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Abstract
Keywords: FDS, Validation, Confined space fire

1. Origin of this study

Indoor fire is a complex physical and chemical process. Random factors
introduced during fire resulted in the unpredictability of it. Since large scale
experiment cost a lot of resources, it is important to develop a numerical simulation
skill to numerical predicted the fire growth. NIST FDS has been used widely and had
80% accuracy. FDS is freely available through the internet and had an active user’s
group for discussion. This research used FDS as a simulation tool. The results of

simulation were compared with the experimental data.

2. Research method and process

This year, we focused on the fire growth and spreading in confined space. By
using the recent data collected from 10MW, ISO9750 and ceiling height adjustable
single room fire experiments. We had established an FDS model based on these data.
By comparison of simulation result and experimental data, one can establish the
localized verification of fire growth and spreading in confined space. In addition, we
can also establish the techniques in simulation validation. We also performed a
international co-operation project on the measurement and calculation of heat transfer
of steel beam, in order to evaluate the fire endurance of structure.

We used a spruce wood crib as the simulated fire source. First, we used the data
of wood crib burning under the ISO9705 hood to obtain the burning characteristics.
Then, comparison of FDS simulation and the experimental data was performed to
make some modifications to the material properties. When we were able to simulate
the wood crib burning well, we select a confined space of dimension Smx6m with
opposite openings of 0.8mx2m as a subject for simulation. Simulated results are used
for further simulation of structural components in fire. Current results applied only to
the configuration in this research. It is important to establish a local material burning

and properties database for further validation and application.

3. Important findings
3.1 Material properties such as thermal conductivity(k,) ~ specific heat(c,) ~

density(py) ~ Arrhenius pre-exponential factor(Z) - reaction energy(EA) ~ heat of
pyrolysis(AHp) and the thermal conductivity of char layer(k.) ~ specific heat of
char(c.) ~ char density(p.) are important in FDS simulation. Material properties
based on experimental data should be able to improve the reliability of
simulation results.

3.2 Accuracy of compartment fire simulation was usually the issue of



&

performance-based design. Therefore, validations of fire model and
standardization of documents will provide both designer and government officer
references.

3.3 Using FDS5 to perform solid phase combustion simulation, the prediction
accuracy was in a reasonable range for a confined space wood crib burning.
However, the material properties can be obtained by experimental method, it is
important to build a standard for obtaining material properties through
experimental data. This will help the improvement and development of fire
simulation.

3.4 From the comparison simulation and experiment temperature, it was found that
the temperature of FDS simulation near the burner is 100°C below the
experimental data. At the height of steel beam, the simulation result correlated
well with experimental data. On the contrary, the simulation result correlated
better near the ceiling when the measurement was taken far from the burner.

3.5 A technique of transferring the FDS temperature measurement into structure
analysis software for further analysis has been established. We are now able to
analyze the whole fire history from fire growth to structure damage under fire.

3.6 There are some parameters in FDS simulation and methods of measurements
need to be further investigated in order to improve the reliability of simulation
results.

3.7 We used 10 cm mesh size in the FDS heat release simulation in this study. The
results show a good correlation with the experimental data. Therefore, we are
able to screen out some conditions good for fire design.

4. Main suggestions

For immediate strategies:

Five ASTM standard related to the essential parameters for performing
numerical simulation has been reviewed. By following these standards for
determining the parameters, results of the fire performance-based simulation would be

more reliable.

For long-term strategies:

Our research indicated that if the material properties can be properly determined,
the simulation results can well simulate the real combustion result. Therefore, it is
advised to establish standards for obtaining material properties for simulation and to

collect material database. This would help the performance design and verification.
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B 2-1 SmokeView % & [NIST(2007)']

LSS i A RS (3 R S OREARIS b A TR S R
B2 Ao 2- 2

Boundary(.bf),
3d smoke(.s3d),
Particle(. part),
Slicefvector(.sf),
Iso-surface(.Iso

Boundaryi(.bf. svz),
3d smoke(.s3d.5vz),
Particle(.part.svz),

Slice/vector(.sf.svz),
Iso-surface(.I80.8VZ

Smokeeview
Input(. stmv)

Config
(.ini)

Smokeview

Graphics

Rl 2- 2 FDS & % 2 £ ®I[NIST(2007)]

BAEHI R 2 b’L’rﬁiﬁi;-J S (Output)z & % iE * - ﬁ%l » # (Input)
% data > 5FDSAZ ;N 2 3+ 8 15 > "%l:éﬂi%] d13t B % K smy ~ X, sf % bf Sk part »
¥ iso~*.q~* ini - £ 54 FEAR5 smokeveiwsl g & B itz B @42, H i
AL R LY ER (F)inE e R B A TR TR VHE LA
PR (RR) ~ 7 B seid &~ f SRR kS ER KA 0 R AR

,_ 2

RIS (s VR AA G R 0 0% (0K R - BTGB EE

! NIST,User’s Guide for Smokeview Version 5- A Tool for Visualizing Fire Dynamics Simulation Data,pp4 and pp39,2007

5



¥ % RPN R* FDS 2% AR

~FDS # B K TE - AR

- & 7FDS fA BIFE P2 3 BARIFRN B2 KT/ AT

(FHOREAARTH  Z2AF TR P NZIFRHNERCEYE - PRA R
RIS TR 2 R BT R PHEREN 2R o

EDERS =-S5 0 =-0% P03 =-J Vil p == 5 =0 kg

Bt e 2o B B o
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Condition)

(M7 & i - (Creating Obstructions)

(4 )VENT & SURFACE

(+ )%7‘] o keK & & 380 B (Sprinkler & Detector)

(+-)it= ﬁ%] dt ) % (Output Files : THCP ~ SCLF ~ BNDF ~ ISOF ~ PL3D)

(+ )T T %E 8 (fds<k. data)

(+ = )% %~ 472 2 4 (SMOKEVIEW)

w ~FDS L 78 @ 4 [§ ¥ #2(2004) ]
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% 3-2 FDS A idmer* £ & 4875 4

LR R R TR

&REAC ID="'WOOD',

C=3.40,

H=6.20,

0=2.50,

N=0.00,

IDEAL=TRUE,,

EPUMO2=1.1020000E004,
CO_YIELD=4.3565517E-003,

MASS EXTINCTION COEFFICIENT=7.6000000E003/

&SURF ID='SPRUCE',

RGB=128,51,26,

TEXTURE MAP='psm_spruce.jpg’,

TEXTURE WIDTH=0.67,

TEXTURE HEIGHT=2.44,

BURN AWAY=TRUE,,
BACKING=EXPOSED/,

MATL ID(1,1:2)='SPRUCE_VIRGIN','Water',
MATL MASS FRACTION(1,1:2)=0.99,0.0100,
THICKNESS(1)=0.050

MASS FLUX(1)=0.012/

&MATL ID='SPRUCE_VIRGIN',

DENSITY=450.00,

N_REACTIONS=1,

HEAT OF REACTION=400.00,
RESIDUE='SPRUCE_CHAR,
REFERENCE_TEMPERATURE=320.00
THRESHOLD TEMPERATURE=320.00,

CONDUCTIVITY=0.20
SPECIFIC HEAT=1.3
NU_FUEL=0.2000,
NU_RESIDUE=0.50,
N_T=0.50,

N_S=1.00/

REFERENCE RATE=0.71,

SPECIFIC_ HEAT RAMP='SPRUCE VIRGIN SPECIFIC HEAT RAMP",
CONDUCTIVITY_RAMP='SPRUCE_VIRGIN_CONDUCTIVITY RAMP',

RAMP ID='SPRUCE_VIRGIN SPECIFIC HEAT RAMP', T=20.00, F=1.20/
RAMP ID='SPRUCE VIRGIN SPECIFIC HEAT RAMP', T=500.00, F=3.00/
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RAMP ID='SPRUCE_VIRGIN CONDUCTIVITY_ RAMP', T=20.00, F=0.1300/
RAMP ID='SPRUCE_VIRGIN CONDUCTIVITY_ RAMP', T=500.00, F=0.2900/

&MATL ID='SPRUCE_CHAR!,
DENSITY=150.00,
EMISSIVITY=1.00
CONDUCTIVITY=0.12
SPECIFIC HEAT=1.5/

SPECIFIC_HEAT RAMP='SPRUCE CHAR SPECIFIC HEAT RAMP",
CONDUCTIVITY_RAMP='SPRUCE_CHAR_CONDUCTIVITY RAMP/,

RAMP ID="SPRUCE_CHAR_CONDUCTIVITY RAMP', T=20.00, F=0.0770/
RAMP ID='SPRUCE_CHAR_CONDUCTIVITY_RAMP', T=900.00, F=0.1600/
RAMP ID='"SPRUCE_CHAR_SPECIFIC_HEAT RAMP', T=20.00, F=0.68/
RAMP ID='SPRUCE_CHAR_SPECIFIC_HEAT RAMP', T=400.00, F=1.50/
RAMP ID='"SPRUCE_CHAR_SPECIFIC_ HEAT RAMP', T=900.00, F=1.80/

&MATL ID='"Water',
SPECIFIC_HEAT=4.19,
CONDUCTIVITY=0.60,
DENSITY=1.0000000E003,
EMISSIVITY=1.00,

N _REACTIONS=1,
HEAT OF REACTION=2.2600000E003,
NU WATER=1.00,
N_T=1.00,
THRESHOLD TEMPERATURE=100.00,
N_S=1.00,
A=1.0000000E020,
E=1.6200000E005/
. B S L%
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Pty @ FDS Hhf Sdc2 i s fr A2 4o @) 3-5 #7577 - testl & test2 3 @ *
FDSH p 22 Hd b5 2R q %S S AIEH R F 275 Y g o test3 B
b % 2 AL F S VIT# 1 8 = Jukka (2004) % < U * FDS & {7 s §
VA LY Fer (£ 3-2) c 2 iR AR A HERE T %
BEFOL R BRI e F T Bk @ FDS i rid 2 £ o M fa gy
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d Bl 3-6 ¥ v & testl0 2 % #3 Fendidic s ¥ AR S R e
BA o — EFAE mass_flux 2161 5 PAEZ 0% » o BEAY > A FE
reference_rate -~ # |+ & (conductiveity ¥ specific_heat) &7 F & #

(heat_of _reaction) ¥ 2 *T{E |2 AP Fd M- B F%EF PR F o

T h - B ﬁp)‘]*ué Pl s BfERF  TafF- BRERFIFEDT &0 2B TH

& o A d-mass flux i& B 28 'J“,f 8 A3 mEAI (test9) o BEARAE
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EPUMO2 % % #c -

Bl 3-8 5By A LR -d BV 20§ thickness d B A& 0.05
(testlS) s 0.025 (testl8-1) pF (2% AEER) » B XTI L4 MAA
I s aN#Bﬁ" AR VR R E L e AT B AT
LR o BB IR s ES e 2 A > (char) gt B %% nu_residual 1% B ¥
P (test18-2 &7 test]8-5) 4 3R > nu_residual c75 e > € 18 7 uf £ BELL S o
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ARG AFEH < o

Test18-3 | %_i2 ¢z threshold temp - #* $&cyr#]* & &5 RE 4of2h B A
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Test3
(base case)

o FHEHISO90SHE | » AHEHA
BERER

o AHEPEETBHISPRUCE
(from VTT)

* REACH A wood

o KU P IR TR S A
HRFTAE A o BVRECR AR

o ARHERSERHREE - {E5 [HRIER - BARRBCRT

(M) Reference_Temperature=360

(M) Treshold_Temperatuer=360 o R
test4
(+) Reference_Rate=0.71 o SRR IR
testS

. EBE

test8

(-) ffiBEmass_flux

(0) &[5 conductivity il
specific-heat/{jrampii i
test6

(+) spruce_char(#conductivity £l
specific-heat rampi% i

o Char//

test7

(M) Heat_of_reactionfH400L4/# 500

test9

@Mass_flux/A0.0015 ( fEpRE:

0,024 (JFUARMTHIWAT) |
test10~test18

© mass_flux=0.0033
MRS SR BT

testl8

Thickness 0.5>0.25

4 o

> mass_flux @G EPRBE IR R BRI
HKo HAERER IS et -

test18-1
Mass_flux 0.0036-> 0.0033
Nu_residual 0.5 0.6 Nu_residual 0.6-> 0.8
test18-2 -
Threshold_temp. 360->280
N_T=05 test18-3
Threshold_temp. 360->440
= Density 450550
N_T=05 test18-4 "y
REAC:EPUMO2
11020->8000
test18-6

Bl 3-5 FDS #5582 2o fr Az
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1000

woodcrib burning under ISO9705 hood

— exp
testl8
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— testl6
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—— test14
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woodcrib burning under ISO9705 hood
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— exp
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* exp-9pk (96.11.14-4) = fds-9pk-tesetl

600

HRR (kW)

0 200 400 600 800 1000 1200 1400

time (sec)

B 3-9 - & 92X 45 X AR R T U S 2 FDS o

4. B S8 B e 4T
EER R 3?‘35’—7'% Tt Sz L Ra 2 YR FEL 4, LSRR R
52 BBER > G- HIFEMFEF > 0T 24 Chris(2006)# &% Ufs_%geui 2
i Sl haAViERZ Rz BEE GGk st HE ()RR AL S R
W dp #c 2 #c(Z © pre-exponential) ~ & i (E) 2 A& (ALL) » 5 g i 48
PUER T & 2 2 0 % Alic(k) » 2 ()2 BA(po) °
AT THRR G AVE S, H A L A R BT 2 s Bl 8 4
gt’ L8 3 &\gt;;zku 0T ;R rr_‘;,%‘?—.\ e,L,:Lﬁ-'iﬁ '55;;2;,1.4-(_%&_,1@_13 2003);@ S jﬁa_%_
' %s—%a % wﬁw\#‘rﬁ PEHRE RO R R LB B A W M2
/H*L#P YRR SERV IR T - ST ERAR IR S S oK EC g N e
%Kﬁif:\{l Kz b ’#%Hﬁx@t.ﬁé @f’f‘fﬁrfﬁﬁ@u;ﬂ :*?5[75\7 % ﬁix,ﬁf?ﬁif:‘i 1T 5
fs ‘ifﬂ °
(Uﬁ@:ﬁa bk’%ﬁk%a
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T fEER o W R > 2 FDS @ X P el 2R LY TR o8
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z b'”ra‘ftiféi'% 4316 2/ FEEDERERTE 10

*

5
D
==
O ECNER - SE (ULS U S S 7 St
8 7% $#clc® ¥ %+ ASTM E1546-07 #|tF » = # # ASTM E1546-07 5.16.1.3
# 714 Arrhenius 58 F £ B £ - Bif o @ > 5 IH 4 gl Z(H A
ﬁ’z) n (5 fpad)z EGE i ) &4p§ FlEEah > #8777 15002 6 i Sodic
2 R ii*u NIST FDS5.2 %% 21.2.2 A Charring Sohd (charring_solid) i3] &
¥ pe Chris 2 41 S diclic® » 515 & Sdfe Flavd 340 d 309 TE " 25 14 ¥
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r2 FDS ’F—?—Jﬁ}&}?‘! ffl\:'_,?n} X ,\b}’i—ﬁ%*ﬁ’}ﬁ Eg;i:

SR ST ﬁ%ﬁﬂﬁm“*13ﬁ+ﬂ”ﬁ“%ﬁ35 2 A e 2
3-6- ¥ d L3 #H I SURFID 2. % #icmass flux # F% 5 444 B 22
FRMSAS QWUEF oo FIL S EIABHFEF - Z o a2 5 by
R O S /R WA S T A I S AL € SURL RN ST S )
2 PHERA) 0 B 1 2 R 2 S

% 3-3 Ls(2'x3) 2 % %

Exp. A B C D E F G H
1 1 | | 1 1 1 1 1
2 1 | 2 2 2 2 2 2
3 1 | 3 3 3 3 3 3
4 1 2 | 1 2 2 3 3
5} 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 | 1 3 3 2 2 1
11 2 | 2 . 1 3 3 2
12 2 | 3 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 . 3 1 2 3 2 1
16 2 8 l 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1

% 3-4 %H51FE

Property NIST FDS5. 2 Chris(2006)
ke (w/mK) 0.15 0.2
e (kJ/kgK) 2.3 1.5

Z (m/s) 2. 8E+19 8. 3E+T7
Es (kJ/kmol) 2. 424E+5 1. 63E+5
Al (kJ/kg) 0 1000

ke (w/mK) 0.08 0.10
ce (kJ/kgK) 1.1 1.0

oe (kg/m") 140 100
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% 3-5 #AIF]+ 2 KL

P o K- K- e
A ke (w/mk) 0.08 0. 10 —
B ke (w/mK) 0.15 0.175 0.2
C e (kJ/kgK) 1.5 1.9 2.3
D Z (m/s) 8. JE+7 1.40E+19 2. 8E+19
E B (kJ/kmol) | 1. 63E+5 2. 03Et5 2_424E+15
F A, (kJ/kg) 0 500 1000
G c- (kJ/kgk) 1.0 .05 I
H o (kg/m") 100 120 140

# 3-6 FDS #i# i3

&REAC ID="WOOD’
C=3. 40
H=6. 20
0=2.50
N=0. 00
IDEAL=. TRUE.
EPUMO2=1. 1020000E004
CO_YIELD=4. 356551 7E-003
MASS_EXTINCTION_COEFFICIENT=7. 6000000E003/

&SURF 1D=" SPRUCE’
RGB=128, 51, 26
STRETCH_FACTOR=0. 5
TEXTURE_MAP=" psm_spruce. jpg’
TEXTURE_WIDTH=0. 67
TEXTURE_HEIGHT=2. 44
BURN_AWAY=. TRUE.
MATL_ID(1,1:2) = " CELLULOSE’ ,’ WATER’
MATL_MASS_FRACTION(1,1:2) = 0.80, 0. 20
BACKING= " EXPOSED’
THICKNESS(1) = 0.025/

&MATL 1D = " CELLULOSE’
SPECIFIC_HEAT 1.5
CONDUCTIVITY_RAMP="CELLULOSE_CONDUCTIVITY_RAMP’

DENSITY = 400.
N_REACTIONS =1

A = 8. 3ET
E = 1. 63Eb

HEAT_OF_REACTION =0. 00
REFERENCE_TEMPERATURE=235. 00
THRESHOLD_TEMPERATURE=235. 00
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NU_RESIDUE =1.0
NU_FUEL=0. 2000
RESIDUE = "ACTIVE" /

&RAMP ID="CELLULOSE_CONDUCTIVITY_RAMP, T=20.00, F=0.150/
&RAMP ID="CELLULOSE_CONDUCTIVITY_RAMP", T=500.00, F=0.2900/

&MATL 1D = "ACTIVE’
EMISSIVITY = 1.0
SPECIFIC_HEAT =1.5
CONDUCTIVITY_RAMP=" ACTIVE_CONDUCTIVITY_RAMP’
DENSITY = 400.
N_REACTIONS =2

AC1:2) = 1. 3E10, 3. 23E14

E(1:2) = 1.505E5, 1. 965E5

N_T=0. 50

N_S=1.0

HEAT_OF_REACTION(1:2) = 418., 418.

NU_RESIDUE(1:2) = 0.20, 0.0

NU_FUEL(1:2)= 0.80, 1.0

RESIDUE(1) = " CHAR' /
&RAMP ID="ACTIVE_CONDUCTIVITY_RAMP", T=20.00, F=0.150/
&RAMP ID="ACTIVE_CONDUCTIVITY_RAMP", T=500.00, F=0.2900/

&MATL 1D = " WATER
EMISSIVITY = 1.0
DENSITY = 1000.
CONDUCTIVITY = 0.6
SPECIFIC_HEAT =4.19
N_REACTIONS =1
A = 1E20
E = 1. 62E+05
NU_WATER 1.0
HEAT_OF_REACTION = 2260. /

&MATL ID = " CHAR’
EMISSIVITY = 1.0
DENSITY = 100.
SPECIFIC_HEAT =1.0

CONDUCTIVITY_RAMP=" CHAR_CONDUCTIVITY_RAMP* /
&RAMP ID=" CHAR_CONDUCTIVITY_RAMP’, T=20.00, F=0.080/
&RAMP ID="CHAR_CONDUCTIVITY_RAMP", T=900.00, F=0.2500/

(DR + 2 S 4

Cigas o FUAA T REE LSRR A LSRR e R
SRR EET T E R I R O A
FRBE R A L A 0 K I B e (5 F 0 2007) -

v

57 R AT AR RIS % 2 s % 49 B £ A2 Richard(1999) 1 5 e
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4% 3-8 norm & ANOVA 4 #7

2 E CRICERSR

ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]

Sum of Mean F p-value
Source Squares |df| Square Value Prob >F
Model 87.82217 |15| 5.854811 | 9.921074 | 0.0953 |not significant
A-A 0.044006 | 1| 0.044006 | 0.074568 | 0.8104
B-B 0.015633 | 2| 0.007817 | 0.013245 | 0.9869
C-C 0.012033 | 2| 0.006017 | 0.010195 | 0.9899
D-D 84.37223 | 2| 42.18612 | 71.48506 | 0.0138
E-E 0.8953 | 2| 0.44765 0.75855 0.5687
F-F 2.177733 |2 | 1.088867 | 1.845102 | 0.3515
G-G 0.141633 | 2 | 0.070817 0.12 0.8929
H-H 0.1636 | 2| 0.0818 0.138611 0.8783
Residual 1.180278 |2 | 0.590139
Cor Total 89.00245 |17

The Model F-value of 9.92 implies there is a 9.53% chance that a "Model F-Value"

this large could occur due to noise.

Values of "Prob > F" less than 0.0500 indicate model terms are significant.

In this case D are significant model terms.

Values greater than 0.1000 indicate the model terms are not significant.

If there are many insignificant model terms (not counting those required to support

hierarchy),

model reduction may improve your model.

46




DR TR SRR E NS T,

% 3-9 #5z & ANOVA A~ 4%

ANOVA for selected factorial model

Analysis of variance table [Classical sum of squares - Type II]

Sum of Mean F p-value
Source Squares |df| Square | Value | Prob>F
Model 0.0018 [15| 0.00012 5.4 0.1672 not significant
A-A 8.89E-05 | 1| 8.89E-05 4 0.1835
B-B 0.000178 | 2 | 8.89E-05 4 0.2000
C-C 1.11E-05 |2 | 5.56E-06 | 0.25 0.8000
D-D 0.000811 | 2 | 0.000406 | 18.25 | 0.0519
E-E 4.44E-05 |2 | 2.22E-05 1 0.5000
F-F 0.000311 | 2 | 0.000156 7 0.1250
G-G 0.000344 |2 | 0.000172 | 7.75 0.1143
H-H 1.11E-05 |2 | 5.56E-06 | 0.25 0.8000
Residual | 4.44E-05 |2 | 2.22E-05
Cor Total | 0.001844 |17

The "Model F-value" of 5.40 implies the model is not significant relative to the

noise.

due to noise.

There is a 16.72 % chance that a "Model F-value" this large could occur

Values of "Prob > F" less than 0.0500 indicate model terms are significant.

In this case there are no significant model terms.

Values greater than 0.1000 indicate the model terms are not significant.

If there are many insignificant model terms (not counting those required to support

hierarchy),

model reduction may improve your model.
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# 3-10 i 4 Sodgeom B

LR R R TR

&MESH

[JK=30, 30, 30, XB=-1.5,1.5,-1.5,1.5,0,3 /

&REAC

[D="WOOD’

C=3. 40

H=6. 20

0=2.50

N=0. 00

IDEAL=. FALSE.

EPUMO2=9. 6020000E003
CO_YIELD=4. 356551 7E-003
MASS_EXTINCTION_COEFFICIENT=7. 6000000E003/

&SURF

ID=""SPRUCE’

RGB=128, 51, 26

TEXTURE_MAP=" psm_spruce. jpg’
TEXTURE_WIDTH=0. 67
TEXTURE_HEIGHT=2. 44

BURN_AWAY=. TRUE.

MATL_ID(1,1:2) =’ CELLULOSE’ ,” WATER’
MATL_MASS_FRACTION(1,1:2) = 0.80, 0. 20
BACKING= " EXPOSED’

THICKNESS(1) = 0.03/

&MATL

&RAMP
&RAMP
&RAMP
&RAMP
&RAMP
&RAMP
&RAMP
&RAMP
&RAMP

ID = " CELLULOSE’
SPECIFIC_HEAT RAMP=" CELLULOSE_SPECIFIC_HEAT RAMP’
CONDUCTIVITY_RAMP="CELLULOSE_CONDUCTIVITY_RAMP’

DENSITY = 400.
N_REACTIONS =1

A = 2. 0E20
E = 2. 24E5

HEAT_OF_REACTION =0. 00
REFERENCE_TEMPERATURE=235. 00
THRESHOLD_TEMPERATURE=235. 00

NU_RESIDUE =1.0

NU_FUEL=0. 2000

RESIDUE = "ACTIVE" /

ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=20.00, F=1.00/
ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=90.00, F=1.50/
ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=91.00, F=1.60/
[D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=130.00, F=1.60/
[D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=131.00, F=1.0/
[D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=200.00, F=1.00/
[D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=375.00, F=0.80/
[D=" CELLULOSE_CONDUCTIVITY_RAMP", T=20.00, F=0.110/
ID=" CELLULOSE_CONDUCTIVITY_RAMP", T=235.00, F=0.150/
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&RAMP

ID="CELLULOSE_CONDUCTIVITY_RAMP", T=500.00, F=0.1200/

&MATL

ID = "ACTIVE’

EMISSIVITY = 1.0

SPECIFIC_HEAT RAMP="ACTIVE_SPECIFIC_HEAT RAMP’
CONDUCTIVITY_RAMP="ACTIVE_CONDUCTIVITY_RAMP’
DENSITY = 400.

N_REACTIONS =2

AC1:2) = 1.0E10, 1. 23E13

E(1:2) = 1.505E4, 1. 65E4

N_T=0. 50

N_S=1.0

HEAT_OF_REACTION(1:2) = 418., 418.
NU_RESIDUE(1:2) = 0.30, 0.0

NU_FUEL(1:2)= 0.70, 1.0

RESIDUE(1) = " CHAR’ /

&RAMP 1D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=20.00, F=1.00/
&RAMP 1D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=90.00, F=1.50/
&RAMP 1D=" CELLULOSE_SPECIFIC_HEAT RAMP", T=91.00, F=1.60/
&RAMP ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=130.00, F=1.60/
&RAMP ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=131.00, F=1.0/
&RAMP ID=" CELLULOSE_SPECIFIC_HEAT RAMP", T=200.00, F=1.00/
&RAMP ID=" CELLULOSE_SPECIFIC_HEAT RAMP, T=375.00, F=0.80/
&RAMP ID="CELLULOSE_CONDUCTIVITY_RAMP", T=20.00, F=0.110/
&RAMP ID="CELLULOSE_CONDUCTIVITY_RAMP", T=235.00, F=0.150/
&RAMP ID="CELLULOSE_CONDUCTIVITY_RAMP", T=500.00, F=0.1200/
&MATL 1D = " CHAR’

EMISSIVITY = 1.0

DENSITY = 120.

&RAMP
&RAMP
&RAMP
&RAMP
&RAMP
&RAMP

SPECIFIC_HEAT RAMP="CHAR_SPECIFIC_HEAT RAMP’
CONDUCTIVITY_RAMP=" CHAR_CONDUCTIVITY_RAMP* /

ID=" CHAR_CONDUCTIVITY_RAMP", T=20.00, F=0.080/
ID=" CHAR_CONDUCTIVITY_RAMP", T=400.00, F=0.110/
ID=" CHAR_CONDUCTIVITY_RAMP", T=1000.00, F=0.1200/
ID=" CHAR_SPECIFIC_HEAT RAMP", T=20.00, F=0.68/
ID=" CHAR_SPECIFIC_HEAT RAMP", T=400.00, F=0.70/
ID=" CHAR_SPECIFIC_HEAT RAMP", T=900.00, F=0.95/
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F4-1 G ER S R Y G FDS HR ARt

thin-plate-test7.fds
Generated by PyroSim - Version 2008.1
2008/10/7 * = 02:04:55

&HEAD CHID="thin-plate-test7'/
&TIME T_END=4.0000000E003/

&DUMP RENDER FILE='"thin-plate-test7.gel', DT _DEVC=60.00,

DT RESTART=2.0000000E003, WRITE XYZ=TRUE.,

PLOT3D QUANTITY='HRRPUV','oxygen',)PRESSURE', TEMPERATURE','VELOCITY"
&MISC HUMIDITY=60.00, TMPA=28.00, SURF DEFAULT='OPEN', RESTART=TRUE./

&MESH ID='MESH', 1JK=64,72,30, XB=-0.2000,6.20,-0.70,6.50,0.00,3.00/

&REAC ID="PROPANE',
C=3.00,
H=8.00,
0=0.00,
N=0.00,

HEAT OF COMBUSTION=4.6460000E004/

&MATL ID="FIRE BRICK',

FYI='NBSIR 88-3752 - NBS Multi-Room Validation',

SPECIFIC HEAT=1.04,

CONDUCTIVITY RAMP='FIRE BRICK. CONDUCTIVITY RAMP',

DENSITY=750.00,
EMISSIVITY=0.80/

&RAMP ID="FIRE BRICK CONDUCTIVITY RAMP', T=20.00, F=0.3600/

&RAMP ID="FIRE BRICK_CONDUCTIVITY RAMP', T=200.00, F=0.3600/
&RAMP ID="FIRE BRICK_CONDUCTIVITY RAMP', T=300.00, F=0.3800/
&RAMP ID="FIRE BRICK_CONDUCTIVITY RAMP', T=600.00, F=0.4500/

&MATL ID="STEEL',
SPECIFIC_HEAT=0.4600,
CONDUCTIVITY=45.80,
DENSITY=7.8500000E003,
EMISSIVITY=1.00/




Frid oV UHERERGER%E

&SURF ID='BURNER',
COLOR='RED/,

TEXTURE MAP=psm fire.jpg',
HRRPUA=2.6050000E003,
TAU_Q=-15.00/

&SURF ID="WALL',

RGB=200,200,200,
MATL_ID(1,1)="FIRE BRICK,

MATL MASS FRACTION(1,1)=1.00,
THICKNESS(1)=0.0120/

&SURF ID='"STEEL SHEET",
RGB=255,204,204,
BACKING=EXPOSED),
MATL_ID(1,1)='STEEL,

MATL MASS FRACTION(1,1)=1.00,
THICKNESS(1)=0.0120/

&DEVC ID='BPMB', QUANTITY='ADIABATIC SURFACE TEMPERATURE',

XYZ7=3.25,3.00,2.00, IOR=-3/

&DEVC ID='BPME', QUANTITY="ADIABATIC SURFACE TEMPERATURE,,

XYZ=3.10,3.00,2.15, IOR=-1/

&DEVC ID='BPMT', QUANTITY="'ADIABATIC SURFACE TEMPERATURE),

XYZ=3.25,3.00,2.30, IOR=3/

&DEVC ID='BPMW', QUANTITY='ADIABATIC SURFACE TEMPERATURE,
XYZ=3.40,3.00,2.15, IOR=1/

&DEVC ID='BPNB', QUANTITY='ADIABATIC SURFACE TEMPERATURE,

XYZ=3.25,1.80,2.00, IOR=-3/

RIE RS RIE AT

&HOLE XB=5.10,5.90,-0.1000,0.00,0.00,1.80/ Door
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&OBST XB=0.00,0.50,5.50,6.00,0.00,0.50, SURF_IDS='BURNER','INERT", INERT'/ Gas-Burner
&OBST XB=-0.1000,0.00,0.00,6.00,0.00,2.60, COLOR="INVISIBLE', SAWTOOTH=.FALSE.,
SURF _ID="WALL'/ Wall

&OBST XB=-0.1000,6.10,-0.1000,0.00,0.00,2.60, COLOR='INVISIBLE', SURF_ID="WALL"/ Wall
&OBST XB=6.00,6.10,0.00,6.00,0.00,2.60, COLOR="INVISIBLE', SAWTOOTH=.FALSE.,

SURF _ID="WALL' Wall[1]

&OBST XB=-0.1000,6.10,6.00,6.10,0.00,2.60, COLOR='INVISIBLE', SURF_ID="WALL'/ Wall[1]
&OBST XB=-0.1000,6.10,-0.1000,6.10,2.60,2.70, COLOR='INVISIBLE', SURF_ID="WALL/
Ceiling

&OBST XB=2.60,2.90,0.00,6.00,2.30,2.30, SURF_ID='"STEEL SHEET'/ SteelBeam[2]

&OBST XB=2.60,2.90,0.00,6.00,2.00,2.00, SURF_ID='STEEL SHEET'/ SteelBeam[1]

&OBST XB=3.40,3.40,0.00,6.00,2.00,2.30, PERMIT_HOLE=FALSE., SAWTOOTH=FALSE.,
SURF _ID='STEEL SHEET'/ SteelBeam[1]

&OBST XB=3.10,3.40,0.00,6.00,2.00,2.00, PERMIT_HOLE=FALSE., SAWTOOTH=FALSE.,
SURF _ID='STEEL SHEET'/ SteelBeam[1]

&OBST XB=2.75,2.75,0.00,6.00,2.00,2.30, SURF_ID='"STEEL SHEET'/ SteelBeam

&OBST XB=3.10,3.10,0.00,6.00,2.00,2.30, PERMIT_HOLE=FALSE., SAWTOOTH=.FALSE.,
SURF_ID='STEEL SHEET'/ SteelBeam

&OBST XB=3.10,3.40,0.00,6.00,2.30,2.30, PERMIT_HOLE=FALSE., SAWTOOTH=FALSE.,
SURF ID='STEEL SHEET'/ SteelBeam[1][1]

&VENT SURF_ID='OPEN!', XB=-0.2000,-0.2000,-0.70,6.50,0.00,3.00, COLOR="INVISIBLE'/ Vent
Min X for MESH

&VENT SURF_ID='"OPEN!', XB=6.20,6.20,-0.70,6.50,0.00,3.00, COLOR="INVISIBLE'/ Vent Max
X for MESH

&VENT SURF_ID='OPEN', XB=-0.2000,6.20,-0.70,-0.70,0.00,3.00, COLOR="INVISIBLE'/ Vent
Min Y for MESH

&VENT SURF_ID='OPEN', XB=-0.2000,6.20,6.50,6.50,0.00,3.00, COLOR="INVISIBLE'/ Vent
Max Y for MESH

&VENT SURF_ID='OPEN', XB=-0.2000,6.20,-0.70,6.50,0.00,0.00, COLOR='INVISIBLE'/ Vent
Min Z for MESH

&VENT SURF_ID='OPEN', XB=-0.2000,6.20,-0.70,6.50,3.00,3.00, COLOR='INVISIBLE'/ Vent
Max Z for MESH

&BNDF QUANTITY='BACK WALL TEMPERATURE'
&BNDF QUANTITY='HEAT FLUX
&BNDF QUANTITY='RADIOMETER'/
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&ISOF QUANTITY=HRRPUV', VALUE=1.0000000E003/
&ISOF QUANTITY=TEMPERATURE', VALUE=100.00,500.00,1.0000000E003/

&SLCF QUANTITY=TEMPERATURE', PBX=1.40/

&SLCF QUANTITY=TEMPERATURE', PBX=1.60/

&SLCF QUANTITY=TEMPERATURE', PBX=1.50/

&SLCF QUANTITY=TEMPERATURE', PBX=1.00/

&SLCF QUANTITY=RADIANT INTENSITY", PBX=1.00/

&SLCF QUANTITY=TEMPERATURE', PBZ=1.00/

&SLCF QUANTITY=TEMPERATURE', PBZ=1.50/

&SLCF QUANTITY=TEMPERATURE', PBZ=2.00/

&SLCF QUANTITY=TEMPERATURE', PBZ=2.20/

&SLCF QUANTITY=RADIANT INTENSITY', PBZ=2.00/

&SLCF QUANTITY='oxygen', PBX=1.50/

&SLCF QUANTITY='oxygen', VECTOR=TRUE., PBY=0.00/

&SLCF QUANTITY='oxygen', VECTOR=.TRUE., PBY=5.00/

&SLCF QUANTITY=TEMPERATURE', VECTOR=.TRUE., PBY=0.00/
&SLCF QUANTITY=TEMPERATURE', VECTOR=.TRUE., PBY=5.00/

&DEVC ID=MESH MIN TEMPERATURE MIN', QUANTITY="TEMPERATURE',
STATISTICS='MIN', XB=0.00,0.00,0.00,0.00,0.00,0.00/

&DEVC ID=MESH _MIN TEMPERATURE MAX', QUANTITY="TEMPERATURE,
STATISTICS='MAX', XB=0.00,0.00,0.00,0.00,0.00,0.00/

&DEVC ID='MESH MIN TEMPERATURE MEAN' QUANTITY="TEMPERATURE',
STATISTICS='MEAN', XB=0.00,0.00,0.00,0.00,0.00,0.00/

&TAIL/

*t FDS #5gt » AF L Bk R A R ST BT SR B e 0 Flet g EAR
5k magdy (OBST) » rafg i fdlk st o ¥ ® 5 0.5x0. bm 2 = A3 %@ & »
o RS S BO0KW - e ¥ PR E & RITLER L R £ R Ao

Bl 4-17 5 20 5 /B9 £ aplB A9 % £ R %% (Exp) 2 FDS g & v
PR o RIEMTEEL L 3-1~3-5 A4 B A EEHEE G 240 24 (X FEHETEE ) ~ 230
DR ~210 24 (AR o) ~195 242 180 a8 (iR T 4m ) 2
T ERT A A O R PR PR R R BT VR
SEEITF SR RFTH o d B A-1T 7 g > FDS B e R 1 2 5%k £ 0P
B s % normEs % 5 0.070.07~0.06~0.10~0.15> @ cosin &
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0.07~0.06~0.05~0.11>® cosin & = 0.92-0.89~0.87-0.86 % (.84 >

d B¢ F g a0 180cm (RIBE 4-5) SR R IERIF R RE L b HAEA
SF BB B OBCER o P kPR Ak T 4T

65



Fr g U RHEREER RS E

400
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Bl 4-18 Pl #TA-FDS g B % B F %2 B B % 1 B

B 4-19 3 2303 4Rt > RATHER (M 45+ ) RIEMHT %
Fple % (Exp) 2 FDS H 2 % v Rl o & e A 472 % norm @4 % 5 0.13 -
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d ARG ET S A i B R R (5-1-5-4) b2 f BE R
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66



v FDS HWog b 'L 5 Bl R k2 AT
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@A w5 0.18~0.15-0.19~0.060.14 > @ cosin & & 0.88+0.88~0.83 -

0.81 2 0.78> p* 384 2 fist g% > BRNEATD oy indgiT R R P (6-1~6-3)

FDS g5 % % M BRI E & < 2 £ % 100°C - 08 & RI2(6-4) 7RI E#Ap 1T -

67



Frd VUHERERQEESE

temperature (°C)

| T
0 1000 2000 3000 4000
time (sec)

B 4-20 PR AT 6-FDS i B R B8 F 52 B B &1 B
Bl A-21 % =5t J24mkee ) o RAITE o (B 45 27 = L@ ) BLEA
@B Rl s (Exp) 2 FDS Hohtis % b ] o /o licdh 152 % norm @A % %
0.13+0.21+0.17~0.17~0.26> @ cosin & % 0.92~0.88-0.89~0.88 % 0.78 >
BN HEA B AN L F A B e B RS LB R Y T
BIEYH0C =+ o
400

temperature (°C)
[\
(]
(e
|

_

=

S
I

T | T I T
1000 2000 3000 4000
time (sec)

B 4-21 RIE A 1-FDS B % 0 7 sk 2 8 & % 1 ]

68



FDS ¥ AE R AL L E R G HE LAY

Bl 4-22 5 303 4Rt ] B v RIGLAT N RIBASR] (R 45 w7 2
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AR AR SRR aGpM s o TS bgléfﬁlf'ﬁ LA TS =S I
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C25454 27820 1 g ek
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T: is the steel temperature (°C)
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