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ABSTRACT

Purpose: Fire load analysis was conducted to secure basic data for evaluating fire risk of educational
facilities. In order to calculate the fire load through a preliminary survey, basic data related to the fire
load of school facilities were collected. Method: The basic data were the definition and types of fire
loads, combustion heat data for the calculation of fire loads. The fire load was evaluated by multi-
plying the combustion heat by the weight of the combustibles in the compartment when calculating the
fire load. Result: As for the fixed combustible materials of A-elementary school, the floor was mainly
made of wood, in consideration of emotion and safety in the classroom, music room, and school office,
and the rest of the compartments were made of stone. The ceiling and walls were made of gypsum
board and concrete, so they were not combustible. The typical inflammable items in each room were
desks, chairs, and lockers in the classroom, and the laboratory equipment box and experimental tool
box were the main components in the science room, and books, bookshelves, and reading equipment
occupied a large proportion in the library room. Conclusion: 'The fire loads of A-elementary' schools
according to the combustibles loaded were in the order of library, computer room, English learning
room, teacher's office, general classroom, science hall, and music room.
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Fig. 1. A-elementary school layout
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Table 1. Usage and floor area for each compartment

Division Usage Floor area
Classroom 1-2 Learning activities and after-school activities 49.5m* (9m x 5.5m)
Classroom 1-3 Learning activities and after-school activities 49.5m” (9m x 5.5m)

Science lab Science learning activities and after-school activities 81m? (9m x 9m)
Teacher's office Teacher work 49.5m* (9m x 5.5m)
Library Reading activity 135m? (18m x 7.5m)
English study room English learning activities 81m” (9m x 9m)
Music room Music Learning Activity 81m?* (9m x 9m)
Comprehensive Study Room Learning activities and after-school activities 99m? (18m x 11m)
Computer lab Computer learning activities 99m? (18m x 11m)
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Table 2. Typical fixed fire load

Division Kinds
Wall Paint, wallpaper, boards and components
Floor Single sheet, carpet, floor boards and components
Ceiling Paint, wallpaper, boards and components
Etc

Windows, doors, built-in windows, Etc.

o} 35S (Moveable Fire Load)
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Table 3. Typical moveable fire load

Division Kinds
Wood paste Bookcase, document cabinet, laboratory furniture, medicine cabinet
Desk Office desk, laboratory, reading desk
Chairs Office chairs, reading chairs, various sofas
Storage logistics Books and documents received
Etc Office supplies, daily necessities, ornaments
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40 Ml/kg= 2831310

Table 4. Combustion heat by material according to related literature (MJ/kg)

Division Usage Density (kg/m”) Combustion heat (MJ/kg)
Plywood Desk top plate, bulletin board, etc. 650 11.6
Paper Clothing, etc. 1540 18
Cotton Storage 800 16
Wool The cushion part of the chair, the carpet 1320 20.5
ABS resin OA device exterior 1100 353
Polyethylene Overall daily product 925 47.7
Polystyrene Styrene board and others 20 39.2
Acrylic resin (PMMA) Transparent plate 1180 252
Polyamide (nylon) Chair cushions, etc. 1140 30.9
Polyester Chair cushions, etc. 1380 23.5
Polypropyrin Product 1051 434
Polyurethane Chair sponge 47 28.7
Rubber Mat 1100 452
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Table 5. Classroom fixed fire load(MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
Ceiling (non-combustible material) i i i
160.875

1) .

Floor Wood (650kg/m’ x 49.5m” x 0.005m) 15 2469.125
Wall Concrete (non-combustible material) - - -

Sub Total 2469.125
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Table 6. Fire load in classroom

Division Material properties ~ Density (kg/m’) Combustible quantity (kg) Combustion heat (MJ/kg) Fire load (MJ)

Desk Plywood 650 23.4 11.6 271.44

Chair Plywood 650 13.1625 11.6 152.685
Cleaning toolbox Plywood 650 149.76 11.6 1737.216
Locker Plywood 650 140.4 11.6 3257.28

Toy box Plywood 650 234 11.6 271.44
Sub Total 5690.061
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Table 7. Science museum fixed fire load (MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
Ceiling (non-combustible material) i i i
Floor Wood - - -

Wall Concrete (non-combustible material) - - -

Table 804 Bo] Wkt AA5HY 6152 tji8 Bz ol Ad 71 Adrsto] glrt,
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Table 8. Fire load of science hall

Division Material properties Combustible quantity (kg) ~ Combustion heat (MJ/kg) Fire load (MJ)

Experiment box ABS resin 81.5 353 2876.95

Experiment toolbox Polyethylene 52.6 47.7 2509.02

Sub Total 5385.97
mEeY
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Table 9. School office fixed fire load (MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
Ceiling (non-combustible material) i i i
Floor wood 160.875 11.6 1866.15

Wall Concrete (non-combustible material) - - -
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Table 10. Fire load in school office

Division Material properties Combustible quantity (kg) ~ Combustion heat (MJ/kg) Fire load (MJ)

Chair Wool 20.6 20.5 4223
Desk Plywood 30.5 11.6 353.8
Sofa Wool 40.3 20.5 826.15
Partition Polystyrene 50.6 39.2 1983.52
Bookshelf Plywood 34.6 11.6 401.36
Filing cabinet Plywood 54.2 11.6 628.72
Paper Paper 853 18 1535.4
Sub Total 6151.25
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Table 11. Fire load in library (MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)

. Gypsum board
1 - - -
Ceiling (non-combustible material)
Floor Wood 438.75 11.6 5089.5
Wall Concrete (non-combustible material) - - -
K=Ye] N|
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Table 12. Music room fixed fire load (MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
1 - - -
Ceiling (non-combustible material)
Floor Wood 263.25 11.6 3053.7
Wall Concrete (non-combustible material) - - -
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Table 13. Fire load in music room

.'; % X
Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg) Fire load (MJ)

Musical instruments Polyethylene 422 47.7 2012.94
Piano Plywood 76.3 11.6 885.08
Punggeum Plywood 51.2 11.6 593.92
Instrument storage box Plywood 116.2 11.6 1347.92
Stool Plywood 36.5 11.6 423.4
Sub Total 5263.26

Table 14014 UEhLER0] 250k t65410] 14 Shlslg-2 24, viel, W02 T85)0] Amnel %, uie, o)
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Table 14. General study room fixed fire load (MJ)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
Ceiling (non-combustible material) i i i
Floor Wood - -

Wall Concrete (non-combustible material) - -

WA F AARAslE 2 71 o8 ATt oAt Qi om AP, At 7] Folr 5o vl A =] Rlrt.
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Table 15. Fire load loaded in the comprehensive learning room

=
==

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg) Fire load (MJ)

Bookshelf Plywood 135.2 11.6 1568.32
Sofa wool 40.6 20.5 832.3
Stool Plywood 36.5 11.6 4234
Sub Total 2824.02
HBEA

Table 16014 LEfLF=0] 256 A Al0) 14 siels-e 14, vl 8o 2 Phsjol A e 4, vl = 7t
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Table 16.Computer room fixed fire load (M)

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg)  Fire load (MJ)
. Gypsum board
Ceil ) ) - - -
cring (non-combustible material)
Floor Wood - - -
Wall Concrete (non-combustible material) - - -

e AR AAeAsl g2 A E, A, oA, A, SR SOl viA| = A3,
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Table 17. Fire load in computer room

VIR T

Division Material properties Combustible quantity (kg) Combustion heat (MJ/kg) Fire load (MJ)

Computer 116 MJ* x 48t 5568 11.6 1568.32
Desk Plywood 348 11.6 4036.8
Chair Plywood 48 11.6 556.8

Bookshelf Plywood 36.2 11.6 419.92

Storage box Plywood 54.3 11.6 629.88

Sub Total 112114
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Table 18. A elementary school fixed fire load

Division Fixed fire load (MJ)
Classroom 2469.125
Science Museum -
Teacher's office 1866.15
Library 5089.5
Music room 3053.7

Comprehensive Study Room -
Computer lab -

Table 19. A elementary school fire load

Division Fire load(MJ)
Classroom 5690.061
Science Museum 5385.97
Teacher's office 6151.25
Library 91395
Music room 5263.26
Comprehensive Study Room 2824.02
Computer lab 11211.4
A 25340 FAPlaRel BE HAseE e EA, TRE, Folshid, mRA, ik, JSY, gotde) o
2 Ueptom EARE A7lealo] Sao] ot Afshs g o] the 5o wlal o3 ~sul AL e Ao 2AEd
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