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High-Rise Building Evacuation Simulation Based on Physical

Stamina of Evacuees
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Abstract

Currently, high-rise buildings are being continuously constructed, and thus, it is necessary to predict evacuation safety in advance
in case of emergency situations in high-rise buildings. However, current studies focus only on the movement of individuals in evacuation
situations for predicting the final evacuation time. Therefore, in this study, a simulation of realistic evacuation in high-rise buildings
was performed based on characteristics such as the physical stamina of evacuees. The evacuation simulation was performed on the
world's tallest high-rise building, Burj Khalifa, and comparative verification was performed with and without consideration of the
physical stamina of evacuees. The results of the simulation indicated that the total evacuation time significantly increases when physical
stamina is considered. Hence, realistic evacuation in high-rise buildings is possible when the stamina of evacuees is considered.
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Table 1. Reduction of Evacuation Speed According to Travel
Distances (Koo et al., 2014)

Distance (A to B) [m]

A B Ratio [(%]
0 100 100.00
101 200 99.85
201 400 89.42
401 800 75.80
801 1,500 69.82
1,501 3,000 65.72

rr

2 o 3 Fo] EE o
ATt Ronchi et al., 2016).

ol AFelA= AYH acle] v F57F T iy
ARt PRl FEe Fetatlr] flste] FaAe 718 Ay
£5 the] S-S A8kt A e gelr] F2olA
FAke] ge)7] £5 Fo|2 ZAKRF Denny (2008)2] A=
EQE FHE F4AY 7 Jo S5 oiH] 4SS
Table 13} 2THKoo et al, 2014). Table 12] A& Zha Larg]
& 79 AgE 7o 2 927} AR ks we
Hd &= d¥] Z4AES Yehith

gt A= dHA

32 QaN A#S

NI A, A%, 7], 55 S et A dEe
= F72 7N Ao S5 o] 23AaES JuEA 285t

Ir

712 ties] o ZAlolth 53] AA ty] FollA=
31N A AR Hie) o) A|HZ gl ohz} vkt
aRlo] BA o JIde F7] "ol 71ek o7 a%le]
FEFS viAlE A7 Al gk Bla 5ol Hasit.
et FA 7 Ao S5 iR ZAagl) ASe
218lod Choi et al. (2014)°] A Ao} ¥l HSS s}
ek

oz 505 T S
= MR AlgS o83l 5052 2231 J-% 72
< FAg 5 oA 505 Heie o= Ajo] =R
o} Ad Azt G A4 50504 15744 8 Al
Bt 46832(7.8%) O F 320%004 59320 EIE HoH
oA o] 739 Bt 50885 OF 397204 571%] B
E BAth Ade] AL =0] E olF AR T2 st
S HE olF A 715 751 mE F 4952 3EIITE
A AP Het 4 ARt 7o ZE ALk dY
Ztyzvo] it &7 45+ Table 294 2tk

Table 2. Average Descent Walk Speeds Derived from Travel
Time and Distance (Choi et al., 2014)

Category Male Female
Average stair travel time (sec) 468 508
Average stair travel distance (m) 368 368

Average descent walk speeds (m/s) 0.79 0.72
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Table 3. Average Descent Walk Speeds Derived from Each Floor’s
Recorded Data Using Video Cameras (Choi et al., 2014)

Table 4. Reduction of Evacuation Speed According to Travel
Distances (Koo et al., 2014)

Category Male Female Distance (A to B) [m] Ratio Male Female

First half (50th~25th floor) 083 074 A B (%] (m/s)  (m/s)

average descent walk Speeds (m/s) 0 100 100.00 0.830 0.740
Last half (25th~1st floor) 081 074 100 200 99.85  0.829  0.739

average descent walk Speeds (m/s) 200 400 89.42 0.741 0.661
400 800 75.80 0.562 0.501

800 1,500 69.82 0.392 0.350
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Table S. Estimated Stair Travel Time by Applying Reduction
of Evacuation Speed Algorithm

Category Male Female
(m/s) (m/s)
Initial descent walk Speeds (m/s) 0.83 0.74
Estimated stair travel time (sec) 468.5 525.5
Average sta'ir travel time by 468 508
experiment (sec)
Error (%) 0.11 3.44
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Fig. 2. Schematic of Evacuation Simulation
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Table 6. Population’s Composition and Walking Speed

Category

Percentage of Walking speed on

passengers (%) stairs (m/s)

Females younger than 30 years

Females 30-50 years old

Females older than 50 years

Females older than 50 years, mobility impaired
Males younger than 30 years

Males 30-50 years old

Males older than 50 years

Males older than 50 years, mobility impaired

7 0.77
7 0.65
16 0.60
20 0.39
7 1.01
7 0.86
16 0.67
20 0.44

Table 7. Scenario Chart

. Population o Evacuation time (s)
Scenario Characteristics - -
(person) Min Average  Median Max
1000 Evacuation speed reduction Algorithm considered 52 1,083.4 289.6 4,508.8
’ Evacuation speed reduction Algorithm not Considered 5.7 735.6 284.6 3,149.8
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