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Economic and Evacuation Time Analysis of Horizontally-installed
Indoor Emergency Exit
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Abstract

Evacuation facilities are installed so that people can evacuate high-rise apartment houses when it is impossible to
escape fire through the front door. The households of apartment houses may escape the building in two ways, which will
reduce loss of lives. This study examined the characteristics of two-way evacuation facilities, including a light-weight
partition wall, shelter space at the balcony and horizontally-installed indoor emergency exit. Then, it proposed a
horizontally-installed outdoor emergency exit that improved the problems of the examined facility types, and analyzed its
economic-feasibility. When a horizontally-installed emergency exit instead of a traditional type to escape from fire is used,
people may be more autonomous in deciding whether active evacuation is possible or not. Thus, the time required to
evacuate the building with 4 different evacuation methods using the stairs and horizontally—-installed emergency exit was
simulated in consideration of the impact of evacuation methods that people choose on the time required for evacuation
using pathfinder. Then, the simulation results were compared and analyzed. Any appropriate evacuation method to reduce
the time required for evacuation was predicted, analyzed and decided. As a result of this study, it was analyzed that the
high - rise apartment top — down type evacuation zone can shorten the total evacuation time compared to the staircase

type.

Keywords : horizontally—installed indoor emergency exit, emergency stairs, evacuating time, evacuating simulation
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Table 1. Enforcement decree of the building act article 46
(establishment of fire division) section 4

ltem 1 The shelter space shall have contact with the air outside;
The shelter space shall be fireproof-partitioned from other
ltem 2 . .
indoor parts;
The floor area of the shelter space shall be at least
ltem 3 three square meters if installed jointly with the
neighboring household units, and at least two square
meters if installed by each household unit;
The shelter space shall comply with the criteria
ltem 4 prescribed by the Minister of Land, Infrastructure and
Transport.
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Table 2. Review of existing evacuation facilities(18)

Divi
sion

Lightweight
partition walls

Balcony

evacuation space
‘

Indoor top—down

evacuation

SEE|

o~ * Separate
. : compartment in ¢ Balcony indoor
= ngeo?i?:\yable the balcony type top—down
light-weight ¢ The floor area of refuge
€ s%ructureg evacuation e Escape through
= space: more than the ladder
o

. ) . ¢ Downstairs

glg'rtfé g?rlijscltrbgre: evacuation: secure
* Low-cost safety in case of

FNEAAS

* possible various

units housing
plane structure

common forms
applied

* Various planar

type have been

fire

¢ Generally flexible

plane structure

possible
developed * Actively escape
* Passive
evacuation route
* High - rise «  Downstairs
— * Built-in closet g%ﬂme{g' household
o installation: loss connect with violations :
= of evacuation ladder(70m. about Waterproof, noise
= function 23 floors) ’ and privacy
=+ Inadequate « Used for other vulnerability
= practical urpose(warehous  © Civil complaints,
T evacuation of g e?c)'inade uate return to
i lightweight wall role éf' 8 evacuation space
. installation
evacuation space
* Sealed

evacuation space
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Table 3. Characteristic of outdoor-type top—-down
evacuation facilities

Contents Characteristic

* Air conditioning integral type
e Improvement of indoor

e External top—down refuge top-down evacuation

replacing escape space « Increase area of exclusive
use space
Advantages Disadvantages

e Safe for evacuation

* Actively escape

» Existing evacuation rooms
and air conditioner rooms:
Generally flexible
unit-housing plane
configuration

* Additional work processes
(Duration is not affected)
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Table 4. Unit plan and the construction cost

Division Drawing
“vacuation
space +
air
conditio
ning
room
®
Outdoor
type
top-
down
evacuati
on
@
Evacuation space, air conditioning room: Ministry of
Land, Transport and Maritime Affairs in 2017[20]:
Note basic form of building cost : 1,637,000won/m*
(21730 floors and below 85m~105m" ground floor
construction costs)
Division Economic analysis
Structure Area Cost
Evacuation space 20m 3,274,000won
® Air conditioning 18m 2,946,000won
room
A sub-total 3.8m 6,220,000won
Quidoor-type 1op= g, 2373 000won
down evacuation
@) Areal reduction/ .
household 2.35m B
Cost reduction - 3,847,000won
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Figure 3. 21 story high-rise apartment

Outroor-£ype Top-down Evamuation

Living room+’

{
Livingroome | poooom3

Bedroom 1+ Bedroom 3 Bedroom 1+

Figure 4. Apartment floor plan(22)
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Table 5. Simulation input condition
Apartment size 21 stories above ground

Building area 176m*
Number of residents 120
Fire household reaction time 30s
Non—fire household reaction time 60s
Table 6. Walking speed
Object male(M) female(F) elderly(E) children(C)
Number 45 40 20 15
Walking
speed 1.38m/s 1.19m/s 0.73m/s 1.08m/s
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Table 7. Set up four evacuation routes
No. of refugee

Evacuation route

e Lousehod  NO.  Temaced %
[ A 60 o
B 60 o
1 A 60 o
B 60 o
Il A 60 o
B 60 o
A 60 o
|
v . 0 ©

T3} Table 8 2 Table 79 oW 938
A= AEE HS AU AR o), BE AS5E =
ALt ot} 3R

368

AUk A9} B Fh- JE H L2 2 E
zzistol| A SleFA] wd Al A &
el B & ARk B & HRke =
S13FA] ol UREAQ] AAl) 3
o2 Hlask] ffste] Agkal o g m st type IV, AlH
Jut a13FA] a)tE o] o83t type T, R4 Tt

0|83} type I3} typell (type I: 943k typell: 3+
1S FAgi)

3

O >~ of

O.?L‘l‘

Table 8. Definition of each evacuation route type
Definition
A side (1st-21st floors): 60 people evacuate from A
side top—down
B side (1st-21st floors): 60 people evacuate from B
side top—down
A side (1st-21st floors): 60 people evacuate from A
side top-down
B side (1st-21st floors): 60 people evacuate from
terraced
A and B side (1st-21st floors): 120 people evacuate
from A side top—down
A and B side (1st-21st floors): 120 people evacuate
from terraced

Type

Table 9. Definition of each resident type

Definition
1 M and F (M&F) 100%

M&F+a small number of C (25%-50%)
M&F+a small number of E (25%—50%)
M&F+a small number of C (0%-25%)+a number of E
(33%-50%)

M&F+a large number of E (50%—100%)

o
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1
Py

Table 10. Simulation case

Fire layer 4th floor
Trapped floor fpeople 15 floor+/ 18 floor+/ 20 floor+/
Sex-age ratio 20 people 15 people 10 people
Type 1 Casel Caseb Casell
Type 2 Case?2 Case? Case12
Type 3 Case3d Case8 Casel3
Type 4 Case4 Case9 Casel4
Type 5 Caseb Casel0 Caselb
Fire layer 9th floor
Trapped floor fpeople 15 floor+/ 18 floor+/ 20 floor+/
Sex-age ratio 20 people 15 people 10 people
Type 1 Casel6 Case21 Case26
Type 2 Casel7 Case22 Case27
Type 3 Casel8 Case23 Case28
Type 4 Casel9 Case24 Case29
Type 5 Case20 Case25 Case30
Fire layer 13th floor
Trapped floor /people 18 floor+/ 20 floor+/
Sex-age ratio 15 people 10 people
Type 1 Case31 Case36
Type 2 Case32 Case3d7
Type 3 Case33 Case38
Type 4 Case34 Case39
Type 5 Case3s Case40
Fire layer 17th floor 21th floor
Trapped floor /people 20 floor+/ 21 floor/
Sex-age ratio 10 people 4 people
Type 1 Casedl Case46
Type 2 Case4?2 Case4d7
Type 3 Case43 Case48
Type 4 Cased4 Case49
Type 5 Casedb Caseb0
Z 12079] Q19 F 155 oA Huiea HlE(type)S
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Dccupants S
7] Visible Betavior: =l = . ‘
Indee

[7] Shape: £

Fire
households ;

(vellow) ' *

1

Occupants
15-21floor
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Exit doorw

(green) -

Figure 5. 120 Occupants’ location
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Table 11. Evacuation completion time
Evacuatiol o Time for all people to evacuate
method _ DIVision | v
Case mean 266.19 324.01 428.59 325.20
1-15  dispersion  116.53 2083.22 116.36 2106.80
Case mean 266.79 323.95 426.72 325.19
16-30  dispersion  96.32 2079.89 64.28 2017.60
Case mean 268.74 327.59 433.00 329.06
31-40  dispersion  65.63 2209.13 127.46 2246.90
Case mean 268.94 334.46 426.92 335.72
41-45  dispersion 89.14 2275.74 65.96 2350.80
Case mean 268.30 334.46 435.58 335.72
45-50  dispersion  64.76 2275.74 125.72 2350.00
Evacuation Division Number of people evacuated within 2 minutes
method | 11 1l IV
Case mean 26.40 31.47 16.80 3347
1-15 dispersion 0.91 2.66 0.16 252
Case mean 25.93 30.93 16.47 33.60
16-30  dispersion 0.60 1.64 0.25 3.17
Case mean 25.00 30.10 15.80 33.50
31-40  dispersion 1.00 3.09 0.36 2.650
Case mean 25.00 30.00 15.40 33.20
41-45  dispersion 0.40 1.20 0.24 1.36
Case mean 25.40 30.40 15.80 33.20
45-50  dispersion  0.640 344 0.16 1.36
Evacuation Division Number of people evacuated within 4 minutes
method | 11 111 v
Case mean 107.67 105.13 57.33 103.87
1-15  dispersion 5.16 3.18 4.36 10.25
Case mean 107.60 105.00 57.13 103.87
16-30  dispersion 424 4.40 598 10.25
Case mean 108.6 105.7 56.4 105.4
31-40  dispersion 2.25 1.21 3.84 324
Case mean 108.4 105.8 57.2 107
41-45  dispersion 2.24 0.56 2.16 0
Case mean 109 105.8 56.8 107
45-50 _ dispersion 2.8 1.36 5.36 0
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Table 12. Simulation result for hypothesis 1

Standard Significance
Conclusion  Group Mean - t probability
deviation !
(2-tailed)
| 267.36 9.73
I L 000
| 267.36 9.77
1 Il 42942 o518 000
| 267.36 9.77
-8.87 .
v 328.07 47.39 88 000
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Table 13. Simulation result for hypothesis 2

Standard Significance
Conclusion  Group  Mean o t probability
deviation :
(2-tailed))
N 42044 1051
2 I 326.80 46.98 15.08 000
1] 429.44 10.51 1477 00
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Table 14. Simulation result for hypothesis 3

significance
Conclusion Group Mean Stangrd t probability
deviation )
(2-tailed)
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Table 15. Simulation result for hypothesis 4

Standard Significance
Conclusion Group Mean deviation t probability
(2-tailed)
| 108.06 1.99 " 000
4 I 105.34 1.70 7 ’
| 108.06 1.99
v 104.80 2.92 652 00
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Table 16. Simulation result for hypothesis 5

standard Significance
Conclusion Group Mean - t probability
deviation )
(2-tailed)
T 1 302.23 68.51
ype 391 697
Type 2 308.17 67.52
T . .
ype 1 302.23 68.51 36 01
5 Type 3 353.11 56.64
Type 1 302.23 68.51 -4.05 000
Type 4 359.83 58.33 '
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Type 5 366.26 60.23
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Table 17. Simulation result for hypothesis 6

Standard Significance
Conclusion Group Mean o t probability
deviation )
(2-tailed)
Type 2 308.17 67.52 393 o
Type 3 353.11 56.64 ’ '
Type 2 308.17 67.52
6 -3.66 .000
Type 4 359.83 58.33
Type 2 308.17 67.52
-4.06 .000

Type 5 366.26 60.23
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