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O"'E_JI\_O:I o--gim

= Expay |TOEEE ] Expa TS
(k/g) (/)
Carbone monoxide| CO 10.10 D-Glucose CeH1206 15.40
Methane CHa4 50.00 Cellulose - 16.09
Ethane CoHe 47.45 Polyethylene - 43.28
Ethene CaHs 50.35 Polypropylene - 4331
Ethyne CoH: 48.20 Polystyrene - 39.85
Propane CsHs 46.45 Polyvinylchoride - 16.43

Polymethyl
n-Butane n-CsH1o 45.69 -methacrylate - 24.89
(PMMA)
n-Pentane n-CsHi, | 45.27 Polyacrylonitrile - 30.80
n-Octane n-CgHig | 4477 Polyoxymethylene . 1546
Polyethyleneterephth
c-Hexane n-CeH1o 4381 - 22.00
alate
Benzene CeHs 40.00 Polycarbonate - 29.72
Methanol CHsOH 19.83 Nylon 6.6 - 29.58
Ethanol CHsOH | 26.78 Wood - 13~15
Acetone (CH3),CO| 30.79

*7tAE 0| Choet ek (keal/kg e kW/kg)2 AMQ HEEHS O|0[SHX| 41 19
LET= 2UPIEZ, 7[MH=R 2= Mol EEF2| 10~15% M| Sl HNH=|
BF= Ml EEH 20~30% =H HE8L A
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- 2itdE 822 =HforS(EeM/m)b

g 2} 5tE 8 2} stE g 255
=&Y 300 AR A (Y 300 S EH(AA) 300
imiel 200 AR A (S ) 800 SH(EAH) 500
=% 300 O E(ER) 600 HH o} 300
AEN, 300 THOREH(YEh 300 3 300
[=JXpl 2000 of 2 300 =il 300
HpAs L 300 o x| = 400 X & 300
H2 3} 300 ol 300 Al 300

1) SF0| AS3A| YT B7I==Z 128 FREM(Fire Risk Evaluation Model), 1996
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e 28k (kg/m’) e 28k (kg/m’)
i o3 X i o3 X
= [HaX]] = [(HaX]]
I 24.9 I 0.2
A2 A -
Al I 25.7 =] II 0.2
B | 14.0 | 0.2
N I 34.6 I 48
7|4 °
DAl I 35.6 o X} I 4.8
e I 22.3 I 48
I 73.6 I 25.0
UK APRAl | TT 74.9 yEin] I 26.8
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I 115 el I 7.0
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| 10.8 = | 8.5
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Peak HRR
Fuel kg
(Kw)
Wastebasket, small 0.7-6.1 4-18
Trash bags, 11 gal with mixed plastic
1.1-34 140-350
and paper trash
Cotton mattress 11.8-13.2 40-970
TV sets 31.3-32.7 120-290
Plastic trash bags / paper trash 1.2-14.1 120-350
PVC waiting room chair, metal frame 154 270
Cotton easy chair 17.7-31.8 290-370
Gasoline / kerosene in 0.61m?2 (2ft?) pool 19 400
Christmas trees, dry 6.4-7.3 500-650
Polyurethane mattress 3.2-141 810-2630
Polyurethane easy chair 12.2-27.7 | 1350-1990
Polyurethane sofa 51.3 3120

3)NFPA 921, Guide for Fire and Explosion Investigations, 2004 edition, Table 54.2.1

_28_




- 7170| YHG(HRRY

finish(later growth)

TS e T Classificati Fuel Fire Intensity Maximum
em/Description/Mass assification Coefficient(o )(kW/sec) HRRKW)
Metal wardrobe, 41.4kg(total) fast 0.4220 750
Chair F33(trial love seat), 29.2kg slow 0.0066 950
Chair F21, 28.15kg(initial) medium 0.0344 350
Chair F21, 28.15kg(later) fast 0.4220 2000
Metal wardrobe, .
40.8kg(total)initial) medium 0.0169 250
Metal wardrobe,
40.8kg(total)(average) fast 0.0733 250
Metal wardrobe,
40.8kg(total)(later) fast 0.1055 140
Chair F24, 28.3kg medium 0.0086 700
Chair F23, 31.2kg slow 0.0066 700
Chair F22, 31.2kg slow 0.0003 300
Chair F26, 19.2kg medium 0.0264 800
Chair F27, 29.0kg medium 0.0264 900
Chair F29, 14.0kg fast 0.1055 1850
Chair F28, 29.2kg slow 0.0058 700
Chair F25, 27.8kg(later) fast 0.2931 700
Chair F25, 27.8kg(initial) fast 0.1055 2000
Chair F30, 25.2kg fast 0.2931 950
Chair F31(love seat), 39.6kg fast 0.2931 2600
Chair F31(love seat), 40.4kg fast 0.1648 2750
Chair F32(sofa), 51.5kg fast 0.1055 3000
1/2 in. plywood wardrobe with N
f;/évrics, 68.5kg 0.8612 3250
1/2 in. plywood wardrobe with .
fabrics, 68.32kg 0.8612 3500
1/8 in. plywood wardrobe with N
pfgévrics, 36.0kg 0.6594 6000
1/8 in. plywood wardrobe
with fire-retardant interior fast 0.2153 2000
finish(initial growth)
1/8 in. plywood wardrobe
with fire-retardant interior * 1.1722 5000

4)NFPA 72, Table B.2.3.2.6.2(e), Furniture Heat Release Rates
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L. . Fuel Fire Intensity Maximum
Item/Description/Mass Classification . )
Coefficient( o )(kW/sec?)| HRR(kW)
Repeat of 1/2 in. plywood .
wardrobe, 67.62kg 11722 3000
1/8 in. plywood wardrobe
with fire-retardant latex paint, fast 0.1302 2900
37.26kg
Chair F21, 28.34kg * 0.1055 2100
Chair F21, 28.34kg * 0.5210 2600
Chair, adj. back metal frame, .
foam cushions, 20.82kg medium 0.0365 20
Easy chair CO7, 11.52kg medium 0.0344 950
Easy chair F34, 15.68kg medium 0.0264 200
Chair, meta.I frame, minimum nedium 0.0264 3000
cushion, 16.52kg
Chair, molded fiberglass, no
f .07
cushion, 5.28kg ast 00733 3
Molded plastic patient chair, medium 0.0140 700
11.26kg
Chair, metal frame, padded seat )
and back, 15.54kg medium 0.0086 280
Love seat, metal frame, foam
cushions, 11.2kg slow 0.0042 300
Chair, WOOd. frame, latex foam clow 0.0042 g5
cushions, 11.2kg
Love seat, Yvood frame, foam medium 0.0086 1000
cushions, 54.6kg
Wardrobe, 3/4 in. particleboard, .
12033kg medium 0.0469 1200
Bookcase, plywood with
aluminum frame,30.39kg fast 0.2457 2>
Easy chair, molded flexible
urethane frame,15.98kg slow 00011 40
Easy chair, 23.03kg fast 0.1827 600
Mattress and box .
spring,62.36kg(later) medium 0.0086 200
Mattress and box slow 0.0009 400
spring,62.36kg(initial)
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- SFPE HANDBOOXK, Section 3, Chapter 1, Heat Release Rates

Time (s)

XF O ALFX
@ M Y =g¥H
2000
===w= Motal office storage units, clear aisle
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=== Paim, sim == 3-sholf metal bookcase with X-ray fitms
..... we Ficus 1600 | weer 3.sholf wood bookcase with files
p
1400 f ‘|
= ~ - |
3 ] I lb\ A
s © 1200 - R ll\
2 g
2 1000 |- f \
g % : ¥ \
3 ® A
. S 800 I \
3 § HIR
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® 7E

Weight )
Fuel Configuration | Peak HRR (KW)
(9/m?)

Cotton 124 Closed 188
Cotton 260 Closed 130
Cotton 124 Open 157
Cotton 260 Open 152
Cotton 313 Closed 600
Rayon/cotton 126 Closed 214
Rayon/cotton 288 Closed 133
Rayon/cotton 126 Open 176
Rayon/cotton 288 Open 191
Rayon/cotton 310 Closed 177
Rayon/acetate 296 Closed 105
Acetate 116 Closed 155
Cotton/polyester 117 Closed 267
Cotton/polyester 328 Closed 338
Cotton/polyester 117 Open 303
Rayon/polyester 367 Closed 658
Rayon/polyester 268 Closed 329
Rayon/polyester 53 Closed 219
Cotton/polyester 328 Open 236
Polyester 108 Closed 202
Acrylic 99 Closed 231
Acrylic 354 Closed 1177
Acrylic 99 Open 360

Acrylic 354 Open -
Cotton/polyester/foam 305 Closed 385
Rayon/polyester/foam 284 Closed 326
Rayon/fiberglass 371 Closed 129
Rayon/fiberglass 371 Closed 106
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@ =X 2y @ 7| 70|]= Eg 0]
2000 T T T T T T o
1800 F 10 l?ablelmyf::rreiaﬁon W 15 -
1600 |- of um0H A >
s 1400 | or
31200— § T 7978 )
[ ;, 6} E
% 1000 |- B sl
§ wor $ ot L 13 T
+ e0f al R
400 |- 2%  PE/PVC .
200 it A PE, PP/CI+ S + PE (Hypalon)
M Silicone/asbestos
C'0 1(I)0 2(')0 3(|)0 4(l)0 5(1)0 S(I)O 7(1)0 800 00 ; :; ; tl': (la‘ ; &I? iilf
Time (s) Predicted q,, (MW)
HAEE U DY RETRX(ETAEH)
Peak HRR
Code Items (W)
P1 Boxed monitors, 1 pallet of 12 4,700
Boxed monitors, 1 pallet of 12,
P8 ] S 5,030
point-source ignition
Boxed monitors, 1 pallet of 12
P5 N 6,400
(stabilized from collapse)
Boxed monitors, 2 pallets
P6 , ] 17,300
(side-by-side) of 12 each
Boxed monitors, stack of 2
P10 _ 14,100
pallets high, 10 per pallet
Boxed desktop computers,
P3 1,400
1 pallet of 16
Boxed desktop computers,
P7 ) 8,190
pallet of 16 with boxed accessory boxes on top
P9 Polystyrene foam in boxes 6,730
P11 Monitor boxes, 1 pallet of 12 4,600
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—t— Test 1
—o— Test 2
1600 - | -->-- Test3
— Test4
—+— Test§

0 500 1000 1500

1
1500

2000 2500 500 1000 2000
Time (s) Time (s)
@ DHEZ[X
Fuel Ticking Combustible Mass | Peak HRR
ue Material (kg) (KW)
Latex foam PVC 19 2720
Polyurethane foam PVC 14 2630
Polyurethane foam PVC 6 1620
Polyurethane foam Rayon 6 1580
Polyurethane foam Rayon 4 760
Neoprene FR cotton 18 70
Cotton/jute FR cotton 13 40
Unidentified
Polyurethane foam ] 8.9 1716
fabric
Melamine-type PUR/cotton Polyester £47
batting/polyester fiber pad | /polypropylene
Polyurethane foam/cotton Unidentified ) 280
batting/polyester fiber pad fabric
Polyurethane
_ PVC - 335
foam/polyester fiber pad
Melamine-type PUR FR fabric 151 39
FR cotton batting PVC - 17
FR cotton batting Polyester 15.7 22
Neoprene PVC 149 19
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Hi| 74

22 B

600
—=— Plastic, non-FR, 3.7 kg
120 500 L —o— Plastic, FR, 3.7 kg
~rmee || | Y | -~ Wood, 40 kg
100 b —=— Polyester, 430 g ——— Wood. 33 kg
s 3
—=— PUR.630g = 400F
£ 80 —O— Polyester, 602 g ]
%‘ —&— Feathers. 966 g ©
é o % 300 |
° [
£ 40 $ 200t A
20 ':
100 + i Y
% 200 200 800 1000 RORGL . e Y
Time (s) 0 4 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600
Time (s)
S&Xt @ M7 S5
400
—— One sack, 4.1 kg
9000 350 |- —0— Three sacks, 3.51 kg
— ------ Two sacks, 2.34 kg
8000 I i:};%ﬁnm?;sxm 300 --&-- One sack, 1.17 kg
o i s
sl -- 2+ Datsun 180 i; 250
Z 5000 [ g
S & 200
% 4000 3
[
3000 |- = 150
2
200 x/:\ ,x"h" 100
1000 |- T N x.a
r o Ry
0 1 1 1 1 ikl 50
500 1000 1500 2000 2500 3000
Time (s) N
0 | |
0 100 200 300 400 500 600
Time (s)
@ Mg 7|&
Basket | Basket - Filling Filling Peek
. Filling Type .
Sides | Mass(kg) Mass(kg) | Density(kg/m3) | HRR(kw)
_ Shredded
Solid 0.63 0.20 14 4
pa per
Netted 0.63 Milk cartons 041 29 13
, Shredded
Solid 0.53 0.20 14 18
pa per
Netted 0.53 Milk cartons 041 29 15
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Wardrobe . Peek
. . Clothing and
Construction Combustible HRR
Paper(kg)
Mass(kg) (kW)
Steel 0 1.93 270
Plywood, 12.7mm thick 68.3 1.93 3100
Plywood, 3.2mm thick, unpainted 36.0 1.93 6400
Plywood, 3.2mm thick, 1 coat
_ 37.3 1.93 5300
FR paint
Plywood, 3.2mm thick, 2 coats
, 37.3 1.93 2900
FR paint
Particleboard, 19mm thick 120.3 0.81 1900
- |_E XI:II-ZF—
@ 383 48g (tliE "iIZ=C|0|HE 0|82t X2 2k E/40

X2k 2
[XHEFL) 2 (R ZHA) 22
S0 lHRR - Real scple fire test resulf for the car(#2)
=
HRR
) ;. o fﬂ Yl ,M
=™ A7} BN, \
JEHE 1000 | ‘f
T T T T T 0 j T T T T e A |
Timé(sec) 2 00 3000 4] 200 400 T?::)e<sec) 800 1000 1200
HRR_convection_max. 2,366 kW 3,431 kW
HRR_convection_ave. 1,070 kW 1,459 kW
HRR_total_max. 3,380 kW 4901 kW
CO_max 127 ppm 105 ppm
CO,_max 0.25 % 031 %

£k, HRR_total=0.7-HRR_convection (Karlsson&Quintiere, 2000)

(70%2| EO| tiFgoz HEL|D LIMX| 30%=

sAgE X9z MYHS

7t8)
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283, USY YB VAR O 2K S @

1O -

>

I o

SHSIRANISHS| SHACHSH=RE, 2009.04, pp379-384
CHIE S0 SRS Tt Az
o %|C{HRR ETele) %|cfco, | SPR
— ]
(kW) (ppm) (%) (m?/s)
O| X} 563.8 81.3 0.7 7.9
AIH1018) 378.6 288.9 0.5 10.2
A0H(3918) 516.3 343.6 0.7 11.2
S} &Y 169.3 56.9 0.18 1.1
A= 832.1 3894.2 1.8 37.8
Xich 1061.9 459.2 0.53 94
TV 53.09 151.8 0.07 54
o|&(5kg) 154.2 66.7 0.21 0.7
KH AL 1241.2 835.2 2.57 3.3
XH AL 1346.8 1385.9 2.62 12.5
SALL, 'HEI0| S HEdt
HRR(kW) CO(ppm) CO2(%)
o — :

200000 7 4000 i
* | 3500 1 025 H
150000 g 1 ! 3000 £} l
) 1 020 ——
2500 : i A I\

/ \
e f 2000 —by‘—l—A—J—NﬁEL i ‘, 'Ll 045 [“ ™ '\
1500 Plad oy ! [ e
‘J‘ J

Ll
50000 P i | 010
. ) s | W " =
/ "M*J" %% W V 005 & Tk
000 500 J- ¥ T i
500 1000 1500 2000 2500 000 b
-50000 -500 5001000 1500 2000 2500 0 500 10 1500 2000
X x * %
Heat Release Rate{kW) CO(pem) COo2(%)
3500.00 18000 040
16000 3 4
300000 035
l 14000 i i ||\
LH " " i W 030 T
250000 —1 ) | [
o h 12000 A
j (L [ 025 I |
200000 & 10000 — |
Xt \l !; so0p |1 820
150000 ‘ !
o } \ 6000 \ 015 I \
100000 [— \k 4008 i} 010 3 -
_|| 50000 i et 2000 “ V\W‘w 005 __,‘ -
000 == oo 500 mlm 1500 2000 000
o 500 1000 1500 2000 -2000 2 . = L 9 . CLE oy

Z|Cf 3051 kW

Z[CH 152 ppm

Z|CH 0.36%
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Of 7|2X01 24Xt 37|= 0.3[m] x 0.3[m] x 0.3[m] O M A
AV

(1) AX=7|2| FeH|(asepect ratio)E 1121510 AXAY|E

(2) Z==0ILt Hefo| HLioM ok F=lirie] AE20RIoiN =2 =it
ks ER0e ALY AATYIE 01~02m), +EH AX37|=
0.2~04[m](Z=H| 2) Ols}= ArEd)
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