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Abstract

Emergency evacuation is of paramount importance at metro stations. Every day, a large number
of commuters travel in the metro in most of the cities of the world. Providing fire safety to a
large number of travellers is an important task for crowd managers and engineers. To study
emergency evacuation, recreating such scenarios in real life can be dangerous and have ethical
issues. Computer simulation is one of the useful descriptive methods to study emergency
evacuation. It is also important to understand the behaviour of evacuees in emergency
evacuation. Some of the commuters may have physical disabilities may be dependent on wheel
chairs or other support for movement. Their timely evacuation is important for improving the
overall safety of the commuters. Therefore, there is a need to understand the overall evacuation
process, required safe evacuation time, available safe evacuation time, proportion of
commuters on wheelchair and non-assisted evacuees. Emergency exit choice in emergency
evacuation is an important task for the evacuees. It is necessary to understand the emergency
exit choice behaviour of the evacuees during real evacuations. Efforts need to be made to study
the emergency exit choice behaviour of the evacuees. Therefore, the main objectives of this
study are to study the required and available safe evacuation times of the wheelchair assisted
and non-assisted evacuees during evacuation from different types of metro stations. The other
objectives are studying the exit choice behaviour of the evacuees using different tools and
methods. In this thesis, extensive simulations are used to study the emergency evacuations.

Fire at a metro station and evacuation both are studied.

The design of the experiment is used to include different factors of fire and evacuation
simulation. Total evacuation time from different types of metro stations is calculated using
simulation. Available safe evacuation time at different metro stations under different fire
conditions is also calculated. Fractional effective dose for wheelchair assisted and non-assisted

evacuees is also calculated. Choice experiments are conducted to understand the exit choice
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behaviour of commuters in an emergency evacuation. Two different experiments are
conducted. One using a sketch of 3D models of the station and printing on paper. Another
experiment is done in partial immersive virtual reality. Scenarios are built according to the
efficient choice design. Stated preference experiment is conducted separately for the sketch-up
3D models and unreal engine based virtual reality experience. Respondents were asked to
choose one of three given exits and their choices were recorded. Discrete choice models are
calibrated with the data. Standard and mixed logit models are calibrated with that data.
Different environmental and personal factors and their effects are identified using the discrete

choice models.

Machine learning models (GNB, SVM, DT, RF, GBM, XGBOOST) are calibrated with the
data. Interpretable machine learning models are used to predict the choices of the respondents.
The results of the simulation study indicate that assisted evacuees are the most vulnerable
commuters as these assisted evacuees are mostly susceptible to asphyxiation due to prolonged
smoke effect. The simulation results also indicate that smoke does not have any effects on non-
assisted evacuees. The results of the emergency exit choice behaviour study indicates that the
behaviour is dependent on situations. The queue time is found to be the most significant factor
in emergency exit choice behaviour followed by distance and crowd level. The study results
indicate that incorporation of a latent factor called safety knowledge improves the model fit of
the logit and mixed logit models. The study results also indicate that the machine learning
models can also predict the exit choice behaviour of the evacuees. The study results of the
virtual reality experiment indicate that partial immersive virtual reality can predict the
emergency exit choice behaviour of the evacuees. The emergency exit choice behaviour in this
thesis has not been studied using fully immersive virtual reality. This is one of the limitations
of this study. Further, the simulations performed in this study cannot be verified with real data

or drills.
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A RYH! TR TUTdebTei bl Yo He@yui g | 3T & TG x| | ATl St
T H At At & R X g | WIS Uaee! 3R Son-oR| & fod Sat IRedn § it i
3ITH GRET UG BT TP HedqUl B g | SMATABIC bRl BT ST HRA P o1,
aRdfa® Siigd # T URe=d! &I fhr ¥ §H1 Wa-ATd g1 Ihdl © 3R 39H Afdd g, 8l
Tohd g1 SAUTAHICH HBHTIT BT T HA b [0 HYeR R IuART quHS
faferal & @ U g | SuTdeTa Mol # el & cIdgR &) 9Hg T H Teaqul 81 $6
IEHAT B RIS & 81 Abcl! § off Gid JIR T TAToTg! & g = T W AR
B T g | A B T GRET T UR & L 37! 9979 R FaHRi Agayul g1 $afa,
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R Gl & U 3R TR-TEHd U Rl & A &I aaHhdl 8| aRafdd
I & TRM BRI & SMuTaa e For f[ddhed TagR &I aHSHT HTaAS ¢ | Fd
T ANT & SMTTdebTa Mar fdhed HagR BT & B & [t YN fbt S &bl
TSI ¢ | TTY, 3 379 &1 TF 324 fafid UeR & Al ©IH! 4 FHardt &
GRM FITaaR Tl U 3R TR-T8Edl Wi Feril & oy smawas 3R Suasy
R BRI THg BT 3ieqga HA1 g | 3 I it Iuaun iR fafda o1 Iugh
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TN & FSSE &1 ITANT 3T SR i Rigaes & fafid eRe! &I MHd axd &
fore fopam o § 1 ReIRE &1 ST b fafid YR & Al WIE ¥ o Hor 39
DI AT DI T3 g1 A Tl WAl R Srav-sra i fufadt & dgd Suasy JRféd
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fore 31ifR1es YHTE RIS &t it UM 1 18 B | ST TeH e § T & arex e
&I TRiG & FIER Pl THI & oY fadmed TaNT fovam T §1 &) SerT-3felT YA fava
T g1 U WA & 381 HISA & IThd BT SUANT HReh R HHTS R BUTR HT| Th 3R
TN 311 gARig agera fRaferdt & forar mar g1 uRexg $ud i fEomgd & SR
§TT 7T § | Ihd-3T 3D Hisd 3R faRdidd goi SR SMTHRT aRddddl $gHd &
forg 31T & Uit aRiaaT YT SMiifoTd foham 7T § | SuRaIms) &f fau 7T o e o
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