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Excel Fire Modeling (Why?)

Why do | want to use Excel?

o Fast
NUREG 1805: Quantitative Fire Hazard Analysis Methods for the U.S.
)

216} Nuclear Regulatory Commission Fire Protection Inspection
zz8 Program

(¢]

Simple (equations/correlations)
Reliable
Easy to use

(¢]

(¢]

22 separate tools (Fire Dynamics Tools)

(¢]

Easy to explain
* Predicting HGL, Flame Height, Burning Duration, etc.

(¢]

Easy to distribute

Ways to Model Fire

Hand Calculations
Zone Models

Field Models
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Excel Fire Modeling (The Model

H A5 [FRrn changesfHr] Diztance to Sprinkler Head [m)] 500
Wwind Speed Sprinkler Head RTI (S Units) Room Number
Tirne Doar Open [ =) Sprinkler Activation Ternp [C) Room Temp [FC]
CFAST Instalaltion Location. Sorinkler Activation Ti 150 ) 1500 o~
Defaultis "CANISTicFast5 1T prinkler Activation Time [s] = / \ Room Dimensions
=
T 1000 o~ Length [m]
—~—
Credible Adjustment /-/
Ohject Sources Factor 00 Vo - width [rn)
Desk Reload Database / Height [m]
Cormputer 0 Area [ma) a0
Lhair ] 100 200 300 400 500 GO0 700 800 SO0 1000 . :
Trashbag Time {s) Doorway Dimensions
Wwidth [m)
) P Height [rn]
—Rabrausk Method e IR CC A e & Harkerload
cOm pute rauskas's Metho 3 y, Quintiere, oa sres () 91
=——Thomas' Method e P a1 K :
m HR R Curve for Room 1025 e 1 50% HRR Curve
] ———Sprinkler Activation Time | |
Time (=] I 25 1] K] 00 125 180 75 200 225
Total HRR (kW] 0.0 154.4 308.9 4453 564.0 614.3 608.8 603.3 5719 624.8
D=k 1 [R1] E.3 125 1a.8 2.0 313 Crii] 438 B0.0 1375
Computer 1 (N1 4.4 849 13.3 17.8 22.2 266 1 _/5 431
Chair 1 (IR BE.3 125 BB 2250 2128 2007 1885 1763 1E4.2
Trazhbag 1 (N1 ar5 wa.0 2445 296.3 348.0 344.0 3400 0.0 280.0
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Excel Fire Modeling (Composition)

Modular Construction
* HRR Database

Cumulative HRR Development

Flashover Correlations

Sprinkler/Heat Detector Activation Time

Simulation History

Development of CFAST Input File
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Excel Fire Modeling (Capabilities

HRR Database ** Times MUST be input evenly divisible by 25 and hrr should either terminate or have a 1000s timestep
Name L} HRR1 T2 HRR2 T3 HRR3 T4 HRR4 T5 HRR5
Desk 200 50 300 400 400 650 600 150 1000 300
Computer 200 35.53333 300 65.8 450 225.7, 500/ 195.6667 600 131
Chair 100 225 250 152 500 100 1000 80
Trashbag 50 175 75 2445 125 348 175 340 225 280
1000

= Single chair

——== 4 chairs in 1 stack

—-— B chairs in 1 stack

—&— 8 chairs in 1 stack
in comner

800

600

400

Heat release rate (kW)

200

1500

Time (s)

Figure 3-1.16. Metal-frame, upholstered stacking chairs.
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Excel Fire Modeling (Capabilities

1200.0
Cumulative HRR Development
. . 1000.0 &
Credible Adjustment / \
Object Sources Factor 800.0
Desk _ / \
5
= F .
Computer = 600.0 ~/
Chair £ / \
Trashbag 400.0 /
200.0
Compute
0.0 T T T T T T T T T :
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Tirne =] 0 25 50 75 100
Total HEF [kiw] 0.0 154_4 308.9 445.3 564.0 = HRR Curve for Room 1025
Diesk 1 0.0 5.3 125 8.8 250
Cornputer 1 0.0 4.4 2.9 133 7.8
Chair 1 0.0 5.3 125 158.8 2250
Trashbag 1 0.0 875 175.0 2445 296.3
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Excel Fire Modeling (Capabilities)

Flashover Correlations

Min HRR for Flashover 3500
MacCaffrey, 3000
Babrauskas's Method Quintiere, & Thomas' Method 2500
Harkerload S 2000
% 1500 —
2122 kW 2740 kW 2864 kW oo _,/L\
500 _’g/\;‘_
0 T T T T T T T T T ]
0 100 200 300 400 500 600 700 800 200 1000
Time (s)

== Ba brauskas's Method

Thomas' Method

== HRR Curve for Room MyRoom
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Excel Fire Modeling (Capabilities)

Sprinkler/Heat Detector Activation Time

Distance to Sprinkler Head (m)
- - 3500
Sprinkler Head RTI (SI Units)
3000
Sprinkler Activation Temp (*C) 2500
S 2000
=
Sprinkler Activation Time (s) 230 E 1500 o~
1000 é_\
0 T T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900 1000

Time (s)

== Sprinkler Activation Time
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E G S INC,

Excel Fire Modeling (Capabilities

Simulation History

Trash Babra MacCaffrey, Total Fire
Desk Computer Chair bag NEWITEM uskas et al. Thomas Plonski Energy
11 1,1 1,1 1,1 0,1 2122 kW 2740 kW 2864 kW 621 kW 565 MJ
3,1 1,1 3,1 1,1 0,1 2122 kW 2740 kW 2864 kW 621 kW 1269 MJ
3500 4000
3000 3500 Pt \
2500 3000 I/ \\
s 2500 7 AN
z 200 3 [ N\
E 1500 _— ‘;’ 2000 v 4 4 b % Ly
: / \ % 1500 "\/ / \ \--.....--——
1000 - / A/ \
e ,/,— — /\\-\\ 1000 77
- 500 — A7
0 ' ' ' ! ' ! ! ! ! ! 0 T T T T T T T T T ]
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 200 300 1000
Time (s) Time (s)

= Babrauskas's Method = Ma cCaffrey, Quintiere, & Harkerload

Thomas' Method Plonski

Thomas' Method

=== HRR Curve for Room MyRoom = 150% HRR Curve
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Excel Fire Modeling (Applications

Development of CFAST Input File

VERSN 5 ROOM MyRoom 100% HRR - HVAC Off

TIMES 1000 30 30 30 30 | -l

ADUMPF C:\Test\100RmMyRoom.csv WINFS

DUMPR C:\Test\100RmMyRoom.hi

TAMB 293.150 101300 O

EAMB 293.150 101300 0

#No Wind

HI/F 0.00000

bl G te 100%HRR CFAST Input fil
DEPTH 12.38 enerate (o} nputrie
HEIGH 4

CXABS 0.00

CYABS 0.00

CEILI GYP3/4

WALLS GYP3/4

FLOOR CONCRETE

HVENT 1 2 1091 2130020

CVENT 1 2 11.01.01.01.01.01.01.01.01.01.01.01.0 0.02 <-- 1st room #, 2nd room#, vent#, open fraction
#NO HVAC <-- Prescribing duct inside of room
#NO HVAC <-- Prescribing duct outside of room
#NO HVAC <-- Setting HVAC Flow from inside to outside
CHEMI 100.0000 10.0000 10.0000 2.700E+007 393.150 665.150 0.30000( <-- Plastic is the assumed fuel
LFBO 1 <-- Fire object in room one
LFBT 2
TARG 1 FRONT 0.84 0.84 IMPLICIT PDE
DETECT 2134722048010 <--Heat detector/Sprinkler
CJET ALL
CFCON 1 2
HHEAT

FTIME 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
FQDOT 0 308883.33325 564016.6665 608816.666416667 571866.666333333 627666.6665 732400 873633.333333333 1024800 935900 763666.7 597533.35 431400 .
THRMF CA\NIST\cfast511\thermal.df
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Excel Fire Modeling (How it works

Tirne (5] o 25 50 75 00 125 150 175 200 225 250 275 300
Total HER [k 0.0 154.4 3089 4453 564.0 614.3 6088 6033 5719 6248 6277 6300 7324

Cumulative HRR Development

81 100
= Model identified in Enclosure Fire Desk 1 00 B3 25 B8 250 313 375 438 500 15 2260 315 40003, 58 55
) | : Computer 1 00 44 89 133 TE 22 286 4 355 431 507 582 G5
Dynamics by Karlsson & Quintere Chair 1 00 563 125  BRS 2250 2128 2007 18RS B3 1642 B0 MER  Mlg 2 325
Trashbag 1 00 875 1750 2445 2963 ME0 3440 400 I00 2800 2000 K25 1250
- O(kW) 1200.0
A
,’ 1000.0 /\
800.0
Er\/c LOé )
FIRE DYN |CS 2
[+
E / \
/ 400.0 /
200.0
BJORN KARLSSON z S
IAMES G. QU I/NTIERE —] ——
g ofb—n— -t Tmel(s)
0 100 200 300 400 500 600 700 800 a00 1000
Time (s)
FIGURE 3

== HRR Curve for Room 1025
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Excel Fire Modeling (How it works)
Flashover Corelations Iu Assumptios

0= 750/10\/?0 Q =7.8A; + 378A,/H,

Q = 610( ArAg/Hy)'/2

where

h, = effective heat transfer coefficient [(kW/m)/K]
Ay = total area of the compartment surfaces (m?)
A, = area of opening (m?)

H, = height of opening (m)

A |_ E G S 2015 DOE NUCLEAR AND FACILITY SAFETY WORKSHOP

FIRE SAFETY TRACK
EXCEL FIRE MODELING AND CFAST INTEGRATION

~ " Empowered Global Solutions



Excel Fire Modeling (How it works)

Sprinkler/Heat Detector Activation Time

_ [538(Q/r)2R] (0.2001/3H172)
T,— T, = 225 lec u=02ED) s
where r/H > 0.18, and where r/H > 0.15, and
(16.90273) 9
I L i 0.95(%—) m/s
where r/H = 018, and where T/HS 0.15.

—tul/2\ |,
ATy =T, — 1, = (I, — 1) 1_EXP( RTI ) C
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Excel Fire Modeling (How it works)

Sprinkler/Heat Detector Activation Time

Temperature of Det & HGL
140
120
100

80

60
40

20

0 200 400 600 800 1000 1200

Tg Td
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xcel Fire Modeling (How it works

VERSN 5 ROOM 1025 100% HRR - HVAC Off

TIMES 1000 30 30 30 30

ADUMPF C:\Users\calib_000\Google Drive\YourFPE.com\Products\100RmMyRoom.csv WINFS
DUMPR C:\Users\calib_000\Google Drive\YourFPE.com\Products\100RmMyRoom.hi

TAMEB 293.150 101300 0

EAMB 293.150 101300 0

Development of CFAST Input File

R e S I e

Generate 100%HRR CFAST Input file

Walues from sheet "100% HER" were created. Do you want me to run
CFAST?

1.01.01.01.01.01.00.02 <-- 1st room #, 2nd room#, vent#, open fraction
<-- Prescribing duct inside of room
<— Prescribing duct outside of room
<-- Setting HVAC Flow from inside to outside

2, 700E+007 393.150 665.130 0.30000( <-- Plastic is the assumed fuel

<- Fire object in room one

25 |LFBT 2

26 |'TARG 1 FRONT 0.24 0.84 IMPLICIT PDE
27 DETECT 2134725038010 <—-Heat detector/Sprinkler

28 |CIET ALL

29 (CFCOM 1 2

30 |HHEAT

3 |FTIME 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

32 FQDOT O 308883.33325 5640106.0000 00B816.60041060067 571800.600333333 0627006.0065 732400 B73633.333333333 1024800 933500 763
33 THRMF CANIST\cfast511\thermal.df
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Excel Fire Modeling (Limitations)

HRR Database

= 25-Second intervals

= Maximum of 1000 seconds
= Linear interpolation in-between points
Cumulative HRR Development

= 25-Second intervals

= Maximum of 1000 seconds

= Linear interpolation in-between points

= Each combustible-type ignites at time=0

= Next combustible of same type ignites at next time interval (25s, 50s, 75s, etc.)
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Excel Fire Modeling (Limitations)

1. The correlation holds for compartment upper layer gas

Flashover Correlations temperatures up to approximately 600°C.
= Babrauskas (AT=600°C 2. It applies to steady-state as well as time-dependent
fires, provided the primary transient response is the
= Based on energy balance of McCaffrey, Quintiere, & Harckleroad wall conduction phenomenon.

3. Itis not applicable to rapidly developing fires in large

= Mass outflow proportional to the size of the doorway opening : ; = S :
enclosures in which significant fire growth has oc-

= Based on a limited number of experimental test data curred before the combustion products have exited the
= Assumed primary energy loss to be radiative to 40% wall area at ambient temperature , compartment. : : ;

P Y gy ° P 4. The energy release rate of the fire must be determined
= Based on a best fit of a stoichiometric heat release rate for doorway opening from data or other correlations.

5. The characteristic fire growth time and thermal pene-

" McCaffrey, Quintiere, & Harckleroad (AT=500"C ) tration time of the room-lining materials must be de-

= Thomas (AT=600°C) termined in order to evaluate the effective heat transfer
= Cubic-shaped rooms coefficient,
6. The correlation is based on data from a limited number

of experiments and does not contain extensive data on
ventilation-controlled fires nor data on combustible
walls or ceilings. Most of the fuel in the test fires was
near the center of the room.
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Excel Fire Modeling (Limitations)

Sprinkler/Heat Detector Activation Time
= Quasi-Steady-State

= Falls apart when HRR declines
= Can produce an unrealistic reduction in temperature

Simulation History

= Maximum of 1000 seconds

= Difficulty in accounting for changes in HRR database
Development of CFAST Input File

= One doorway

= No corridor

= 21 datapoints (HRR timesteps)

= Predefined construction types
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Excel/CFAST Integration (Capabilities)

Cumulative HRR Model
= Rapid development of varying HRR models

Rapid comparison of varied scenarios (total energy released)

Rapid development of a HRR profile and verification of correct input

Rapid screening of potential flashover rooms

= Rapid comparison of different flashover correlations

Easy identification of separation distance required to preclude radiative ignition

Simple identification of anticipated heat detector of sprinkler activation time
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Excel/CFAST Integration (Capabilities)

Excel/CFAST Integration
= Rapid CFAST input file development

= Adds a user interface to CFAST V3/5
= Allows for rapid changes to CFAST input parameters

= Simple comparison to hand calculations
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Excel/CFAST Integration (Looking Forward)

How can this be improved?
= Get it out for feedback!
= HRR database with timesteps < 25-Seconds
= Simulation runtime greater than 1000-Seconds
= |Integration with CFAST V6
= Application of a Monte Carlo Simulation

= Determine other Flashover correlations

= Analyze model sensitivities

= Post-processing of CFAST output files
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Excel/CFAST Integration (Recap)

=\Why Excel?

=Capabilities
=How It Works
=Limitations

"Looking Forward
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Questions?

FEGSn

Empawered Global Solutions

Topic: Excel Fire Modeling and CFAST Integration
Presenter: Rob Plonski

Contact: RobPlonski@YourFPE.com
Q%EGSWC
Empowered Global Solutions

Salving Our Pareners Staffing Challenges ﬁ

www. YourFPE.com
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Excel/CFAST Integration (Link)

Model Here
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