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Effective Evacuation based on Elementary School’s Floor Layout
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Abstract

This study compared evacuation effectiveness between the conventional school floor plan and a suggested hypothetical floor

plan that was generated by a mathematical model that is commonly applied in the field of industrial engineering. Recent school

buildings became much more complicated in floor planning due to the new educational system and modern curriculum than the

old days. Nevertheless, architect's approach to floor composition in terms of fire emergency evacuation planning, still has no

relation to optimized effective but relies more on a conventional school planning. Therefore, since elementary school buildings

are much more likely to be exposed to any fire related events than middle school or high-school, emergency exit effectiveness

based on spatial composition has to be seriously evaluated with a scientific method.

The algorithm, which acquires the number of persons in each spatial type (node) per floor and the minimum physical distance

between spatial types (arc), can propose the most optimized spatial compositing per floor regarding emergency evacuation event.

Consequently, this study evaluated elementary school's fire exit effectiveness with the scientific tool and suggested the most

reliable spatial composition per floor regarding possibile emergency evacuation event.
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Table 1. Average Number of Elementary Class and Students in Korea
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Table 3 Major Act on Instinct under Emergency Situation

Behavior Characteristic Acting Pattern

Instinct to return where he or she first

Homing instinct . .
e entered regardless point source of fire.

Preferring to escape with known or used
route or orientation regardless point source
of fire

Preferring known daily
route or orientation

Tendency to escape to any brighter area

Phototropic . .
D regardless point source of fire

Tendency to avoid any danger such as

Risk aversion .
smoke, fire and/or spark.

Blindly following other people without

Blandishment
absolute awareness.

Similar to Phototropic but tendency ro

Preferrin, en door .
2 Op search wherever its open.

Tendency to choose any path that comes

Preferring first path | . . . .
€ b first in sight regardless point source of fire

Tendency to search any nearest stairs or

Preferri h .
eerring shortcut shortcut to any exit.

Tendency to run straight without any

Straight moti i
raight motion particular reason.

Reasonable safety Tendency to escape based on
behavior consciousness and reasons.
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Fig. 1. First Floor Plan of A Elementary School
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Table 4. 1st Floor Spatial Types and its Number of Occupant

Spatial Type Occupant
Principle’s Office 1
Teacher’s Office 8
School’s Infirmary 1

Clerk’s Deputy Office 2
Library 60

Three First Grade Classrooms 90
One Special Classroom 10
Counselling Room 1

Child Care Room 1

Night Duty Room 1
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Table 5. 2nd Floor Spatial Types and its Number of Occupant

Spatial Type Occupant

Teacher’s Office 4

Two First Grade Classrooms 60
Computer Classroom 34
Audio-visual Classroom 36

Storage N/A

Dining Area/Kitchen 280
Reference Room 1
Teacher’s Resting Area 8

Table 6. 3rd Floor Spatial Types and its Number of Occupant

Spatial Type Occupant
Teacher’s Office 8
Five Second Grade Classrooms 150
Five Fourth Grade Classrooms 150
Gymnasium 60
Experiment Classroom 34
Extra Room 8

Table 7. 4th Floor Spatial Types and its Number of Occupant

Spatial Type Occupant
Teacher's Office 6
Five Third Grade Classrooms 150
Five Fifth Grade Classrooms 150
Science Lab. 34
Language Lab. 34
Extra Room 3

Table 8. 5th Floor Spatial Types and its Number of Occupant

Spatial Type Occupant
Teacher’s Office 6
Two Third Grade Classrooms 60
Five Sixth Grade Classrooms 150
Art Classroom 34
Music Classroom 34
Extra Room 8
9 EolA ek 45 FRsh AN F e 5]
WAYE FHoE BT AuF gt Tyl 12
A 22 TS B T duF g BYfe] ws
W ot 2k
4 F 79 AS dA A 2T 150 A" &
AETL ALA 2 74 HAE 19 AYE WEYAR %
e Aojth. o]g 22 AYE BE Fol s 22 W
o % sta o]F Ar|Atale] x=EFH JbeAel & AES
TFeetd ATl HAA7IAL AAarle 2o Azt
F7F ddA ez g HAES Jheshd Ao HAAIR
U A ow Ada 71 42 AE AR A A
T 27 AZ & dolHE uEoR IdARES 34

SERFCERLI

Sl S A =ty 41237 A3% T Al1125 20161 59 7



AFH - QY- 1A
Table 9 A Elementary School 1st Floor Room Types and Distance (Node) & (Arc)
Scale: m)
o - , . ——— . Three | Special | Night
Room Type Library g;i;l Iriﬁr g:rﬁts c}i)ri’s Ciii,s CL};IIIS First | Class— | Duty [Stairs A|Stairs B|Stairs C
(Occupant) (60) 1 & (alr)y 5) y 1(31) 1) Grade | room | Room | (516) (516) (516)
@ | a0 | @)
ng(z;)ry 357 | 506 | 496 | 584 756 | 84 | 944 | B3 | 409 | 519 | 167
C"“‘Ej?h“g 357 78 | 263 | 1 532 | 622 | M2 | 417 | 176 | 8 | 300
I“ﬁz?aw 506 | 278 %4 | 34 532 | 625 | 715 | 509 | 181 | 819 | 360
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(2)

P"i“(cligﬂe'S 584 | 351 | 354 | 129 219 | 309 | 399 | 7Ll | 194 | 894 | 534
Tea(cger's 674 | 442 | 445 | 219 | 129 129 | 219 | 309 | 82 | 283 | 9884 | 624
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Night Duty Room
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Table 10. Analysis Result

* Status: optimal Solution Found
* Total cost: 834

* Exit number @ 7

# Decision variables :

Y=l Y21 Y3=0 Y4=0 Y50 Y6=0 Y7=0 Y80 Y9=0 YI10=1 YI1=0 YI2=1 Y131 Y14=1 Y15=1
Xiio

ij=

ilj 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
11 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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