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Abstract  This study focused on the construction of Korean Evacuation load Model for reflecting Korean
Evacuation behaviors. For the purposes, several evacuation experiments are executed according to the ages, and
the level and types of disabilities. We accumulated the data on the evacuation velocity and behavior patterns
according the ages, and the level and types of disabilities. From these results, we proposed the Korean
Evacuation Load Model and compared with several popular evacuation simulation model such SIMULEX. As
results of these studies, we found the possibility of construction of Korean Evacuation Simulation System based
on the Korean Evacuation Model including the evacuation velocity and human behaviors.

Key Words : Korean Evacuation simulation system, Korean Evacuation load Model, Evacuation velocity, Evacuation
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[Table 1] evacuation velocity variable

. level walking(m/s)| stair walking(m/s)
section ——

average | variation | downward | upward
male 1.35 0.2 0.6 0.5

adult
SIMULEX female 1.15 0.2 0.6 0.5
wife data child 0.9 0.3 0.6 0.5
senior 0.8 0.3 0.6 0.5
NFPA standard 1.0 0.0 0.6 0.5
SFPE standard 1.4 0.0 0.6 0.5
adult male 1.35 0.2 0.6 0.5
Hgi‘é'k adult female | LIS 02 06 | 05
child 0.9 0.3 0.6 0.5
Japan(school, office) 1.3 0.0 0.6 0.45
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minimum movement velocity : {V(d-0.25)/0.87}("s)
V=nomal movement velocity, d(personal distance)=v/
(1/D)(m), D=evacuation density

[Fig. 1] evacuation velocity calculation formula in
SIMULEX]8]
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[Table 2] average evacuation velocity at age(m/sec)

average
. evacuati
section age
on
velocily
3 2.00
level i 4 2.94
ion
evel evacuatio 5 291
infant 6 3.32
a
stair evacuation 3 0.40
W(stair with)=1,800, 4 0.48
R(risers height)=140, 5 0.59
T(treadle)=280 6 0.70
elementary level evacuation 8~13 1.43
hool
scchic;g stair evacuation 8~13 0.88
) male 3.46
level evacuation 14~16
. female | 2.59
middle
school stair evacuation male 1.49
student | W(stair with)=1,900, 14~16
R(risers height)=140, female 1.12
T(treadle)=280
! 3.51
level evacuation 17~19 f:lrzaje 3.06
stair evacuation
. male: W(stair male 142
high with)=2,000,
school | R(risers height)=140,
student T(treadle)=300 17~19
female W(stair female 1.32
with)=1,850,
R(risers height)=150,
T(treadle)=300
with
4.61
2,550
level evacuation 20~59 ’55, m
with 411
1,800mm ’
adult -
stair evacuation with 1.82
R(risers 20~59 2,100mm )
height)=180,T(treadle) with 1.66
=310 1,500mm )
1 0.67
senior level evacuation over 60 mate
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[Table 3] evacuation behaviors according to ages-1

[Table 5] evacuation behaviors according to facilities-1

section | 1~7 years old | 8~13 years old ‘14~19 years old

individual group group
walking_corridor|walking_corridor| walking_male

level
walking

group group group
walking_entance | walking_corridor| walking_female

[Table 4] evacuation behaviors according to ages-2

section ‘ 1~7 years old ‘ 8~13 years old ‘14~19 years old

stair outdoor stair outdoor stair indoor stair
walking

‘ indoor stair ‘ indoor stair ‘ indoor stair

source : preceding study[9],[2],[3]

handicapped person

section elderly facility | general hospital facility

liberty walking
liberty walking | liberty walking | (cerebral plasied
person)

indep
ende
nt - — - -
walki liberty v&falkmg
indepe ng* (h.eanng
ndelI:t stick stick linger deﬁ‘iméﬁre
move transmission time
ment required)
help
ortho
tics
(step
per) ) . stick, handrail
stepper stepper (visual impairment)
help
ortho
tics
(whe
elcha -
i) wheelchair wheelchair electromotl.on
wheelchair

[Table 6] evacuation behaviors according to facilities-2
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support support support(blind)

others
help |whee
move |Ichair
ment

wheelchair wheelchair baby carriage

bed move ‘ wheelchair

‘ bed move
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[Table 7] average evacuation velocity at building

sEoh AgolAo] WAk Ee] T 77k ARt ek
ohUjeh, s AR Wk AIZte] 27k snun, SR
q

average
section age evacuation 1:‘1_}—%—/\]2_]—% 1:}001:@— Ao]—_/li% 7&!%—6‘]—03] TLHD‘—] /\]—%‘dﬂoll‘\_ A]
velocity(m/sec) 1o Xl as
. male 0.46 Agits 8
A-waist bend movement
female 0.25
. male 0.19
B-stcik movement step! : corridor evacutaion velocity out stagnation area : average
female 0.29 ;
movement velocity x corridor length
C-stick+wall handrail male 0.18 step2 : corridor evacutaion velocity in stagnation area : transit time
elderly level female 0.24 of stagnation area + (average movement velocity x corridor
facility | evacuation ] male 095 length)
D-wheelchair movement p— ol ¥ transit time of stagnation area
emaje - ® room entrance transit time(normal people)
male 0.67 S = N/(Ym)
E-suport movement fomale 017 S : evacuation time, N : number of all people, Y : runoff
coefficient=normal people = 1.5, old and weak people, patient
Fhand on a wall for| male 0.07 people = 1.3, m : entrance range
movement female 0.40 @ room entrance transit time(inclusion behavior inconvenience
A-independent-linger 0.72 people)
aep & S = N/0.1450.0211X x m
B-independent-no linger 0.87 S : evacuation time, N : number of all people, x : ratio of behavior
C-independent-wheelchair 0.83 inconvenience people, m : entrance range
D-supported-wheelchair 091 3 ; . . .
hospital level F-supported-bed 099 [Fig. 2] process of evacuation time deduction in corridor
evacuation
F-help 0.63
G-help orthotics 0.57 _ )
o 0589 step! : out stagnation area : movement velocity x movement
-1 supporter - distance(slope length+landing length) x number of layer
I-2 supporters 0.93 step2 : in stagnation area
Visually impaired welfare center A 0.69 out stagnation area staircase evacuation time(step1) + stagnation
. level L area evacuation time(runoff coefficient calculation)
handica | oo 0o o impaired welfare center B 1.05 % stagnation arealentrance. etc.) evacuation time
pped Severe disability welfare Hall C 0.96 (D room entrance transit time(normal people)
erson Visually impaired welfare center A| 034 S = NYm)
f i stair - Y - P S : evacuation time, N : number of all people, Y : runoff
acility | o cuation impaired welfare center B 085 coefficient=normal people = 15, old and weak people, patient
Severe disability welfare Hall C 0.74 people = 1.3, m @ entrance range

source : preceding study[[4][11][13]
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[Fig. 3] process of evacuation time deduction in stairway

all evacuation time = fire alarm reaction time + room entrance transit
time + corridor evacuation time(hospital & elderly facility : apply
constant number + stagnation area transit time : runoff coefficient
calculation) + stair evacuation time(stair+landing, hospital & elderly
facility : apply constant number + stagnation area transit time : runoff
coefficient calculation) + final entrance transit time

[Fig. 4] process of overall evacuation time deduction
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[Table 8] comparison for evacuation velocity deduction model through corridor and stairway conditions

time distinction
evacuation time(sec) (calculation result-SIMULEX
evacuation person . L. result, sec)
type evacuation condition calculation result . . .
- - - SIMULEX | out stagnation | in stagnation
in stagnation | out stagnation result area area
area area
age 3 10.0 61.3 252 - 152 36.1
corridor(60persons, age 4 6.8 58.1 17.8 - 11.0 40.3
with:2,255mm) age 5 6.9 582 175 - 10.6 40.7
infant age 6 6.0 573 15.0 - 90 423
age 3 18.0 69.3 519 - 339 174
stair(60persons, age 4 15.0 66.3 328 - 17.8 335
with: 1,800mm) age 5 12.2 63.5 29.6 - 174 339
age 6 10.3 61.6 31.6 - 213 30.0
elementary corridor(60persons, with:2,255mm) 14.0 65.3 335 - 195 31.8
school stair(60persons, with:1,800mm) 8.2 59.5 542 - 46.0 5.3
male(83persons
conidoruith2953m, disance 10m) 29 8 183 S 127 382
middle school . female(60persons) 19 532 206 S129 384
- corridor(with:2,255mm, distance 5m) . ' . . .
(f?c;g‘eys male(83persons)stair(with:1,900mm, distance 10m) 122 83.2 30.2 - 254 456
female(60persons)stair(with: 1,900mm, distance 10m) 16.3 67.5 34.0 - 27.6 23.7
male(73persons;
conidor(with:Z,(logmm, diztance 4m) 11 633 130 - 123 301
female(46persons)
high school corridor(with:2,250m, disance 5m) 16 410 164 - 99 293
male(131persons)stair(with:2,000mm, distance 11m) 12.7 124.6 46.6 - 415 70.4
female(130persons)
stiar(wiﬂl:l,SSO(mm, stance 10.5m) 131 1242 1638 -1584 - 412
corridor(60persons) w?th 2,550mm 43 55.6 72.6 - 68.3 - 17.0
R with 1,800mm 4.9 56.2 83.3 - 784 - 272
university 60 with 2,100m 40 552 1452 -141.2 - 90.0
stair(60persons) with_1,500m 43 55.6 164.3 -160.0 -108.7
senior corridor male 29.9 55.5 54.6 - 24.8 0.9
(over 60 ages)| (with:2,400mm, 30persons) female 28.2 53.8 52.4 - 242 1.4
bow movement A male 435 69.1 80.7 - 372 - 11.6
female 80.0 105.6 146.8 - 66.9 - 412
stick movement B male 105.3 130.9 220.2 -114.9 - 89.0
female 69.0 94.6 1279 - 589 - 333
X . . male 111.1 136.8 2253 -114.2 - 88.6
elderly ;"md"f stiekthandrail movement C female 833 109.0 168.1 848 - 59.1
facility w(m(l)gf‘fo%fm) supported-wheelchaif male 211 467 407 S 197 6.0
movement D female 181.8 207.5 341.7 -159.9 -134.2
supported movenment E male 299 555 58.4 - 28.6 - 29
female 117.7 143.3 2452 -127.6 -101.9
walls of straw movement F male 285.7 3114 557.0 -271.3 -245.6
female 50.0 75.6 87.6 - 37.6 - 12.0
independent-linger A 27.8 534 50.1 - 223 33
independent-no linger B 23.0 48.6 44.7 - 217 3.9
independent-wheelchair C 24.1 49.7 442 - 20.1 5.5
corridor supported-wheelchair D 22.0 47.6 39.9 - 179 7.7
hospital|  (30persons supported-bed E 20.2 45.8 40.1 - 200 5.7
with:2,400mm) help F 318 574 58.3 - 266 - 09
help orthotics G 35.1 60.7 72.6 - 375 - 119
1 supporter H 22.5 48.1 47.0 - 245 1.1
2 supporters I 21.5 47.2 41.7 - 20.2 5.5
level Visually impaired welfare center A 289 545 584 - 295 - 39
evacuation n 0
(30persons, impaired welfare center B 19.0 447 375 185 72
h;i:;ihca wit(‘;:;:t%mm) Severe disability welfare Hall C 20,0 46.5 395 - 186 70
person stair Visually impaired welfare center A 213 46.9 100.1 - 79.0 - 532
Rl persons, impaired welfare center B 8.5 341 46 - 361 - 105
ui th:slbfiSI(r)Omm) Severe disability welfare Hall C 07 53 sas i1 Y

% walking distance 20m, corridor and stair entrance is 1 point in stagnation area, stair length 1.8m
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[Fig 5] Evacuation Load Model
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[Table 9] comparison for evacuation velocity deduction
model through evacuee’s type
(mmmm Evacuation load Model drew conclusion,
mmm SIMULEX drew conclusion)
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