72 Congreso Internacional de Ingenieria de Seguridad contra Incendios
7th International Congress on Fire Safety Engineering

Data for Evacuation Modeling

i
R

)
.l
 Rit=

Fire Analysis & " Division w
National Fire Protection Associat SA)

Organizadores / Organizers

APICIA & AFITI Madrid, 20 — 22 de Febrero de 2013
Centro de Convenciones Mapfre

@ FUNDACICNMAPFRE
ALAMYS




Outline of presentation

eRole of evacuation analysis in engineered designs
eData needs for evacuation analysis

eQverview of available data

eAvailable resources
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Time available <> Time needed
to escape to escape
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DATA NEEDS FOR EVACUATION
ANALYSIS
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Modeling evacuation behavior

Components of evacuation behavior

e time to notification
e reaction time

e pre-evacuation activity

e travel time
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Modeling evacuation behavior

Data needed for model development OR use

e Ooccupant characteristics
» delay times (pre-movement times)

exit choice decisions

travel speeds

actions during evacuation

effects of obstructions
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Delay times

Other terms for delay times:
* pre-movement time
* initial response time

* time to start

Can last from a few seconds to several minutes or more

People can ignore cues or might be engaged in pre-
evacuation activities

s
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Factors impacting delay times

Variations can result from:

e effectiveness of different cues
e effectiveness of training
e time of day, weather, etc.

These factors are also related to the characteristics of
the occupants.

A ™.
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Movement speed

Data has been collected and reported
in the literature for a long time.

Data is needed on speeds
e on horizontal paths
e on inclines (stairs and ramps)

for

e able-bodied and
e mobility-impaired subjects.

A ™.
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Factors impacting movement speed

Variations can result from:

e crowd density

e mobility, age, and other occupant characteristics
e presence of family groups

e presence of smoke

e lighting and other design features

| - - .
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OVERVIEW OF AVAILABLE DATA
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Sources of delay time data

Survey guestionnaires
(real incidents)

VS.

Videotaped observations
(usually drills or experiments)
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Some of the available delay time data sets

e offices
¢ retail stores

e hotels

e apartment buildings

|
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Delay time examples

Delay Times Derived from Actual Fires and Evacuation Exercises
Reported in the Referenced Literature (in Minutes)

Event Description N Min 1stQ Median 3rdQ Max Mean Factor

h High-rise hotel 536 O 3.3 60.0 130.9 290 n/a MGM Grand Hotel, no alarm notification,
grouped data from questionnaires

High-rise office 85 0 2.0 5.0 10.0 245 11.3  World Trade Center explosion and fire,
no alarm notification
(building closer to explosion)

Mid-rise office 92 O 0.4 0.6 0.8 <4 0.6 Unannounced drill, good alarm
performance; fire wardens; warm day

1-story Dept store 95 1 0.2 0.3 MISEING.9 0.4 Unannounced drill; trained staff; data
here derived from grouped data for
95 subjects

Mid-rise apartment 42 0.6 1.0 1.4 3.0 >14 2.5 Unannounced drill; good alarm
performance

Training facility 566 <0.2 0.7 1.1 1.5 >5 n/a Testing sleeping subjects at a training
facility

AN
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Frequency
14 1 Experimental and Theoretical Pre-Movement Times
iIn a Department Store Evacuation
17
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Some of the available movement time data sets

e transport terminals

e apartment buildings
e assembly properties
e industrial buildings

* hotels

 able-bodied and mobility-impaired subjects

Al ™
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Sample travel speed data
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Transport terminals

Experiment with Disabled Subjects
On horizontal surface (m/s)

All disabled subjects

With locomotion disability

No aid

Cane

Unassisted wheelchair

Assisted ambulant

Assisted wheelchair

On upward incline
All disabled
Crutches
Unassisted wheelchair
Assisted wheelchair

Mid-rise apartment drill
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Min
0.10
0.10
0.24
0.26
0.85
0.21
0.84

0.21
0.35
0.70
0.53

265 ft/min on walkways (1.35 m/s)

1st Q 3rd Q Max Mean

0.71
0.57
0.70
0.49
0.58
1.02

0.42

1.28
1.02
1.02
1.08
0.92
1.59

0.74

1.77
1.68
1.68
1.60
0.93
1.40
1.98

1.32
0.53

0.70 1.05 1.05

1.00
0.80
0.95
0.81
0.89
0.78
1.30

0.62
0.46

0.89

APICL& & AFITI

0.47 m/s on stairs (ranged from 0.34 to 1.08 m/s
among various adult age groups; one visually
impaired person traveled at 0.31 m/s)
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Some additional types of relevant data

I Presence of disabled people in the general population

Ability to use doors
Ability to locate and read exit signs

Effect of culture on evacuation (delays and walking speed)
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AVAILABLE RESOURCES

&
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We need to make data
more available to engineers

. Conventions in the Collection and Use
and de5| gners of Human Performance Data

NIST GCR 10-928

e develop a process for collecting oy ALV, O
and distilling peer-reviewed
pre-movement and travel
speed data into an accessible
database.

e develop a format for that

database.
e provide access, preferably via T
) e Bt of Conay
the internet, to all users.
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Excellent resource for
information on all aspects
of evacuation modeling:
http://evacmod.net/

User login

Usernamse:

Navigation

Raent posts

Content

Taeantly adsse

New Literature

e literature references

Total evacustion systams for

Evacmed.net - Evacuation Modelling Portal
Thin is the evacuation modeling partal Tor the simulatien of human behavisur during emargancy stustions. The o
by the evacuation modeling comeunity for the evacistion modeling commaunity.

Aimas all content on thir site ks user generated (by wsers logging on and entering the information). 1t Is Evacmad.net's aim 1o
POV & BECTOAT: for EELeNts, fire Gafety 8ngRIRAS, SOMtwars anginesrs, Denavicural sCuntists, MeSAaChars or sny Inbemsted
shrw bhair knowhedgs and sxparince. By providng such o platform & i hoged that the fskd of
evacuation modeling will Be further advanced. [t is hoped a variety of perspectives are expressed
free from poliical or commerc

partins ta comem

environment that is

The &£ has undergons & nuUMBer of SGRIBCANE CovekoMants. 1t naw has & wider say of leatures that enould benafit the
LeaArs and battar anatia tha Shanng of thoughts amd idass. Tha webazs now Includes sevaral shctisar:
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1. Liarsturs - ¥ you have 2. Farum - If you want 1o ask 8 quastion, 3. Modal Directory - 1o view 3 list of
recently wrAten or reod @ foin @ debute o just fing out informatin some of the Most COMMoN EvaGUAtRn
neperfpiece of IRerature, then about an evacuation modeling related tope, models, dick on the ‘Models” link to the
Wou can share the Brbicie's Then you CBm post & mésssge In the forum, oo of the poge. Links sre provided to
intronbstract and relevant nk to After logging in, Just cck on tne ' associated webskes € avalabie,

e Mdame in Literntura ot tha top of tha page.
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want to advertisefiet others know the Intemet regarding fire safety and to find out information sbout & subject,
about an gvent related 0 evacuBtions from a vasipty of news sources, moded or Just privately contact sameane
avacuation modaling, than this e elck on tha Naws® ink a1 thotop ofthe In ganaml who W regitared  with
can be posted on the Events page t, then you can L our

Calendar private messaging system,

7. Video & Autbo - to view/isten 8. Links - to view a list of other websites
to viden and autho content related in some wary To “Evacuation
reiated to evacuation modeling modefing” click haen

thars click harn

DISCLAIMER:

ADVERTISTNG:
H o arm i meacumion el dovebsanig e cvative on Evacod sat, than shter kngging an, send

S~

& L AFITI

ALAMYS

Latest Video & Audio

Socal physics in the big ot

affecting Command and
Controd in Emergency
Evasuations
Accounting for Staft
Raspanss i Enginaanng
Desw
spanse of Bulldng
ees Fromted
Bincked Starways
during Emergency
acuation foowing
Earthaquake

pecestn

sing diacrets cholos

miodets and image cormslatia

techniques

Wisual Crowd Surveilience i
Hydrodynamics

brvee:

FUNDACIONMAPFRE


http://evacmod.net/�

e Updated material in next edition of SFPE Handbook of Fire
Protection Engineering

e includes a new chapter on data used in egress modeling

effectiveness in waking sleeping occpants
walking speeds on escalators

traffic flow on escalators and stairs

delay times by occupancy

travel speeds, with and without disability, on level and
stairs, with and without assistance

crawling speeds

A .
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Gracias por su atencion
Thanks for your attention
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