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A Study on the Effective Evacuation Plan of High-rise
Buildings by the Fire Alert System
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Abstract: When a fire occurs in a high-rise building, it leads to a large-scale evacuation, and evacuees
escape through staircases at the same time. This leads to congestion in the staircases, resulting in
stagnation of the evacuation. In this study, evacuation scenarios were classified into three types in order
to analyze the evacuation efficiency according to the difference of the alert method. The study applied
alert method that simultaneously alerts all floors of buildings, Priority alert method that gives priority
alert to the ignition layer and four layers directly above it and newly applied the alert
method(Hereinafter referred to as “Cross alert method”) of issuing the intersection priority alert for every
certain number of floors. In addition, the most effective time difference was obtained by analyzing the
evacuation simulation results in the case of the Priority and the Cross alert method. As a result, Alert
at once was the fastest alert method in spite of the largest number of congestion times, followed by the
Cross alert method and the Priority alert method. In the Priority and the Cross alert method, the
evacuation started late due to the difference of the alert time, the final evacuation time was further
delayed.

Key Words : Evacuation Simulation, Priority alert method, Cross alert method, Congestion times, Building
EXODUS

1. M 2B 7k e FAlelth AF EZ EX|ol&9 A%

TR I3 EANE A EAPR, HAb

1.1 ¢iFHA U AR ER AFEe] 158, Bgs), dgsis o Z}Oﬂ )2}

HO AL = w2 AAAATY S chaksr A HITTRES] B3Rt 309 dE v e d5E

o) wrarm Als] 7+ Holo| A MES}, thersl Ho] =0l Bl UEa e AAoln. sIuRt=E

IEAZE AL J|eAFoR 20179dE 7|FED

skt o] A (WA A AL ¢ @F G A AA Y o] F *#xF You-Sik Lee(corresponding author) : Yoo Il Bang Jae

E-mail : goldgoal@hanmall‘net, Tel : 051-552-6868 Engineering Co., Ltd.

*HEd o BAARR E-mail : goldgoal@hanmail.net, Tel : 051-552-6868

*Dong-Kyun You : Fire headquarters of Busan City.
**Young-Chull Ahn, Seong-Gu Yeo, Eunji Kim : Department
of Architectural Engineering, Pusan National University.

weqlgd, ol 47, AL : HArst A% g

ot S| AIZ R X M22# M3, 2018FH 6€ 79


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2018.22.3.079&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

Z LAl

ZHY A A IH
Fge Ad™sta Q)
2 =718

) =0
‘r‘/d' OHT’:

%% T3l 2009 &1l
dd o OM
EoA] LAY §}x}](2017614)°ﬂ/‘1 A7F =
8] bl whek div s A’ A
B)7F B 1FAH=]
o] HA} it

ol 3}A

=
<)

ARECEE
% 29z o

Fo

I o
F

X X2
v

B ox
o

=2
o
ol
X

it

‘O'L‘_O,LNIO
Ko o
>~l
gjﬁmiJ
2 N o
Jr o o
=
2

AW
>

e g

ox Mo
tlo

8 g Jo o Az ©

ot lo 4 O

4 ol

(
-

R >
i) )

o
& -HN'
offt

%]

— &
2

)

3AFl Thshel A7bA
SAE Ael e g
A A Bl S %
94 AGAE FAl Eobd ot AD
o AR B EHOE o] AdY &
AR A4tk Rz

59 FAA g 2 A
BF AT AR E NHAFAIAE LAY 1
AL BAY WS SPHoT FARY ot

£ o

o[N
9
R
fo fiu

2

QL
2 o o o o b T

e o o

Mr >

Ol

09; yo 3%
o
i

i
Ju

Ll

of

¢

2 b

2

o

L e

05

Z
80

80 UIFHI|ASELX| H22@ M3, 2018'H 6¥

ERERRES ER
e 71E 3 Héﬂgﬂ
= o] oA gtom,

el e o
A A7E A Yotk o

2FDRAN AT A 5
SR ﬂ—1~4ﬂﬂﬁ 4y
A7h s Ao

ﬁ

ool dot 9tk
Heps B Agelx
AR S AT

2. AlE8old L

2.1 AIE8I0|Md TOOL
2 Ao gdaEHold EZ Building

EXODUS(Ver. 6.1)& AH&34th EXODUSE 7
E Ul B2 F8Ade IddAgeA 2z A
d AR, A7) FAY gE A 55 A
g 4 o HHs] Y-S wjxSte] A7HE T
WG BAE 4 9
2.2 LHAMHAFE L Y ofjAdakH
WASES FABGA 4T A 2
282 FAE EHANUYERAN, FEE A
3F 62, A 32202 HI HolE 1037 m, IO



= - otg

A= .
o=

A2 52.153.93 m?°|t}.
Eil

%%55 PA (3] 2

so) A5Eo|

A A
1,250 mm, Al 1,300 mmE {50 Uk

1025 2" A X 1350 =
FYo] AYEHJEH, B =RdME

ol @ WA XA
Astr] flste o
SFAT

T
-0,
o
o
2
fu
_1

o
lo

Fig. 1 Floor plan of target building(22nd floor)
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Table 1 Occupancy density according to the usage

of building

Occupant
Usage Type density(m’/person)
) Accommodation 18.6
Residence
Apartment houses 18.6
Business facility,
Business | transport facility 9.30
and related facilities
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Table 2 Walking speed according to gender and age A& T34 A4 152 o|Fdles 43S &
of Koreans At o] A9, ARA ] wel FAIY F
Child |Teenager| Adult | Senior TdAZEe] AAL] A 5 HAHYA 55&
Division| 2 to 10|10 to 20|20 to 60| Over 60 |Unit| 2317 93 tldAZEe] g FHAZ=L A9
e yeans | yess years old shel 3o sdelde] Myers AHe A4 1
Female| 1 13 1.1 097 M| % &3E 53 A woz sy
Ade Bd FAols A RAsE wae g 2.4 AS3H0IE A2l
239 S @ HYATNA AT Wi o A7 A5 AT TALS & e =
0.69), £}z w 04uje] BAAGFE Hasfor & O IR 7S] S AL /1o, U
& ANST Yot AEHold Fol Exopusst o ARASE AdARS G FEwges of
tEs] gRel, B ERdME xZead yre Y F APAES S6 Ay 15e= clestel
4 g Ao we |RFoR AgEo] g AF HoE s 4FS AN, Fig 2
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Al E A4 2252 ROOM 2014 HZ=2 A3}
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28T 2 9FL FA Bk ool BAR 5 DA AFEA AFeIT F97F 30T ol
o BAY e BAARE Fustel guge TEEUHGES wAdsANE fA4LE
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Table 3 Percentage of population by gender and age =
(10.10.18) FAE A71E2 =7 A=A 3] 4o

in Busan®

Child |Teenager| Adult Senior o ) ) ]
Division|2 to 10|10 to 20|20 to 60| Over 60 |Unit| =%, LSS B A4 47)50] A= 994

years years years |years old o] © =] W&o ttEZ=o| H|sl $A1Al A

Male 32 5.1 31.0 10.1 0 = o 9 o=l o =
BE 53 3do] FQsitts o] f2 HAR7X
Female| 3.0 4.6 30.5 25 | ° i el = I _H i
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Table 4 Height according to gender and age of

Koreans”

Y2 rlo @

juy
Division|2 to 1010 to 20[20 to 60| Over 60 |Unit o = N
years | years | years |years old AE T 7The AU E TSR AL, Table 50
Male | 129.05 | 172.10 | 173.60 | 165.40 om el Ao
Female | 127.76 | 159.80 | 160.80 | 152.90 Case 1& 718 712A0 ud Anwaoz 3}
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Fig. 2 Composition of fire areas and horizontal

evacuation direction
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Table 5 Evacuation simulation scenario

Division Range
Casel 1 Alert at once
2.30 Priority alert with time difference
of 30 seconds
Case2* | 2-60 Priority alert with time difference
of 60 seconds
Priority alert with time difference
2-90
of 90 seconds
Cross alert with time difference of
3-30
30 seconds
Case3**| 3-60 Cross alert with time difference of]
60 seconds
3-90 Cross alert with time difference of
90 seconds

*22nd~26th floors(Ignition layer and four layers
directly above it) priority alert method

**2nd~6th floors, 12nd~16th floors, 22nd~26th floors,
32nd floor priority alert method
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Fig. 3 Alert sequence concept by alert method
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Table 6 Evacuation time from the 22nd~26th floor
to below the ignition floor
(Unit : second)

el

Table 7 Congestion time from the 22nd~26th floor
to below the ignition floor
(Unit : second)

Aalgrt Priority Alert Cross Alert Aiftm Priority Alert Cross Alert
Floor | once Method Method Floor | once Method Method

Case | Case | Case | Case | Case | Case | Case Case | Case | Case | Case | Case | Case | Case
1 ]2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90 1 |2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90
22F [32.08(29.96(31.17(28.03(27.98|28.11{30.23 22F | 0.65 | 0.66 | 1.85 | 0.79 | 0.30 | 0.93 | 0.37
23F [40.10(42.31|47.64|38.83[36.95(39.52(38.99 23F | 2.66 | 1.14 | 328 | 2.66 | 0.91 | 1.42 | 1.44
24F |48.78(55.46|54.44|47.61|54.56|47.88|46.73 24F | 5.74 | 2.37 | 5.36 | 3.51 | 494 | 1.68 | 1.39
25F [64.84(60.0762.81(59.95[60.74|59.83(65.33 25F | 7.39 | 3.15|594 | 478 | 435 | 2.08 | 4.92
26F |81.07|71.03|75.31[67.97|66.98|69.03|70.61 26F [11.18]2.97 | 3.94 | 3.08 | 3.51 | 1.99 | 3.33
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Table 8 Evacuation time from above the 27th floor

to below the ignition floor

- Yexl - ol

Table 9 Congestion time from above the 27th floor

to below the ignition floor

(Unit : second) (Unit : second)
A}En Priority Alert Cross Alert Aift:rt Priority Alert Cross Alert
Meth Meth Meth Meth
Floor | once ethod ethod Floor | once ethod ethod

Case | Case | Case | Case | Case | Case | Case
1 |2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90

Case | Case | Case | Case | Case | Case | Case
1 |2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90

27F |91.65(106.06]137.47/162.58104.86/138.13|169.34

27F |11.97]2.53 | 2.11 | 1.34 | 2.18 | 2.28 | 1.19

28F 1100.16]123.00152.46/177.84{127.29]152.72]173.86)
29F |112.53]137.10]158.08/193.22/144.87]162.82/190.96
30F |122.30/152.49173.50208.99[156.27]180.73211.82]
31F |135.01]157.49]190.95227.50[162.03(179.30212.46)
32F |143.27]170.33]194.10223.83|123.77]112.21]118.29,
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28F |15.34]6.13 | 4.63 | 4.04 | 5.87 | 5.60 | 1.51

29F |14.03| 8.16 | 6.33 | 4.13 | 9.00 | 7.50 | 3.50

30F |18.63]12.21] 6.82 | 8.79 |14.19| 8.62 | 8.74

31F [16.25]12.60| 9.97 [12.95]11.42]| 8.69 | 7.38

32F [11.75]10.77] 9.22 |13.73| 6.23 | 1.28 | 1.24
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Table 10 Evacuation time from the 22nd~26th floors
to the ground floor exit

(Unit : second)

Alert
at
once

Case | Case | Case | Case | Case | Case | Case
1 |2-30|2-60|2-90 | 3-30 | 3-60 | 3-90

296.79299.05291.78280.21292.69295.79291.82
306.65331.88326.73317.16313.94309.13300.21
321.25350.53[358.08322.61337.38320.71314.06
328.61341.76359.44378.10340.02355.81346.46
352.22369.37394.44384.74344.25369.46342.48

Cross Alert
Method

Priority Alert

Floor Method

22F
23F
24F
25F
26F

2) $HAR B3
IR

F16~213)% 49 It &E

Table 112 16=21=0A AX1Z EF71A 9
HFAZHE e Aot 4R 9 Case
1ol B3t Case 2, 3014 DAlE 1432 7}EF9]

bl Holm Fdo] AAHI Y= AS 9
g 4= AT} ol Case 1 oA9 HZ9UIAFA
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el 3T STk
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Table 11 Evacuation time from the 16th~21st floors

to the ground floor exit

(Unit : second)
A}Ert Priority Alert Cross Alert
once Method Method

Floor

Case | Case | Case | Case | Case | Case | Case
1 ]2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90

16F [224.65245.64289.31339.67235.04240.92228.87

17F 234.49269.48305.30366.42360.73302.91336.43

18F [259.581278.21322.20384.34273.12312.81356.25

19F 261.96285.74346.99410.89283.33344.59375.65

20F [270.77308.66368.76411.24310.27364.32379.59

21F [279.42337.68389.52422.77330.84386.96400.74
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Table 12 Evacuation efficiency analysis on the
27th~32nd floor

(Unit : second)
A;etn Priority Alert Cross Alert
once Method Method

Floor

Case | Case | Case | Case | Case | Case | Case
1 |2-30|2-60 | 2-90 | 3-30 | 3-60 | 3-90

27F [358.19381.21425.15434.82375.71421.74432.08

28F [358.05394.07430.75455.78395.09432.36431.31

29F [379.67401.86435.99468.62410.59433.06440.65,

30F [382.68416.36441.69471.61414.61449.82457.22

31F [395.60420.47463.84493.84414.43442.50448.16

32F 1400.87428.31465.36481.79385.17393.92396.43
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