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Executive summary

This assignmerfbcusses oran assignment bthe Logistics Community Brata a businesdased on

the campus of the Breda University of Appli8dences which provides innovative products six
different areago interestedcustomersOnearea focusses on event logistics and deals witfart and
efficient logistics at events§afety within crowded places during evehiss become morénportant

due to the increasing number of visitors at eveni® ensure the most safetguidelines have bae
created in different European countries, which give key figuoefollow when executing an event
Researchsuggestghat there are differences between the key figuiasdifferent countries The core
challenge, thereforeis that LCB wants to understanehich key figure are the most reliableand

should be used when orgasmig an event. Accordingly, the objective of this assignmeta s ONB | (i S
insights into safety standards and crowd behaviour during evacuations in the Netherl&inis

assignment dravs ondesk researcha creative sessignanexperiment,andexpert intervievs.

Deskresearchhas revealed the differences safety key figures betwedhe guidelinesof the UK, the
Netherlands Germanyand Swedenlike the throughput of a door anstairs.A creative session with
safety experts from various fields $iancoveredthat different key figures are being usednong the
experts The input has been used to execute an experiment, analysinthtbaghput of a onemetre-
wide door and onametre-wide stairs.The experiment revealekey figures of 110 people per minute
per metre through a bottleneck and 60 people per minute per neaising the staird-urthermore, the
desiredbehaviour of the crowd during an evacuation has been analysed usingetesitch and expert
interviews.It revealed that the behaviour can only be predicted to a certain extent, since ek

behaves differently in different situation.

Based on the experiment and expert interviews it is recommendegséothe guidelinethat show the
lower key figure due to the missing disrupting factors during the experimdtieguideline from the
UK suggests a throughput o Beople per minute per me&rthrough a bottleneck. The guideline from
the Netherlands sugges#5b people per minute per met using the stairsBy following these key

figures, themost safety is ensured during an event.

Further research into this topic needs to be done, due to mienerous differencedbetween the
European countriesThis project was aimed adiest trail, which helped in understanding the process

of executing an experimengoon more experiment®n this topicwill be executed by LCB
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1. Company background infoation

1.1 Introduction

This chapter containall needed information on the Logistics Community Brabant (LCB), including the
vision, mission, strategys well aghe products and serviceECB was founded in 201d encourage

the quick exchange of logistical information between businesses and academic institltichs
collaboration between several universities in the region of Bral§@aiphen & Partners, 2011)CB
focuses on six different areadate Driven Logistics, Liveable City, Healthcare logistics, Smart Industry,

Multimodal and Event Logistidsach topics has its own team and projects and prod{ict, 2022)

1.2 Vision, mision and strategy
LCB's mission is to cleverly bring together theormation needs of companies and the knowledge
supply of knowledge institutions in the field of logistics in the province of North Brabant, increasing

the effectiveness of renewingoth business models and knowled{f@olphen & Partners, 2017)

Thevision of Logistics Community Brabant is to coordinate knowledgeed growth. Because LCB
serves as an intermediary station that connects the various groupings, its role is crucial. The role is

depicted schematicallin Figure 1The terms "digital transformatn," "innovation," "omni channel,"
and "sustainability" are bandied about in it within the relevant circles. These subjects are seen as

crucial elementgColphen & Partners, 2017)

The Logistic€ommunity Brabant has severalilling blocks that make up the strategfogether,
0KS&4S o0dzAf RAYy 3 o f 2C0mhnaunitfwatiNdéntral coBpariieSayidis@aft Prdductsa
acrosssix themesthat are alsoproactively offered with the main theme oinnovation via one-stop
shoppingfor the benefit of betterknowledge flowsbased on highguality communication marketing

and PRacross borderdut based irBredé (Colphen & Partners, 2017)

1.3 Products and services

LCB develops innovative products that &@sed on the interest of the clienT.he main product is
always based on research into one of the six ar€dients and customers are able to participate in
workshops, trainings;oursespr tailor-made programsMembers of the community benefit attractive

discounts(LCB, 2023)
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2. Challenge

LCB is involved in the logistic processes and crowd management of events and therefore, has much
knowledge on this topic. Previous research slaswn thatthe safetywithin crowded public placesan

be improvedoy managngli KS ONZ ¢ R Qid oyaiag e prdad=sds safelfo know how a

crowd will behave in certain situations is crucial for crowd managentdmiever, it isvery difficult

and therefore, LCB has opened a Crowd Science Research Lab (CSR lab) on the BUaBhegmpus.
want to collaborate with different partnersmal carry out experimental research. The partners are from

universities and from the industipersonal communication, 2023).

LCB plans to start in phase one in a static environment. Afterwards they want to move to the industry
and conduct research in aydamic environment, meaning fesitvalad other eventsThe final phase
will be in the public environment. That would be big events in a municipality, but also markets and
busy squares. The research is focused on crowd behaviour, visitor flows and rogltetii for the

field of crowd safetypersonal communication, 2023)

LCB is planning to create a knowledge bank, which will gather the collected data from the experiments
and research in form of knowledge clips, infographics, reports and essays. TWisdgm bank will be
available to experts from the industry, but also other people, who are interested into the safety

measures at event@personal communication, 2023).

2.1 Reason of research

The dient ¢ LCB¢ wants to improve the safety within crowded places during everiiach event
organeer needs to follow the safety regulation stated in safety guidelinad regulations by the
municipalities. However, there are Number of festivals in the Netherlands from 2012 to 2020

numerous  guidelines  within  the

1,117

Netherlands and other Europear
countries.The key figures the guidelines
differ between the counties andit leaves

room for interpretation for the event
organgers. The aim of the project was to

either confirm or correct the safety

2012 2013 2014 2015 2018 2017 2018 2019 2020

related numbers stated in the guideline

Additional Information
Netherlands: 2012 1o 2020

to createanoverview for the stakeholders :

Figurel - Number offestivalsin the Netherlands from 2010 to 2020

to use at future event
(Response, 2020)

Page |7

i
:'IE %lilei%grsity “'LCB

OF APPLIED SCIENCES



Over thepast few yearsthe number of festivals and other eventsdiacreasedand the size of events
are also increasing, attractingpore visitors According toStatistg the number of festivals in the
Netherlands has been growing continuously until 20k9 2012, 708 festivals took place in the
Netherlands and in 2019 grew t01.117 festival§{Response, 2020pue to the pandemic, this treh
has been haltedin 2022 after all safety measures have been lifted by the governmtrm numbers
startedrising again and are close to thember prepandemic according to VibratéVibrate, 2022)
Therefore, safety measeas are more important than ever. Venues need to be ablentmagethe
number of visitors and ensure safety for everyone visiting. Ee@nt orgarsersmight not be familiar
with organsing an event andherefore lack knowledge in safety related issues.sT¢an lead to
incidents that could have been preventdtlis important tashare the knowledge and ensure the most

safety at the events.

NUMBER OF TOP 500
FESTIVALS TAKING PLACE

IN RECENT YEARS

500

2022 festival season:
# of festivals by month

J Jan
(EE—
.I | Dec
2019 2020 2021 2022 A

Note: The number of the top 500 festivals with an announced
or already held 2022 edition was recorded on April 21,2022. m RATE
In 2022, 330 festivals were analyzed.

Figure2 - Number of festivals worldwide from 2019
2022(Vibrate, 2022)

2.2 Research objective

The research objective has been defined as follaws:NB I § Ay 3 Ay aAIKandcromdi2 al ¥
behaviourduring evacuations/i @ KS b S (TkeSiNfisltoyciRatedniore data and awareness on

this topic Safety standards are the baseline of readsessmentsand they need to beccurate and

reliable to prevent incidets. The crowd behaviour during an evacuation can have andhgoathe

evacuation time and therefore needs to be considkre
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2.3 Research question
The research question has been defined as foll@ns: K I & | NS GKS RS&AANBR al ¥Si
OSKI @A2dzNJ Ay GKS DbSGKSNIFYRA RdzNAYy3I S@I Odz A2y aKk
The subquestionshave been defined as follows:

1. How many people can pass through a doorway with a width of 1.00 m per minute?

2. How many people capass a staircase upwards with a width of 1.00m per miaute
3. How many people capass a staircase downwardstliva width of 1.00m per minute
4

What influences thecrowd behaviourduring an evacuation?

2.4 End product

The end product that has been created for LCB is a knowledg®aliping on the key figures during
an evacuation of an evenffocussingn the throughput of a door and staircadeCB wanted to improve
the safety at events, by providingluable information and key figures to the experts of the industry.
For this goal, they developed a knowledge bank wHerewledge clips and further information ca
be published in the futureThe goal of LCB was to create €lthat would be published in the
knowledge bank andre beingused by the experts during trainings or lectur€leyshould show the
importance of this topic, thaesearch that has been donend the experiments that have been

conductedby the research teamncluding theresults.

In connectiorto the knowledge clip, ashortessay has been written to further explain thkallenge
andthe theories used during the experiments. The essay is aimed aperts, who are interested
to learn more about the research and the experimethizn from the knowledge clipVithin this essay,

a more detailed explanation is given, using jargon tegries to explain the challenge more detailed

2.5 Competency domain
Professional event managers use the competence domains to aid in pregiimg. running
businessesleisure productionsdesign and marketing, and stakeholder management are some of

these areas.

For thisproject,the competency domaithat fits best is leisure productions, addcuses on creating

a memorable experience for the target group during an event. During this project for LCB, the
experiments have been seen as a sreaint and were orgaséd with an imaginative approach. This

also includes the concrete planning, the logistical aspects, the measurement, and communication plan

for the experiments.
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The competency domain of stakeholder management has only been used at the beginning of this
project. The focus was on creating a collaboration between different stakeholders to ensure safety at
events in the future. For this, a kickf meeting with a creive session have been set up, so the
stakeholders are able to connect and work together in the future within thelGBRreated by LCB.
However, during the project, the focus shiftedttee competency domain of leisure productions, since

the creation ofthe experiment, did not involve many stakeholders and the collaboration will be

managed by LCB in the future.

3. Methodology

To gather the mosessentialinformation for the clienta methodology has been created, using desk
and field research. This wathe optimal end product for the clierftasbe producedthis is in line with
G§KS Of A Sy th@empdtandyrddamaing: y R

3.1 Desk research

Desk research was used in theginning of the project to gather an overview of the already existing
data. To gather the most valuable information thiiverge and converge method has been used
(Thoring & Mueller, 2011)After defining the problem, researchas been executed idlifferent
directions This approach included previous research, articles, reports, books, experiments, and the
safety guidelines from different countries. Thinking outside of the Ihax helped gather the most
valuable data needed fahis project. Once lot of data

has been collected, the converge phase was important

analysethe information. It needed to be decided o1

specific options and focus areas. Using this technique,

information has beeriltered for only the most valualel probiem; Solution,

Idea New idea

information to remain.This type of researchashelped to > .
@'S's C’o“q‘z‘

create an overview of the key figures within the ever

industry in different countries existingexperiments,and Figure3 - Diverge and converge method

theories on crowd behaviour during evacuations.
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3.2 Field research

The fieldresearch was used to gather more information that was misdimgng the desk research
phase. This project was focusing on gathering qualitative data over quantitative da¢sefore,
severaloptions to gather information has been scheduled. The foption to gather valuable
qualitative date was @&reativemeeting with expertsn the field of safety. During this meetingthe
experts were choses from various backgrounds, like the fire depattntlee Event Safety Institute
(ESIpndthe Dutch Defence Academyhe aim of the meeting was to gather insights itite S E LIS NIi Q &
experience knowledgeand opinions on safety key figures and safety guidelioiedifferent countries
and in the Netherlands To gather the mosuseful information and create an open and creative
atmosphere during the session, several creative methods have been Teedkeak the ice in the
beginning, ajuestionnaire witha guessinggame has been used to get people warmedahe topic
(Hanifan, 2022)This method was also used to gather insights from different angkesthe usage of
different guidelines Another method was task the participants to drawhat was written in the
Dutch guideline. A paragraph wparticularly difficult to understand, therefore, it has been written on
a piece of paper and the participantgere asked to drawhow they interpret the paragraph. The aim
was tocreate a discussioma make the experts aware thatritten texts in guidelines can be confusing
and lead to misinterpretationThe input gathered during thguessing gamkas been usetbr further

desk research ang improve the planning of the experiment

Another option to gather information and insighteere further interviews with the experts of the
creative sessionas well as other experts with differebackgroundsAn expert from the research
institute Jalich in Germany has been intervieveethis experience with exaiting experimentsDuring
this interview,questions about theet-up of an experiment and the influence of the cro@@ehaviour

on the experiment have been discussa@tie influence ofthe Covid @ LJF YRSYA O 2y GKS
results has also beatiscussedThe intervieweavas willing to share his knowledge that he teaches at
the university in several lectures. This input has been used for further desk resfamther expert
from the Bvent Safety Institute has been interviewed to help analyse tlesults of the experiments
that have been executed on campuduring the interviewguestions about the guidelines and the
reliability ofii K § S E LJSeblikskaSebertnaswered especially questions about by suésearch
guestions Another topic waghe crowd behaviouduring an evacuation and the psychological impact
it has on an individualFurther information has been shared and was used for desk reseahi$.

gualitative data has been uselliring the analysis of this project

The most importantpart of the research was to facilitate exfraents to gather the missing
information from the desk researciihe focus was put on thit@roughput of a door and the throughput
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of stairs in normal and high urgencyhe experiments weraised to gain more qudtive and
quantitativedata needed for the researchased on the different models and theorsalysed in the
desk researchin order to ensurehe research igeliable and validthe experiments were executed
twice, and numerousmeasurements were taken during the experiments by the research t&dm
footage of the camerawas later usedor further analysisScreenshots of the camera footage can be

seen below.

Figure4 - Experiment on the throughput of a door

Figure5 - Experiment on the throughput of stairs
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4. Theoreticalframework
The models used for this research were the BOE model and the RAM#Ralysis by Keith Sfilas

well as the analysis model escape safety. These models were chosen b#wmuseethe basis of
crowd management andafety during an event. Thaegnsure all important aspects are considered.
Furthermore, the Guest Experience Model, including the,afigect and postexposure has been used

to create animaginative experience for thestudents during the two experiments. Since the
experiments are a small event themselves, it is important to engage the students, so the results are

reliable.To better amlyse the crowd behaviour, theeisure Behaviour Model of Knulst has been used.

4.1 DIMICE model

The DIMICE model is one method of mapping the current situatiban event This model provide
insights on the constraints of the desigmeaning thecapacity and throughput, the information
components likesocial mediandsignage and themanagement systemsneaning thgrocesses and
procedures Having a thorough understanding of these three elements is crucial for influencing a group
of people when thg get togetherThese three aspects are being discussed during the three phases of

an event: the ingress, tharculation,and the egres$Still, gkstill.com, 2019)

This model is being used to ensure thediability of the experiments. It focusses on the ingress and
egress phases of an event, but also the impact of the design, information, and management of the
crowd. Therefore, it has been used during the planning phase and to create an operationlgblin t

applicable to any experiment

Normal Ingress Circulation Egress
Design
Information

Management

Figure6 - DIMFICE Mode(Still, gkstill.com, 2019)

4.2 RAMP analysis

The RAMP is being used to analyse tlymamics of the crowdlt is based onte Route, Area,
Movement, and Persorduring an eventThese four angbmake it easier to understand the audience.
The Route helps to preventossflowsand makes it simpler to understand how the crowd travels. The
area demonstrates where the crowd could congregate. The crowd's movement during the event is

depicted in the Movement. Examining a certain set of People's profiles is crucial §Stilie018)
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This model is being used preparations for the experiment, sinceféicusses on the participantthe
movement,andthe route they are taking. This way, it ensures thltaspects of the experiment are

analysed and ensure the most reliable results.

4.3 Guest Experience Model

Another theory is about creating an experience for the participants of the experiments\Wirst
Experience ModeRby Wijngaarden is being used to create an experience for the visiidrs.
company's vision, purpose, values, angberience idea serve as the cornerstone of this approach. This

model's three key pillars are "people," "setting," and "process," which are the places of contact with
the guests.These are the service points with whom the customer is in direct contact Wiikse

touchpoints together create the guest experiend®ijngaarden, 2017)

This model is being used to ensutet the experiment is an experience for the participantéie
experiment is an event on itself and therefore,ets to be managedhat way. Consideringnd
improvingthe different touchpoints thepeoples have with the event ensuresbetter experience for

the participants

People Setting Process

bl o,

Vision, mission, values, experience concept

Figure?7 - Guest Experience Mod&Vijngaarden, 2017)

4.4 Pre, direct, and postexposure

The Guest Experience Model can be seen in connection with thedirect and postexposure model

of Moossens. Especially the process pillar can be divided into the three phases. During-the pre
exposure phase, the visitors have their expectations towéndsevent and are already in connection
with the website, sociainedia,or other platforms.The visitors engage in a variety of direct exposure
activities while they arat the event They get in touch with the experience and the event. After the

guests lave left the event, services lilghowing gratitude conducting public polls, or advertising are
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considered posexposure activitiesBased on the satisfaction of the visitors the intentions for the
future will be decided on after the event. If the attiteds positive, the visitor is more likely to return
to the event and if the attitude towards the event is negative, the visitor is less likely to return

(Moossens, n.d.)

This model is being used to ensureatlall phases offte event are being regarded and ensure a

positive influence on the participants.

BEFORE

Experience

-
~ _and knowledge Expectation Fice ’
~ .

Intentions for Activites) DURING
Attitude H perception
the future (behavior)

N
- Experience: "«
Satisfaction Lived up to
expectation?

AFTER

Figure8 - Pre, direct, and postexposure modegMoossens, n.d.)

4.5 Analysis model escapafety

Theanalysis model of escape safety is being useahtdyse all aspects of the human behavimutase
of an emergency evacuation due to a fir@portant aspects are theharacteristics of the people inside
the fire, the building characteristicsavell as the fire characteristicadditional analysis can be done
on eachfactor that have a negative impact on fire sedfscue.Recommendation$or enhancing the
building's escape safety can be maafter a more detailed analysik can be usedor a new building
that is being constructed in the near futurier an existing buildingand for a building in which there
has been a firglKobes & Oberijé, 2010)

This model is being used to analyse the various influeones person during an evacuatidh gives
input on thebehaviour in case offére, and it is being compared mher models, to gather an overview

of the expected behaviour during an evacuation
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Personal characteristics
Profile

Character

Knowledge and experience
Perception skills
Judgement skills
Displacement skills

Social characteristics
Mutual social relationship
Task commitment

Role responsibility

Technical features
Layout

Installations

Materials
Compartmentalization
Building size/hight

Situation characteristics
Focus point

Occupancy density

Ease of wayfinding
Emergency services
Enforcement

Degree of self-reliance

Fire characteristics

Observable characteristics
Visable characteristics
Smellable characteristics
Audible characteristics
Tangible characteristics

Speed of fire development
Smoke density
Toxicity

Heat

Situational characteristics
Notice

Physical position
Familiarity with layout

Figure9 - Analysis model escape saféiobes & Oberijé, 2010)

4.6 Leisure behaviour model

The leisure behaviour modef Knulst is being used to analyse they ¥t dzSy 0Sa 2y

behaviourPeople are being influences by the socittyy live inthroughtraditions,norms,and values
In every society there are sttultureswith their owntraditions, norms, and Jaesthat influence the
LIS N& 2 y Q arheniididuad i&eélfean also influence the behavitiuough thoughts, attitudes,

motivations, and experiences.

Environmeatal factors are beyond human influence and include geographiead physiological
features like bad weather and the locatior&nother factor are the timespatial constraints, meaning

the relationship betweerthe required time and distance needed to be travelled

Personal preferences are influenced by both the individual and the soctalggeatr (sub)culture, in
which they are expressedhe resources and restrictioase influenced bgnvironmental factors and
the four different kinds of capitals: the economic capitakaning gerything someone owns; cultural
capital meaning theindividual) &nowledge; social capitaimeaningsocial relationsand physical
capital meaning thecharacteristics that shape the individudlhe last aspeds the supply, whiclis

depended on the demand and is being influenced by the spaiett the individual or suoultures
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The government influences these aspects throstymulatiors, rules, and regulation¥he interrupted
arrows between personal preferences, resources and restrictions and sioggiherform our leisure
behaviour(Mulder, 2014)

This model is being used to further analyse the behaviour during an evacuatimodel focusses
on the individual and hovgociety might influence a person. This can also have an influence on the
behaviour during emergencies, so this model is being used to compare with other theories on this

topic.

Personal

Government
preference

Behavior

Government

Resources

and
restrictions

IR AR AR

— Environment factors

FigurelO- Leisure behaviour mod@\ulder, 2014)

4.7 Operational plan

Usingseveral theorieshat have beermentioned above, an operational plan has been develojmed
help planning the execution of an experimefite plan $ould be filled in prior to the experimennd

help creating a successful experiment with the needed results.

Thefirst stepfocuses on the baseline of the experimavith the subject, theoreticabackgroundand
the research question®©ther theories,ike the Guest Experience Model have been integrated, using
the foundationof this model, with the vision and mission for this experiméfaving a cleaimeframe

as well as a clear view on the end prodpdbr to the experimentcan lead to betteresults

The second step uses the theories of the BGE model and the RAMP analysis of Keith Ssihg

those theories and intertwining with the touchpoints of the Guest Experience ModeWifngaarden

ensures acomplete overview of the experimeniThe towchLJ2 Ay 1 & 2F aLIS2L) S¢ O21
Management of theexperiment sincet deals with the staff members on site and how the crowd is
0SAY3 YIylFr3aSR® ¢KS (2 dzOK Hdaignyfithe éxpelrient sigcedénside@es NNS £ I
physical ad virtual aspects that can be perceived with all sen¢e.S (i 2 dzO K La2éA yQi2 NINBNERI QUSS
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to the Information given to the participantsince it deals with all the supporting processes the

customers must undergo before reaching the final experience.

A template can be seerbelow. The plan has beeoreated andused in preparation for the two

experiments. The filled in versiofm both experimentsan be found in the appendand 4

Operational plan for experiments

Foundation

Subject
Theoretical Background
Vision / mission

Research questions

Hypothesis/expectations

Materials

Timeframe
End product

DIM-RAMP model / Touchpoints

Design of the
Experiment
Information given to

participants
Management of the
experiment

Route of the
participants

Area of the
experiment
Movement of the
participants
Profile of the
participants

Figurell - Operational plan for experiments

Page |18
Breda

University LCB



5. Desk research

Desk research has been donegather a baseline of knowledge on the topltirough this research
method knowledge on thaumerous guidelines in various European countries have been gathered, as

well asexperimentsand studieghat have been executed previously.

5.1 European guidelines

Within the event industrythere are numerous guidelines that refer to several safety related topics of
events. The mostwel Y2 6y A& (KS Wt dzN@ty aSd Wetake RtSViugiczand Ofhért (i K =
9gSyiGaQ FTNRBY (E&ntyInbastyFerumy 20yMaRy2cyuntries are using this guide

and it has been developed by the Events Industry Forum in collaboration with the UK eslerstsy.

The aim is to support music or similar event orgars with important information regarding safety.

There are also other guidelines in other countries, which are based on their own law and research.
Those safety measures can be different betweenntries, and it can lead to confusion about which
numbers are the best. When event orgsats are using those measures of the guideline, it can be a

high risk, if those numbers are not correct.

Based on the desk research amdormation of experts, an werview of the differences has been

created. It shows thekey figures stated inthe most used guidelines in the United Kingdom, the
Netherlands, Germanyand SwedenC2 NJ G KS ! yA G SR YAy #éhethe ElletS Wt dzNJ
Industry Forum(Events Industry Forum, 20%) | & ¢ St f | & framkie depabtiNgdt3oy DdzA RS
culture, media and spottave been use@Department for Culture, Media and Sport, 2008jom the
bSGKSNI I yRa (KS WIranStheSHYSSR/AINTYIKIRAEROIZISYIRD 2SS 90SySY
(NHEV)has been usedNederlands Handboek Evenementen Veiligheid, 20E8m Germany the

Wrientation frameworkbf the Ministry of the Interior NRWMinisteriums des Innern NRW, 202i)d

from Sweden the9 @Sy G { I FSG& DdzA RSQ ¥ NRBsYAgend(Swvedislh S\RA & K/ )

Contingencies Agency, 201igve been used.

The first column compares éhthroughput of a door per minute and per met The second column
shows the throughput of stairs per minute and per meefTheminimum door width is being compared

in the third column and in the last column thecommended evacuation time is being displayed.
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Tablel - Guideline comparison of different European countries

Country
UK 82 p/min/m 66 p/min/m Min. 0.75m; 5-10min
(stepped surface) ideallyl,05m
The 90 p/min/m free width
Netherlands of room 45 p/min more
than 1 mete 1 minute for
110p/min/m with door Min. 0.80m festivals, no
angle of less than 135° 90 p/min less than other time
1 metre norms
135p/min/m with door
angle of more than 135°
Germany 1,20 m per 600 people
(outdoor)
36to 60 p/min/m 1.20m 6-15min
1,20 m per 200 people
(indoor)
Sweden 100p/min/m 73 p/min/m 1.20m No time norms
found

Throughput of a doofbottleneck

The first column compares the throughput of a dgmer metre and per minute. Here, the first
difference can be seen between the UK and the Netherlaiits.Purple Guide states 82 people per
minute and mete, whereas the Netherlandstates different key figures basexh other factors. 90
people can pass per metfree width per minute, if the door angle is lower than 135° outwading

110 people can pass, and if tHeor angle is 135° or hightttan 135 pe@le are able to pass per nret

and minute.This comparison already shows the difference between the two countries, which can have
a significant impacon the safety at eventdn the German guideline, the throughput is calculated
differently, so it is diffcult to compare to other key figures arnlerefore, will be disregardedn this
comparisonin the Swedish guidelineis stated that 100 people can pass per minute andrmeathich

is in between the kefigures of the UK and the Netherlands.
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Througtput of stairs

The second column compares the throughput of stairs per minute andemitbe UlStates 66 people
can pass the stepped surface per mesind minute, whereas the Netherlands states only 45 pedple
the high difference that needs to be crossed in more tbaemetre. If the high difference is less than
1 metre, then 90 people are able to pass per minute and ieethe Germanyguidelines stees that
between 36 and 60 people are able to pass per minute and eneepending on the length of the
staircase, as people might get tired and slow daithe stairs are longrhe Swedish guideline has the
highest key figure with 73 people per minutecametre. None of theguidelinesstate if the key figures
are relatedto goingup or down the stairsso it is difficult to compare the figures, as there might be a

differencebetween going upwards or downwards on a set of stairs.

Minimum width of emergency door

Germany and Sweden have the same door widitih 1.20 mete. The Netherlands recommends only
0.80 mete. The UK hathe lowest key figuref only 0.75metre but reconmends 105 metes This
difference can have an influence on the throughput rate of¢lrent, as less people might be able to
pass the smaller emergency dootsurther difficulties could bdaced bywheelchair users, as
wheelchairs ar@n up to 81.5centimetreswide, according to théAmericans with Disabilities A@t.S.

Department of Justice, 201@pd therefore, might not be able to evacuate the premisagheir own.

Evacuation time

TheUK and Germany are the only countries on this list that give a recommended evacuation time,
between 5 to 10 minutes and-8 minutes. The Netherlands only hes evacuation time of 1 minute

for festival tens. In conversation with an expert from tHeventSafety Institute, | learned that there

are no other time norms for the NetherlandSor Sweden, there was not time stated in the guideline

and further researcldid not give any information on this topic.
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5.2Experiment and studies

Focussing onthe e FA 3 dzNBasx &SOSNIf SELISNAYSyGa KIF@S F2¢
0200t JKfFBzOGriznébohm, & Schreckenberg, 20062006, research has been conducted with

different door widths of 40, 50, 60, 70, 80, 90, 1@@0, 140 and 160 centimetres at the university
DuisburgEssen in Germany. The researchers used 94 students and the bottleneck has been created
using two cabinets that werevo metres high and 40 centimetres deep. Cameras have been installed

from above androm the side, but for the analysis only the footage from above has been used. This

study concluded 1.77 people are able to pass ameére-wide bottleneckper second

l'Yy20KSN) addzReé KIa 0SSy R2yS Ay Hnmc TFpr@QukdaaAy3
SELISNAYSyGlFt LISRSAGNRIY ONRgR $Shivaketii2016)RoNRislza K 1j dzl
study, two previous experiments have been used as comparison to a simulation. The first experiment

that has been usellas been mentioned above. The second experiment has been done by researchers

at the Institute of Industrial science at the University of Tokyo. For both experiments, videos footage

has been used and analysed. The results show a flow of around 1.81 peoglecpnd per meg. For

the simulation, 100 randomly generated people and bottleneck widths of 80, 100 and 120 centimetres

have been used to simulate the experiment in Germany. The results show a higher flow rate of around

1.91 people per second per mret

l'Yy20KSNJ addzRe KI & wé&dgon @ ergvRiszand Bafker2figm coiidor thirdbigh

an exit Ay  WI LIJ(NAgaiABRGkamagchiy & Nagatani, 200Bhe team has conducted two
experiments one where the partigiants crawled on all four to the exit and the other where they
walked normally. Two cameras have been used on each side of the bottleneck for further analysis
afterwards. The results show a flow of 3.30 people per second through a width of 120 centimetres,

meaning 2.75 people per second per meet

An additional guideline has been retrieved by tinernational Maritime Organiation, stating the
GAYGSNRY 3FdzARSEtAYySa F2NJ SO OdzZl GAZ2Y (Ineindtighal Sa T2 N
Martime Organization, 2002)t has been published in 2002 and the key figures are based on an
analysis of fire risk. The guideline states a maximum specific flow of 1.3 people per secondrger met

in a density of 1.9 people per square metThis guideline also states key figures for the maximum

flow on stairs, which is 0.88 people per second perrmepwards and 1.1 people per second per

metre downwards. The numbers are based on the SFPE Fire Protection EngineadbgdkéHurley,

2016)
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6. Field research
6.1 Expert sessiog 15" of March 2023

Using the findings of thdesk research, a creative session with experts from various backgrounds has
been orgarsed. The session was executed on thé"Xd March on the BUas campus. Among the
attendees were experts from the Event Safety Institute, the Police, the Dutch Defence Academy, Skills
Crowd Management, and a municipality advisor in the field of fire and evacuation safety. The aim of
the meeting wa to gather experts in the field to participate in the @%iR, developed by LCB.
Furthermore, the creative session was used to gather qualitative insights and information into safety
at events and the usage of the various guidelines and key figresimmary of the sessiomand a

transcriptcan be found in appendixdnd 2

Justinvan de Pas facilitated the first half of the meetiag a representative of LCB, explaining theeCSR
Lab and future goals. The second part of the meeting was facilitated byTheefocus was on
evacuation and the differences among the numerous guidelines in the Netherlands and other
European countries. Creative techniques have been used to create a discussion among the participants
and gather information from the experts regandi their usage and knowledge on the existing

guidelines.

Which guidelines do you use for your risk
analysis?

event location
handbooks purple guide

£ » Sbgbop
-, green guide
"9 2 bouwbesluit
Q iso standards event access and exit

uplicatior
number of participants

Figurel2-! ya 6 SNBR 27F jdzSadA2yylANB 2y a2 KAOK 3

Within the questionnaire on Mentimeterthe usage of any guidieesamong the experts has been
discussedThe resulisi K i Y2 &0 SELISGEERGdzk REQ dZANFYE i KS WY

by E

FNRY (GKS bSiGebnNGHizhR REAPAZGKSESNHNY T idzthEBK FRNII K B2 NIp 36 &

& 0 | y RDecrek arilde Shfe Use and Basic Assistance Other Blrmés a Dutch documen®ther

mentions are several handbooks, the building®ct 2 dzé o?@ﬁvpmtﬂcaiions, and the Eurocodes.
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This shows the amount of information that is available for the experts,eaetlyone is usingarious

sources

d sees legislation as rope railing that | can hold on to, but | can go left with it,

and | can go right with it. You can move within it based on various factors

(eg.,adzoaz2zAf 2F | YSIR2¢g GKS S@Syd dGF1Sa LXLFOS
- GerritVermeern(Brandweer, safety advisor)

The discussion afterwards showed that the guidelines aarecommendationand not a law. The
experts unitein the fact thatthe key figures stated in the guidelines are basedrarious factors and
often do not represent the realitfMeasuremens are oftentakenat only one eveninstead of a series
of events. Therefore, the numberare lessreliable Every event is different ra has unique
requirements.In conversations betweethe event orgarser and the municipality before the event,

the discussiorsometimesturns political, addeddaan van Eeden from the NigheitsRegio.

& 9 @ Soariser’ enter the conversation witte municipality, where isometimesgetspolitical:
then the municipality choosdke safetykey figureslt is not always the case that the
organisation chooses the numbers that are most favourable.

- Daan van Eeden (Wigheits Rgio Midden- en WestBraban)

This shows that the event orgaai hasa wide scopavhen organsing an event ad sometimedavours

2V D¢

revenue over safety. Then the municipality needs to intervene and ensure that the event is safe for all

attendees.The base for these decisiparethe key figures stated in the guidelinasd therefore, it is

important that those numbers are correct and reflect the reality as much as possible.

Anotherquestion during the session was focussing onkhewledge of safety related key figures of
the experts.The most frequently mentioned key figures wed@ people per mee per minuteand 135
people per mére per minute. Those ar&éom the DutchEvenementenhandboek, whidhe experts
know well sincethey are working the in the Dutchvent industry. Anotherfrequent mentioned
number was the 82 people per nretand per minute, since it is the number from tRarple Guide
from the UK Most experts know this number as well, as this guideline is usethar countries as

well.
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Which evacuation and safety related numbers do
you know by heart?

90cm deur max 50 personen

7 v 60
3 p_/%rs per m2 90 1832545

45 persons a minute
83 4
Figurel3-! ya g SNR 2y ljdzSaliAz2yylFANB 2y a2 K
ydzyo SNBA R2 @2dz 1y26 o0& KSINIKE
Many other keyfiguresfrom various guidelinebave been added to theverview during the session

and a discussion startezh the interpretationsand importanceof certain key figures

Creating a reliable and valid experiment was discussed during the session as well. Sincelthe CSR
was only created weeks before the ma®, no experiments have been executed yet, knowledge is
missing.The experts gave valuable insights. Creating an experiment comes with many variables that
need to be maaged like the design, the profile of thearticipantsandthe surface of the experin.
Therefore the expers mentioned that the key figures stated in the guidelines often do not represent

various crowds, but only one type of crowd.

a 2e have 1 number for all types of people, while it also
matters if you have certain particular targgtoup.

Older people are slower, for examgle.

- Mark Helgers

This suggests thahe key figures only apply for certain events and meents including an older
audiencedisabledpeople,or intoxicated peopleln futureexperiments this should be considekeut
it was not relevant for the experiments orgased for the graduation projectdue to the limited

timeframe of the project.

Another result of the expert session wasdscussion about the reliability of the expments. Since
every experiment has differentariables, the outcome is also influenced by those. Therefore, the
decision has been made to focus on ttepetition of the experimentsThe first experiment will be

used to create a baseline and the secongeriment will be used to make them more reliable.
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The session has shown that the knowledgethe safety standards varies among #veperts,and it
often created discussion among the experts on how the guidelines can be interpreted and applied.
There ismuch potentialto improve the information within the guidelinet® accommodate certain

events, target groupsand environmental influences

At the end of the session, ideas for future experiments have been gathered and the experts shared
whatkind of inbbrmation they would be interested in. Those were noted and will be considered by LCB

when creatingexperiments in the next years.
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6.2 Experimentl ¢ 3" of April 2023

Based on the desk research and the insight of the expert session, the first experiment has been
executed on the 8 of April 2023.Cameras have been set wp ensure further analysis after the
execution of the experimeniThe experiment has been planneding thenewly created operational

plan, based on the DIMCE model, the RAM&halysis,and the GuesExperienceModel. Thisplan

ensures all aspectsare considere@nd a uniquesxperience for the participantsas been created.

Design

The design of théirst experiment can be sedrelow. This design has been chosen be@aitsncludes

all needed aspects that needed te besearchedThe four doors had a different door widtBoors 1
and 2 were two metres wide, doors 3 and 4 were onetre wide. he participants were able to walk
arounddoor 3, to create a larger grouphe designated route has been marked with barricaddsad

the students on the right patiThe cameras have been installed in areas that are most important for

this research.

Figurel4- Design of experiment 1

Information

Oneweek beforethe experiment day, an informativpresentation has been given to the students
where thereason of researctand the objective of the experimet has beenexplained.The first
planning for the experimenivas shared and any questions by the students have been answEned.
aim of this presentation was to give the students already insights into the tpicreate positive
anticipation towards theexperiment day.
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On the day of the experiment, the participants were given a presentation on the concrete planning of
the day.The drawings of the experiments have been shown and shortly explained, so the stadents
aware ofwhat is expected of them and whahey can expect during the dayo create a positive
setting, the students were greeted witlrinks and a snacknd during the breakree soft drinks were
provided.The aim was to motivate the students to piaipate in the experiment with enthusiasm and

take it seriously.

Management

During the experiment, the research teamwas made up othree employees of LCB, another
graduatbn studentat LCBand me Each member has been briefed on the experiments, tiasiks,and

the reason of research before the start of the experimdfeery member of the research team was
located on their designated location during the experiment and took measurements by counting

people passing their marked lin€he students were givenstructions by the research team

Route
The route that the studentsvould takehas been marked before theg B
execution of the experiment, with arrows displaying the expect
densityalong the route.Green shows a low density witlp to two
peopleper square metre Yellow means betweenand 3people per

square metre Red meanshree or more peopleper gjuare metre This

division has been made based the research done by Keith S{i8till,

2018) This way, theexpected bottlenecks can be distinguishg™=

beforehandand either neutralizedor more focuscan be put on it

during the experiment. <

Figurel5- Route of experiment 1
Area
The are of the experimentvasthe Innovation Square in the Frontier Building of the Breda University
as well as the staircase next to the Innovation Squéien the ground floor up the stair@tthe third
floor. As gatheringones the area in front of the entrances has also been usHteentrance area at
the staircase has 49,2mthe Innovation Square has around 3213 and the entrance on the other

side has 11.1 m2.
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Movement

The students arrivedbetween 13:30 and 13:50 at the Sports bar on cammaosning from various
directions.After the introduction,all students and the research team moved to the starting point at
area A at aroundl4:25. During the experiment, the students walkd ranthrough the Innovation
Square to area B and back to areadter experiment 1, the students walked back to the Sports bar
for a small breald-or experiment 2, the students walked to area B wmie asked to walk and run up
the stairs to the thirdloor and back down to area Bfter the second experiment the students walked

back to the Sports bar and left the campus in various directions.

Knowing the movement in advancielps coordinatingthe staff and inform the crowdSpecific
arrangements ca be made, like closing off certain areas and informiogparticipantsabout the
expected crowdedness certain areas in certain timeframes. In this experiment, other students and
staff working at thennovation Square have been informed about the expent and the timeframe,

where it will be noisy.

Profile

The participantswere secondyear Live Music and Dance Events students from Breda University of
Applied Science3he ages nage from18to 25years.The students were familiar with the surroundings

of the building, but not the specific design of the experimértey were all fit and mobile to execute

the requirements of the experiments.

Knowing the profile of therowd, can help when managing the wrd. Each crowd is different and has

an impact on the experiment and the experience for the participants
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6.3 Experiment 2; 24" of April 2023

Design

A similar design has been chosen for the second experiment, since the focus is on validating the data
that has been collected during the first experimenherefore, the design has been changed to be only

in the staircasenext to the Innovation Squareisng thestairs and the door leading outsidéhedoor
wasone metre wide for the first experiment. For the second experiment the width differed ffgh

metre to 1.2 metre to 1.4 metre. The experiments focus on the impact of the door angle, the door
width, and thethroughputof the staircase Cameras have been installedthe most interesting areas

as well, to ensure further analysafter the execution of the experiment

NU
[~ S 4§_o - 135°
,,,T S
+ | T
e
u\“\
S 1
A" ——
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Figurel6 - Design of experiment 2

Information

A week priorto the second experiment, information has been shared with the students using the
Teams channellhey received information about the plannirtbe location,and the duation of the
experimentsFor the experiment day presentation has been prepared with drawings, so the students
are aware of what is expected of them and what they can expect during the day. To create a positive
setting, drinks and a snatlave been prepared fdhe break The aim was to motivate thelwglents to

participate in the experiment with enthusiasm and take it seriously.

Management

For the experimenthe research team, was made uptbfee employees of LCB and me. Each member
has been briefed on the experiments, th&isks,and the reason bresearch before the start of the
experiment.For communication among the research teanmWhatsAppgroup has been set upVhen
entering the meeting pointhe research team has taken the attendance of the studetutsreate an

overview on the number gbarticipants.
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Route
The route the students would take has been marked on the planning as well, using the same technique
as in the first experimeniThis way, the expected bottlenecks can be distinguished beforehand and

either neutralized or more focus nae put on it during the experiment.

Area
The area of the experiment is the Frontier building of the Breda University of Applied Sciehess. It
been organked at the staircase next to the Innovation square, from the ground floor up the stairs to

the third floor, as well as outside in front of the entrance to the staircase. The staircase has 49,2mz2.

Movement

Thestudents arrivedat 12:45at the Sports bar on campus, coming from various directidhe. first
experiment was planned to start at around 14:10, after a session ibes bar. The students would
walk from the Sports bar to the starting poiat area Bjn front of the entrance to the staircas€or

the first small experimentttey wouldwalk and run up the stairs to the third floor of the building and
back down to area B-or a short break, the students would walk back and fémbim the Sports bar.
The second and third experiments would be executed instaércase, area A. They wouldlk and

run outside and go back insidie repeat it a few times. Afterwards they would walk back to the Sports
bar and leave the campus in various directions.

For this second experiment, other students on other floors and staff working at the InnovaiamneS

have been informed about the experiment and the timeframe, where it will be noisy.

Profile

The participants wersecondyear Live Music and Dance Events students from Breda University of
Applied Sciences. The ages range from 18 to 25 years.udenss were familiar with the surroundings

of the building, but not the specific design of the experiment. They were all fit and mobile to execute

the requirements of the experiments.
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6.4 Interviewg Armin Seyfried

An interview with the crowd safetgxpert Armin Seyfried from the research centrum in Julich,
Germany, has been arranged. He studied at the University of Wuppertal and started working at the
researchcentre in 2004. Since then, he has been workingraprioving safety concepts with the help

of experiments He also gives lectures at the University of Wuppertal aboatputer simulation for

fire protection and pedestrian trafficThe aim of the interview was to gather insights into the planning,
execution, and analysis of an experiment. Furthere, questions about crowd safety and crowd
behaviour have been discuss@deyfried, 2023)The German transcript and the English summary of

the interview can be found in appendix 6 and 7

When talking about the guidelines different European countries, Armin Seyfried mentioned that he
is not aware of other guidelines. He focusses on the ones in Germany, but he is positive that there are
differences. In his opinigrnthe guidelines are often not completely reliable, since some data is

outdated, and new technology has been developed to improve the (Begfried, 2023)

The execution of an experiment is a lot of work, he mentioned, sintakes around one year per
person to prepare a reliable and insightful experiment. The technical aspects play and important role,
as well as the selection of a target group. The analysis of the data also takes a long time since it is being
checked by hamh and corrected. The results are being published on the website of the ressemtie

and are hopefully used by experts in the event field to improve their knowledge on crowd safety and

to create safer events in the futu{Seyfrial, 2023)

When talking about crowd behaviour he mentioned that they tried to minimize the effects of the
Covid19 pandemic during the experiments. They forced the target group to be in highly dense crowds,
to recreate the behaviour pre pandemic. Hever, he is sure the effects of the pandemic are slowly

fading away and crowds are staring to behave normally a@agfried, 2023)

Further information on the topic has been sentnwe sincethe gives lectures on this topand has
much valuable information. This information has been used for further desk research, due to the

missing execution of the second experiment.
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6.5 Interviewg Syan Schaap

An interview with Syan Schaap from the Event Safety Institute has d&eanged. He is the director

and founder of the institute and give advice to municipalities and safety regions on safety
management, event policy and crowd management at events. The aim of this interview was to analyse
and confirm the data gathered durinthe first experiment. Furthermore, the aspect of crowd
behaviour during an evacuation has been discugSethaap, 2023)he transcript of the interview can

be found in appendix 8.

After sharing and explaining the results dfet first experiment, Syan saw similarities with the
guidelines and key figures he uses during his work. He mentioned that the experiment was only
executed with a small target group and that the number would differ, if the density was higher before
the bottleneck. He shared that the speed of the evacuating people slows down by 60% if the density is
higher thanthree people per square meg. This effect was not visible during this experiment, due to

the number of participant§Schaap2023)

When talking about the results of the second experiment, Syan mentioned the low difference between
taking the stairs upwards or downwards. It is similar to the guidelines and key figures he uses during
his work. The main striking aspect wa treduction in speed when going up the stairs, which might

be explained with fatigue, due to the gravi{{§chaap, 2023)

When comparing the results to other studies he mentioned that the results are similar and that it is
important to give context to it. The experiments were executed in optimal conditions, with physical
able target group, an even ground, good lighting, no real dangers. All the aspects have an influence on
the speed of the evacuating people. The results of eperiments might differ from redife
evacuations, due to these factors. Therefore, it is important to keep those in mind when analysing the
data. When comparing the results to the guidelines, he advised to use the safest option, meaning the
82 people pr metre per minute through a bottleneck from the guideline of the UK and the 45 people
per minute per mette on stairs from the Dutch guideline. A combination of those guidelines is the best
option, since following only one guideline would lead to too higlhmbers on the stairs or the
bottleneck(Schaap, 2023)

When talking about the behaviour of the crowd during an evacuation, he mentioned that there are
severalfactors that have an influence on the behaviour of the crowd. There are different models that
KIS SELXFAYSR (GKSas T Ol@@kexver, thase 8o nitigide eoaga OF LIS
information. A better option is to use studies and field research, to understand what aspects have an
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impact on the speed of the evacuating people. During emergency situations, people often go back their

primal instindés and are not able to think critically. Other times, they are able to help each other and

0SKI @S Ay | &a20Alt glreéd ¢KS WazOAlf ARSYUATFTAOI
behaviour. There are three ways in which people react to an emergéghy, flight, or freeze. Around

80% of a crowd needs guidance, 10% of the crowd act very adequate and the remaining 10% of the
crowd does not accept this situation. Therefore, it is important to react to each group of people

adequately, since every taggreacts differently in different situation@chaap, 2023)
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7. Findings

7.1 Experiment 1

During the execution of thexperiment, measurements have been taken by the research team by
counting students passing a specifiection. Due to technical difficulties and humafailure the
measurements were not reliable for further analysis. Therefore, the camera footage hasideeifor

the continuation of this research project. The footage has been saved online and was analysed by

slowingit downand counting the people crossing the specific section by hétidn one minute.

Experiment 1 / min

180.00
160.00

140.00
120.00
100.00

80.00

60.00
40.00

20.00

0.00

1 2 3 4

® P/min/m Normal m P/min/m High

Figurel7 - Results of the experiment on the throughput of a door

The analysisf this experimentwas focused orthe flow rate of a onemetre-wide door, and it has
shown that in normal urgency betweebd and 92 people can pagsr minute.The difference between
the doors can be explainda, the design of the experimeriDoorsl and 2 werédwo metreswide with

no further obstacle in the aredoor 3 was one meg¢ wide, and the participants were asked to walk
around the corner and through the same door againa circle. This could have had an influence on
the flow rate of this doorDoor 4 was one met¢ wide aswell but showedthe highestflow rate with

92 people per mek and minute due tothe participants keing in a dense crowd at do@ People
were able to move to the last door quickliZombing the results{6 people were able to pageer

minute per mete in hormal urgencyon average

This difference also shows during the experiments with a high urg@&heyparticipants were asked to
NHzy GKNRdZAK (GKS SELISNARYSy(dQa réniekraBland d58 peaplel I A Yy Ay

were able to pass one m per minute Doa 4 showed the highest flow rate with59 people per
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metre and minute, due to thérigh density at door &ndaccessibility for the participant€ombining

the results, 143 people were able to pass per minute per reeéh high urgency on avage.

The difference in normal and high urgency can be seen clddmyparticipants weraround two times

faster than with a normal urgency. The biggest difference can be seen at door 1, with 2.18 times faster
due to the high motivation of the particgmts and accessibility of the door. The lowest difference can
be seen at door 3, with.76 times faster, due to the congestion and high denaityund the door,
which slowed down the movements of tiparticipants.Combining both urgencies, a total average of

110 people per minute per met can be concluded.

The second experiment focused on tflew rate of a staircaseMeasurementshave been taken on
eachset ofstairsleading to the third floorfwo flights of gairs per floor, resulting in @lights of stairs
from the ground floor to the third floofThis experiment was also executed in normal and high urgency

as well as upwards and downwards.

Experiment 2a
120.00
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== P/min/m Normal P/min/m High

Figurel8- Results of the experimenn the throughput of stairs upwards

In experiment 2ajn normal urgencybetween 42 and 62 peopleere able topass in one minute
upwards The highest being the first set of staw#th 62 people per minute anthe lowest being the
lastthree stairs, which shows the speed of the participants has slowed ddwea to possible fatigue.

In high urgeng similar results can be seen, with thighest being the first set of stairs with 100 people
per mete and a rapid decline to the last set of stairs with oBly people per minuteln normal
urgency, thespeedbetween the first set of stairs and the last set of staieslined by 0.68 times ah

in high urgency thearticipants were half as fast on the last set of stairs compared to the first set of
stairs.This shows thémpact of the length of the staircasm the speed of the participants. The longer
the staircase, the slower the participantdn averagel8 people were able to pasgpwardsin one
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minute in normal urgency and 71 people in high urgenrtigerefore, the total average of this
experiment results on 59 people per minute per megiaking the stairs upward3he concretefigures

can befound in appendi.

In experiment 2bbetween B and 64 peoplg@assedn one minute downwardm normal urgencyThe
highest being thdirst set of stairs on the third flooThe speed of the participants barely slows down
during the experimentindis constant aroun®3 people per mat on the lastfour flights of stairsin
high urgencybetween 76 andb8 people per minutewvere able to pass. Howevarp clear trend can
be seen due to thevariation ofnumbers on each set of stair®n stairs 6the participants have the
samespeedas in hormal urgency, but thencrease the speedn stairs Sand 4 but slow down again
on the next set of stairand afterwards itis consistentuntil the ground floor, with aroun®0 people

per mete. Only on the last sef stairs the participantsped up again until 70 people per minute.

Experiment 2b
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Figurel9- Results of the experiment on the throughput of stairs downwards

Thissuggests thathe length of the stairenly has a smaiinpact on the speed of thparticipants,due

to the consistent speeth the middle of the staircase. It might be possible that a longer staircase slows
down the speed even more, due to fatigue, butds not beerseen in this experiment. On average 57
people were able to pass downwards in one minute in normal urgencyapdople in high urgency
Therefore, the total average of this experiment results drpéople per minute per mee taking the

stairs downwardsThe concrete figures can be found in appenli
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7.2 Experiment 2

Due to unforeseen circumstances the experiment was not being executed. The preparation has been
done in detail and the event has been made mandatory for the participants. 65 students have been
invited but only 17 students showed up. Information has beearsti beforehand and benefits for the
students have been arranged. However, only a small number of participants showed up on the
experiment day. Therefore, it has been decided to not execute the experiments. Efforts to reschedule
the experiment were not swessful, due tdimited time. Therefore, it was not possible to validate the

data gathered during the first experiment.

The planning of executing a survey after the second experiment were also cancelled, dumtssiing
execution of the second experant. The students seemed to be nemthusiastic abouparticipating
and a survey would not have given any valuable informdionhis research. Therefore, it has been
decided to disregard the survey and focus on desk research and field research thnopgt e

interviews.
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8. Analysis

To compensate the missing data of the second experiment day, more desk research has been done.
The focus was on experiments that have been done previously on the same kapiterous
experiments have been done ovilie years on the topic afmergency evacuationpedestriartraffic,

andthe crowd behaviour during those situations.

8.1 Comparison to othestudies

When comparing thebovementioned studies and guidelines with the results of the experiments,
executed on campushe similarity becomes cleafhesestudiesmentioned abovego beyond what is
described here, however the sections that are comparable to this experiment are the main emphasis

An overview catbe found in appendik.

The studies focusing on the throughput of a bottleneck, conclude key figures bet@e8rand 165
people per minute per mee. Three of the studiehave lower results than our experimertowever,
they are still ery close to each otheOnly one study has a much higher result, with p@dple per
minute per mete. Therefore, he result of the experimentl10 people per minute per met, is close

to the average of thdindings of the other studiesdowever, since wst experiments do noinclude
any disrupting factors, the result should be viewed as the maximum egres3 heguidelinegrovide
key figures between 82 and 130 people per minute permnedince the guideline should provide key
figures thatensure themost safety, the results of the experiment are too highedisruptingfactors
that slow down the evacuation time need to be included in the guideline and therefore, a lower
number is advisableln conversation with Syan Schaap from the Event Safetytutest it was
concluded that the most advisabigpiideline to usésthe one from the UK, with 82 people per minute

per metre sinceit ensures the most safety

Looking for research on the throughput of stairs, not much information has been found. Most studies
focus on the speed of the participantShe onlystudy that has beerfound from the international
maritime organgation concludes a throughput d§2.8 peopé per minute per mae when going
upwards and66 people per minute per meé going downwards.Therefore, the results of the
experiment 59 and @ people per minute per meg, is in the middle of those result$he guidelines
providekey figures between 4&8nd 90people per minute per mee. Due to thesafety requirements

the number used should be lower than the results of éxperiment. The disrupting factors have an
influence on the speed of the evacuating crowd and therefore, the guideline with a layeiidure

should be usedn conversation with the expert from the Event Safety Institute, it was concluded that
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the most advisable guideline to ugethe one from the Netherlands, with 45 people per minute per

metre since it ensures the most safety.

8.2 Crowd behaviour

The behaviour of a crowd during an evacuati@s been analysed in different theoriexperiments,

and articles.One theorythat analyses thebehaviour of an individuahnd what influences this
behaviouris themodel of Knuls{Mulder, 2014) It focusses on the leisure behaviour, but it can also

be applied to the behaviour during an evacuati®he society, the subulture,and the individual itself
influences the behaviour of a persahroughnorms, valuestraditions, and motivationdf the society

values social aspects, the behaviour mighange to helpingther people during the evacuation

instead d behaving as an individua@l. KA & | aLJISOG OFy | f &2 ésGaperfséfe@/ R A Y
of Kobes and Oberijg(Kobes & Oberijé, 2010 analygsthe different characteristics that influence

the behaviour in case of a fire. One aspect being the human characteristiosh can be divided into
personal,social,and situational characteristics. Persoghhracteristicsneaning thepersor@ profile,
knowledge, and experience, which correlates to the individual aspect ok Kndlee social
characteristics focus on theocial relationships and the role responsibility, which correlates to the
society and sweultures of KnulstAll these aspects together create the personal preferences of a
person, which would bevacuating safelyThe environmental factors are beyond humiafiuence

meaning thdocation andother time-spatial constraintsThis correlateto the building characteristics

YR FANB OKI NI Ol SN stapd safaty liRethe iayio 8 anttheize df @esbaildingy 2 R S €
The resources and restrictierof Knulst focus otihe four main capitalsPhysical capital focuses on the

traits that make up a human, whereas cultural knowledge emphasizesnihveledgeand experience

the individual possesseBothcan be connected to thpersonal characteristics 6f K S WI y I f @ & A &
Saol LIS al mhé&dodatapitalFocuseg dn the social relations of the individual and therefore
correlates to the social characteristi@dl these aspects have a great influence on the behaviour of the

individual and can be atysed using the two models

Experiments on this topic have also been conducled1951Alexander Mintz analysed theon-
adaptive group behaviouburing the experimeni5 to 21 people were asked to pull out cones out of

a glass bottlewhich was hanging from a string in the bottle and each participant held a string in their
hand. The bottleneck was designeid a way that only one cone could pass through at a time.
Therefore, the participants needed to collaborataase out all conesne at a timenstead of creating

a congestionThe motivation of the participants was increased ugiriges.After 42 experiments with

26 different groups, the resultshow the development of a congestions at the bottlen@tkmost

experiments resultingin no one being able to pull out theitone. In other experiments, the
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participants werenot given rewards and were able to pull out their cones fagg@ng communication
among the group and hinder a congestion at the bottlen€bkis experimentvould siggest that
cooperative behaviouamong the participantieads todsuccess and is rewarding [the] individua[s]

as long as everybody cperates (Mintz, 19513 #However, if participants start to behave in an
uncooperative way, it could lead wisaster due to people blocking the exit apadish each other out
of the way to exit as quickly as possiblte experiment showed that small reward or an advantage
for one person in the groupgnakes an uncooperative behaviour more likalyd therefore, slowing

down the evacuatingrocesgMintz, 1951)

Other research otthis topig however, suggests different result. It is difficult to assume that if there
is competitive behaviour it would slow down the evacuating procé&asther researchfrom the
researclcentrein Jilicrhas showrthat it is dependent on the corridor width leading to thettleneck.

A highmotivation leads to high speeds in the beginning, the speed slows down at the bottleneck,
due to the limited space avalite. If the motivation is lower, the speed is also loweithe beginning,
but at the bottleneck itself the speed is slightly higher, due to the lower density at the bottlefiersk.
research has shown that broad corridor leading to the bottleneck encages people tdehave
competitively, due tahe participants forming a semircle around the bottleneck. More people are
closer to the opening andave a

higher motivation to behave

competitively to exit as quickly as

possible. By contrast, if the corridtur

the bottleneck is smaller, people are

already in a‘dueuelikeQformation.

Therefore, only a few people compete

to enter the bottleneck at the same

time, whichincreases the speed of the

evacuation peoplg(/Adrian, Seyfried,
& Seben, 2020) Figure20 - Experiment desig(Adrian, Seyfried, & Sieben, 2020)

The design of th area in front of the bottleneck can have an influence on pleeception of the
participants in the situationA wide corridor with people forming a semicircle, the participaxpect

the situation to be less equal anthfair, whereas a small corridor encourages people to stick to the
social norms and wait for their turffeople fel more comfortable iran orderly situation Therefore,

it is important toensuregood constructions in front of the bottleneck, so a crowdag be avoided.
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