongxide (CO) on information perception and reaction time. . However; B
research with human subjects is not sufficient to warrant useful concﬁusions at

this time. , ) . ) -.;tif—

»

A small number of studiesrare avai1ab1e describing the effectivengss of arrows

in way-finding, although no data have been found which show the effects of fixed

directional arrows on_emergency egress behavior and time: Data from htghway
research suggests that human subjects redpond miore quickly to graphic symbols

than to information presented on vetbai,stgns. No data were found indicating :

whether or not this is alsoc true for. pedestrians. Similarly; no data are cur—

rently available to suggest that verbal "NO'EXIT signs deter occupants from

making incorrect egress route-decisions; or that the presencé of siuch gigns

reduces overall bui1ding evacuation time. e

Much of the literature reporting data on the effectiveness of audible and

visual fire alara sgignals stems from nonexperimental post—incident investiga-

tions of actual fire events, ‘These studies indicate:that alarm signals are

frequently. not perceived by occupants as signaiing an actusi emergency. A
numbay of sociological investigations of large-scale natural. disasters, as
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well as journalistic accounts of fires, support_this notion; These findings
tend. to refute the behavioral assumption that alarm signals will effectively.
initiate prompt and purposeful emergency egress action, which tends to underlie
@ number .of Code provisions, The effectiveness of visual alarm devices, .

1lmportant to hearing-impaired Buifdiﬁgféééﬁp@ﬁtﬁ; hds not been examined in the

Iicetacﬁté;

Regarding the quality of alarm signals, a number of investigators have suggested

that responses elicited by mdnual alarm beils tend to be ambiguous and confused.

These researchers note that upon_receipt of such, alarms; occupants are often
observed attempting to seek additionatl informaction, rAther than taking prompt _
action to evacuate. On the other hand; a small nimber of anecdotal accounts of
actual fires point to victims who, having geed or heard an alarm signal, formu~
lated an effective -egress strategy; and subseqaently egcaped unharmed. Gen-

erally, however, available technical evidence suggests little support for the

assumptions that alarm devices; once activated, will provide unambigous emer=

- Bency information, or that they will reduce overall egcape time,

— B . R Cec s
Egress strategy formation. Taken as a whole&, available technical data are not

sufficient to efther support or refute behavioral assumptions underlying Code
provisions which may tnflaence the ways occupants formulate emergency escape
-strategies. However, the psychological literature does cledrly indicate that-
occupying a barning ‘building can be a highly stressful; if not life-threatenting
event; requiring individuals to make complex and potentially very costly deci-
sions under severe temporal and environmental comstratnts, and under pressing

physiological demands,
As of the current fnvestigation, there are few technical data available

directly relevant §? assumpcions about occupants' capacitizs\to rapidly and’
effectively process:.and utilize information concegaing the location -and funé-

. tion of means of egress. In general, cuestions ibodf,géigpscqp;@gﬁﬁgcyﬁéECE

make specific route chofces, or about the kinds of information they sought from
the environment have not been raised by fire experts. Findings from empirical

1ﬂieﬂt183510§?,éﬁﬁﬁgy-ggﬁqgﬁgigﬁ;b@ilaiﬁéé,iﬁaiééte that: floor plan complexity
and .the visibility of route elements, are key predictors of wayfinding success:

These findings, Héiéi%i; goncrasf,hith,data from pogt-incident fire studies
which suggest occupants' familiarity with building layout and exit locationg
to be the chief predictor of effective emergency escape.

‘

Few data are available from the field of firk research_that are usefal fn . -
evaluating the assumption that'.o¢cupants are capable of effectively determining

the.safest and most accessible escape routes while exposed to the psychological

stresses produced during fire emergenclies. Findings €rom seemingly pertinment:
psychological and toxicelogical experiments conducted undetr narrowly defined

laboratory simulations, moreover, may be difficult to generglize to actual fire

sltuations; partly because of the fmpracticality gnd immorality of conducting
research -in which human subjects are exposed to actudl or potential 1ife

thregts. -Furchermore, psychological investigators have not systematically
studied bullding fires as a special €lass of events, and hence, generalizations

~from psychologi€al investigations of decisionmaking and behavior under stress

() fe tﬁreatg:,%e'Itttlé more than untested hypotheses about responses during.

Yfires. ResearZh on natural disasters has also addressed the effects of stress
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on dectstonmaking and escape route cholce. Although this work has not 1

specificaily attempted to clarify mechanisms by which environmental -stressors
-prevent or inhibit effective decisionmaking during emergency situations,; it
‘has generally found that under such conditions decisionmaking 18 aore time
consusing. =~ < : R

wement, Behavioral assumpticis regarding’

Disciplined egress and .crowd i
leadership and direction-taking behavior, two important aspects of disciplined
egress and crowd movement during emergencies, appeatr to be at least partially ‘-
supported by available tethnical 1iteraturz. 1In particular, @ost researchers
concur in the belief that under many circumstances; individuals and groups tend

-to follow directions from strong and clearly perceived leadetrs or authority

- figures. However, some criticism of the preparedness of assigned leaders; or
” "fire wardens,” has appeared in the fire literature. Moreover, there exist

virtually no data either swypurting or refuting the assumption that the ore- -
sence and actions of speclally trained cmergency managers facilitiates orderly.
butlding evacuatiofd and shortens overall egress time. What little is currently

N known; about the use of such personnel stems from aviation research on the cva-
- cuation of commercial afrcraft cabins. Grounds for generali{zing from such
experiments to wuch larger scale building evacuatiocns have not been establtished:

The literatures of soclal and envirommental psychology provide tmportant
sources of data for evaluating assumptions about pedestrian movement under high

density occupancy conditfons. Investigators from these digciplincs have
suggested that cognitive overload, frustration, and increaged aroasal tend to
characterize the high density occupancy experience for many individuals. How~

ever, it 1s not now known how these factors influence emergency -egress behavior

~patterns., Some {nvestigators have sugpested that {ncreasad psychological
arousal; and related maladaptive behavior; m1y result from encroachments upon

an individual's personal space envelope. Yot, at least one researcher notes
that during 1ife threating emergencies, people may be quite willing to forego

all but the most essential personal space.

The orderly evacuation of large HﬁEB&iE of occupsnts from public buildings

implies that once individuals have gctually exited -to the outdoors, they will

1 -_T==

remove themsclves a sufficient digfance from the structure to permit persons
"behind them to exit as well. It ed; the Code provides that thiiE,occupqug;-

bulldings be designed 8o that efits discharge either to a-street of to an &-ea
with sufficient holding capaci y. In corforming to such provisiond, :biuildirg

deslgners may have to assume tfat once occupants exit @ structure,ihey wili in
fact remove themselves from tke {amedlate vicinity of the polnt bf disehsrge.

Speciffc invest. gations of exit discharge under naturalistic cond{ttons do not

apﬁear,tﬂ'fhé;Li;grﬁturé; However, a number of post—incident fire investiya-

tions (véry few of which dealt with public occupancy buildings) had tndicaced
that re-entry by some evacuees’is not uncommon. No research has been conducted

to ascegs the influence of re-entrants upon the egress performance of other
§gcg§§§i§; _Re-entry is a key< 18sie because it introduces the potential problem

of two-way traffic in egress ways; a subject largely ignored by the Code.

Behavisral assumptions concerning ppﬁé@éégiieffétté,éf,éEEHiEééEur*iibggriéré L
on crowd movement were evaluated with reference to findings from studies of
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pedestrian movement and crowd flow phenomena- In general, available data -

indicate that guch minor egress way constrictions as might result from stair *
rallings; door hardware; etc., do not weasirably impalr the performance of
occupants using means of egress: The perceived complexity of a biuilding's
floor plan may, however, influence escape time. This Eoncgyaton ts evidenced,
in part; by research suggesting that paths which contain bends and turns are
frequently perceived by experimental subjects to be longer than 1%near paths
of equal length. On the other hand, avallable data do appear to support
behavioral assumptions underlying Code provisions specifying maximum forces
required to open doors and to manipulate panic hardware: To date, however,

.reaearchers_ conducting post-incident investigations of fitreyevents have not

‘addregsed the Qﬁééti6636g;ﬁﬁether,et:he;'eaéapgﬂrduté caﬁpiekity.ét,aikﬁi:,j'

tectural obatructions iafluence actual emergency egreas performance. =

avatlable for tmmediate emergency use .cannot now be evaluated by reference to

The assumption that means of egress will in fact be maintained clear and fully

technical data, Similarly, while anecdotal accounts have occasionally cited

potential conflicts between building aecﬁrjty-aﬁdig@égggﬁcy:éthQE objectives .

(eeg: Journalistic reports of escaping occupants who have encountered locked -
exit doors); such conflicts have not as yet been systematically .investigated by
researchers. - : .

Occupants'® capabilities to safely and ”tiEtEiégtéébfﬁéiﬁ., The

curxent iuvestigators found considerable contradiction in available data

describing occupants’ capabllities to negotiate egress ways: Comsequently,
specific conclusions about efther the validity of behavioral assumptions or the

efficacy of Code provisions which affect such capabilities cannot be drawn. For
example; a pumber .0f behavioral assusptionseconcern the notion that accidents
(e.g. slips, fallp) along means of egress may lmpede flow along such elements
a8 corridorsy tdirs, ramps, and through door ways: Investigators Have é;@diéﬂf

stair riser-to-tread ratios, surface friction, and other physical characteris-:
tics of egress ways to determine potentlal causes of accidents. -However; the
accident lfterature has failed to reach consensus on the causes oOf slips, mis-
steps; and falls; has presented no statistically significant correlation between .
accident rates and surface friction; and presents contractory conclusiona = iy
regarding the role of stair riser-to-tread ratios in stalr accidents: Moreover,
specific effects of occupant acctdents during emergency evacuations has mever

been systematically investigated. As a result; it is not possible to determine

whether mishaps-—which may impede overall egress flow in means of egresg--occur
with greater frequency during stressful emergency situations, or to what degree
they adversely affect overall escape time.

The Code requires that handralls be providad on stairs under the assumptfon that

handrafls will facilitate the safe and rapid negotiation of egress ways by, at
least in part; reducing the ltkelinood of missteps, slips, and falls. However,
the available literature does not permit specific conclisions concerning the
provision of handrails, particularly intermediate handrails which may bec

required for stalrs wider than 88 inches (2.24 m).

Research ou ramp negotiation indicates that ramp slope may affect the aase,

gpeed, and safety with which pedestriana use such facilities. The literature
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suffictent technical detail to permit useful conciusions tc be drawn at this
time.

Phjsiological stress and fatigue may also affect occupants' capabilittes to

safely and rapidly negotiate egress ways; and assumptions_concerning these
phenomena often underlie design provisions of the Code. Technicsl data rele~

vant_to fire egress situations stem primarily frol antmal and human toxfcolo-
gical research, and from laboratory experiments in human perception. _Anecdotal
accounts reported by fire victims provide addiciocnal insight. Several well-

controlled studies have demonstrated the deleterfous effects of prolonged CO
exposure on both visual and psychomotor performance. However; the low level

dosages required tn,the condact of experiments using humsan subjects, and the

unrealistic design “of many toxicological experiments; has led to findings which

" are often contradicted by the réported experiences of fire victims. Moreover,’

limtted data from laborstory experimenta and field studtes on human behlvior

in smoke~filled environments are contradicted by a number of journalistic
accounts .of fire victims' expetierices.

Potential effects of multiple toxicants (which may combine chemically to
produce additionsl phyaiological Btressors) on emergeiicy egress performance

have not been systemstically studied by researchers: Hest stress; another
importsnt consideration; also has been the subject of physiological investigs-

tion. However, the focus of this work has been on long-term endurance under

nonemergency conditions; and hence it is difficult to draw specific conclusions

from these studies which would be pertinent to the prcblems of building fires.

Smoke conditione potentially influence visibility. While a number of studies

tance; no data are available estabtinhtng & direct retattonship between smoke

density snd vsrious fsctors contributing to escape performsnce. Several
resesrchers hsve suggested, however, thst impaired visibility csn trigger other
forms of physiological and psychological stress, which may in turn sdversely
affect egress performance.

The present reg‘apuof the technical literature yieIded limited useful
information concerning potential effects of desd-end corridors on egress time.
The assumptions that scrophobics may impede flow on ocutside egress stairs 1is

bssed on current clinical judgment, although the effects of KCrOphObiE under
life threatening conditions remain little understood snd are presently the
subject of controversy smong cliaiciarns. -

In conclﬁﬁién, the 1iterstg'e on respirstory, visusl, and thermsl stress ana
fatigue report data which are often only indirectly relevant to enslyses of

emergency egress performsncé. In virtually no cases do research findings .

point unequivoeslly to sny single explsnation or solution. However, findings

reported in the litersture appesr 20 rontgpdict behavioral nnsumptioﬁé ander-
lying rélevant Code provisions. e

The cspscity of means of egress. Dats reported in the technical literature
permit few clear conclusions regsrding the effects of architectursl impediments
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r and other obstrictions on egress fjow. For exzmple, doors are aatéi(.},i;i

impediments to pedestrfan movement along corridcrs “and hetween elemdnts of

egress routes,_ _Estimates of mean pedestrian flow through doors ranging from
30.2 .pers/min/22 iinch unit (

rs/min/22 1 +90 pers/sec/m) to 58.8 pers/min/unit (1.75 pers/
sec/m) have appaared in th /literature, (theACOde suggests that 60 pers/min/

N unit, or 1.78 pers/sec/m;"can pass through exits . along horizontal sorfaces).
Similarly wide variations in estimates of the effects of egress way width =

reduction (which often occars at door installatiois) upon flow cfficiency have

also been reported. The question of whether,; and how, door swing direction

influences flow throigh door ways, perhaps_one of the most critical issues in _

the provision of doors,; has received only minimal attention. Japanese research

has shown that egress time may decrease by as much as 12 percent when exit
doors swing against™ traffic flow, provided that pedestrian densitles are not so

high as to prevent the doors from being opened:

In addition to flow reductions widch may accrue from door design and

installation; variocus investigations have indicated that such other architec-

tural obstructions_as railings way also impede pedestrian. movement: For exam—
ple; the addition of center handrails on wide stairs has been shown to reduce

downward flow by as much as 20 percent. Insofar as other forms of obstructions

are concerned, available data suggest that obstructions up to one foot (0.31 m)

in width ternd to have little or no impact on pedestrian flow, even {n relatively
high density situations.

inrclude bends and corners; often found along corridors and stalr w ways., Data

repétted in the literature generally indicate that flow rates are maintained at

‘Other potential sources of reduced pedestrian flow implied by Cederbidvisions

bends on stairs; and that queue formation at corners in corridors are atypical.

One experimental investigation of corridor use; in which corridor layouts were

arttftciatiy C6nftguféd in a laboratory, reported reductions in walking speed

at corners. ~ : v X

length of a_ linear corridor segment. Available research suggésta that rela-

tively small width reductions have no measureble effect on pedestrian flow. In

fact, corridor width redactions of 33 pergent have been shown to prodice flow-

The_ Code severely restricts the use of revolving doors ag means of egress, as

well a8 the placement of turnstiles in pedestrian ways expected to be psed as
:iyns of egress. In those cases where such devices are permitted; the exits

not account for more than 50 percent of requiredjfkit units. These restric-

- tions are predicated on the notion that revslving doors and turnstiles sobstan-

tially redace pedestrian fiow, thereby increasing requitcd egress time. ' Avall-

sble data on revolving door performance indicates flow . through these devices

to bé between one third and one half that of ordinary doors. Other research

has examined pedestrian flow through turnstiles under a variety of conditions

~ (e.g. involving the depostting of colns. or taking of tickets): Depending on
* the specific circumstances, flow through these devices appears to vary from

8.4 to 33.6 pers/min/unit €0:.25 to _ 1:00 pers/sec/m), substantially below the

sverage flow rate of 50.4 pers/min/unit (1.50 pets/sec/m) reported for ordinary
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doors. Thus, although available data do not permit an evaluation of the degree

of restriction 1n the use of tevolving doors and turnstiles permitted by the

Code; they do support the need for such restrictions:
As with analyses of egress way obstructions; available data point to relatively
few specific conclusions regarding the capacitiep of individual means of egress.
For example, researchers Hﬁﬁéﬁééﬁéféily,foﬁﬁdi§éfg§tiign,fiow in level corri-
dors to vary from 43.7 to 53.8 pers/pin/unit (1.30 to 1.€0 _pers/sec/m), sub-
Stantlally lower than the flow rate of- 100 pers/min/unit (2.98 pers/sec/m)

recocmenided by the Code: _Thus, flows_assumed by the Code appesr; in comparison

with empirtcal findIngs, unrealistically high. The 1Tterature has also sug-

gested that the varisnce in reported flow rates may be attributed to peculiar-
ities associated with vayious occupancies; and to variation in the widths and

lengths of corridors atudied (the Code reflecta virtually none of thesg

gccupapcy-tglatedid;ffétenceg in corrtggrﬁggtfétﬁiﬁzé)a””fﬁggi the age; sex,

tional features of buildings; Eﬁdfébgﬁ@ﬁ?ii@éivEﬁiE&cEgt}gticg of carriddrs,
appear to influence pg@eg;tiéhfﬁéifornan§§;ggf’”ttiaars,tu SBome way. - Unfottun-
ately, however, neither specific contributions 5f each factor nor initerdctions

amnong factors hﬁVé;bééﬁ empiricaitly investigated.

It 18 even more difficuit to draw specific conclusions ebout the capacitr of

Stalrs. _Although the Code recommends a design rate of 45 pers/min/unit (i.34

may varv between 30.2 and 57.1 pers/min/unit (€0.90 and 1.70 pers/sec/w) in ..
descent. The National Bureau of Standards (NBS, 1935),tgp@g;éf@ﬁéfﬁigheet rate

shown above, indicating that this was measured under gomewhat fdeal conditions.:
- NBS (1935) recomiiends that a design rate of 45 pers/min/unit ¢1.34 pers/sec/n)
would more adequately accommodate normal variatfons in density. Code recommern—
dations concerning the capacity ¢f stalrs are based on this recommendation.
However; Pauls, who has conducted the most extensive investigations of crowd

of other regearchers; which consistently iﬁaicatéigﬁﬁiidééigﬁ rates reconmended
by the Code are too high. Pguls recommends that flow down Stairs 1s ordinarily

' movement and building évacuation, has pot:xted tu both his own data aps those

on tke order of 30 pers/min/unit (0.90 rers/sec/m)' under conditions of normal

building occupancy, Pauls has aigpfgbpndftﬁit; irrespective of stair design,
verall 595558t10ﬂ:§1§§7§6t7higﬁztise,bﬁildgﬁgéfﬁé§ very quite widely depending

on the method of ébacuatton’éﬁﬁlbiéd (1.e. total verasus staged), a8 well ag
building height. = : - :

Walking speed on stairs also has been investigated {n relation to §E$f§7§i6ﬁé

and direction of travel. Here f00, 1t 1s difficult to draw specific concla-
sfons on the basis of data repur}ed {ir >

ed in the Eééhgigél literature; For example,

stalr slope has been found to b€ both positively and negatively E&;teix;g@f
with walking speed. Moreover, while two investigators found that pedestrians
move fagter down than up stairs, another researcher reported thes opposite -
finding. o _

. %

S}

‘c/m) 1in dégcent;7§ﬁ§;t1CEl studies have shown that_measured flow rates .
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The Code treats all rampslé as éuBéEn’cﬁiiy,éa@iiﬁigs;tii@él corridors for
oses of e expected to carry
100 pers/min/unit (2.98 pers/sec/m). 1In the upward,direction; the Code suggests

purposes of cowputing downward capacity. That is, ralips are ex
that while Class A ramps will carry pedestrians at the downward flow rate,
Class B ramps will only carty 60 pers/tiin/unit (1.78 pers/sec/®>: In general,

- : data reported in the techrical kiterature indicate that for most raumps,with =
slopes between | in 50 and 1 in'8 (1.e. 2 and 12 percent), flow characteristics

are substantially simllar to those astocliated with level corridors: However,
some investigators have noted lower flows oa ramps with slopes greater than 5
to 7 percent, for botlly upward and downward travel. Herice, available data

appear to support: somé of the assumptions underlying Code provisons concerning
“the capacity of ramps. In particular, flow on most ramps is similar to that

-1n level corridors, and pedestrian movement speed is higher on ramps than on
: stairs. Available data do not permit the general conclusion that downward .

- travel on ramps 1is E}pi:aii& equal to, or greater than, upward travel.

Code provisions governing the capacity of means of bgress are partially based
on certain expectations about the WWearity of pedestrian movement. Data on,
the capacity of egress ways reported by NBS (1935) led investigators at this

organization to recommend that people may safely be assumed” to travel in linear
_ files 22 inches (0.56 m) wide. This assumption (which Berves as the basis for

" present Code recommendations) has mare recently been supportéd by Soviet data
; on occupant circulation within buildings, and to a lesser extent has also been

) ~supported by data collected by Fruin in the United States.  Other {nvestigators
have shown, however, that although such linear movement might occur within par-

ticularly narrow egress channels, the "lane" effect is generally not appareft
when channels surpass approximately 4.0 feet (1:22 m). in width. For such wide <

channels,; a number of researchers noted "staggered” files to be most common.,

: : Pauls, howevet, , typical, since occupants ;//
A (particularly stair users) seek to mailntaln body buffer zomes, and sfnce there

Pauls, howevet, found even staggered files to be atypical
may be some variation in the size of bufferf required by each 'individual in an
egress way. Pauls also reported wide variations iIn side-to-side body sway and
need for handratl mupport during stair use to be quite common. On the basis of
these findings, Pauls recommends that;the minimum width for heavily used stairs
in public occupancies be 55 inches (1.40 m). According to Pauls, this design /)

value would permit shoulder-to-shoulder walkfng, av well as eagy passing on
8tairs, in view of the relatively nonlinear movement paths typically found on

these elements. This recommendation  contrasts sharply with design valuzs pro-
vided by the Code: (1) minimum width of 44 inches (1.12 m) for Ciasa A stairs; |
(2) minimum width of 36 inches €0.92 m) for Class B ktairsl; (3) absolute

B ’ v

minimum of 28 inches (0.71 @w).

. .
R e R
14 ¢y A ramps are defined to have a minimum width of 44 inches (1:12 @), a L\
v maXThum slope of 1 in 10; and no limit to the maximum height between land- :
Ings. (Class B ramps are defined to have a mintmam widch of 30 inches . =
(0.76 m), a maximum 8lope of 1 in 8, and a maximum height of 12 feet (3:66 m). -

2

between landings. Do
15 class B stairs are usually the minfmum required by thie Cods for pubilc
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Pauls R&6 Further argued that the relationship between stair width and dowaward

flow 15 both linear and contlnuous; and that each extra inch of stair width can
potentially ifncrezse flow rate. The Code permits half credit for all extra

" inches between 12 and 21 (0:31 and 0.53 m), ‘and gives #6.credit whatever for

-

extra width between 1 and 1l inches (Qipgﬂggdigggglgjﬁ1;T51§ recommendat fon
conforms to a step-like relationship between stalr width and downward flow.

Referring to both his own data and those of other researchers, Pauls argues
that there is no empirical basis for Code's step-like approach to allowing .
credit for extra stair width, and that available evidence suggests instead ‘the

efficacy of his continuocus "effective width” concept.
= e - i
The reader should note that although numerous stddies of egress way capaclties

have been conducted since the first comprehensive report on this topic was
published by NBS in 1935, the majority of this regearch has been neither cumu—
lative nor replicative: That is, there 18 ‘no_evidence that investigators -
specifically sought to build upon earlier findings or test hypotheses advanced

by other investigators, or that they repeated studibks th assess the consistency
and validity of previously me&sured behavior. Moreover; while it is tempting

to compare findings reported by various investigators (as was indeed dome o
above); the reader should bear in mind that researchers havé tended to work on

rement methods. Finally, it is important to

definitions, and behavioral meat th . tant
remember that all empirical invebtigations of egress carrying capacities’
reported in the literature were conducted either under contrived laboratory

the basis of widely varying resSErch questions, study designs, operational

conditions; or under nonemergency conditions asgociated with every-day use of

pedestrian ways in buildings. The only excepticn is, of course, Pauls' E

investigation of building evaluationm during fire exit drilts,

- L S g
8.4 SUMMARY OF GAPS IN THE TECHNICAL LITERATURE ... - =
T t - ) ;

8.4.1 Overview = SR

Clearly, provisions regarding crowd movement and the capacitiesa of means of
egress are, at present, the moat easily discussed .topics with refererce avail-
able to empirical research: _Yet even here current knowledge 1in these areas

remains equivocal on numerous c¢riticai issues. Analyses of other attributes
6f,agfé"igi"?EBIE"BﬁIIaIﬁg evacuation require considerable reliance on techni-
cal literature outside the fleld of fire research. On the basis of guch liter-
ature; it has been.possible only to suggest hitherto unfggted relationships
between human behavior tm psychological laboratories, ldrge-scale natural disas-

ters, or nonemergency 56516-énvtroumeqt§1 settings; and tuat, betieved to oeeur

during building fires. In reésponse to these realities, an important objective

‘of the current report is to identify specific gaps in the technical literature,
;. polnting to areas for future study. . 7 )

8:4:2 Ere-éﬁétgéﬁéi Training and Preparation
. -~

The queations of; ﬁ%&iﬁgi pani e

potentfal dangers %nherent {n panic are reduced through Pre-emergericy prepata-

tion andcra?a:ngfﬁanﬂ'implied by provisions of the Code which are covered in

ic 18 a clear and constant threat and whether -

Chapter 2 of ﬁié-report;.argknét now ‘answerablé on the basis of current

T 28
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Enowledge. This 1s true; at leasc in part, because researchers haveryec to:

(1) adopt ' a standard operational definition of panic and a standard method for

measuring panic behavior,; (2) identify and measure environmental and situatio-
nal stimuli which trigger panic or increase its likelihdod, (3) describe '

perceptual and cognicive processes which 1ead to panic, (4) nnderscand che

bilities reduce- the 1ikelihood of panic. (5) sﬁecify the relaciOnehip between

preemergency tratning and the occurrence of panic; and €6) speclfy the rela-

‘ cionship between occupancy characteristics and the iikelihood of panic.

. e K
The general assumption chac behavior learned during fire exit drills transfers
;to_actual fire situations remains to be empirically démonstrated. In the

futuré, such demonstrations will require researchers to design and conduct

longitudinal field experiments which permit.assessments of variousJCtaining i
protocols in a number of occupancies, and which woiild ‘allow ip estigators to

evaluate the effects of time on learning. Stahl (t978b)mpr ides a basis for

such research degigns. Where future research in this area attempts to intro- :
duce simulated life threats as independenc variables, safeguarding human : et

driIIs and drill participation: Required data include.\ (l) correlations
beCVeen _occupants' attitudes toward drill parcicipacion, their performarce

" during drills, and where possible,: individuals' ;performance during actuoal {or

perceived) emergencies; and (2). cotrelacions between attitude change and

e — - LR - o —— — - L ——————-——

'. o Facilicies

;
Few data presencly exist to permic an evaluation of; assumpcions about potencial
effects of door and window design o1 egress toute perception. However, anecdo-

tal accouncs of fire victims' experiences indicate the importance of interior

aéaigﬁ to ¥ vacuacioh particular for Cransienc ~occupants of public buildings.

surroundtng decor can be studiedggsing laboraCory experim encal designs.

means of fiefd experiments conducted in real buildings. i ’is regsearch_can
become constderably more complicated, however, if it 18 dekired that life-

threatening stimuli be introduced or at least simuiated. Here, the safety and
well-being of human subjects must be of primary coPcern

o

Avatilable dac: describing the adequacy of illumtnacton for _egress are ambiguous

‘and difficult to apply to evaluations gf Code provisions and their underlying
behavioral assumptions, especlally whete conclustofis about 11luminaticn and

visibilic& in smoke are sought: Here; itiwill be necessary to study the effects
of smoke.on visibility under various, lighting and environwental conditions with-
in the safe confines of the laboratéry. Experimental data msy later bc evalu-

ated in relation to victims® reports documented during post-incident analyses ;Z
of aCCual fires. o Lo . -~ .
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Previois research on directional signage has emphasized the visibility of algna

under varying conditions of illumination, by individuals varying in thetr
familiarity with a building's circulatfon system. The questions of whether;
and how, directfonal signs are used during emergency situations have not as yet
been addressed.. Factors which should be conaidered in future investigations

of directional signage should include sign location, mode of display, lettering
and/or graphic design, as well as variations in occupants' visual acuity and
familiarity with the research setting (where this is an actual“building); smoke
density (where feasible); and illumination,

Assumptions about the ability of alarm devices to alert building occupants to
take effective action during fire emergencies require furthéer verification.
Among the factors which have not been adejuately investigated to date include
(1) mode of signal delfvery, (2) clarity of alert measages and their consis—
tency with occupants' perceptions; (3) relationship between alarm signals and
pre-emergency traifning, (4) occupants' familiarity with available egress routes,

end (5) physiological and psychological impediments to effective alarm signals

pevception. .

8.4.4 Egress Strategy Pormation

Although a considerable knowledge base now exists describing human information
processing and decisionmaking behavior; relatively little is known about the
ways building occupants select information from emergency environments; plan
escape strategies, modify or switch strategles to accomodate sudden environmen<

tal changes, and make decisions which lead to safe escape or failure during -

~ building fires, v -

To_expand kiowledge about these facets of effective emergency escape, it 1a

necessary to more rigorously debrief victims after fire events, using rather
sophisticated clinical techniques for externalizing individuals' behavior. In
conjuction with such debriefing;. it will also be necessary to moreé thoroughly
cross-validate indfviduals' self-reports against ‘those contributed by other
victims. 1In this way, it may not only be possible to obtain a clearer under-
standing of an occupants' decisionsmaking behavior and of ‘the specific environ-

mental factors leading to decisions, but to determine the confidencé with which
inferences may be drawn from individuals' reports, ag well, Future debriefing
protocals should be designed to permit the analyst to determine how interior

layon physiological and emotional
stress influence egress strategy formatfon and route choice.

8.4.5 Disciplined Egress Behavior and Crowd Moveieit

The technical literature on group psychology and crowd behavior appear to

support behavioral assumptions about- leadership and divecfion taking only _
fndirectly. Laboratory experiments and post-incident gtudies of large-scale
natural diedsters i}lustrate the tendenicy of, many individuals and groups to
take directions fyom perceived leaders or aathority figiires. . Unfortuiiately,
however, too few data desgribing direction t king duripg bullding fires are

presently available to permit definitive conclusfons. Similai:7, the effec—
tiveness of trained leaders (e.g. “"fire wardens") during real fii- emergencles
: ' vl ;l - . v

130

e

W

it
>

g



iz

A 3.
.

i

' has not been examined empirically. Tﬁese gaps in the. iterature exist

primarily becausge to date, ﬁpost—incident data collection protocols have not

been designed . to specifically asaess the 1eadershtp functton. In the future,
Bpeciallyddesfgned debriefing protocols; of the_type. described above; should

assist anai;nxs to evaluate the effectiveness of various leadetsnip scenarios.

Présently available data are pot sufficient to eithex support or refute;

behavioral agsumptions which underlie CO@E—prOJIBiOHB affecting building occu-

pant loading and exit discharge facility desigu: In additfon, extremely little

material applicable to evaluating Code Provisions in~ended to minimize physical

ﬂimpedtmenta and obstacles to rapid egcape was found in the literature. 1In the

“future; knowledge of crowd movement may be advanced through the conduct of

. time-motion studies under a variety of simulated emergency and extt-configura-

" tion condittons; :

8.4.6 Occupants' Capabilitiea to Safely and Rapidly Negotlate Egress Ways

In 1arge part; assumptions underlying Code provisions accommodattng occupants'

capabllities to safely and rapidly negotiate egreas ways concern the need to

prevent slipa and falls along elements of egress ways, and to accommodate

occupants' varylng physfological abilities. The literature on walking acci-

dents, particularly with respect” to stairs, offers tentative support for the

assumptions that under certain conditions sIth and falls are more likely, And
that falls on stairs can impede pedestrian flow and thereby reduce_the effi-

clency of egresa ways. waever the literature is rather equivocal on the

subject of stair accident causation. Congéquently; it ts not now posstbie to
offer specific design recommendations for reducing the likelihood of these.

potential impediments to flow. Clearly, 'fatare research should focus on this
gap. . -
, " Thie. agsumption that fire products which have infiltiated means of egress wild
1 adversely affect egress flow also requires additional empirical verification. —
Available experimental evidence does not point to any one conclusion regarding

potential effects of CO exposure; and such evidence has been contradicted by

anecdotal and journalistic accounts of experilences reported by fire victims.

Additional data describing homan resptratory, visualrand thernal adapta-

bility under a wide range of fire scenarios are_ required before the. effects of

fire pr&duct infitracion on the efficient use of egress ways are fully under-—

stood. Other areas requiring further tnvesttgatton fnclude the role of siioke-
induced visibility decrement in egress way negotiatation; the ability of .

handtcapped and sther public building’occupants to manipulate doors and door

" hardware; and the role of stress and fatigue in emergency escape.
8.4.7 The Capactty of Means of ¥gress

Provistons of the Code,specify the design of door wgys on the basis of occupant

loading critertia and availabile door width:' One polit-on which there 1s little

eguivo”ation in the literature 1s the finding that; under conditicns of rela-
tively high occupant dénsity, queues form as individuals wait to pass through

door ways. However; résearchers have yet to study the,questions of How queiue
formatidn and processing influence egress time; and how door width specifica-- -

tions may:be adjusted to compensate for time potentially lost in queues.
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A closely related gap in the technical literature concerns the predilection of
' most researchers to study pedestrian behavior in relation to some one isolated -

egress route element (e.g: doors): Indeed, the task of exiting a bullding may
involve passing through numerous door ways, as well as corridorg, stairs, and.
lobbies; all of which are interrelated. When a queue forms at a dooxy way; for
example, 1t is not merely flow through this door that 18 affected: capacity
of the preceding stair or corridor is being taxed as well, Future research

must_address the interdependencies between adjacéat egress_ way elements,; and o

provide guidelines for the design of effective transitions between elements.
Flow rate ias teen the most universally accepted measure of the performance of
means of egress., Considerable work remains; however, to develop a standatd

measurement method: In the absence of such a standard; i1t will continge to be =

~ difficult to determine precisely why data from seeaingly similar investigations

often disagree. For example, Pauls and Fruln each found different’ variables /

to interact with flow rate aund walking speed; Togawa found no such tntegﬁéEtOﬁ/
effects. Similarly; although Pauls and Fruin have both advocated an incorpora-
tion of body sway and personal space maintenance behavior into computations /

of flow capacity; there remain neither standard measures oor replicable modgis
of these phenomena. o —
‘8.5 CONCLUSIONS - -

. {
8.5.1 Overview {

research pertaining to exit facility design and emergency escape provisions of’
the NFPA Life Safety Code (1976 Edition), in order to determine the technical
support for such provisions. The intention of the authors is not. to paps
judgment on the validtty or usefulneas of Code provisions. Indeed; whdre
technical support for individual provisions is either weak or unavailaple; the

puthors do not recommend eliminating or otherwise modifying these prov

In~such instances; rather the authors suggest that code-writers approdch thetr
task with caution, and that further technical investigations be condiigted.
Subatantive conclusions about available technical support for Code prpvistons,
ag drawn by the current investigators, are summarized below. 4

8.5.2 Provisions Affecting Pre-emergency Tralning and Preparation

Behavioral assumptions underlying code provisions affecting pre-emerf

training and preparation may be.evaluated by reference to psychologital models
of learning, experimental data reported in the psychological literutjire, and
the growing_ body of evidence from post-incident fire investigations; To date,

experimental and post-incident investigations provide mixed conclusipns congern-
ing the supportability of these assumptions. Moreover; available e

not often pernmit'direct inférerices to be drawn between research find ga and
the specific questions raised by code provigions; fggg@giﬁéd@fitit}dﬁé to pro- . |
visions affecting pre-emergency training appear to require additiordl research oo

“on the ‘role of training and its relation to emergency behavior.

«
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8.5.3 Provisions Affecting Perception of the Emergency Eavironment; and

Recognition of Egress Pacilitfes

A number ‘of human behavioral assumptions about the perception of emergency

environments and recognition of egress facilities underlie varigus provisions
of the Code:. These assumptions were evaluated by refereace to several models
of perception; to: limited date. from experiments on visibility, and to a small
body of guidence from post-incident fire investigationd. Taken as_a whole;
-available data neither.support nor refute behavioral assumptions about occu~
pants’ emergency percepttons at a level technically sufficient to permit a

thorough evaluation of pertinent Code provistons: -Where data are .avallabie in

.8ufficient quantity, however, it has been suggested that behavioral assumptions

underlying alarm provisions of the Code tend not. to be supported. ' The Code

provision specifylng a ‘maximum (10 second) :switchover delay between standard .

and emergency lighting,. on the other hand, tends to be supported by available
technical data. Initial emergency perceptions are {mportant; and their reta-
tionship to rapid escape has been shown. Consequéntly, future research which
leads to more effective perceptions of the fire environment by victims is

recommended . -
8.5.4. Provisions Affecting Egress Strategy Formation ' , .

A number of assumptions about human fhformation processing and decisionmaking

Safety Code: Such assumptions were evaluated by ‘reference to models of cogni- .
tive behavior; as well as to dara from recent psychological research on way-

.behavior during fire emergencies underlie geveral provisions of the Life

finding behavior, environmental cue process ng, disdster response; and stress.
Few directly relevant ‘techiical data were found within the fiéld of fire
regearch itself., Taken as a vhole, available technical knowledge is not suf-

fictent to warrant statements specifically supporting or refuting.Code pro-
visions which may influence egress strategy formation: However, the literature

the demands of occupying a burning batiding . -

generally supports the notion that

~ require individuals to efficieptly sample tnformation from fire environment;,

and to formulate effective and timely declsions about what to do. Depending
apon the deslgn and layout of a butlding, and upon the nature of giyen fire 7
conditfons; these processes will consume some sizable proportion of the time «

" within which occupants must escape. Errors in Judgnment and dectstontaking

will frequently consume even more time. A crucial gap in current knowledge

about the time-based capabilities of bullding occupants to effect rapid Ca

émergency centers on questtons of eiergericy information processing and strategy.
formatton.: Y

d

8.5.5 Provisons Afféétiﬁi;biééiﬁiiﬁea Egress Behavior and CEﬁpa Movement

A number of human behavicral assumptions about crowd moyement and disciplined
group behavior are believed to underlte selected provisions of the Code. = These
assumptions were evaluated by reference to several models of human collective

behavior, data from, research: in experimental social psychology, fie]d research

on natural disasters, and post-incident fire investigations. In general, the
;ecg?iéil literature suggest support for only those assumptions pertaining to

ership and diféétiEﬁ:taktpg_behaviﬁr; Behavioral assumptions pertatining to
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the effects of occupant loading and physical _obstacles upon BEdféfi;y;z;xgriigggé’cjr
crowd movement appear to be netther supported nor refuted by available techni-

cal litetature. To the extent that impediments to crowd movemernt redult in
maladaptive collective behavior and panic, future resbarch on the role of
building design In' facilitating crowd movement seems an essential precursor to

Code development. _ S

8.5.6 Provisions Accommodating Occupants' Capabilities to Safely and Rapidly
Negotiate Egress Ways : IR

/ o N el - - O

Humdn ‘behavicral assumptions bellieved to underlie Code provisions relating to

occupant's capabilities to safely and rapidly negotlate means of egress may be
evaluated by reference to biomechantcal models of human movement; toxicological
regearch, stair and ramp use field studies, phyatotoztéalfﬁeggggegghgé,iﬁdr,\ﬁi_
anecdotal evidence from actual fire {ncidents. _At _present; much of the evid?ﬁég
reported in the experimental and nonexperimental literature on occupants'.
capabilities presents contradictions and mixed opinions; and does not permit
specific conclusions or inferepces to be drawi. As a result; there appears to
be no analytical basis upon which to unequivocally support or refute applicable

Code provisiocns. It 18 léft for future. research to. determine the specific
domains (i.e. occupanctes of fire senaries) under which particular data are

valid #nd useful in this context.
8.5.7 Provisiona Governing the Capactty of Means of Egréss

Finally, a ﬁﬁﬁﬁé? of human behaviorazl assudiptisns underlying Code provistons

which govern. the capacity of means of egress were presented. These assumptions
were evalghtéd by reference to several models of pedestrian movemenit, data
ftaﬁ,lésﬁig g normail
conditions,’ and observations of stair u

dtdry and field studfes of walking behavior during normal occapancy

during fire exit drills in high-rise

office buildings. With regard to Gbde p ovisions affecting the design of

pport only those assumptions concerning

doors; available technicel 1iteratd aypport

the deleterious effects of particuldriysevere constricticns or obstructions.
Howéver’; behavioral assumptions underlying provisions governing the desigi of
cortldors and stalrs are challenged by the technical literature. This is.

espectally true of provisions depending op the vaiidity of assumptions and.the
linearity of pedestriar movement and the 22 inch €0.56 m) untit width standard.:
Because there remain differences in reported data describing pedestrian behav-
Aor on stairs and leveél surfaces, inconsistent definttions of important vari-

+_ables; and nonstandardized techniques for measuring the performance of means '

~of egress, it 18 not now possible to etfther support or refute existing provir.
sions and tketr underlying behavioral assumptions on the basis of the available
technical literature: The most important ubjectives for Future research on

the subject of means of egress capacity are: (1) the development and validation
of standardized measiures and feasurement methods, and (2) the systematic analy-

818 of complete egress systems emphasizing transitions between mcans of egress. .
elements, = - , ’
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"APPENDIX B: INSTRGCTIONS TO REVIEWERS E
4

MEANS OF EGRESS BERAVIORAL ASSUMPTIONS REVIEW PACKAGE:

INTRODUCTION

»l

Ain of the»Study ] : -

To nssess ;eana b? egress provisions of the LIFE- SAFETY CODE '1976 edition), by

evaluating tha~validity and pFausfbility of human behavioral assumptions
believéd to underlie these provisione.
!

— - \ N

o S

The study addresses primarily means of egress provtsions of the CODE, as well

a8 relatcd provisions concerning fire exit drills; lighting agd eignage, and

emergency alarm: Under examination are provisions gigom: Chapter 5 of the CODE
(Means of Egress), Chapter 8 (Places of Assembly), Chapler 11\ (Restdential
Occupancies), Chapter 12 (Mercantilé Occupancies), Chapter 15 EBusiness
Occupancies); and Chapteér 17 (Operating Featites): ‘ &

Approach -

Current means of egress_provisions are intended to achleve certain minimom .
levels of building and human performance during fite emergencies. Accordingly,

many of these design provisions rest amon a series of exgectations., or assump-

tiong, dbout theé emergency egrcss btehavior of bulilding occupants: ‘In numerous

cases, these agsumptions are based on professicnal experience, analyses of

egress problems; and research data: In many other instances, however, assup- s

tions aboit hiumat capabilities and performance are not always obvious, and nay
not be consciously constdered by code writers and building designers. s J\ix -

result; the application of some provisions may have the effect of ach: ing oyxé /-

. level of petformance in reality, while eroneously intending to acnleve ﬂnother

level.

™is etudy seeks to tvaluagg human behavioral assumptions believed to 1

particular provisions of the LIFE SAFETY CODE: To acconmplish this goal;,

(1) behavioral aﬁéumptione must be identified and etate:f

(2) these aaeumptione must be evaluated againgt

from a variety of technical fields. ';g-

This “review packager 1s intended to aesiet the project staff in cowpleting

step €(1): the identificatton and statement of aggumpt! ns about emergency
egress behavior. ComL

.j | _ l - Q
&

-

by, |
lonl
3
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Built—1in Biaeee

iy
. L

The author's® geveral years experieﬁée 1n theigggggfof”h!ganfpebavgor7ggr19g77
fires may have resulted in biases which are unavoidably reflected in’ behavioral
assumptidns listed in this package. -

mw)‘ro USE THIS PACKAGE R .

Purpose .ok ]
o

,,,,,,

-author. These assumptions necessarfly reflect only one interptetatlon of
E provigornis. Hence, the valie thiis exercise depends a great deal upon

Y quality of feedback it evokes zrom 1ife safety professionals Itkouyouraelf.

B *JiﬁiﬁéfngFSJ we {invite and encccourage you to comment on human behavioral

‘agsumptions WE believe underlie proyisions of the LIFE SAFETY CODE, and to
domment on our interpretation of thiat document. Moreover, any additional {deas
and ineighte “Which you contribute regarding expectations about human behaviot‘

'during firea~aould be highly useful and most welcame.

v oo o o

Please beariﬁi a& the functton of this ‘exercise is NOT to pass judgment

upon the LIFEﬂ' AT Yy . . L
e e '~~’~ - R , o . S L -c,’
Organizatiorng and Foxmat' ' T

The set of aeeumptione listed on the fo;lowirg pages 18 eubdivided into 5

general categories: -These were chosen to represent princtpal areas-of haman
behavior believed to be relevant to emergency egréwes performance. The
C4Eategottea are: :

L

(l) Prc-emergency preparation and/dr training. ) .
(2) Pﬁrgegtgoaiogigyg Fﬁétgéncy env&ronment, and recognition of X
) ~"egress factlities. o . »

,(3), Egress strategy formation. -
(4) 1Infttstion of egress behavtor. =
(S) Follow-through and completion of egress behavior.

aeeumptlons (ae developed by the author) are listed as ehown in the examples‘on

*|
o
L]

I. Stahl; project principal investigator.- Ei

B-2

a3
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Instructions B

Consider the Eiiiﬁiéévéﬁ the following page: Then,; please comment upon '

assumptions shown next to_each of the CODE provisions listed on.the remaining _
feel would :

pages. Show any changes in word usage, siructure or graamar you
& Where you feel necessary,

make particular assumptions more compléte or .correct.

S don't hésitate to change entire assumptions or to add new ones. Please use the
" backs of pages for any additiénai comments; : F -
) ’ P .= A
: ® N )
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A SAMPLE SET 0F CODE PROVISIO“S BEHAVIOAAL ASSUMPTIULS AND Qﬁﬂﬂnns-..,
i
Provistons from NFPA 101 (1976) | Our assumptions, with yc..r comméﬁEe ,@&\;ﬁggesnéﬁ's

- [ —

Ww .

51012 Amtomumljhm:dhmddyﬂuﬁiﬁ iﬁhp Direction signs tre utilized by

vbmdnmlotnylomchslummmdnu{ymbu 10 the ACCUpRIL; |
- and in any case where required b: Wﬂ; Qlﬂﬂ'l occupunu *ﬁm : _
8 through 16 for lndwduduuplmu. o T-otive ’,f‘ij‘;{; faf

P N ) . '/ i
Co | Oceuptars will see.

" Occaw.ﬁ mave nat

;é?'mifm exitsare -

egress s ey

prvpt Sg /4«/ ai";

shall be 30 focated ndofwthnud ndduu[.jn sl S
Em&d’yovifsﬂé "and shall-provde conirast 0 bontioes, mmiay | Se-+esbHriaible thedugh smoks. 7
ﬂg\_n_h_otourrupu No deconsty 'ht.ms!ln uﬁlmm;h:ﬁ . ‘ . .
belity of -an exit ugn pmml , NOr any
%tb"mun:::mg: sign Uo:o&uthmml;:ummog‘ :pihx.mnﬁpu : Qﬂ!ﬂ lo;% 1 Ohee gmg-c ifb'us *
wa such & character
::ﬁ'm"f.'u";m"?&'ﬁm.m aias | The pragence of clurlv vis{ble dense 'fﬁf}" 57 "3 Ay fonger ‘7/’
. - directional and extt mrking signs Vv b4, &l ,,/¢ s#ll be 1n g
" ‘Iréducen cverall erreu time, c‘ouJ f;,\ 75 ‘( q‘“{ e ch 1
' ,l, ] - ' o = ?Mf'! 2

l-lu;klmalsu Elm);‘mﬂ:l'l&ng?ﬂylﬂmuby The {llupination of gﬂrectioml and
& reluble light source piving a value of not n3fon-candidonthe | o
llumunatéd sifac... Soch ilamnnivon shal be comtinaow a1 roquireg | “¢"5. PArking ofgns {moroves their

under the provinions of Sectior. 3-8, lluminetion of Mais of Egress, | Yi81bility and use, cveain-a-dasiis— %\

and_where emergeacy.igniirg Scilities are mwed. ait signs thall be | fHHedevirorment.
murmmlad from the mme source. ‘ :

Please coniierit on assumptions ahowﬁ next to CODE provisions 1isted m'l the
following pages. .. |

!
f




