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Motivation

An online survey of pedestrian evacuation model usage and users
Lovreglio R.2, Ronchi E2, Kinsey M..*

* School of Built Environment, Massey University, NZ

2 Department of Fire Safety Engineering, Lund University, Sweden
3 ARUP, China

The survey was run in 2018 ans answered by 234
Evacuation Model Users

Why do you select a Evacuation Model?
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Motivation

Verification and Validati s

Datz Output a1

Documentation (explaining how the model works) a1

[Continual development of the model incorporating new features 40

Usability of the software (is it user friendly) 39

Flexibility to control agents 3.9

Research into human behaviour done by the developer EX

CAD files importing 37

Emergent Behaviour 36

Feedback/opinion about the model by other users 34

Inclusion of data specific to certain 33
Integration with Building Information Modelling (BI) I ———— 5
Visual realism of behaviour  EE————— 3
Fire/hazard data importing I ————— 3
Cost  —— .2
Visual realism of graphics  IEEEE———

1 2 3 4
Average Scores.
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Definitions
1. What is a Verification Study?
2. What is a Validation Study?
website: www.lovreglio.info twitter: @r_lovreglio
Definitions ]-

NIST Technieal Note 1822

The Process of Verification and
Validation of Building Fire Evacuation
Models

v Renchi

-
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Definitions

The meaning of verification is “the process of determining that a calculation method
implementation ac: represents the developer's conceptual description of the
calculation method and the solution to the calculation method [International Standards
Organization, 2008]

ined as the “process of determining the degree to which a calculation
representation of the real world from the perspective of the
intended uses of the calculation method” [International Standards Organization, 2008]
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Open Questions

1. How do we judge if a tool is accurate enough (i.e., the definition of the acceptance
criteria)?

2. How many and which tests should be performed to assess the accuracy of the model
predictions?

3. Who should perform these tests i.e., the model developers, the model users or a
third party?
My answer to (1) is Statistics for Verification and Validation

My answer to (2) is “Il would refer to the NIST Report” for Verification
“I would check which data is available” for Validation

My answer to (3) is “The model developers should do Verification studies”
“I would not recommend to have developers doing Validation
studies”
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Verification
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INTERNATIONAL MARITINE ORGANZATION
4 ALBERT EMBANKMENT E
LoNDON se1 78R
Teopnons: 0207735 7611
Fa o G20 7587 3210

Mo

30 October 2007

GUIDELINES FOR EVACUATION ANALYSIS
FOR NEW AND EXISTING PASSENGER SHIPS

NIST TechnicnlNote 1522

‘The Process of Verification and
Validation of Building Fire Evacuation
Models

11 Verification Tests 17 Verification Tests

Ships

Buildings
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Verification

Two type of Tests:
- Analytical Verification

‘The Process of Verification and

Five Core Components

Validation of Building Fire Evacuation - Emergent Behaviour Verification

Models

- 1 focuses on Pre-Evacuation

2 focuses on Movement and Navigation
- 3 &4 focus on Exit Choice

- 5focuses on Congestions

Each test provide info regarding 5
1) Geometry oo, oy 3
2) Scenario PELLLEN
3) Expected Results LR
4) Test method - ]
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Verification
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Movement around a corner IMO Test 6 Verf23 o
Assigned demographics Modifid MOTest7  Venf24 (i
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Oceupant incapasitation New st Veif26  yrmie
Elevator usage New test veitar A
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Group behaviours New test Veirze B
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3 Social influence: New test Veif32 e
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. Congestion Modifd MO Test 11 Veitsd (B
Maxiemum flow rates IMO Test 4 Veitsz B
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Verification

Verif.2.1. Speed in a corridor

A test is proposed to verify the simulation of an occupant maintaining an assigned walking speed
over time. The test is based on IMO Test 1 from the IMO Guidelines.

Geometry
A corridor 2 m wide and 40 m long.

Scenario

One occupant with an assigned walking speed of 1 m/s walking along the corridor.

Expected result
The occupant should cover the distance of the corridor in 40 5.
Test method

The test method is a quantitative verification of model results, i.e., the difference between the
expected result and the simulation results.
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Verification

Verif.2.1. Speed in a corridor

User's actions
The effectiveness of this test can be improved by setting additional prescriptions in relation to
the type of model under consideration. For example, in the case of models that use coarse and
fine grids, results may be dependent on the configuration of the grid adopted. In the case of
models using a fine gnd, results may be affected by the rotation of the corridor in relation to the
grid in use [Ronchi et al., 2013b]. The test should. therefore, be performed using at least two
different rotations of the geometry (e.g.. 0 degrees and 45 degrees). Considerations should also
be made on the necessity (or not) to perform this test with different grid configurations (e.g.
simulating the default cell size and a set of both reduced and increased cell sizes) in order to test
the sensitivity of the results to cell size.
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Verification

Verif.2.3. Movement around a corner

S Expected result: The occupants are expected

et 3 to successfully navigate around the corner
without penetrating the boundaries.
2m $
e — Is it enough?

User actions

It should be noted that the current test of movement around a corner is intended only as a
verification of the boundaries available in the scenario, i.¢. no evaluation of the expected pattern
in the comer is made (i.c. the current test is not a verification of emergent behaviours). When the
literature on human behaviour in fire is able to provide a detailed understanding of the expected
movement patterns of people, model testers will need to include this in the test.
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Verification

Verif.3.1. Exit Route Allocation

Main Exit
3.0m 10m 20m
— > e ——
2 persons | 2 persons H 2persons | 2persons | 2 persons
@ =
3 (=]
Room 1 Room 2 Room Room 4 Room 5 Room 6
3
ENT — — — e A/ .
=) Secondary Exit
e —
09m
Room 7 Room 8 Room 9 Room10 | Room1i | Room12 S
w
2persons | 2persons | 2persons | 2persons | 2persons | 2persons

.0m
Figure 8. Schematic geometric layout of Verif:3.1. Test based on IMO test 10 [International
Maritime Organization, 2007]

Expected result
The allocated occupants move to the appropriate exits. If possible, this cvaluation can be
performed using the visualization tool of the model.
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Validation

Validation is defined as the “process of determining the degree to which a calculation
method is an accurate representation of the real world from the perspective of the
intended uses of the calculation method” [International Standards Organization, 2008]

NIST Technicnt Note 1922 Note 1:
The Process of Verification and “validation for one application or scenario does
Validation of Building Fire Evacuation . . . . "
Models not imply validation for different scenarios

[Lord et al., 2005]

Note 2

Evacuation models may be created starting from a
set of specific experimental data. The validation of
a model should not be performed using only the
same data used for its development. This would
produce a circular logic that may limit the extent
to which model predictions may be generalised for
all possible scenarios.
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Validation LC

Table 2. Examples of possible experimental data for the validation of the main core components
of building evacuation models
Core Suggested variable for

Sub-element

y Experimental data®
component the comparison

Pre-evacuation time  Evacuation times, exit Bayer and Rejno [1999]

1/15/2026

distribution choice
Stairwell ) Kuligowski and Peacock
2 Evacuation times
evacuation [2010]
34 impacyof way: Exit choice Nilsson [2009]
finding installations
5 Small scale Evacuation times, Frantzich et al. [2007]
experiment movement specds, flows
5 Small scale Evacuation times, Flogeendorn and Daamen
experiment movement speeds, flows [2005]
P Small scale Evacuation times, ety [2007]
experiment movement speeds, flows
Full building The Station nightelub fire
12345 Evacuation t
- evacuation astEontimes [Grosshandler et al., 2005]
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Validation

Rellaiticy

A System Safery 131 (2014) 166-174

Contents lists available at ScienceDirect o

Reliability Engineering and System Safety

i journal homepage: wwiw.elsevier.com/locate/ress

The validation of evacuation simulation models through the analysis ®mm
of behavioural uncertainty
Ruggiero Lovreglio?, Enrico Ronchi ®*, Dino Borri®

* Departament o Civi, Envirormeial, Panning, Buiking and Chemistry, Technical Linversicy of Bar, Via Edoardo Orabona 4, 70126 Bari, ialy
" Department o Fire Saety Engineerng, Lund University, PO. Box 118, SE-221 00 Lund, Sweder

Reviewing the literature:
Validation studies can be distinguished between qualitdtive versus quantitative
and macroscopic versus microscopic.

Macroscopic validation focuses on observable data averaged over time, space or
agents, while microscopic validation tests investigate individual agents'
properties (e.g. walking speeds, travel paths, etc.).
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Validation

What should we need to compare?

AN i

e

Zeoodimate

Time data Space data

Choice data
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Validation

Reference:

Kuligowski ED, Peacock RD, Hoskins BL. A review of building evacuation models, 2nd Ed.
Fire research division, national institute of standards and technology. Technical Note
1680; 2010.

Kuligowski et al. [3] categorises these approaches according to the benchmark employed
for the comparison:

(1) against code requirements;

(2) against fire drills or other people movement experiments/trials;
(3) against literature on past experiments;

(4) against other models.

What'’s your thoughts?

1/15/2026
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Validation
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Validation

Time data from simulation
Total evacuation time
from simulation

Total evacuation time
from experiment

Evacuee

——Runl —Run2 Run 3 Run4 —Run5
—Run6 —Run7 —Run8 —Run9 —Run 10
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Validation

Time data from simulation

Total evacuation time
from simulation

Total evacuation time
from experiment

Evacuation Time
IS
&

0 5 10 15 20 25 30
Evacuee

—Run1l —Run2 Run 3 Run4 —Run5
—Run6 —Run7 —Run8 —Run9 —Run 10
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Validation

Time data from simulation

Total evacuation time
from simulation

Total evacuation time
from experiment

Evacuation Time

Evacuee

—Run1l —Run2 Run 3 Run4 —Run5
——Run6 —Run7 —Run8 —Run9 —Run 10
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Validation

IRRTTININNT |

L
« TININTIINN

30

Exp1
® E

Bz

E T
z =
£ I
g5 g 15
H s &
F

10 2 10

Avera
#: Euwegs 2
04 - - - - . 04 - ~ - - . =
[ 5 0 1 2 2 30 L 8. 18 w2 30
Evacuees [n] Evacuees [n]
Real data Simulation

website: www.lovreglio.info twitter: @r_lovreglio




1/15/2026

Validation
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Validation

Limitations:

1. Itis difficult to have several evacuation run of the same scenario.

2. Small number of repeated experimental data versus huge number of simulated
data

Any solutions?

Evacuation time (s)
N
5}

10

Percentile

123 456 7 8 9 1011 12 13
Evacuee
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Validation

What should we need to compare?

PARN

Time data Space data

Choice data
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Validation

Simulation Madelling Peactice and Theory 77 (2017) 20-3

Contents lists avaitable at ScienceDirect

Simulation Modelling Practice and Theory

journal homepage: www.elsevier.com/locate/simpat

A generalized validation procedure for pedestrian models @mw“k

Weichen Liao ", Jun Zhang"<, Xiaoping Zheng¢, Ying Zhao*

. Beiing 10002

+ 236026, China
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Validation

Spatial data
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Validation

Experiment FDS Evac JuPedSim
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Validation

An Inconvenient Truth?

The results illustrated that in bottleneck scenario neither
FDS+Evac nor JuPedSim could reproduce full pedestrian
characteristics realistically.

1/15/2026
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Validation

Spatial data

Contants lists available at SciencaDirect

Physica A

journal homepage: www.elsevier.cormlacate/physa

Assessment of models for pedestrian dynamics with @Emm
functional principal component analysis

Mohine Chraibi“, Tim Ensslen °, Hanno Gottschalk ", Mohamed Saadi®,

Armin Seyfried <

2119w
e Wappertal, Prlustirche 7 42285 Wuppertl, G
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Validation
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x/em
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Validation
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Validation
Another Inconvenient Truth?
SFM and the GCFM both significantly differ from the experiment
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Validation
Any Good News?
— e - re stovs
CAl 250 tlanou | MesMeton o SIPEIsOn
s |
‘Special Issue Paper i /' #

School egress data: comparing the configuration and validation
of five egress modelling tools

-

Arturo Cuestasm. Enrico Ronchi, Steven M. V. Gaynne. Michael | Kinsey. Aoife L. €. Hunt, Daniel Alvear

0 October 2

hitps://dol.org/10.1002/fam.2405 | Cited by: 2 0 50 100 150 200 250

Evacuees (#)

The results produced were encouraging, both in terms of the ability of independent users
to configure the models and the accuracy of the models examined.

Of course, the process presented here and the data available are not typical of normal
engineering practice. The accuracy of the results produced cannot then be assumed for all
applications.

Note: calibration and validation using the same data
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Validation

Other Good News?

1SO/TC92/SC4 Working Group 7 on the further development of the ISO 16730 document

“Fire Safety Engineering - Assessment, verification and validation of calculation methods”
[International Standards Organization, 2008].

Other behavioral data a continuously published in open format and New Zealand is
contributing on this process

Towards Microscopic Calibration of Pedestriar Evacuation Data from a Hospital Outpatient Drill
Simulation Models using Open Trajectory The Case;Study af.NorthShore Hospital,
Data-Sets: the Case Study of the Edinburgh Anass Ratout, Ry

Informatics Forum

fero Lovreglic’, Phil Jacksone, Sélim Datousssia*

“School of Enginsering end Adv -
Avekdend, New Zealand

Waitemata Disrct Health Boasd | WDHB
Aveklend, New Zealand

Ruggiero Lovreglio, Charitha Dias, Xiang Song and Lucia Ballerini
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Validation

Other Good News?

1SO/TC92/SC4 Working Group 7 on the further development of the ISO 16730 document

“Fire Safety Engineering - Assessment, verification and validation of calculation methods”
[International Standards Organization, 2008].

Other behavioral data a continuously published in open format and New Zealand is
contributing on this process

The Impact of Sampling Methods on Evacuation Medel Convergence and Egress Time

Ruggiero Lovregliol, Michael Spearpoint?2, Mathilde Girault*

*School of Engineering and Advanced Technology, Massey University, New Zealand
20lsson Fire & Risk, Manchester, UK.
of Civil and

University of Canterbury, New Zealand
“Norman Disney & Young, Auckland, New Zealand
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Any questions?
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