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Why automate the verification process?
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FDS Verification Cases

9.3 HVAC Mass Conservation (HVAC_mass_conservation)

A 1 m by 1 m by 1 m compartment is initialized with the lower half of the compartment being filled with a
species called SPEC1 having the same molecular weight as air, see Fig. 9.3. An HVAC system of two ducts
is created with one duct taking suction from the lower half (red vent) and discharging into the upper half
(blue vent), and the second duct taking suction from the upper half (green vent) and discharging into the
lower half (yellow vent). The two ducts are assigned the same volume flow rate. It is expected that the total
mass in the compartment will be conserved, that the mass of the second species will be conserved (at 50 %
of the total mass), and that at the start of the computation a slice file of species will show pure ambient being
discharged in the lower half and pure SPEC1 being discharged in the upper half.

0 2 4 6 8 10
0

0.5

1

1.5

Time (s)

M
as

s (
kg

)

Total Mass (HVAC_mass_conservation)

 

 
SVN 20362

Ideal Species 1
Ideal Total
Species 1
Total

Figure 9.3: SPEC1 mass fraction at 1 s (left) and SPEC1 and total mass (right).
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6.4 Simple Thermocouple Model (thermocouples)

This example tests the simple thermocouple model in FDS. It consists of a box whose walls and gas temper-
atures are fixed at 500 °C. Inside the box are three thermocouples with bead diameters of 1 mm, 2 mm, and
3 mm. Also included in the box are three “targets” – small solid objects whose surfaces are assumed to be
composed of small spheres of the same diameter as the thermocouples. Figure 6.5 compares the temperature
rise of the objects. The thermocouple model is not compared with an analytical solutions. This is simply
a comparison of the thermally thin thermocouple calculation with the thermally thick “target” calculation.
Small differences in temperature are due to slightly different flow conditions in different regions of the box
and numerical error due to node spacing and time step size.
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Figure 6.5: Comparison of thermally thin and thick heat conduction into a small sphere.
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Heat Transfer Figure 3.8: Initial and final states of velocity magnitude for the isotropic turbulence field.

dissipative in the 643 case (bottom-left). This is due to a well-known limitation of the constant coefficient
Smagorinsky model: namely, that the eddy viscosity does not converge to zero at the appropriate rate as the
filter width (here equivalent to the grid spacing) is decreased.

To the right of each decay curve plotted in Fig. 3.9 is the corresponding spectral data comparison. The
three black solid lines are the CBC spectral data for the points in time corresponding to dimensional times
of t = 0.00 s, 0.28 s, and 0.66 s in our simulations. As described above, the initial FDS velocity field
(represented by the black dots) is specified to match the CBC data up to the grid Nyquist limit. From there
the spectral energy decays rapidly as discussed in [43]. For each of the spectral plots on the right, the results
of interest are the values of the red and blue dots and how well these match up with the corresponding
CBC data. For the 323 case (top-right) the results are remarkably good. Interestingly, the results for the
more highly resolved 643 case are not as good. This is because the viscous scales are rather well-resolved
at the later times in the experiment and, as mentioned, the constant coefficient Smagorinsky model is too
dissipative under such conditions. (The choice of the model constant also affects these results—better
agreement with the 643 case could be achieved with a lower value of Cs, but the agreement in the 323 case
would then be worse.)

Overall, the agreement between the FDS simulations and the CBC data is satisfactory and any discrep-
ancies can be explained by limitations of the model. Therefore, as a verification the results here are positive
in that nothing points to coding errors.
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Figure 4.2: Radiation in a box geometry.

4.2 Radiation inside a box (radiation_in_a_box)

This verification case tests the computation of three-dimensional configuration factor F inside a cube box
with one hot wall and five cold (0 K) walls. An overview of the test geometry is shown in Fig. 4.2. The
configuration factors are calculated at the diagonal of the cold wall opposite to the hot wall. The exact values
of the configuration factor from plane element dA to parallel rectangle H are calculated using the analytical
solution [78]

(y,z) FH dA (y,z) FH dA

0.025 0.1457 0.275 0.2135
0.075 0.1603 0.325 0.2233
0.125 0.1748 0.375 0.2311
0.175 0.1888 0.425 0.2364
0.225 0.2018 0.475 0.2391

Different variations of the case include the mesh resolution (203 and 1003 cells) and the number of radiation
angles (50, 100, 300, 1000, 2000). The exact and FDS results are shown in Fig. 4.3.
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Radiation

5.4 Extinction Model (extinction)

The current extinction model used in FDS is based on the critical flame temperature concept [84]. Within
any computational cell, complete consumption of the limiting reactant must produce enough energy to
raise the temperature of the cell above the critical flame temperature. In this approach the critical flame
temperature is the adiabatic flame temperature at that particular fuel’s lower flammability limit. If a critical
flame temperature is not specified, the default value is 1600 K.

Here, we examine a 10 ⇥ 10 array of cases: varying initial temperature from 300 K to 1875 K and initial
fuel (methane) mass fraction from 0.05 to 0.95. The oxidizer is air which is assumed to be 23 % oxygen and
77 % nitrogen by mass. A simple one-step methane reaction is used to govern combustion:

CH4 +2O2 ! CO2 +2H2O (5.19)

Based on the combination of oxygen concentration, methane concentration, and temperature each case can
either sustain burning for a finite period of time or not (Fig. 5.18). For the same initial conditions, FDS
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Figure 5.18: Array of initial temperatures and oxygen concentrations that can can sustain burning.

predictions for burning or extinction (closed symbols) fall identically on the expected results (open symbols).
This example also illustrates that for these initial conditions, the delineation between burning and extinction
is not linear as the simple model suggests. More detailed information on the extinction model, which uses
the critical flame temperature and local enthalpy change, can be found in the Technical Reference Guide [1].
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Combustion

&PROP ID='Acme Sprinkler Link', QUANTITY='LINK TEMPERATURE',
ACTIVATION_TEMPERATURE=74., RTI=30./

&DEVC XYZ=2,2,3, PROP_ID='Acme Nozzle', QUANTITY='CONTROL',
ID='NOZZLE 1', CTRL_ID='nozzle 1 trigger' /

&DEVC XYZ=2,3,3, PROP_ID='Acme Nozzle', QUANTITY='CONTROL',
ID='NOZZLE 2', CTRL_ID='nozzle 2 trigger' /

&CTRL ID='check links', FUNCTION_TYPE='ANY', INPUT_ID='LINK 1','LINK 2'/
&CTRL ID='delay', FUNCTION_TYPE='TIME_DELAY', INPUT_ID='check links', DELAY=30. /
&CTRL ID='nozzle 1 trigger', FUNCTION_TYPE='ALL', INPUT_ID='delay','LINK 1'/
&CTRL ID='nozzle 2 trigger', FUNCTION_TYPE='ALL', INPUT_ID='delay','LINK 2'/

15.5.10 Example Case: activate_vents

The simple test case called activate_vents demonstrates the several of the control functions. Figure 15.6
shows seven multiply-colored vents that activate at different times, depending on the particular timing or
control function.

Figure 15.6: Output of the activate_vents test case at 5, 10, and 15 s.

15.6 Controlling a RAMP

15.6.1 Changing the Independent variable

For any user-defined RAMP, the normal independent variable, for example time for RAMP_V, can be replaced
by the output of a DEVC. This is done by specifying the input DEVC_ID on one of the RAMP input lines. When
this is done, the current output of the DEVC is used as the independent variable for the RAMP. A CTRL_ID can
also be specified as long as the control function outputs a numerical value (i.e., is a mathematical function
(Section 15.5.6) or a PID function (Section 15.5.7). In the following example a blower is ramped from 0 %
flow at 20 �C, to 50 % flow when the temperature exceeds 100 �C, and to 100 % flow when the temperature
exceeds 200 �C. This is similar functionality to the CUSTOM control function, but it allows for variable
response rather than just on or off.

&SURF ID='BLOWER', VEL=-2, RAMP_V='BLOWER RAMP' /
&DEVC XYZ=2,3,3, QUANTITY='TEMPERATURE', ID='TEMP DEVC' /
&RAMP ID='BLOWER RAMP', T= 20,F=0.0, DEVC_ID='TEMP DEVC' /
&RAMP ID='BLOWER RAMP', T=100,F=0.5 /
&RAMP ID='BLOWER RAMP', T=200,F=1.0 /
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Controls
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Working in the FDS-SMV repository
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FDS Verification Cases



Compile FDS

Generate plots

Build manuals

7

A typical (ideal) workflow



Compile FDS Generate plots Build manuals
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A typical (real-world) workflow

Dial back repository 
200 revisions

Compile debug 
version of FDS Discover a new bug

Forgot to run a new 
verification case

!

Open a new issueForgot what I was 
originally doing



Firebot Macbot

Smokebot

Validationbot

CFASTbot

Correlationbot

~r11000 
(mid-2012)
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The Firebot Family Tree



1. Maintain a code repository


2. Automate the build


3. Make the build self-testing


4. Everyone commits to the baseline every day


5. Keep the build fast


6. Test in a clone of the production environment


7. Make it easy to get the latest deliverables


8. Everyone can see the results of the latest build

Principles of continuous integration
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Firebot Stages

Build Stage Description

Stage 1 Obtain latest source code

Stages 2a-2b Compile FDS (debug)

Stage 3 Run verification cases (debug)

Stages 4a-4b Compile FDS (release)

Stage 5 Run verification cases (release)

Stages 6a-6e Smokeview operations

Stages 7a-7c Generate plots and statistics

Stage 8 Build manuals
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FDS Performance Statistics
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Why automate the validation process?



In 2007, the U.S. Nuclear Regulatory Commission (NRC), together 
with the Electric Power Research Institute (EPRI) and the National 
Institute of Standards and Technology (NIST), conducted a 
research project to verify and validate five fire models used for 
nuclear power plant (NPP) applications.
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The results of this effort were documented in a seven-volume 
report, NRC NUREG-1824, Verification and Validation of 
Selected Fire Models for Nuclear Power Plant Applications.


Includes experimental data from 26 individual tests.
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In 2014, the verification and validation study was expanded, and 
the full details of the revised V&V study are summarized in 
NUREG-1824 Supplement 1 (one volume).

 

Verification and Validation 
of Selected Fire Models for 
Nuclear Power Plant 
Applications 
 
Supplement 1 
 
Draft Report for Comment 
 
 
 
 
 
 
U.S. Nuclear Regulatory Commission   Electric Power Research Institute 
Office of Nuclear Regulatory Research  3420 Hillview Avenue 
Washington, DC 20555-0001    Palo Alto, CA 94303 
 
  

NUREG-1824     EPRI 3002002182 
Supplement 1 
 
      • 860 individual 

experiments


• 44 experimental data sets


• 5000+ point-to-point 
comparisons


• Uses the latest versions 
of the models 
(FDS 6, CFAST 6)
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A Correlation Guide (NIST SP 1169) was created to serve as a 
verification and validation guide for the empirical correlations to 
be consistent with the CFAST and FDS V&V guides.

NIST Special Publication 1169

Verification and Validation
of Commonly Used

Empirical Correlations
for Fire Scenarios

Kristopher J. Overholt

Can maintain empirical correlations in the long term in a 
centralized location. New empirical correlations and 
experimental data can be added, and the document can be 
regenerated in ~15 minutes from the FDS repository.
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NUREG-1824 Supplement 1 includes the validation results of 
empirical correlations, zone models, and a CFD model.


14 output quantities were considered, including:


• Hot Gas Layer Temperature


• Ceiling Jet Temperature


• Target Heat Flux


• Target Temperature


• Sprinkler Activation Time


• Smoke Detector Activation Time


• […]
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Measured and predicted results are compared via scatter plots 
and summarized via two metrics: model bias and uncertainty.
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VALIDATION RESULTS 
 

5-7 

 
Figure 5-4. HGL Temperature, Natural Ventilation (MQH). 

Zone Models: The results for CFAST and MAGIC are shown in Figure 5-5 and Figure 5-6, 
respectively. Typically, the models slightly over-predict the HGL temperature, particularly for 
tests with a relatively large fire. This is likely due to simplifying assumptions for zone models in 
calculating radiation to layers, compartment surfaces, and through vents to the outside or other 
compartments. The UL/NIST Vents experiments are noticeably over-predicted. These tests 
include large vents in the ceiling of the compartment that may extend beyond the original vent 
sizes of the empirical correlation used to determine flow through ceiling vents. In addition, the 
combination of larger HGL temperature and smaller HGL depth compared to the experimental 
data suggest that part of the difference may be attributed to the reduction method used to 
estimate layer temperature and position from the individual temperature measurements in the 
experiments. 
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Table 5-1. Summary of model uncertainty metrics. 

Output Quantity 

Empirical 
Correlations CFAST MAGIC FDS Exp 

Corr. ! !! ! !! ! !! ! !! !! 

HGL Temp. Rise, Natural MQH 1.17 0.15 1.20 0.34 1.13 0.30 1.00 0.12 0.07 

HGL Temp. Rise, Forced 
FPA 1.29 0.32 

1.15 0.20 1.08 0.17 1.21 0.22 0.07 
DB 1.18 0.25 

HGL Temp. Rise, Closed Beyler 1.04 0.37 0.99 0.08 1.07 0.16 1.20 0.12 0.07 

HGL Depth ASET/YT - - 1.12 0.36 1.17 0.31 1.03 0.06 0.05 

Ceiling Jet Temp. Rise 

Alpert 
Unconfined 0.86 0.11 

1.18 0.33 1.04 0.45 0.98 0.14 0.07 
Alpert 

Compartment 0.31 0.49 

Plume Temp. Rise 
Heskestad 0.84 0.33 

1.08 0.20 1.04 0.20 1.20 0.21 0.07 
McCaffrey 0.90 0.31 

Oxygen Concentration N/A 1.00 0.15 0.93 0.22 1.01 0.11 0.08 

Smoke Concentration N/A 3.16 0.68 3.71 0.66 2.63 0.59 0.19 

Pressure Rise N/A 1.36 0.66 1.32 0.42 0.96 0.27 0.21 

Target Temp. Rise Steel 1.29 0.45 1.58 0.64 1.08 0.38 0.98 0.18 0.07 

Target Heat Flux 
Point Source 1.44 0.47 

0.93 1.16 0.85 0.66 0.98 0.25 0.11 
Solid Flame 1.17 0.44 

Surface Temp. Rise N/A 1.05 0.28 0.95 0.29 0.99 0.12 0.07 

Surface Heat Flux N/A 0.98 0.34 0.78 0.35 0.92 0.15 0.11 

Cable Failure Time THIEF 0.90 0.11 - - - - 1.10 0.16 0.12 

Sprinkler Activation Time Sprinkler 1.11 0.41 0.80 0.21 0.91 0.20 0.93 0.15 0.06 

Smoke Detector Activation 
Time 

Temp. Rise 0.66 0.57 

1.12 0.46 1.54 0.36 0.85 0.29 0.34 Milke 0.65 0.60 

Mowrer 0.11 0.50 

Models of Interest

Quantities 
of Interest

Summary of NRC 
NUREG-1824 
Supplement 1
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Validationbot (FDS) 
!
	 Runs at least 1 FDS validation set

	 nightly

!
CFASTbot 
!
	 Runs all CFAST verification and	 	
	 validation cases on each commit

!
Correlationbot 
!
	 Runs correlation cases on demand 	
	 and generates Correlation Guide 	 	
	 (NIST SP 1169)

23

Table 3.10: Summary of important experimental parameters.

Q̇ D HTest Series
(kW) (m) (m)

Q̇⇤ Lf/H f W/H L/H rcj/H rrad/D

Arup Tunnel 5344 1.6 7 1.5 0.8 0.0 1.1 43 0.0 – 1.1 N/A
ATF Corridors 50 – 500 0.5 2.4 0.3 – 3.3 0.3 – 0.9 0.0 – 0.1 0.8 7.1 0.8 – 6.0 N/A
Beyler Hood 8 – 30 0.2 0.5 0.5 – 1.1 0.7 – 1.3 0.2 – 1.7 2.0 2.0 N/A N/A
Bryant Doorway 34 – 511 0.3 2.4 0.5 – 6.9 0.2 – 1.0 0.0 – 0.2 1.0 2.1 0.6 – 0.8 N/A
Cup Burner 0.3 0.028 Open 2.1 Open Varying Open Open Open N/A
FAA Cargo 5 0.1 1.4 1.4 0.2 0.2 2.3 4.8 0.1 – 4.8 N/A
Fleury Heat Flux 100 – 300 0.3 – 0.6 Open 0.3 – 5.5 Open Open Open Open Open 1.7 – 3.3
FM Panels 30 – 100 0.5 Open 0.2 – 0.5 Open Open Open Open Open 0
FM/SNL 470 – 516 0.9 6.1 0.6 – 2.4 0.3 – 0.6 0.0 – 0.2 2.0 3.0 0.2 – 0.3 N/A
Hamins CH4 0.4 – 162 0.1 – 1.0 Open 0.1 Open Open Open Open N/A 0.1 – 12
Harrison Plumes 5 – 15 0.16 0.5 0.5 – 1.4 0.5 – 1.0 Open Open Open N/A N/A
Heskestad 102 �107 1.1 Open 10�1 �104 Open Open Open Open N/A N/A
LLNL Enclosure 50 – 400 0.6 4.5 0.2 – 1.5 0.1 – 0.4 0.1 – 0.4 0.9 1.3 0.3 – 1.0 N/A
McCaffrey Plume 14 – 57 0.3 Open 0.2 – 0.8 Open Open Open Open N/A N/A
NBS Multi-Room 110 0.3 2.4 1.5 0.5 0.0 1.0 5.1 N/A N/A
NIST FSE 100 – 2500 0.6 – 1.1 2.4 0.5 – 1.8 0.4 – 1.7 0.2 – 5.9 1.0 1.5 0.4 – 0.8 N/A
NIST/NRC 350 – 2200 1.0 3.8 0.3 – 2.0 0.3 – 1.0 0.0 – 0.3 1.9 5.7 0.3 – 2.1 2.0 – 4.0
NIST RSE 50 – 600 0.15 1.0 5.2 – 63 0.9 – 2.8 0.1 – 1.1 1.0 1.5 N/A N/A
NIST Smoke Alarms 100 – 350 1.0 2.4 0.2 – 0.3 0.2 – 0.5 N/A 1.7 8.3 1.3 – 8.3 N/A
NRCC Facade 5000 – 10300 4.3 2.8 0.1 – 0.2 0.9 – 1.7 0.6 – 1.2 1.6 2.2 N/A 0
NRL/HAI 50 – 520 0.3 – 0.7 Open 1.1 – 1.2 Open Open Open Open N/A 0
Sandia Plume 2025 – 5450 1.0 Open 1.8 – 5.0 Open Open Open Open N/A N/A
SP AST 450 0.3 2.4 6.1 1.1 0.1 1.0 1.5 N/A N/A
Steckler 31.6 – 158 0.3 2.1 0.8 – 3.8 0.3 – 0.7 0.0 – 0.6 1.3 1.3 N/A N/A
UL/NFPRF 4400 – 10000 1.0 7.6 4.0 – 9.1 0.7 – 1.0 Open 4.9 4.9 0.6 – 3.9 N/A
UL/NIST Vents 500 – 2000 0.9 2.4 0.7 – 2.6 0.8 – 1.6 0.2 – 0.6 1.8 2.5 1.0 – 2.3 N/A
Ulster SBI 30 – 60 0.2 Open 1.5 – 3.0 Open Open Open Open N/A 0
USCG/HAI 250 – 1000 0.3 3.0 6.0 – 24 0.6 – 1.1 0.3 – 1.0 1.7 2.3 N/A N/A
USN Hawaii 100 – 7700 0.3 – 2.5 15 0.7 – 1.3 0.1 – 0.4 Open 4.9 6.5 0 – 1.2 N/A
USN Iceland 100 – 15700 0.3 – 3.4 22 0.7 – 1.3 0.0 – 0.3 Open 2.1 3.4 0 – 1.0 N/A
Vettori Flat 1055 0.7 2.6 2.5 1.1 0.3 2.1 3.5 0.8 – 2.9 N/A
Vettori Sloped 1055 0.7 2.5 2.5 1.2 0.3 2.2 2.9 N/A N/A
VTT Large Hall 1860 – 3640 1.4 – 1.8 19 0.7 0.2 0 1.0 1.4 0 – 0.6 N/A
WTC 1970 – 3240 1.6 3.8 0.6 – 0.9 0.8 – 1.1 0.3 – 0.5 0.9 1.8 0.0 – 0.8 0.3 – 1.3
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FDS Validation Accuracy
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What resources are available for users?



• FDS User’s Guide

• FDS Technical Reference Guide

• FDS Verification Guide

• FDS Validation Guide

• FDS Configuration Management Plan

!

• Smokeview User’s Guide

• Smokeview Technical Reference Guide

• Smokeview Verification Guide
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FDS-SMV Documentation
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FDS Verification Guide

Appendix A

Summary of Verification Results

This appendix summarizes the accuracy of results from cases in the FDS verification suite. These metrics
are an integral part of a process known as regression testing, which aims to evaluate the accuracy of output
predicted by a numerical software package. The results from this appendix can be compared to another
version of FDS as a way of measuring the quality of results between revisions. These statistical metrics also
help determine the impact of code additions on the overall accuracy of FDS and can help identify errors in
the FDS source code.

Case Name Expected Predicted Type of Error Error Error Within
Metric Metric Tolerance Tolerance

activate_vents 1.00e+00 1.00e+00 Relative 0.00e+00 0.00e+00 Yes
activate_vents 1.00e+00 1.00e+00 Relative 0.00e+00 0.00e+00 Yes
activate_vents 1.00e+00 1.00e+00 Relative 0.00e+00 0.00e+00 Yes
aspiration_detector 4.57e+01 4.62e+01 Relative 1.03e-02 2.00e-02 Yes
box_burn_away1 1.28e+00 1.27e+00 Relative 8.85e-03 2.00e-02 Yes
box_burn_away2 1.28e+00 1.26e+00 Relative 1.40e-02 2.00e-02 Yes
box_burn_away3 1.28e+00 1.27e+00 Relative 5.26e-03 2.00e-02 Yes
box_burn_away4 9.60e-01 9.56e-01 Relative 4.27e-03 2.00e-02 Yes
box_burn_away_2D 1.28e+00 1.27e+00 Relative 6.11e-03 2.00e-02 Yes
box_burn_away_2D 1.00e-12 1.00e-12 Relative 0.00e+00 2.00e-02 Yes
box_burn_away_2D_residue 6.40e-01 6.40e-01 Relative 7.22e-04 2.00e-02 Yes
box_burn_away_2D_residue 1.00e-12 1.00e-12 Relative 0.00e+00 2.00e-02 Yes
bucket_test 9.00e+01 8.87e+01 Relative 1.46e-02 2.00e-02 Yes
bucket_test_2 5.00e+00 4.95e+00 Relative 9.19e-03 2.00e-02 Yes
bucket_test_3 8.00e-03 7.98e-03 Relative 2.77e-03 2.00e-02 Yes
cable_11_insulation 2.44e+04 2.51e+04 Relative 2.90e-02 3.00e-02 Yes
cable_23_insulation 2.34e+04 2.35e+04 Relative 4.75e-03 1.00e-02 Yes
cable_701_insulation 1.27e+04 1.26e+04 Relative 5.60e-03 1.00e-02 Yes
cable_11_jacket 8.10e+03 7.89e+03 Relative 2.55e-02 5.00e-02 Yes
cable_23_jacket 7.34e+03 7.14e+03 Relative 2.76e-02 5.00e-02 Yes
cable_701_jacket 1.41e+04 1.41e+04 Relative 4.46e-03 1.00e-02 Yes
cell_burn_away 3.25e-03 3.19e-03 Relative 2.01e-02 4.00e-02 Yes
control_test_2 3.00e+01 3.00e+01 Relative 1.68e-05 1.00e-02 Yes
control_test_2 1.00e+01 1.00e+01 Relative 1.37e-05 1.00e-02 Yes
control_test_2 -1.00e+01 -1.00e+01 Relative 4.60e-06 1.00e-02 Yes
control_test_2 2.00e+00 2.00e+00 Relative 9.20e-06 1.00e-02 Yes
control_test_2 3.16e+00 3.16e+00 Relative 7.32e-04 1.00e-02 Yes
control_test_2 -1.50e+00 -1.50e+00 Relative 0.00e+00 1.00e-02 Yes
convective_cooling 2.95e+02 2.96e+02 Relative 1.57e-03 1.00e-02 Yes
door_crack 9.94e+02 9.90e+02 Relative 3.36e-03 1.00e-02 Yes
door_crack 1.60e+02 1.56e+02 Relative 2.24e-02 4.00e-02 Yes
droplet_absorption_cart 9.04e+00 9.00e+00 Relative 4.31e-03 1.00e-02 Yes
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Summary of Verification Results

This appendix summarizes the accuracy of results from cases in the FDS verification suite. These metrics
are an integral part of a process known as regression testing, which aims to evaluate the accuracy of output
predicted by a numerical software package. The results from this appendix can be compared to another
version of FDS as a way of measuring the quality of results between revisions. These statistical metrics also
help determine the impact of code additions on the overall accuracy of FDS and can help identify errors in
the FDS source code.

Case Name Expected Predicted Type of Error Error Error Within
Metric Metric Tolerance Tolerance
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cable_701_jacket 1.41e+04 1.41e+04 Relative 4.46e-03 1.00e-02 Yes
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control_test_2 3.16e+00 3.16e+00 Relative 7.32e-04 1.00e-02 Yes
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Chapter 15

Conclusion

15.1 Summary of FDS Model Uncertainty Statistics

Table 15.1 lists the summary statistics for the different quantities examined in this Guide. This is, for each
quantity of interest, Table 15.1 lists the bias and relative standard deviation of the predicted values. It also
lists the total number of experimental data sets on which these statistics are based, as well as the total
number of point to point comparisons. Obviously, the more data sets and the more points, the more reliable
the statistics.

For further details about model uncertainty and the meaning of these statistics, see Chapter 4.

Table 15.1: Summary statistics for all quantities of interest

Quantity Section Datasets Points esE esM Bias
HGL Temperature, Forced Ventilation 5.12 4 111 0.07 0.22 1.27
HGL Temperature, Natural Ventilation 5.12 9 160 0.07 0.07 1.03
HGL Temperature, No Ventilation 5.12 3 32 0.07 0.13 1.23
HGL Depth 5.12 9 177 0.05 0.05 1.03
Ceiling Jet Temperature 7.1.13 11 552 0.07 0.11 1.02
Sloped Ceiling Jet Temperature 7.1.13 2 152 0.07 0.20 0.93
Plume Temperature 6.1.6 7 71 0.07 0.19 1.13
Oxygen Concentration 9.1.4 5 98 0.08 0.11 0.99
Carbon Dioxide Concentration 9.1.4 6 95 0.08 0.11 0.98
Smoke Concentration 9.2.1 1 14 0.19 0.60 2.63
Compartment Over-Pressure 10.3 2 39 0.21 0.23 0.98
Open Compartment Over-Pressure 10.3 2 14 0.15 0.27 1.02
Target Temperature 11.2.4 4 819 0.07 0.21 1.00
THIEF Temperature 11.3.3 2 94 0.07 0.16 1.06
Surface Temperature 11.1.5 3 845 0.07 0.13 1.04
Target Heat Flux 12.2.5 3 267 0.11 0.27 0.98
Flame Impinging Heat Flux 12.1.8 4 52 0.11 0.36 0.93
Surface Heat Flux 12.1.8 2 342 0.11 0.16 0.91
Velocity 8.7 6 211 0.08 0.09 1.00
Sprinkler Activation Time 7.2.1 5 232 0.06 0.15 0.93
Smoke Detector Activation Time 7.3 1 142 0.26 0.26 0.62
Smoke Detector Activation Time, Temp. Rise 7.3 1 142 0.29 0.29 0.86
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Quantity Section Datasets Points esE esM Bias
Cable Failure Time 11.3.4 1 35 0.12 0.16 1.10
Sprinkler Actuations 7.2.2 3 38 0.15 0.29 0.96
Burning Rate 14.5 2 30 0.08 0.21 1.08
Carbon Monoxide Concentration 9.3.5 5 69 0.19 0.41 0.91
Entrainment 6.3 2 87 0.05 0.05 1.12
Extinction Time 13.2 1 39 0.10 0.62 1.96
Species Concentration 9.4 1 126 0.08 0.15 0.98
Low Ceiling Jet Temperature 7.1.13 1 120 0.07 0.15 1.12
Low Heat Flux 12.1.8 2 18 0.11 0.44 0.97
Low Surface Temperature 11.1.5 1 6 0.07 0.28 1.04
Smoke Obscuration 9.2.2 1 18 0.18 0.18 1.01

15.2 Normality Tests

The histograms on the following pages display the distribution of the quantity ln(M/E), where M is a
random variable representing the Model prediction and E is a random variable representing the Experimental
measurement. Recall from Chapter 4 that ln(M/E) is assumed to be normally distributed. To test this
assumption for each of the quantities of interest listed in Table 15.1, Spiegelhalter’s normality test has been
applied [234]. This test examines a set of values, x1, ...,xn whose mean and standard deviation are computed
as follows:

x̄ =
n

Â
i=1

xi ; s2 =
1

n�1

n

Â
i=1

(xi � x̄)2 (15.1)

Spiegelhalter tests the null hypothesis that the sample xi is taken from a normally distributed population.
The test statistic, S, is defined:

S =
N �0.73n

0.9
p

n
; N =

n

Â
i=1

Z2
i ln Z2

i ; Zi =
xi � x̄

s
(15.2)

Under the null hypothesis, the test statistic is normally distributed with mean 0 and standard deviation of 1.
If the p-value

p = 1�
����erf

✓
Sp
2

◆���� (15.3)

is less than 0.05, the null hypothesis is rejected.
The flaw in most normality tests is that they tend to reject the assumption of normality when the number

of samples is relatively large. As can be seen in some of the histograms on the following pages, some
fairly “normal” looking distributions fail while decidedly non-normal distributions pass. For this reason,
the p-value is less important than the qualitative appearance of the histogram. If the histogram exhibits the
typical bell-shaped curve, this adds confidence to the statistical treatment of the data. If the histogram is not
bell-shaped, this might cast doubt on the statistical treatment for that particular quantity.
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15.3 Summary of FDS Validation SVN Statistics

Table 15.2 shows the SVN repository statistics for all of the validation datasets. For each dataset, the
corresponding last changed date and SVN revision number are shown. This indicates the SVN revision
number and date for which the most recent validation results for a given dataset were committed to the
repository.

Table 15.2: Validation SVN statistics for all data sets

Dataset Last Changed SVN Date Last Changed SVN Revision
NIST_He_2009 2014-05-16 19267
NIST_NRC 2014-05-16 19267
NIST_Smoke_Alarms 2014-05-16 19267
NRCC_Facade 2014-05-16 19267
NRL_HAI 2014-05-16 19267
Pool_Fires 2014-05-16 19267
PRISME 2014-05-16 19267
Restivo_Experiment 2014-05-16 19267
Sippola_Aerosol_Deposition 2014-05-16 19267
SP_AST 2014-05-16 19267
Steckler_Compartment 2014-05-16 19267
UL_Commodity 2014-05-16 19267
UL_NIST_Vents 2014-05-16 19267
Ulster_SBI 2014-05-16 19267
USCG_HAI 2014-05-16 19267
Vettori_Flat_Ceiling 2014-05-16 19267
Vettori_Sloped_Ceiling 2014-05-16 19267
VTT 2014-05-16 19267
VTT_Sprays 2014-05-16 19267
WTC 2014-05-16 19267
Smyth_Slot_Burner 2014-05-17 19273
Turbulent_Jet 2014-05-17 19273
FM_SNL 2014-05-19 19283
NIST_RSE_1994 2014-05-19 19283
Sandia_Plumes 2014-05-19 19283
UL_NFPRF 2014-05-19 19283
USN_Hangars 2014-05-19 19283
Purdue_Flames 2014-05-23 19368
Arup_Tunnel 2014-06-14 19648
ATF_Corridors 2014-06-14 19648
NIST_FSE_2008 2014-06-18 19702
Beyler_Hood 2014-06-20 19725
BRE_Spray 2014-06-20 19726
Bryant_Doorway 2014-06-22 19727
CAROLFIRE 2014-06-22 19728
CHRISTIFIRE 2014-06-23 19751
Cup_Burner 2014-06-25 19767

518

Dataset Last Changed SVN Date Last Changed SVN Revision
FM_Parallel_Panels 2014-07-03 19830
Harrison_Spill_Plumes 2014-07-04 19843
Fleury_Heat_Flux 2014-07-06 19850
LEMTA_Spray 2014-07-06 19855
LLNL_Enclosure 2014-07-08 19861
McCaffrey_Plume 2014-07-09 19866
Moody_Chart 2014-07-11 19887
NBS_Multi-Room 2014-07-12 19893
NIST_He_2009 2014-08-11 20197
Backward_Facing_Step 2014-08-11 20198
NIST_NRC 2014-08-21 20289
NIST_Smoke_Alarms 2014-08-22 20310
Heskestad_Flame_Height 2014-09-04 20389
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How can users contribute?
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1) Open-source development


2) Continuous integration


3) Software quality testing


4) Performance metrics


5) Parallel and high performance computing


6) Cross-platform compatibility


7) Contributions and participation from users and community

The FDS-SMV project embraces
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1) Feature testing


2) Documentation


3) Participating in discussion group


4) Verification cases


5) Validation data sets


6) Bug reporting


7) Improving submodels

Ways for users to contribute



References: 

NUREG-1824, Verification and Validation of Selected Fire Models for 
Nuclear Power Plant Applications, US Nuclear Regulatory 
Commission


NIST SP 1169, Verification and Validation of Commonly Used 
Empirical Correlations for Fire Scenarios


