Technical Note 1471

A Review of Building Evacuation Models

Erica D. Kuligowski
Richard D. Peacock

NIST

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce






Technical Note 1471

A Review of Building Evacuation Models

Erica D. Kuligowski
Richard D. Peacock

Fire Research Division
Building and Fire Research Laboratory

July 2005

U.S. DEPARTMENT OF COMMERCE

Donald L. Evans, Secretary

TECHNOLOGY ADMINISTRATION

Phillip J. Bond, Under Secretary of Commerce for Technology
NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY
Arden L. Bement, Jr., Director



Disclaimer

Certain commercial entities, equipment, products, or materials are identified in this document in
order to describe a procedure or concept adequately or to trace the history of the procedures and
practices used. Such identification is not intended to imply recommendation, endorsement, or
implication that the entities, products, materials, or equipment are necessarily the best available
for the purpose.

Disclaimer

The policy of NIST is to use the International System of Units (metric units) in all publications.
In this document, however, units are presented in metric units or the inch-pound system,
whichever is prevalent to the discipline.

National Institute of Standards and Technology Technical Note 1471
Natl. Inst. Stand. Technol. Tech. Note 1471, 156 pages (July 2005)
CODEN: NSPUE2

U.S. GOVERNMENT PRINTING OFFICE
WASHINGTON: 2005

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov — Phone: (202) 512-1800 — Fax: (202) 512-2250
Mail: Stop SSOP, Washington, DC 20402-0001



Contents

R | 1 oo [FTox 1 o] USSP UPRPRORURRRRPTN 1
2 Features of EQress MOGEIS ..........ooiiiiiii it 3
2.1 Availability t0 the PUDIC ........ooiiiie e 4
2.2 MOEING METNOM ... bbb 4
2.3 PUIDOSE. ..ttt ettt e br e e tr e e arre s 4
2.4 GFIO/SITUCKUIE ...t bbbttt bbbt en e e et s 5
2.5  Perspective of the Model/OCCUPANT.........ccouiiiiiiei e 5
2.6 2= oY/ o] SRS 6
2.7 IMIOVEIMENT ...ttt e e ne e s e e n e e s 6
S R 1 (-3 D - | - PSSRSO 7
2.9 CAD ettt b E et ne et et et s 8
P20 T V4 11U T | RSP TSRSR 8
211 ValIOAIION....ceieieceee et bbbt 9
2.12  Summary of Category LabEIS .......c.coveiiiieie e 9
3 Summary Of EQress Model FEALUIES .........couiiiiiieie ettt 12
T8 I o] 1< PSS 12
3.2 Overview Of MOdel FRATUIES ........cccuiiiieieie ettt 19
3.3 Additional EGress MOEIS...........coiiieiieiiiiic s 20
O O] (o] 111 [ OO RPRR 22
ST o () (=] £ (001 OSSPSR 23
Appendix A, Detailed Review of Available Egress Models ............cccoveviiii v, A-1



Tables

Table 1. Overall features of egress MOdelS.........ccooveiieiiiiiiicc e 13
Table 2. Models Available to the PUDIIC..........cooiiii s 14
Table 3. Model Available on a ConsultanCy BasiS..........ccccoeiiiiiininiiiiiee e 16
Table 4. Models NOt Yet REICASEA .........ccoiiiiiiiicice s 17
Table 5. Models NO LONGET IN USE......ccvciiiiieiiciie ettt 18
Table 6. Models - Availability UnKNOWN ..o 18



Acknowledgements

Dr. James Milke, Dr. John Bryan, both from the University of Maryland, and Dr. Kathy
Notarianni (Worcester Polytechnic Institute) provided guidance and overall direction for the
report, along with detailed and insightful review of the report. Dr. Rita Fahy from the National
Fire Protection Association (developer of EXIT89), Dr. Peter Thompson from Integrated
Environmental Solutions (developer of Simulex), Dr. Steve Gwynne from the University of
Greenwich, Dr. Ed Galea from the University of Greenwich, and Dr. David Purser from the
Building Research Establishment provided guidance in the use of their models and egress

modeling in general.

In addition, the authors acknowledge the support of all of the model developers who aided in the
understanding of their individual models by answering emails, phone calls, and/or sending

publications.






A Review of Building Evacuation Models

Erica D. Kuligowski and Richard D. Peacock
Fire Research Division; Building and Fire Research Laboratory

1 Introduction

Evacuation calculations are increasingly becoming a part of performance-based analyses to
assess the level of life safety provided in buildings *. In some cases, engineers are using back-
of-the-envelope (hand) calculations to assess life safety, and in others, evacuation models are
being used. Hand calculations usually follow the equations given in the Emergency Movement
Chapter of the Society of Fire Protection Engineers (SFPE) Handbook? to calculate mass flow
evacuation from any height of building. The occupants are assumed to be standing at the
doorway to the stair on each floor as soon as the evacuation begins. The calculation focuses
mainly on points of constriction throughout the building (commonly the door to the outside) and
calculates the time for the occupants to flow past these points and to the outside.

To achieve a more realistic evacuation calculation, engineers have been looking to evacuation
computer models to assess a building’s life safety. Currently, there are a number of evacuation
models to choose from, each with unique characteristics and specialties. The purpose of this
paper is to provide a comprehensive model review of 30 past and current evacuation models for
current and potential model users. With this information, a user can select the model or models
appropriate for his/her design.

In order to be most useful to model users, this review categorizes the models initially by their
availability; i.e. whether they are available to the public, via a consultancy basis, not yet
released, or no longer in use. Once the models have been categorized by availability,
information is provided for many features of each model, such as the modeling method, purpose,
model structure and perspective, methods for simulating movement and behavior, output, use of
fire data, use of visualization and CAD drawings.

Four evacuation model reviews are available which were significant in the terminology,
organization, and data gathering found in this report. The most substantial review to date was
performed by Gwynne and Galea® at the University of Greenwich, which largely influenced the
model review featured in this paper. This report offers a review of 16 evacuation models and is
referenced throughout this section. Second, Combustion Science and Engineering released an
article on a review of fire and evacuation models, as well as developed a website where this
information is available to the public*>. Also, a review was performed by Watts® which
introduced early network algorithm models, queuing models, and “simulation” models and
provided examples of each type. Lastly, Friedman’ also reviewed egress models, much in the
same fashion as was performed by Gwynne and Galea.



In addition to the previously mentioned model reviews, there was a need for an updated,
unbiased, and more detailed review to aid evacuation model users in choosing the appropriate
model for their particular project. The previous four reviews listed were written before some of
the newer models were developed, showing a need for a more updated review. Also, the
previous model reviews could be expanded to provide additional detailed information for each
model. Therefore, this review provides information on newly developed evacuation models, a
more detailed explanation of model features, the inner workings of each model, and each
model’s validation methods and limitations.



2 Features of Egress Models

This review covers a total of 30 computer models that focus on providing evacuation data from
buildings. Many of the models reviewed can also simulate evacuation from other types of
structures; however evacuation from buildings is the main focus of this review. The models are
organized in the review by their method of availability: available to the public, on a consultancy
basis, not yet released, no longer in use, and unknown. A list of the models in the review is
provided here in the order that they appear in the detailed review:

« Models available to the public: FPETool®, EVACNET4® ¥ TIMTEX*, WAYOUT",
STEPS™*Y PedGo™?%, PEDROUTE/PAXPORT?? Simulex®, GridFlow™®, ASERI*"*,
buildingEXODUS* **3 EXITT* %, Legion®®®,

« Models available on a consultancy basis: PathFinder*®, EESCAPE™, Myriad™" >,
ALLSAFE>*>* CRISP***® EGRESS®

« Models not yet released: SGEM® % Egress Complexity Model® % EXIT89%"° BGRAF'*
" EvacSim™"°.

. g\z/lggels no longer in use: Takahashi’s Fluid Model®®, EgressPro®, BFIRES-2%2% VEgAS™

« Models whose availability is unknown: Magnetic Model®®, E-SCAPE®’.

For each model, a special feature section is included in the review. The special features section
verifies whether the model is capable of simulating at least one of the following list of ten
specialized features. The specific features included in the review are as follows.

» Counterflow

» Manual exit block/obstacles

» Fire conditions affect behavior

» Defining groups

» Disabilities/slow occupant groups

» Delays/pre-movement times

» Elevator use

» Toxicity of the occupants

» Impatience/drive variables

* Route choice of the occupants/occupant distribution

For each model in the review, the feature is listed and described only if the model has the
capability of simulating it in some way. Also, for each model, the method of simulating route
choice is listed and described.

In the appendix of this report, each model is reviewed by providing information on a series of
evacuation modeling categories, such as model availability, purpose, behavioral methods, etc. In
addition, Table 1 of this report provides a brief summary of abbreviations of the categories for
each model in the appendix. The following section of the report describes each category in
detail and outlines how the models will be distinguished in both Table 1 and in the appendix.



2.1 Availability to the Public

The category of availability is used as the main category of the model review because the user
needs to first be aware of how the model can be accessed for a specific project. Even though
there is a fair amount of literature on some models, they may be not yet released or even taken
off of the market and no longer used. Also, it is important for the user to understand whether
they will be able to purchase the model for their own personal use or if the model is used by the
developing company only on a consultancy basis. In this category, some models are available to
the public for free or a fee and are labeled (). Others are not available due to the following
circumstances: the company uses the model for the client on a consultancy basis (N1), the model
has either not yet been released (N2), or the model is no longer in use (N3). If the status of the
model is unknown, it is labeled as (U) in Table 1.

2.2  Modeling Method

In previous reviews, evacuation models have been categorized using a primary category labeled
modeling method®. This category describes the method of modeling sophistication that each
model uses to calculate evacuation times for buildings. Under the modeling method category,
models are assigned one of the following three labels:

» Behavioral models (B): those models that incorporate occupants performing actions, in
addition to movement toward a specified goal (exit). These models can also incorporate
decision-making by occupants and/or actions that are performed due to conditions in the
building. For those models that have risk assessment capabilities, a label of (B-RA) is given.

» Movement models (M): those models that move occupants from one point in the building to
another (usually the exit or a position of safety). These models are key in showing
congestion areas, queuing, or bottlenecks within the simulated building. For those models
that are specifically optimization models (models that aim to optimize time in an evacuation),
a label of (M-0) is given.

» Partial behavior models (PB): those models that primarily calculate occupant movement, but
begin to simulate behaviors. Possible behaviors could be implicitly represented by pre-
movement time distributions among the occupants, unique occupant characteristics,
overtaking behavior, and the introduction of smoke or smoke effects to the occupant. These
are models capable of simulating an entire building, and occupants’ movements throughout
the model are based on observed human behavior data.

2.3 Purpose

This subcategory describes the use of the model as it pertains to certain building types. Some of
the models in this review focus on a specific type of building and others can be used for all
building types. The main purpose in using this as a category is to understand if the model can
simulate the user’s chosen building design.



The current model categories for purpose, as labeled in Table 1, involve models that can
simulate any type of building (1), models that specialize in residences (2), models that specialize
in public transport stations (3), models that are capable of simulating low-rise buildings (under
22.9 meters) only (4), and models that only simulate 1-route/exit of the building (5).

2.4  Grid/Structure

The subcategory of grid/structure is used to assess the method of occupant movement throughout
the building. A fine network (F) model divides a floor plan into a number of small grid cells that
the occupants move to and from. The coarse network (C) models divide the floor plan into
rooms, corridors, stair sections, etc. and the occupants move from one room to another. A
continuous (Co.) network model applies a 2D (continuous) space to the floor plans of the
structure, allowing the occupants to walk from one point in space to another throughout the
building. Fine and continuous networks have the ability to simulate the presence of obstacles
and barriers in building spaces that influence individual path route choice, whereas the coarse
networks “move” occupants only from one portion of a building to another.

2.5 Perspective of the Model/Occupant

The perspective subcategory explains 1) how the model views the occupants and 2) how the
occupants view the building.

1) There are two ways that a model can view the occupant; globally (G) and individually (1).
An individual perspective of the model is where the model tracks the movement of
individuals throughout the simulation and can give information about those individuals
(ex. their positions at points in time throughout the evacuation). When the model has a
global view of the occupants, the model sees its occupants as a homogeneous group of
people moving to the exits. It is clear to see that an individual perspective of the
occupants is more detailed, but it depends on the purpose of the simulation as to which
alternative is best. If the user is not interested in knowing the position of each occupant
throughout the simulation or assigning individual characteristics to the population, then a
global view is sufficient.

2) The occupant can view the building in either a global (G) or individual (I) way. An
occupant’s individual view of the building is one where the occupant is not all knowing
of the building’s exit paths and decides his/her route based on information from the floor,
personal experience, and in some models, the information from the occupants around
him/her. A global perspective of the occupants is one where the occupants automatically
know their best exit path and seem to have an “all knowing” view of the building.



2.6 Behavior

The behavior of the occupants is represented in many different ways by the evacuation models in
this review. The labels associated with this sub category are the following:

* No behavior (N) denotes that only the movement aspect of the evacuation is simulated

« Implicit behavior® (1) represents those models that attempt to model behavior implicitly by
assigning certain response delays or occupant characteristics that affect movement
throughout the evacuation

» Conditional (or rule) (C) behavior reflects models that assign individual actions to a person
or group of occupants that are affected by structural or environmental conditions of the
evacuation (as an “if, then” behavioral method)

» Artificial Intelligence (Al) resembles the models that attempt to simulate human intelligence
throughout the evacuation.

» Probabilistic (P) represents that many of the rules or conditional-based models are
stochastic, allowing for the variations in outcome by repeating certain simulations.

Some models have the capability of assigning probabilities of performing certain behaviors to
specific occupant groups. Many of the partial behavioral models allow for a probabilistic
distribution (P) of the pre-evacuation times, travel speeds, and/or smoke susceptibility.

2.7 Movement

The movement subcategory refers to how the models move occupants throughout the building.
For most models, occupants are usually assigned a specific unimpeded (low density) velocity by
the user or modeling program. The differences in the models occur when the occupants become
closer in a high density situation, resulting in queuing and congestion within the building. The
different ways that models represent occupant movement and restricted flow throughout the
building are listed here:

» Density correlation (D): The model assigns a speed and flow to individuals or populations
based on the density of the space. When calculating movement dependent on the density of
the space, three sources of occupant movement data are typically used in evacuation models.
These are Fruin®®, Pauls®® *°, and Predtechenskii and Milinskii®!

» User’s choice (UC): The user assigns speed, flow, and density values to certain spaces of the
building



* Inter-person distance (ID): Each individual is surrounded by a 360° “bubble” that allows
them only a certain minimum distance from other occupants, obstacles, and components of
the building (walls, corners, handrails, etc.)

» Potential (P): Each grid cell in the space is given a certain number value, or potential, from a
particular point in the building that will move occupants throughout the space in a certain
direction. Occupants follow a potential map and attempt to lower their potential with every
step or grid cell they travel to. Potential of the route can be altered by such variables as
patience of the occupant, attractiveness of the exit, familiarity of the occupant with the
building, etc. (which are typically specified by the user).

» Emptiness of next grid cell (E): In some models, the occupant will not move into a grid cell
that is already occupied by another occupant. Therefore, the occupant will wait until the next
cell is empty, and if more than one occupant is waiting for the same cell, the model will
resolve any conflicts that arise when deciding which occupant moves first.

» Conditional (C): With conditional models, movement throughout the building is dependent
upon the conditions of the environment, the structure, the other evacuees, and/or fire
situation. For this designation only, not much emphasis is placed on congestion inside the
space.

* Functional analogy (FA): The occupants follow the movement equations specified by the
topic area, such as fluid movement or magnetism. In some cases, the equations depend on
the density of the space.

e Other model link (OML): The movement of the occupants is calculated by another model,
which is linked to the evacuation model reviewed.

» Acquiring knowledge (Ac K): Movement is based solely on the amount of knowledge
acquired throughout the evacuation. For this model, there is no real movement algorithm
because evacuation time is not calculated; only areas of congestion, bottlenecks, etc.

» Unimpeded flow (Un F): For this model, only the unimpeded movement of the occupants is
calculated. From the calculated evacuation time, delays and improvement times are added or
subtracted to produce a final evacuation time result.

* Cellular automata (CA): The occupants in this model move from cell/grid space to another
cell by the simulated throw of a weighted die®.

2.8 Fire Data

The fire data subcategory explains whether the model allows the user to incorporate the effects
of fire into the evacuation simulation. However, the models incorporate fire data in a variety of
ways and it is important for the user to understand the complexity of the coupling. The model
can incorporate fire data in the following ways: Importing fire data from another model (Y1),
allowing the user to input specific fire data at certain times throughout evacuation (Y2), or the



model may have its own simultaneous fire model (Y3). If the model cannot incorporate fire
data, it simply runs all simulations in “drill” or non-fire mode (N). “Drill” mode is the
equivalent of a fire drill taking place in a building, without the presence of a fire.

The purpose for evacuation models to include such data is to assess the safety of the occupants
who travel through degraded conditions. Purser has developed a model to calculate a fractional
incapacitating dose for individuals exposed to CO, HCN, CO,, and reduced O, %> %%, Many
models that incorporate a fire’s toxic products throughout the building spaces use Purser’s model
to calculate time to incapacitation of the individual occupants. Purser also developed
mechanisms for models to calculate certain effects due to heat and irritant gases.

Some models use data collected by Jin** on the physical and physiological effects of fire smoke
on evacuees. Jin performed experiments with members of his staff, undergraduates, and
housewives subjected to smoke consisting of certain levels of density and irritation. He tested
visibility and walking speed through irritant smoke in 1985% and correct answer rate and
emotional stability through heated, thick, irritant smoke-filled corridors in the late 1980s.
These data are used in certain models to slow occupant movement through smoke and also to
change occupant positioning in certain spaces to a crawl position, instead of upright.

Bryan and Wood concentrated on the correlation between visibility distance in the smoke and the
percentage of occupants within that smoke that would move through it™. This work was done in
the US (Bryan) and the UK (Wood) and was obtained by occupant self-reporting. These data are
used by current models to assess when certain occupants will turn back, instead of move forward
into the smoke-filled space.

29 CAD

The CAD subcategory identifies whether the model allows the user to import files from a
computer-aided design (CAD) program into the model. In many instances, this method is time
saving and more accurate. If a user can rely on accurate CAD drawings instead of laying out the
building by hand, there is less room for input error of the building. If the model allows for the
input of CAD drawings, the label (YY) is used in Table 1. On the other hand, the label of (N) is
used when the model does not have that capability. In some instances, the model developer is in
the process of upgrading their model to include this capability, which is labeled as (F).

2.10 Visual

The visualization subcategory identifies whether the model allows the user to visualize the
evacuation output from the structure. Visualizations of the evacuation allow the user to see
where the bottlenecks and points of congestion are located inside the space. Many of the models
allow for at least 2-D visualization (2-D), and recently more have released versions or
collaborate with other virtual programs that will present results in 3-D (3-D). Other models do
not have any visualization capabilities (N).



2.11 Validation

The models are also categorized by their method of validation. The current ways of validating
evacuation models are listed here: validation against code requirements (C), validation against
fire drills or other people movement experiments/trials (FD), validation against literature on past
evacuation experiments (flow rates, etc) (PE), validation against other models (OM), and third
party validation (3P). For some models, no indication of validation of the model is provided (N).
Some of the behavioral models will perform a qualitative analysis on the behaviors of the
population. Although problematic since occupant behaviors are often difficult to obtain in fire
drills, past drill survey data is sometimes used to compare with model results.

In the appendix, if published validation work is available for a specific model, some examples
are given to explain the study and provide a set of results (or multiple sets of results). However,
the user should evaluate the appropriateness of the validation efforts to the project involved and
question how the results were obtained. In the cases where the appendix only contains one
example or one set of results from a validation exercise, it is up to the user to obtain and review
other validation studies (many of which will be referenced throughout the appendix).

2.12 Summary of Category Labels

Availability to the Public:

(Y): The model is available to the public for free or a fee

(N1): The company uses the model for the client on a consultancy basis
(N2): The model has not yet been released

(N3): The model is no longer in use

(U): Unknown

Modeling Method:

(M): Movement model

(M-0): Movement/optimization models

(PB): Partial Behavioral model

(B): Behavioral model

(B-RA): Behavioral model with risk assessment capabilities

Purpose:

(1) Models that can simulate any type of building

(2) Models that specialize in residences

(3) Models that specialize in public transport stations

(4) Models that are capable of simulating low-rise buildings (under 15 stories)
(5) Models that only simulate 1-route/exit of the building.



Grid/Structure:

(C): Coarse network
(F): Fine network
(Co): Continuous

Perspective of the model/occupant:
(G): Global perspective
(D: Individual perspective

Each model is categorized by both the perspective of the model and of the occupant. If only one

entry is listed in this column, both the model and occupant have the same perspective.

Behavior:

(N): No behavior

(D: Implicit

(R): Rule-based

(C): Conditional

(AD): Artificial intelligence
(P): Probabilistic

Movement:

(D): Density

(UC): User’s choice

(ID): Inter-person distance
(P): Potential

(E): Emptiness of next grid cell
(C): Conditional

(FA): Functional analogy
(OML): Other model link
(Ac K): Acquired knowledge
(Un F): Unimpeded flow
(CA): Cellular automata

Fire Data:

(N): The model cannot incorporate fire data

(Y1): The model can import fire data from another model

(Y2): The model allows the user to input specific fire data at certain times throughout the
evacuation

(Y3): The model has its own simultaneous fire model

CAD:

(N): The model does not allow for importation of CAD drawings
(Y): The model does allow for importation of CAD drawings
(F): This feature is in development

Visual:
(N): The model does not have visualization capabilities

10



(2-D): 2-Dimension visualization available
(3-D): 3-Dimension visualization available

Validation:

(C): Validation against codes

(FD): Validation against fire drills or other people movement experiments/trials
(PE): Validation against literature on past experiments (flow rates, etc.)

(OM): Validation against other models

(3P): 3" party validation

(N): No validation work could be found on the model

11



3 Summary of Egress Model Features

3.1 Tables

As mentioned earlier, the appendix includes comprehensive details of the individual
characteristics of each model. The level of detail included is only as high in quality as could be
extracted from publications on the model and communication with model developers.

However, Tables 1 to 6 were produced to summarize the detailed data presented in the appendix
and to provide a quick reference guide to model users. Table 1 details the overall organization of
the categorical data for each model. Tables 2 through 6 divide the models by their availability
and focus on the special features of each model. The abbreviations used in Table 1
corresponding to each category are explained in Section 2.

12



Table 1. Overall features of egress models

Model Available  Modeling Purpose Grid/ Perspective  Behavior | Movement Fire CAD  Visual Valid
to public Method Structure of M/O data
FPETool Y M 1 N/A G N ucC N N N N
EVACNET4 Y M-O 1 C G N ucC N N N FD
TIMTEX Y M 4 C G/l N D N N N PE
WAYOUT Y M 5 C G N D N N 2-D FD
STEPS Y M/PB 1 F | N/I P, E N Y 3-D C
PedGo Y M/PB 1 F | | P.E (CA) N Y 2-D FD
PED/PAX Y/N PB 3 C G | D N Y 2,3-D N
Simulex Y PB 1 Co. | | 1D N Y 2-D FD,PE
GridFlow Y PB 1 Co. | | D N Y 2,3-D = FD, PE
ASERI Y B-RA 1 Co. | R/C, P ID Y1,2 N, F 2,3-D FD
BIAEXO Y B 1 F | R/C, P P, E Y1,2 Y 2,3-D FD
EXITT Y B 2 C | R/IC C Y1,2 N 2-D N
Legion Y B 1 Co. | Al D,C Y2 Y 2,3-D  FD,OM
PathFinder N1 M 1 F /G N D N Y 2-D N
EESCAPE N1 M 5 C G N D N N N FD
Myriad N1 M 1 N/A | N D N Y 2-D 3P
ALLSAFE N1 PB 5 C G | UnF Y1,2 N 2-D oM
CRISP N1 B-RA 1 F | R/C, P E.D Y3 Y 2,3-D FD
EGRESS 2002 N1 B 1 F | R/C, P P,.D (CA) Y2 N 2-D FD
SGEM N2 M/PB 1 F | N/I E,D (CA) N Y 2-D FD,
oM
Egress Complexity N2 M/PB 5 C G/l N Ac K, FA N N N oM
EXIT89 N2 PB 1 C | I/C(smk) D Y1 N N FD
BGRAF N2 B 1 F | R/C, P ucC? Y1,2 N, F 2-D? FD
EvacSim N2 B 1 F | R/C, P D Y2 N N N
Takahashi’s Fluid N3 M-O 1 C G N FA-D N N 2-D FD
EgressPro N3 M 5 C G N D Y2 N N N
BFIRES- 2 N3/U B-RA 4 F | R/C, P ucC Y2 N N N
VEgAS N3/U B 1 F | Al 1D Y1? Y 3-D N
Magnetic Model U M 1 F | | FA N N 2-D N
E-SCAPE U B 1 C | R/C, P OML Y2 N 2-D N

? indicates that a category is unclear or unknown

13




Characteristics/Model

Avail to public
Method
Structure
Perspective of M/O
People Beh
Import CAD drawings
Visual Simulation
Counterflow
Manual exit block
Fire Conditions
Defining Groups
Disabl/Slow Occ grps
Delays/Pre-movement
Rte. Choice

Elevator use
Toxicity to occ
Impatience/Drive
Occ. Distribution

Characteristics/Model

Avail to public
Method
Structure
Perspective of M/O
People Beh
Import CAD drawings
Visual Simulation
Counterflow
Manual exit block
Fire Conditions
Defining Groups
Disabl/Slow Occ grps
Delays/Pre-movement
Rte. Choice

Elevator use
Toxicity to occ
Impatience/Drive
Occ Distribution

Table 2. Models Available to the Public

EVACNET4
Y
Movement-O
Coarse
Global
None

z2z2zzz2z2z22Z2

Optimal

Y

N

N
Optimization

PedGo
Y
Movement/PB
Fine
Individual
Implicit
Y
Y
N?
N?
N
Y
Y
Y
Probabilistic/
Conditional

N

N

Y
Various

WAYOUT

Y
Movement
Coarse
Global
None

<zZ2Z2zZ2zZ2zz2<2Z2

1 route, flows
merge
N
N
N
1 choice only

Simulex

Y
Partial Behavior
Continuous
Individual
Implicit
Y
Y
N
Y
N not yet
Y
Y
Y
Shortest distance
or altered distance
map
N
N
N
2 choices

14



Table 2.

Characteristics/Model

Awail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions
Defining groups
Disabl/Slow occ grps
Delays/Pre-evacuation
Rte. choice

Elevator use
Toxicity to occ
Impatience/Drive
Occ distribution

Characteristics/Model

Awail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions
Defining groups
Disabl/Slow occ grps
Delays/Pre-evacuation
Rte. choice
Elevator use
Toxicity to occ
Impatience/Drive

Occ distribution

Models Available to the Public, continued

ASERI
Y
Behavioral-RA
Continuous
Individual
Conditional
N, F

<<<=<=<Z=<

Shortest or user-
defined, then
conditional
N
Y
N
Various

Legion
Y
Behavioral
Continuous
Individual
Al
Y
Y
Y
Y
N, not yet
Y
Y
Y
Conditional
Y
N
Y - alternate
naming of variables
Various
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Table 3.

Characteristics/Model

Avail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions
Defining groups
Disabl/Slow occ grps
Delays/Pre-movement

Rte. choice
Elevator use
Toxicity to occ
Impatience/Drive
Occ. distribution

Characteristics/Model

Awvail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions

Defining groups
Disabl/Slow occ grps
Delays/Pre-movement
Rte. choice

Elevator use
Toxicity to occ
Impatience/Drive
Occ distribution

Model Available on a Consultancy Basis

EESCAPE
N1
Movement
Coarse
Global
None

2z2zZ2zZ2222Z22Z2

1-route
N
N
N
1 choice only

CRISP
N1
B-RA
Fine
Individual
Conditional
Y
Y
Y
Y
Y —notin drill
mode
Y
Y
Y
Shortest, user
defined door
difficulty
N
Y —not in drill
N
Conditional
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Characteristics/Model

Awvail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block

Fire conditions
Defining groups
Disabl/Slow occ grps

Delays/Pre-movement
Rte. choice

Elevator use
Toxicity to occ
Impatience/Drive
Ocec. distribution

Characteristics/Model

Avail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions
Defining groups
Disabl/Slow occ grps
Delays/Pre-movement
Rte. choice
Elevator use
Toxicity to occ
Impatience/Drive
Occ distribution

Table 4. Models Not Yet Released

Egress Complex.

N2
Movement/PB
Coarse
Gll
None

N, Y with
improvements
N
N
N, Y with
improvements
N
1 exit

N
N
N
1 choice

EvacSim

N2
Behavioral
Fine
Individual
Conditional

Y-locked doors
Y —user

< <<

Conditional

zz<<

Various
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Characteristics/Model
Avail to public
Method
Structure
Perspective of M/O
People beh
Import CAD drawings
Visual simulation
Counterflow
Manual exit block
Fire conditions
Defining groups
Disabl/Slow occ grps
Delays/Pre-evacuation
Rte. choice
Elevator use
Toxicity to occ
Impatience/Drive
Occ distribution

Table 5.

Fluid
N3
Movement-O
Coarse
Global
None

(@)

e}
zzz§-<zzzzz-<z

[<})

Optimization from
rooms and to exits

Models No Longer in Use

EgressPro BFIRES-2
N3 N3/U
Movement Behavioral-RA

Coarse Fine
Global Individual
None Conditional
N N
N N
N N
N Y
Y Y
N N
N Y
Y Y
1 route Conditional
N N
N Y-smk tolerance
N N
1 choice only Various

VEgAS
N3/U
Behavioral
Fine
Individual
Al

<Z<<=<zZ<<

User-dfnd/Cond
N
Y
N
Various

Table 6. Models - Availability Unknown

Characteristics/Model
Avail to public
Method
Structure
Perspective of