Deytec Technical Report No. 2011-01

Blind versus Open
Fire Model VValidation:

|ssues, Pros & Cons




Deytec Technical Report No. 2011-01

Blind versus Open Fire Model Validation:
|ssues, Pros & Cons

October 2011

Prepared by
Dr. Monideep K. Dey
President

HC-64, Box 100-27
Yellow Spring, WV 26865
USA




© Deytec, Inc. 2011. All rights reserved.

This doaument is copyrighted. It is the property of Deytec, Inc. It may be cited but not
reproduced, digtributed, published, or used by any other individual or organization for any
other purpose whatsoever unless written permisson is obtained from Deytec, Inc. Any
infringement of copyright will be fully prosecuted.




Abstract

Two internationa projectsthat examined theissue of blind (apriori) versus open (a
pogeriori) fire model vaidations, the Damarnock Round Robin Project and the
Internationa Collaborative Fire M odel Project, have initiated adiscussion in the
international fire science community on thepros and cons of blind versus open fire model
vaidations. These discussions are documented in this report and anayzed further to
assist the fire science community specify acourse of action for its development. The
compilation and analy sis of comments on the issue of ogpen versus blind fire model
vaidation show that athough several concerns wereraised against the adoption of blind
fire model val idations, theissues can be addressed in astandard. It is recommended that
astandard be developed to phase in the use of blind fire va idations, dongwith open
vaidations, in performance-based desi gns to achieve g higher degree of confidence inthe
predictive capability of themodds. Thirdparty vaidation can address the issue of the
possible bias introduced in fire modd validations by providing an independent
assessment and determination of the model errors. This will add credibility to
performance-based regulatory sysems. A policy that accounts for the civen technical
limitations should be developed to guide the proper evolution of performance-based fire
pratection regulatory systems worldwide. Thepolicy and gandard can berevised as
experience with blind validations is gained, and the technicd limitations of current fire
models are overcome.
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Executive Summary

There have been two international projects that examined the issue of blind (a priori)
versus open (apogeriori) firemode validations:

1. Damarnock Round Robin Project; and
2. Internationa Collaborative Fire M odd Project (ICFMP).

The DaAmarnock Round Robin and ICFM P projects have initiated adiscussion in the
internationa fire science community on thepros and cons of blind versus open fire mode
vaidations. These discussions are documented in this report and anayzed further to
assist the fire science community specify acourse of action for its development. The
report presents dl the views expressed on the topic in terms of thepros and cons, and
examines the issues raised to dlow for discussion in the fire science community .

The compilation and analy sis of comments on the issue of open versus blind fire mode
vaidation show that athough several concerns wereraised against the adoption of blind
firemodel va idations, theissues can be addressed in a standard.

The comments were broad and went beyond the specific topic to issues regarding the
vdidity of the models and the performance-based regulatory sandards for fire protection
adopted in many countries. Some commenters went as far as to datethat fire mode
predictions are not reliable and should not be used, that deletions of useful fire protection
features were beingjustified by computer models, and that practitioners are blindly using
model results as thetruth (reification). They arguethat if fire scienceis a an infancy,
why trud results at thispoint? Thereis an apparent need to inject confidence in the
performance-based regulatory sysems for fire protection worldwide. Some practitioners
even expressed skepticism given the many sources of uncertainty in performance-based
design, modd error, user effects, and sensitivity to unknown parameters.

It is recommended that a standard be developed to phase in the use of blind fire
vaidations in performance-based desi gns to achi eve a higher degree of confidence in the
predictive capability of models. The god should beto set safety factors in fire safety
designs commensurate with the predictive capabilities of the modes. This will establish
arobust and conservative methodology and prevent the misuse of fire models. It will
aso add credibility to performance-based regulatory sysems worldwide.

It is recommended that an international standard be developed to:
1. Establish aprocess to ensurethat blind calcul ations are used to establish model
errors that are used to esablish safety margnsin fire saf ety andysis;

2. Examineand include “third party vaidation” as an option for establishingtrue
model errors.
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Third party vdidation can address theissue of thepossible bias introduced in fire mode
vaidations by providing an independent assessment and determination of the model
errors. Third party validation can also be used to provide validations as newer versions
of aparticular fire model are rel eased.

It is necessary to globally harmonize definitions for verification and vaidation, and the
methods for verification and vadidation (V& V). In order to achievethis, a consensus on
the measurement methods for parameters needed as input to fire models and vaues for
parametersinput to fire models is needed.

It is suggested that standards esablished in other industries (where mode accuracy is
important for safety) such as the medica field bereviewed in the development of the
standard for firemode vaidation. For example, the Food and Drug Administration
(FDA) qudity control requirements for medica software and models are very complex,
and require expert documented and non developer vadidation and verification. The many
lessons and experiences of the medica industry can be examined as they evolved from
where the fire science community istoday to arobus regulatory regme. Strict quaity
control requirements are recommended for the development and vaidation of fire
models, especidly gven the rudimentary stages of their development, expanding
gpplication in fire saf ety engneering, and lack of confidencein the methods expressed by
some stakeholders.

Although astricter regulatory regme for performance-based fire protection is needed to
establish confidence, a phased approach tha includes the use of both gpoen and blind
vaidations is suggested as fire science matures. Blind vdidations have definitive
benefits es well as open vdidations. It is aso important to present al information to
practitioners on modd errors, sensitivity anaysis, and implementation of code options as
these areas are also of concern. A policy that accounts for the given technical limitations
should be developed to guide the proper evolution of performance-based fire protection
design. Thepolicy and standard can berevised as experience with blind vaidations is
gained, and the technica limitations of current fire models are overcome.
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Acronyms and Initialisms

FDA Food and Drug Administration

FSE Fire Saf ety Engneering

GRS Gesdlschaft fur Anlagenund Reaktorsicherheit mbH
HRR Heat Release Rate

IAFSS Internationa Association of Fire Saf ety Science
ICFM F Internationa Collaborative Fire M ode Project
1O Internationa Standards Organization

NIST Nationd Institute of Science and Technology
K¢ Subcommittee

TC Technical Committee

WG Working Group

USNRC U.S Nuclear Regulatory Commission

V&V Verification and Validation
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1 Introduction

This document was developed by Deytec, Inc. utilizingits own resources as aserviceto
the scientific community. It summarizes and discusses the issues, pros, and cons of blind
(apriori) versus open (apogeriori) firemodd validations that were raised in various
international forums and blogs. Specifically, comments posted in the forum of the
Internationa Association of Fire Saf ety Science in 2008, 2009, and 2011; and in the blog
of the BRE Centrefor Fire Saf ety Engneering, University of Edinburgh in 2009 have
been included in this report.

The objective of thisreport istopresent dl the views expressed on thetopic in terms of
the pros and cons, and examine the issues raised to dlow for discussion in the fire science
community. It also provides aconclusion and recommends a course of action. The
discussions and recommendations are primarily of the author but adso include ideas and
suggestions provided in the comments.

There have been two internationa projects that examined theissue of blind versus open
fire model vaidations:

3. Damarnock Round Robin Project (Rein, 2009)
4. Internationa Collaborative Fire M odel Project (Rowekamp, 2008; and Dey, 2010)

Another project was conducted by the Internationa Building Council (CIB) duringthe
late 1990s, and the results showed considerable differences in results predicted by
different users for the same specified case. As aconsequence of the poor showing of
model usefound in that study, thereport and its findings were not made widedly avail able.

Damarnock Round Robin Project

The 2006 Damarnock Fire Tests conducted in ahi gh-rise building wer e used to look into
theissue of blind and open fire model vaidation. Aninternationa study of fire modeing
was conducted prior to Damarnock Fire Test One (Rein, 2009). The philosophy behind
theteds wasto provide measurements in aredistic fire scenario with very high
instrumentation density (more than 450 sensorswereinstaled in a3.50 m by 4.75 m by
2.45 m compartment). Each of the seven participating teams independently simulated the
test scenario apriori usingacommon detailed description. Comparison of the modeing
results shows alarge scatter and considerable disparity amongthe predictions and
between predictions and experimental measurements.

The differences between apriori and aposteriori modeling become patent when
comparing the round-robin results with thework conducted after the Damarnock data
was publicly disseminated. Subsequent studies (Jahn et a. 2007, Jahn et d. 2008 and
Lazaro et al. 2008) show that it ispassible to conduct aposteriori fire simulations that
reproduce the generd fire behavior to asatisfactory level. This was achieved dueto the
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avall ability of experimenta data of therea behavior for reference, dlowingfor iterations
until an adequate input file was found.

Internationa Collaborative Fire M odd Project

TheInternationa Collaborative Fire M odel Project (ICFM P) was co-gponsored by the
U.S Nuclear Regulatory Commission (USNRC) and Gesdllschaft fur Anlagenund
Reaktorsicherheit (GRS) mbH, and conducted from 1999 to 2008. The ICFM P project
was designed with two objectives:

1. Toexaminethe modelingof the physicsinvolved in severa nuclear power plant
scenarios in current state-of-the-art fire modes, and to develop their cgpabilities and
limitations for modeing such scenarios; and

2.  Todeveop thepredictive accuracy of the modes (mode error) for important
parameters in nuclear plant fire safety andysis.

The ICFM P project consiged of five international benchmark exercises in which nuclear
safety research organizations from five countries (Germany, UK, France, Finland, and
USA) attempted to vdidate firemodels. Typicaly, seven organizations from the five
countries exercised ther respective fire models in the benchmark exercises. Thefire
models exer cised were zone, lumped-parameter, and computationa fluid dy namic (CFD)
firemodels. Empirical fire correl ations were aso evaluated. The 1¥ internationa
benchmark exercise included a hy pothetica exerusefor flrescenarlos in nuclear plants
for which experimenta datadid not exist. The2™, 3 4™ and 5" international
benchmark exercises consisted of tests simulating nuclear plant fire scenarios. Full-scale
compartment fire experiments were conducted by the USNRC & the Nationd Institute of
Sandards & Technology (NIST) for ICFM P Benchmark Exercise No. 3 to simulate a
cable room with various types of cables in different configurations. Gesdlschaft fur
Anlagenund Reaktorsicherheit (GRS) in Germany conducted tests for ICFM P Benchmark
Exercise No. 4 to simulate intense fire scenarios in acompartment, and |CFM P
Benchmark Exercise No. 5 to simulate pool fires and cabl e flame spread.

The V&V processin the ICFMP project was very beneficia in many respects. The
benchmark exercises dlowed different models to be anay zed and compared against each
another and experimentd datafor awide range of scenarios in nuclear power plarts.
The comparisons of thetrends between codes and experimentd datad lowed an
examination of the moddling of the physics of the scenarios. The capabilities and
limitations were derived from such comparisons and analy sis.

In order to determine model predictive errors that would be widdy accepted, the ICFMP
project was esablished by thepartiesto conduct blind (apriori) benchmark exercises, i.e.
participants would conduct and submit results of their repective fire model calcul ations
based on aspecification of the exercise prior to the release of experimental dataand
learning of the results from other participants. Great efforts were expended to develop
the specification of the benchmark exercises in sufficient detal to minimize the variance
in theinput parameter values used to conduct the blind caculations. The goal of the
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blind exer cises was to provideparticipants a process in which they could establish the
true predictive errors of their modes in an international forum. These results could then
be used by the regpective organizations for gpplication.

The ICHAM P atenptedto conduct blind exercises but faced two categories of issuesin the
process:
1. Lack of agreement among participants onthe measurements and dataneeded as
input tothe fire models being exer cised;
2. Lack of an established formal procedure for the submission and col lection of
blind calcul ations from the participarts.

Themain three input parameters that wereissues in the ICEMP V&V process were: (1)
heat reeaserate (HRR); (2) radiative fraction of heat from fire; and (3) thermal
parameters of the compartment boundary. Theseinput parameters aso havethe greatest
effect on output parameters of interest in nuclear power plant fire safety anaysis.
Although attempts were made at measuring and specifying these parameters for the
benchmark exercises, there was disagreement among participants astothe correct values
to be used as inpu for the fire models.

Sncethere was no agreement on these inputs tothe models, participants changed their
caculations based on modified values of input parameters they believed to be correct
after the experimentd results were released to participants. Blind fire modd predictions
had been submitted to a centra contact, but the submission and collection of blind
caculations was informa dueto thelack of an international standard and the coll egal
nature of the collaborative project. Intheend, it was up toparticipants to declare which
caculations were open or blind.

The modd errors derived for output parameters was significantly different (up to 55%
differences in model error) among participant caculations usingthe same fire mode, or
using modes with the same degree of sophistication. Therefore, it is concluded that the
|CFM P benchmark exercises were not successful as blind validation exercises. However,
the development of the V&V process provided experiencein the conduct of such blind
exercises and theissues that provided achdlenge. Theseissues could be addressed and
the V&V process can be improved. A discussion of the technica findings and lessons
learned from the ICFM P can be found in Rowekamp, 2008, Dey, 2009 and Dey, 2010.

The Damarnock Round Robin and ICFM P projects described above have initiated a
discussion in the internationa fire science community on thepros and cons of blind
versus open firemodd vaidations. These discussions are documented in this report and
analy zed further to assist the fire science community specify acourse of action for its
development. A few pagers have been published on the tapic, including those for thetwo
projects discussed above, and those by Alan Beard.

Theresults of the ICFM P projectswere presented by the author to WG 7, “ Assessment,

Verification and Validation of Calculaion Methodsin FE” of I1SO TC 92 SC 4, “ Fire Sefety
Engineering” in 2009 and 2011 at their meetings in L ancaster, Pennsylvania, and Paris,
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France. This report will be presented to WG 7 in October, 2011 in Ottawa, Canada. The
issue of blind versus open fire modd vdidations is presently under consideration by WG
7 (Brein, 2011).
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2 Definitions

When making comparisons of fire modd results to experimental measurements, there are
two genera approaches tha can be followed: apriori (ekablind) and aposteriori (aka
open). Inapriori simulations, the modeler knows only adescription of the experimental
scenario, but has no access to the experimental measurements of the parameters for which
predictions the models are beingtested. Thusthe modeler will be providingatrue
forecast of the quantities of interest. In apogeriori simulations, before the simulaion is
run the modeer knows not only the experimental scenario but aso the experimenta
measurements of theparameters for which predictions the models are beingtested. M og
firemodel vaidations in fire saf ety engneering have been conducted aposteriori.

Deytec Technicd Report 2011-01 5 © Deytec, Inc. 2011



3 Summary of Comments and Discussion

3.1 Pros of Blind Validations

3.1.1 Eliminates natural bias

The main advantage of blind simulations is that it eliminates the natura bias in the
vaidations that can occur in open calcul ations conducted by developers, owners, or users
of the computer firemodels. As indicated above, both the Damarnock Round Robin
Project and the Internationa Collaborative Fire M odd Project demonstrated that this
natura bias can and does occur. Only apriori simulations are free of the possible bias
that could be introduced by prior knowledge of the experimental measurements of
parameters for which predictions the modeds are beingtested. The extent and importance
of this naturd bias in fire safety engneering is currently under study by different research

groups.

3.1.2 Provides high degree of confidence in predictive capability

Blind vaidations provide a hi gh degree of confidence in the predictive capability of the
models to users and regulators by truly esablishingthe errorsin the predictions. Blind
validations lead to arobust and conservative methodology .

Severd stakeholders have stated that fire mode predictions are not reliabl e and should
not be used, that deletions of useful fire pratection features were beingjustified by
computer modds, and that practitioners are blindly using mode results as the truth
(refication). They arguethat if firescienceis at an infancy, why trug results a this
point? Thereis an apparent need to inject confidence in performance-based regulatory
systems for fire pratection. Blind vdidations will increase the degree of confidencein
the performance-based regul atory systems being used worldwide.

3.1.3 Establishes confidence in setting safety factors

Knowingthe true predictive capability of the models allows a desi gner to establish safety
factors for the designs with confidence. Current fire models provide reliable predictions
for many parameters tha are good enough to be gpplied towards engneering problems if
arobust and conservative methodology is defined. A prerequisite for this methodology is
that it gpplies appropriate safety factors. Animportant point isthat 'rea world' fire
engineering applications most frequently simulate events for which rea behavior had not
been (and will never be) measured (Beard, 2009). Thesesimulations areapriori
simulation, not apogeriori. However, most fire modd vadidations in fire engineering
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have been conducted aposteriori. Therefore, it is hecessary to have apriori comparisons
of firemodelingfor setting safety factorsin designs. Otherwise, unsafefire protection
designs will resullt.

3.1.4 Reveals areaswhere fire models are not “credible”

A mgor advantage and need for blind validations is that they reved areas wherefire
modds are “ primitive’” and not “ credible.” Experts agreethat some predictivetoolsin
firemodels are still “ primitive’ and should not berelied upon in fire safety decision
making, e.g.,, for flame spread. However, there are open validation studies and databases
that show thesetypes of predictions in afavorabl e light resultingin their use by many
practitioners. This leads to unsafe designs and increases therisk of fires to the public.

The use of blind vaidations will revea the wesk areas of fire models and prevent the
misuse of fire models.

3.2 Cons of Blind Validations

3.2.1 Newer versions of a model make blind validations obsolete

| ssue

One of the mgor disadvantages cited for blind validations is that when newer versions of
amode arereleased, the blind velidations become obsolete. Obsolete vdidations are of
littlevalueto regulatory authorities.

Discussion

Thethird party vaidation option can address this issue regarding the conduct of blind
cadculations. As discussed above, the differences between blind and open results have
been studied and documented. Sudies have shown that open fire simul ations can be
madeto look favorable. Thisis achieved dueto the avalability of experimenta dats,
dlowingfor iterations until an adequateinput fileis found. Only blind simulations are
free of the possible bias that could be introduced by prior knowledge of the experimental
measurements. Third party vaidation can address the issue of the possible bias
introduced in fire model vadidations by providing an independent assessment and
determination of the mode errors.

Third party vaidation can also be used to provide validations as newer versions of a
particular firemodel arereleased. The Food and Drug Administration (FDA) quality
control requirements for medical software and models require expert documented and
non developer vaidation and verification. Proceduresinthe FDA requirements can be
examined to establish methods for third party vaidation for fire models.
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3.2.2 Cannot separate user effects

| ssue

It has been stated that one cannot separate user effects and input data uncertainty from
modd error in blind validations. A priori modd evauations lump many sources of
uncertainty together. Perhaps this can be viewed as avirtue, but it can also beless
enlightening than aposteriori evauations.

Discussion

User effects are not part of modd validation. M odd validation checks whether the mode
can predict results tha represent thered world. It is assumed that users of the modd will
be competent in both blind and open vaidations. Open vaidations can aso be subject to
user effects.

The gpecifications of the benchmark exer cises in the ICFM Pwere developed with great
efforts to include sufficient details about theinputs required for the fire models. The goal
was to minimize the uncertainty and debate about input parameters such that the
predictive errors of the models could be determined. As evidenced by the specifications
of the ICHM P benchmark exercises, the model input datawere ecified in sufficient
detail such that there was minimal reason for “ user effects’ to affect the modd results, i.e.
from different analy sts making different assumptions about input data. Therefore, it has
been shown that theinput data uncertainty can be made small and to not &ffect the mode
errors determined in blind validations.

3.2.3 Fire experiments cannot be replicated

| ssue

Fires aretoo complex and fire experiments cannot bereplicated. Tests are seldom
conducted as planned, and there are lar ge experimenta uncertainties. Therefore, blind
simulations are not possible or useful.

Discussion

The procedures for the ICAM P addressed this issue that experiments cannot be replicated
and therefore the fire experimentd data has lar ge uncertainties for the purpose of blind
firemodel vaidations. Of thefifteen tests tha were conducted for Benchmark Exercise
No. 3intheCFM P, four were replicate tests representing the wide range of compartment
conditions in the test series for the exercises. It was shownthat the compartment
conditions were amost duplicated in thereplicate tests (Dey, 2009). Therewas no
chalengeto thetest results from ICFM P participants based on the argument that firetests
can never be conducted to duplicate the same results.

Deytec Technicd Report 2011-01 8 © Deytec, Inc. 2011


http://www.deytecinc.com/FSA8.pdf

Thetes series for Benchmark Exercise No. 3 in the ICFM P was very successful in being
conducted accordingto the tes plan and specification of the exercise distributed to
participarts in the blind exercise. Also, any minor changes to thetes plan prior to the
tests were communicated to ICFM P paticipants as addendato the specification of the
blind exercise.

Therefore, it has been shown that tests can be replicated and conducted as planned.

3.2.4 Cannot vary initial conditions and conduct sensitivity
analysis

| ssue

Blind vdidations do not alow for variation of initia conditions, grid size (CFD), and
other code options. Blind validations aso do not dlow for the conduct of sensitivity
andysis.

Discussion

Analyds are required to make some assumptions about their models for ablind
vdidation, e.g, initia conditions, grid sizefor CFD and lumped-parameter calculations,
and any options available for their specific models. These assumptions are dso necessary
for engineering calcul ations. An engneering ca culation for & design fire is ablind
cdculation as experimenta datafor that particular fire scenario does not exist. Anayds
must choose the optima vaue for the assumption, eg., grid size, in adesign calcul aion
which the analy st believes is most appropriate end/or practica for the anadysis of thefire
scenario. This same assumption must be madein ablind vadidation. Therefore, the
assumptions madein ablind vaidation result in atruetest of thepredictive capability of
themodd in design engneeringcelculations. The safety factor for fireprotection
systems design will be based on this optima predictive capability of the modd.

Although sensitivity analysis is appropriate in design calcul aions because the vaues of
input parameters (e.g, therma properties) in the scenario are unknown and can vary, a
blind va idation teststhe ability of the model topredict conditions given a specific set of
input daa.

3.2.5 30 years of experimental results will be discarded
| ssue
It has been statedthat 30y ears of experimentd results should not be thrown away for
blind vaidations. Some model developers have documented open validations for

experiments performed over the pad thirty years, including 30 experimenta test series.
Theseted dataand vadidations should not be discarded for blind va idations.
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Discussion

As discussed later in the section on recommendations, open vaidations can continue to
play theroleit does a thepresent when blind vaidations are introduced in fire mode
standards. Open vdidations have some merits, e.g,, for sensitivity anadysis, tha will
continue to reved important information.

The purpaose of blind vdidations is to provide a high degree of confidenceto users and
regulators in the predictive capability of the modes by egablishingthe true modd errors
in the predictions. Thisis doneby diminating the natura bias in the validations that can
occur in open cd culations conducted by developers, owners, or users of the computer fire
modes. Asindicated above, both the DAmarnock Round Robin Project and the
Internationa Collaborative Fire M oddl Project demonstrated that this can and does occur.
Only apriori simulations are free of the possible bias that could be introduced by prior
knowledge of the experimenta measurements of parameters for which predictionsthe
models are being tested.

Deytec Technicd Report 2011-01 10 © Deytec, Inc. 2011



4 Comments on Blind versus Open Fire Model
Validations

4.1 Comments Posted in the Forum of the International
Association of Fire Safety Science, August 2008

1. Brannigan, V., University of Maryland

From: iafss-bounces@newcastle.edu. au on behalf of Bogdan DIugogorski
[ bogdan.dlugogorski@newcastle.edu. au]

Sent: Wednesday, August 27, 2008 4:08 PM

To: iafss@newcastle.edu.au

ubject: IAFSS> Re: Updated Fire M odel Survey

Vince Brannigan <fird aw @firel aw.us> 27/08/2008 10:17 pm

My goproach is the same as that used in M edicine. M edicd ethics prohibits the use of
"secret remedies” or Secret surgcd techniques. No journal would publish research on, or
nationa regulatory agency approve, adrugwithout afull disclosure of the ingredients.
No physician would prescribe adrug without such disclosure. The FDA qudity control
requirements for medical software and models are very complex, and require expert
documented and non developer vdidation and verification.

| am simply astonishedthat any reputable builder or regulator would accept any results
produced by amodd that had not been fully vetted by third party review. Abolishingthe
"patent medicine' eraof secret remedies was critica to the advancement of M edicineas a
profession ingead of appearingto be abunch of self promoting quacks. Perhaps as Fire
Engineering matures into areal profession it will see the same advantage in making sure
that modds arevaid and able to be shown to be vdid.. Certainly theliability exposure
aone should make any private paty winceat the use of such models. Both Vaidation
and verification are critical steps.

Asthe FDA usestheterms:
*3.1.2 Veification and Validation*

The Qudlity Sysem regulation is harmonized with /1SO 8402/:1994, which treats
"verification” and "validation" as separate and distinct terms.  Onthe ather hand, many
software engneeringjournd articles and textbooks use theterms "verification" and
"validation" interchangeably, or in some cases refer to software "verification, validation,
and testing (VV&T)" asif it isasinge concept, with no diginction amongthethree
terms.
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* Software verification* provides objective evidence that the design outputs of a
particular phase of the software development life cycle meet al of the specified
requirements for that phase. Software verification looks for consistency, completeness,
and correctness of the software and its supporting documentation, asit is being
developed, and provides support for a subsequent conclusion that software is vaidated.
Softwaretestingis one of many verification activities intended to confirm that software
development output meets its input requirements.

Other verification activities include various static and dy namic analy ses, code and
document inspections, wakthroughs, and other techniques.

*Software validaion* isapart of the design validation for afinished device, but is not
separately defined in the Quality Sysem regulation. For purposes of this guidance, FDA
considers software validation to be "* confirmation by examination and provision of
objective evidence that software specifications conform to user needs and intended uses,
and that theparticular requirements implemented through software can be consistently
fulfilled.*" (http://www.fda.gov/cdrh/comp/auidance/938.html)

In simpleterms verification is whether the computer coding is right and validation is
whether it means anythingin thered world. Both haveto be demonstrated. The recent
WTC 7 report highlights the failure of the profession and industry in vaidatingthe test
methods routindy referenced by the modds. There are no "trade secrets” in vaidation.

Vincent Brannigan J.D.
Prof. Emeritus
Department of Fire Protection EngneeringU of M aryland College Park

[Postedto IAFSS Forum, August 27, 2008]

2. Olenick, S. E., Combustion Science & Engineering, Inc.

From: Stephen M . Olenick [ mailto:soleni ck@csefire.com]
Sent: Tuesday, August 26, 2008 7:45 AM

To: Dr.Monideep K. Dey

Subject: Re: IAFSS> Updated FireM odd Survey

You are probably right that that needsto be done. Currently, the S-PE has atask group
that | participaeon that followsthe ASTM standard (E1355 | think) on mode
evauation. You should consider contacting SFPE and joiningthe task group. We put
out areport every few years on anew modd, athough with the number of models, it isa
daunting task. Interms of the modd survey website meshingwith your idea, the goal of
the mode survey isfor the developer to fill out asurvey. Soyour concern about
developers and owners not being sincere about the limitations may bevaid. Wedo put a
topic in the survey on vdidation references and dlow the developer to fill that out, but
therelikely aretimes where unfavorabl e ones or ones conducted by
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outsiders are not included. Unfortunately, thisis ashortcomingof the mode survey as
thegod is not for theinformation on the website to be a compilation of my thoughts on
each model, but instead acompilation of the developers paosted information on their
models.

Takecare,
Sephen.

Sephen M. Olenick, M SFPE, P.E.
Senior Engneer

Combustion Science & Engneering, Inc.
8940 Old Annapolis Rd. SuiteL.
Columbia, M D 21045

410-884-3266 phone

410-884-3267 fax
solenick@csefire.com
www.csefire.com

[Postedto IAFSS Forum, August 26, 2008]

3. Dey, M., Deytec, Inc.

From: iaf ss-bounces@newcastle.edu. au on behalf of Dr. M onideep K. Dey
[deytec@frontiernet.net]

Sent: Tuesday, August 26, 2008 10:34 AM

To: 'SephenM . Olenick’; IAFSS

ubject: Re: IAFSS> Updated FireM ode Survey

M r. Olenick:

| commend you and CSE in compilingthefire mode list. | would liketo suggest another
task in theinterest of the fire science community, i.e. the collection of fire mode
vaidation data, specificadly the predictive errors of such modes. Fire modes are starting
to be used widely as aresult of thepush for performance-based fire saf ety anadysis, but |
do not bdievethat thereis atrue understanding of the predictive capabilities and errors of
these modes. | would liketo propaosetothefire science community tha atask and an
internationa standard be developed that would outline the procedure for developingfire
model validation data. It isvery important tha such astandard mandate that fire model
vaidation data be developed by athird independent party, because my observation is thet
modd developers, owners, and users are not dway's sincere about revedingthetrue
limitations and errors of fire models.

| will be gad to participaein the proposed effort, if such an effort is established by the
fire science community .
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Again thanks for your efforts. Please contact meif you would like to discuss my
praposa further.

M onideep K. Dey
[Postedto IAFSS Forum, August 26, 2008]

Dr. Bren:
Dr. Solenick

Thank you for your comments and suggestions to join the SFPE 1355 and 1SO TC92 SC
4 activities in the subject area. Yes, | am familiar with these activities. When | worked
a the U.S Nuclear Regulatory Commission (USNRC), we did asurvey in the mid-90s of
initiatives of performance-based fire safety andysis and included areview of the IO
TC92 SC4 activities (see NUREG-1521). When | was a the USNRC | dso initiated the
useof ASTM 1355 therefor fire modd validation. | am dad to hear that these efforts are

continuing and may lead to new leves of rigor and quadlity in fire model verification and
vaidation.

| am certainly not against the use of fire models or any new safety analy sis methods, and
have been involved in fire mode vaidation since the mid-90s. However, we must ensure
that the fire mode results are used in the gppropriate manner in fire safety decision
making. If the model limitations and true predictive errors are not considered in saf ety
decision making, then faulty safety designs result, safety is decreased(as opposedto
having used good engneering judgment), and the public interest is not served.

| will contact the |SO and SFPE group to try and contribute to these efforts, but my
ability totravd islimited. | havejust started my conpany and funds for travel to these
types of activities are limited a this time.

Thanks for your comments. | am dated that you and others inthe community share my
concerns.

HC-64 Box 100-27
Yelow Soring, West Virgnia 26865
USA

Phone: 1-304- 874-4360
Fax: 1-304-874-4497

deytec@frontiernet.net

[Postedto IAFSS Forum, August 28, 2008]

Deytec Technicd Report 2011-01 14 © Deytec, Inc. 2011


mailto:deytec@frontiernet.net

4. Deal, S., Excelsior Fire Engineering

From: iafss-bounces@newcastle.edu. au on behalf of a.. ... [eur eka gnem@gmail.com]
Sent: Wednesday, August 27, 2008 5:03 PM

To: iafss@newcastle.edu.au

Qubject: IAFSS> Updated FireM ode Survey

The question of honesty and integrity is nat limited to fire modeling, or to fire
technology -sciencein general. Almost al money-making industries eventudly have
peoplewillingto slant thetruth tother advantage for reputation and money.

Thereis afire mafia, no question.

It burns me up to seepeoplelie, manipulate and hidethetruth-vie-silence. | have seen it
in America, in Europeand in South America. Not pervasive, but diginctively present.
The best solution | haveis exactly what you prgposed, and | have mentioned from timeto
timeover thelast 7 years, more peer review. Will it hgppen? Probably nat. Reason
being..firerisk is usudly acceptable. As one consultant put it my designs probably will
not betesed before | an dead...”

scot dedl
excdsior fireengineering

[Postedto IAFSS Forum, August 27, 2008]

5. Delichatsios, M., University of Ulster

From: DelichatsiosM ichagl [M .Ddichatsios@ulster.ac.uk]
Sent: Wednesday, August 27, 2008 3:04 AM

To: Dr.Monideep K. Dey; IAFSE

ubject: RE: IAFSS> FW: Updated FireM ode Survey

Just some common sense remarks.

Workingin fire science and technology for many years and from the vantage point of
physics of fireand modd application, | would make sometrivid comments:

1. All models have limitations and these must be clearly stated by modelers and
understood by the users.

2. Therearemany " good models" to predict the digpersion of gaseous product if thefire
size and product yields are known.

3. Thedifficult is to predict the combustion and interaction with the fuel pyrolysis
includingsmoke, radi ation, soot and toxic gases. No reliable and credible models exist
for these cases useful for the users.
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M oreover, thereis no driving force for the general combustion community to develop
such models.

| would like also to mention that thereis aworking group in 1ISOTC92 dedingwith
modd application and vdidation.

Best regards
M ichadl

Michadl A. Ddichatsios, Professor

Director of FireSERT

Chair and Head of Fire Dynamics and M aterids Lab (FM L) University of Ulger
Td: +44 (0) 28 9036 8058

Fax:+44 (0) 28 9036 8726

http://www.eng.ulst.ac.uk/predfire

http://iwww.eng.ulst.ac.uk/mffdrg/

http://www.firesert.ulgter.ac.uk/

[Postedto IAFSS Forum, August 27, 2008]

6. Rein, G., University of Edinburgh

From: iafss-bounces@newcastle.edu. au on behalf of Guillermo Rein
[G.Rein@ed.ac.uk]

Sent: Wednesday, August 27, 2008 8:56 AM

To: iafss@newcastle.edu.au

bject: Re: IAFSS> FW: Updated FireM ode Survey

Thisis avery intereging and long-due discussion in the community.

| largely agree with Michad's point 3; which means that thereis alot of work and
convincingto do in the resear ch arenafor fire model ling.

The comment of Dr Dey that "fire model vdidation data be developed by athirdparty,
because my observation is that model developers, owners, and users are not dway's
sincere gbout revedingthetrue limitations and errors” is rdated to the lack of blind fire
vaidations. A blind or 'apriori' validation is when the modellingis conducted before
seeingthe experimenta results. Thisisimportant because the bias introduced into the
vdidation by havingthe mode ler accessed the experimenta data before hand could be
largeand israrely explored in fire mode ling.

In this direction, CIB organized and conducted a large and internationa blind round-

robin for fire modds (circa1999) but the results were not made publicly available. My
research group at Edinburgh conducted around-robin using the 2006 DA marnock Fire
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Tests (theresults are published here http://www.eralib.ed.ac.uk/handl €1842/2405). And
more recently, in 2008, new blind model ling round-robins are being organized by Prof
Coppalein CoriaUniversité de Rouen (some preliminary results will be presented as a
poder a the 9th IAFSS | think). All the results point towards the same direction; that
blind vaidations provide very different resultsthat open validations.

The question of how to address the results from blind validations remains unanswered,
and | think it should be an important issue for the fire community.

Chears
G.

[Postedto IAFSS Forum, August 27, 2008]

4.2 Comments Posted in the Forum of the International
Association of Fire Safety Science, August 2009

1. Rein, G., University of Edinburgh

| would beinterested in knowingthe professiona views of those workingon fire
moddling regarding the difference between 'apriori' and 'aposteriori' simulations.

In my view, only apriori simulations are free of the possible bias that could be
introduced by prior knowledge of how the event developed. The magnitude and
importance of this bias in fireengneering is currently unknown.

| have put some of my views here:

http://edinburadhf ireresearch.blogspot.com/2009/08/bl ind-vs-open-fire-modd ling.html

You arewelcometo share your views too.

Best Regards,
G.

[Postedto IAFSS Forum, August 27, 2009]
Comments received in response to above pos areincluded in the Section 4.4.

PD: The essence of the discussion gpplies in generd to any kind of modelling provided
therea process is complex.

*Dr Guillermo Rein*
Lecturer in M echanicd Engineering
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BRE Centrefor Fire Safety Engneering
http://iwww.eng.ed.ac.uk/~grein

School of Engneering
The University of Edinburgh

Emal: G.Ren@ed.ac.uk
Td: +44 (0) 131 650 7214

http://edinburohf ireresearch.blogspot.com

2. Dey, M., Deytec, Inc.
Dr. Guillermo Rein:

Thisisanimportart topicin fire safety engneeringwhich | believewas discussed in a
limited manner severd months ago in this forum. You areright that the fire science
community has thus far been fairly silent on thistopic athough these models are being
used today for fire safety design to pratect the public from adverse affects of afire.

Astheproject leader and andy st in the Internationa Collaborative Fire M odel Project
(ICAM P) from 1999 to 2006, | have derived much infor mation and conclusions about
blind versus open predictions. The |ICHM P project evaluated fire models for nuclear
power plant goplications through a series of 5 benchmark exercises in which fire models
were evaluated for predicting nuclear plant fire scenario experiments through blind and
open predictions.

M odel developers or owners are generdly hesitant to conduct and publish blind
predictions. Regulators are more or should beinterested in blind predictions to ensure
that adequate safety margns are included before makingfire saf ety decisions. The
variation between blind and open predictions was large up to 40-50 % for some
parameters, and lar ger for the more difficult predictions. There was much debateto
justify the gpen predictions rangng from the claim that experimenta measurements were
erroneous to that handbook vaues for input therma parameters such as conductivity are
better than data derived from specific measurements of material used in the experiments.
Therewas alot learned from the exercises on the technica issues as well as the policy
aspects of derivingtrue model errors for usein fire saf ety anaysis.

| commend you for raisingthistopic. | believethefire saf ety community should cometo
aconsensus that an internationa standard be developed that will ensurethat true model
errors are derived and used in fire safety andysis and decisions. | believethat we owe
this tothepublic we protect.

| will be publishingapaper and report onthe technica and policy lessons learned the
|CFM P project in the near future and will be g ad to share these withyou oncethey are
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avallable. Thereports of the ICFMP project are avail able in my company website and can
be downloaded.

By theway, | am dso afirm beiever on the value of fire models in fire saf ety decision
making. Wejust havealot of morework to do before we can ensure their correct use.

Thank you for raising this important topic and the gpportunity to comment.
Sncerdy,

Dr.Monideep K. Dey, President

Deytec, Inc.

Phone; 1-304-874-4360

Fax  1-304-874-4371
www.deytecinc.com

HC 64 Box 100-27
Ydlow Spring, WV 26865
USA

[Postedto IAFSS Forum, August 28, 2009]

4.3 Comments Posted in the Forum of the International
Association of Fire Safety Science, July — August 2011

1. Brannigan, V., University of Maryland

| would suggest that theterm "complete safety” when used with fire moddling is akin to
the"unsinkable Titanic". Fire models used for code approvas are composed of vast
quantities of assumptions and guesswork not to mention outdated science when applied to
toxicity. The CCTV was a"performance-based” design. Of course the assumptions it
was based on were ludicrous.

Vincent Brannigan

Professor Emeritus

U of Maryland

Department of Fire Protection Engneering

[Postedto IAFSS Forum, July 22, 2011]
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2. Rein, G., University of Edinburgh

Thisis an overarching problem that can be tracked beyond visibility caculations and into

firemodelling in generd. | cal it "excess in degrees of freedom". FDS manuas refer to it

as "user effects”. It relates tothe often encountered situation by FPE who using a state-of -
the-art fire modd find it difficult to feed consistent input data. This leads to uncertainty in
theresults. Aswereported in thelast Fireand M aterias

[http:/Avww scribd.com/documents/47947428 and

http://hdl.handle.net/1842/4777]

"Under the current stae of the art, there are many ill-defined and uncertain parameters
within the models which cannot be rigorously and uniquely determined. Thus, thereis
plenty of gpacefor uncertainty and doult to unravel, and for curvefittingand arbitrary
parameter value sd ection to take place’

Thisis animportart topic tha the FPE community will continue facingduringthe
incoming decades as engneering tools develop faster than the gate of the art knowledge
on fire dynamics. At Edinburgh, we are proposingthe inclusion of "apriori" vaidations
to thedready conducted "apoderiori” vaidations. M ore information on this at
http://hdl.handle.net/1842/2704 and

http://dx.doi.org/10.1016/j.buildenv.2010.11.001

Regards,
G.

[Postedto IAFSS Forum, July 25, 2011]

3. Brannigan, V., University of Maryland

| have explored the more genera question of how to use advanced fire engineeringin the
regulatory processin severd papers, mog recently at Santander in 2009, The Regul aory
Use of Advanced Fire Engneering Techniques.

Vincent M. Brannigan J.D

Professor Emeritus

Department of Fire Protection Engneering
University of M aryland College Park M d. 20742
firdaw@firdaw.us

ABSTRACT
Engineers and fire scientists have worked steadily to improve our understanding of fire.

These scientific changes have been incorporated into * performance based design*  But
Performance based design is largely aRegulatory nat aDesign innovation. The use of
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advanced fire engineering techniques requires arethinking of theregulatory sysemto
adapt to the unique advantages and disadvantages of the nove techniques. A key finding
isthat improvements in fire science do not automatica ly translateinto better regulation
because the uncertainties involved in the choice of scenarios and outcomes still
dominates the process. M ovement of products in internationa trade and a dependence on
possibly inadequate performance based standards can only make the situation worse.

Onepoint inthispaper mey be of vdueto the discussion:
5.2.4 Reification of Test results

Refication is defined as thefalacy of treatingan abstraction being treated asiif it isa
*red* entity. [[i] (#_ednl)] Inthe gecific case of regulatory fire standards it isthe
ingppropriatetrestment of the output of atest as ameasurement of the properties of the
object inthered world. The Reification falacy beieves thetest scores describe an
inherent attribute of the design and thetest is simply ameasure of that atribute, rather
than thetes scoreis & cacul ation based on the test method and assumption about the
design. Inparticular any staement that the ASET or RSET has been measured is
reification. Reficationinthe ASET/RSET environment occurs when the outputs are
viewed as real items with fixed meanings rather than technical/socia constructs of great
uncertainty. If the uncertainty known tothe developersis not propagated to the users,
theresults get reified into clams about the building. For examplein the brand new
CFPAE Guideline No 19, 2009 on Fire Safety Engneering concerning Evacuation from
Buildings [[ii] (#_edn2)] thereis no trestment of definition of uncertainty inthe
ASET/RSET calculations. Instead contains very specific statements:

“*The knowledge of these parameters, with regards to time, alows us to establish the
exact moment in which the conditions of the Environment do not guarantee the
possibility to evacuate in safe conditions. (ASET time).” And later in deaingwith the
various variables in pre movement timeit states:

“Theanaysis of dl these dements dlows the recognition and response time evauation
for each occupant or for group of occupant per enclosure.”

Theonly recognition of any uncertainty isthe prgposd that the gagp between RSET and
ASET may represent amargn of safety. However there is no andysis of the range of
uncertainty of the RSET and ASET vaues themselves. Thevaues aretreated as red
things and reification has

triumphed. All of the vast number of assumptions and cautions and limitations has been
forgotten in the pursuit of @ * number*.

[i] (# _ednrefl) Gould, S J. (1981). The M ismeasure of M an. New York: W.W. Norton
& Co.

[ii] (#_ednref2 ) CFPA E Guiddine No 19, 2009, Fire Safety Engneering Concerning
Evacuation from Buildings.
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Happy to send this ertire pgoer to any one on request.
An earlier paperisontheweb:

http://mvww see.ed.ac.uk/FIRESEAT /fil es08/02-Branni gan.pdf

Vince Brannigan

[Postedto IAFSS Forum, July 25, 2011]

4. Dey, M., Deytec, Inc.
Dear Colleagues:

Thisisavery interesing discussion thread. | agree with Guillermo Rein that the
discussion showsthe uncertainties involved in fire mode predictions, including theinput
datato the modds (thetwo are corrdated) as simple models such as correlations are used
in the fire computer models because thefire science is not sufficiently developed.

I'd be very cautious by saying results from fire models are conservative or not unless one
istotaly sure of the uncertainties involved. Thereported predictive errors of fire modds
avail able in the computer fire model vdidation databases, or in theliterature, are
generdly very optimistic gven the validations are conducted "aposteriori” (open) and
include natura biases of theauthors. As recommended by Guillermo Rein and
Edinburgh, | dso recommend the use of results from "apriori" (blind) vaidations before
setting safety factors in engneering studies. My recommendation is based on my work in
the International Collaborative Fire M odel Project (ICFM P) which was conducted from
1999 to 2008. See: www.deytecinc.com/ESA 22.pdf

| dso did some comparisons of CFAST and FDS smoke results with actua datafor
compartment fires. Seec www.deytecinc.com/F SA 8.pdf

The comparisons were pretty good, as long as the fires were fully ventilated. The smoke
yield constant for the larger fire was not as good as the smdler firewhere it was
messured.

Regards,

Dr.Monideep K. Dey, President

Deytec, Inc.

Phone: 1-304-874-4360
Fax: 1-304-874-4371
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www.deytecinc.com

HC 64 Box 100-27
Ydlow Soring, WV 26865
USA

[Postedto IAFSS Forum, July 28, 2011]

5. Rein, G., University of Edinburgh

Totheemall from Dr Dey | would liketo add that thereis alatent but strong oppaosition
in some FPE circles to consider "apriori” studies as acompliment to "apoderiori”
vdidations. | wonder why these views do nat reach most of us but are exchanged in
closer circles. M ay be this gpen email list would be a good venue to communi cate the
most important of those gpposing views. | am definitely interested in heeringthem and
having the opportunity to debatethem in the open.

Cheers
G.

[Posted to IAFSS Forum, July 28, 2011]

6. Hurley, M., Society of Fire Protection Engineering

One problem with apriori modd evduations is that they lump many sources of
uncertainty together. Perhaps this can be viewed as avirtue, but it can dso beless
enlightening than aposteriori evauations.

Uncertainty in model use comes from avariety of sources, e.g., the model itsef, theinput
datathat is used, and the modd user. Quantifyingall these sources of uncertainty can be
non-trivid. Inlieu of quantifying each source of uncertainty, it would be much easier to
conduct an apriori study and conclude that thefindings portray al uncertainty associated
with using the modd.

However, this goproach is inelegant. If the uncertainty from the various sourcesin an a
priori study were offsetting, then the user might conclude that thetatd uncertainty is
lower than it redlly is. Also, any gven evaluation is inherently finitein scope- it is
limited to aset of conditions - e.g,, geometry, firesize, etc. Therefore, thefindings of
any evaluation arelimited to modd applications tha are similar.

SFPE has published aguide that describes an gpproach for evauatinga model for a gven

goplication. These guiddines recommend tresting model verification and vaidation
separatey from uncertainty introduced by usingthe model. For more information, see
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http://www.fpemag.com/archives/department.asp Assue id=57&1=493

The guidelines can be obtained from:

https://netforum.avectra.com/eweb/shopping/'shopping.aspx?site=sfp e& webcode=shoppi
no&prd key=345a5b8e-2dde-4a6f-a57d-568113881459.

Respectfully,

M organ J. Hurley, P.E., FSFPE
Technicd Director

Society of Fire Pratection Engneers
7315 Wisconsin Ave., #620E
Bethesda, MD 20814 USA
+1.301.718.2910 x102

M obile +1.301.661.5987

Fax +1.301.718.2242

www.sfpe.org

[Postedto IAFSS Forum, July 29, 2011]

7. Brannigen, V., University of Maryland

| would note that the SFPE use of theterm Vaidation may be a odds withtherest of the
world's use of theterms.

From the source: "Validation is a check of the physics, i.e., whether the equations are an
appropriate description of the fire scenario. M ost often, validation takes the form of
comparisons with experimentd test data Vaidation does not mean that amodel makes
perfect predictions, only that the predictions are good enough for its intended use. The
meaning of " good enough” is up tothe modd user, and to say amode has been validated
only means that an end user has decided that the modd is sufficiently accurate for a
particular application.” This asubjective not an objective statement. It would | assure
you beinadmissiblein court as Ipse Dixit (I say it is so mysdf). Expertise has to be
demonstrated not merely asserted.

Thewhole point of gpriori evauation of the process is totes whether the modeer has
the cgpability to do what M organ suggests. If you can't pick amode that will accurately
forecast afireform aknown scenario how do we "know that you know wha you clamto
know?'

I'm not exactly sure what M organ means by uncertainty in the"modd user”. Humorous
possibilities cometo mind.

Deytec Technicd Report 2011-01 24 © Deytec, Inc. 2011


http://www.fpemag.com/archives/department.asp?issue_id=57&i=493
https://netforum.avectra.com/eweb/shopping/shopping.aspx?site=sfpe&webcode=shopping&prd_key=345a5b8e-2dde-4a6f-a57d-568113881459
https://netforum.avectra.com/eweb/shopping/shopping.aspx?site=sfpe&webcode=shopping&prd_key=345a5b8e-2dde-4a6f-a57d-568113881459
http://www.sfpe.org/

If thereis uncertainty in the measurement of the inputs of aknown scenario thisis a
legtimate criticism of the model process. Inability to accurately meesuretheinput isan
indicator that the model is not Vdid.

Vincent Brannigan J.D.

Prof. Emeritus

D. Of Fire Protection Engneering
U of Md.

[Postedto IAFSS Forum, July 30, 2011]

8. Brein, D., Karlsruher Institut fur Technologie (KIT)
Dear coll eagues,

Apart from the orignal discussion on "visibility criterion” triggered by Victor Shestopa
some day's ago we now seem to proceed to the more generd aspects of the assessment of
cdculation methods in Fire Safety Engneering.

May | informyouthat the International Sandards Organisation does some work on the
issuewithin ISO TC92 Fire Safety SC4 Fire Saf ety Engneering WG7 A ssessment,
Verification and Validation of caculation methods in FSE, with 1SO 16730 published in
2008.

For those, who are not familiar with thework, | atach the FDIS (I am not permitted to
submit the gandard, but the FDIS contents, text and figures are identical to the standard).

From this document you may learn what the current terms mean in view of

| SO:

- if there are still divergngdefinitions around, 1SO 16730 is an invitation to gobally
harmonize the definitions of terms used in the assessment of cacul ation methods for
FSE.

The definitions for "assessment”, for "verification" and for "vdidation", respectively,
taken from SO 16730 read as follows:

"3.2

Assessment:

process of determining the degree to which acalcul aion method is an accurate
representation of the real world from the perspective of the intended uses of the
cdculation method and the degree to which a calcul ation method implementation
accurately representsthe developer’s conceptua description of the calculation method
and the solution tothe cacul ation method.
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NOTE:Key processes in the assessment of suitability of acaculation. M ethod are
verification and va idation.

3.23

Vdidation:

process of determining the degree to which acalcul ation method is an accurate
representation of the real world from the perspective of the intended uses of the
caculation method.

3.24

Verificaion

process of determiningthat aca culation method implementation accurately represents
the developer's conceptud description of the calcul ation method and the solution to the
cadculation method.

NOTE:The fundamental strategy of verification of computationad models is the
identification and quantification of error in the computationa mode and its solution.”

The Working Group started with discussion on "apriori* or "blind" versus "apogeriori"
or "open” caculations sometime ago; the next revision of 1SO 16730 is intended to
address some findings, in aneutra way as possible, of course. Sill there many pros and
cons discussed for both approaches in the ISO community. Any views onthis withinthis
|AFSSdiscussion forum will carefully be noted by WG7.

Best regards,

Dieter Brein

(Convenor 1SO TC92 SC4 WG7)

[Postedto IAFSS Forum, July 31, 2011]

9. Rein, G., University of Edinburgh

Followingtheemail from Dr Brein, | have changed the subject of this discussion to "a
priori vs. aposteriori debate’. | am delighted to learn that WG7 Committeeis interested
in this ongoing debate.

In Aug 2009, | wrotethe blogentry "Blind vs Open fire modelling' startingwith:
"I dwayswantedto sart adebate on thistgpic and now think that abetter way is using
theblog Threeyears after The Damarnock Fire Tests, the'apriori' vs. 'apogeriori’

debatein is still not too pgpular in the fire modelling community . The debate seems to be
mostly taking place in persona communications and during the peer reviewing of papers.
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Unfortunately, not much is happening publicly or at the reach of the fire community as a
whol€"

Seetherest here
http://edinburohf ireresearch.blogspot.com/2009/08/bl ind-vs-open-fire-modd ling.html

| invited the IAFSS emall list to join the debate and the blog got comments dso from N
Ryder, SDesanghere, K M cGrattan, M Sdley, B M erci, L lannantuoni and G M anzini.

M aybeit isagood timeto repeat the debate. Twoyears have passed and the gpen debate
is not fully taking place within the IAFSS community .

Chears
G.

*Dr Guillermo Rein*

Senior Lecturer in M echanica Engneering http://www.eng.ed.ac.uk/~arein The
University of Edinburgh, UK.

[Postedto IAFSS Forum, August 1, 2011]

10. Simenko, P., SimCo Consulting Pty Ltd.

Inmy work | rely onthefollowing definition of the mesning of words
"verification, validation and accreditation”:
1. Source "wikipedia.orgwiki/"

Verification and vaidation is the process of checkingthat aproduct, service, or sysem
meets specifications and that it fulfillsits intended purpose.

These are critical components of aquality management sy sem such as 1SO 9000.
Sometimes preceded with "Independent” (or IV&V) to ensurethe vdidation is performed
by adisinterestedthird party. (en. wikipedia.orgwiki/)

Verification is aQuality control process tha is used to evaluate whether or not aproduct,
service, or system complies with regulations, specifications, or conditions imposed a the
start of adevelopment phase. Verification can be in development, scae-up, or
production. This is often an interna process.

Vdidation is aQuality assurance process of esablishing evidencethat provides ahigh
degree of assurancethat aproduct, service, or sy sem accomplishes its intended
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requirements. T his often involves acceptance of fithess for purpose with end users and
other produd stakeholders.

It is sometimes said that validation can be expressed by the query "Areyou building the
right thing?'[1] and verification by "Areyou buildingit right?'[2] "Buildingtheright
thing' refers back to the user's needs, while "building it right" checks that the
specifications are correctly implemented by the sysem. In some contexts, it is required to
have written requirements for both as well as forma procedures or protocols for
determining compliance.

2. Source - Sy stems Engneering Fundamentas; Supplementary Text prepared by The
Defense Acquisition University Press, Fort Belvoir, Virginia22060-5565, January 2001
(pdf fileversion is availabl e on internet):

13.4 VERIFICATION, VALIDATION, AND ACCREDITATION: How canyou trust
the modd or simul ation? Establish confidence in your modd or simul aion through
forma verification, vaidation, and accreditation (VV&A). VV&A isusudly identified
with software, but the basic concept applies to hardware as wdll. Figure 13-2 shows the
basic differences between theterms (VV&A).

M ore secificaly:

* Verification is the process of determiningthat amodd i mplementation accurately
representsthe developer* s conceptua description and specifications that the model was
designed to.

* Vdidation is the process of determining the manner and degreeto which amodd is an
accurate representation of thereal world from the perspective of the intended uses of the
model, and of establishingthelevel of confidencethat should be placed on this
assessment.

* Accreditation is theforma certification that amode or simulation is acceptable for use
for aspecific purpose. Accreditation is conferred by the organization best positioned to
make the judgment that the mode or simul ation in question is acceptable. That
organization may be an operationa user, the program office, or acontractor, depending
uponthe purposes intended.

| would appreciateif any of the IAFSS members have abetter definition, or may be can
indicate any shortcomings of the above definitions when applied to fire engineering

Regards,

Peter Smenko, Fire Engneer
SmCo Consulting Pty Ltd

M elbourne, Audrdis

[Postedto IAFSS Forum, August 1, 2011]
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11. Brannigen, V., University of Maryland

The problem with using non regulatory definitions of Vaidation isthat they fal to take
into account both thepublic interest in the vaidation exercise and the important
dichotomy between "what hasto be demonstrated” i.e. the substartive requirement and
the"Evidence' used to demonstrate that the goa has been achieved. One of the most
sophigicated and intensive efforts in the area of computer software regulation has been
the Food and Drug Administration's General Principles of Software Vaidation; Final
Guidancefor Industry and FDA Saff:

http://www.fda.gov/downloads/M edica D evi ces/Devi ceReaqulationandGuidance/Guidanc
eDocuments/ucm085371.pdf

Thisis the software used in life critical medica devices and situations so it is afair
comparison for Fire protection Engneering. In fact fire protection engineering probably
involves much greater risk to lifethat posed by medicd software The definition for
Vdidation is clearly stated:

For purposes of this guidance, FDA considers software vaidation to be "confirmation by
examination and provision of objective evidencethat software specifications conform to
user needs and intended uses, and that the paticular requirements implemented through
software can be consistently fulfilled.”

Four different components of this definition are important:

1) Therequirement for Objective evidence. The Subjective opinion of the developer or
anyonedsefor that matter is nat in and of itself suitable evidence.

2) "conformto user needs" You haveto demonstrate objectively that you conform to
user needs, not merely that someone has "signed off"

3) "intended uses" Thefact tha both user needs and intended uses have to bevd idated is
not an accident.

4) "requirements...consistently fulfilled" requires eff ective documentation of the
verification process

The Document goes on to say':

"Vdidation activities should be conducted usingthe basic quaity assurance precept of
"independence of review." Self-vaidation is extremely difficult. When possible, an
independent evaluation is dway's better, egpecidly for higher risk applications. Some
firms contract out for athird-party independent verification and vaidation, but this
solution may not dways be feasible. Another gpproach isto assign internal staff members
tha are not involved in aparticular design or its implementation, but who have sufficient
knowledgeto evauate the project and conduct the verification and vaidation activities.
Smaller firms may need to be creative in how tasks are organized and assigned in order to
maintan internal independence of review."
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One of the most important issues is Robugt ness:

"Robustness -- Software testing should demonstrate that a softwareproduct behaves
correctly when gven unexpected, invdid inputs. M eéhods for identifying a sufficient set
of such test cases include Equivalence Class Partitioning, Boundary Vaue Analysis, and
Soecia Case ldentification (Error Guessing). Whileimportant and necessary, these
techniques do not ensure that al of the most gopropriate chalenges to asoftwareproduct
have been identified for testing."

http://lib.biocinfo.pl/pmid:1807596/pmid/cit

http://lib.bioinfo.pl/citwww/pgper/1807596

These are the bare minimum standards for the regulatory use of software products.

Vincent Brannigan J.D

Professor Emeritus

U of Maryland

Depatment of Fire Protection Engneering

[Postedto IAFSS Forum, August 1, 2011]

12. Dey, M., Deytec, Inc.

| agree on the 3 sources of predictive errors from fire models, the modd itsdf, input data,
and the user. Errors dueto the user can be diminated duringthe validation process by
competent users. Assessinguser error in engneering studies can be difficult.

| disagreethat blind vaidations lump al these error sources. Theinput datacan be
measured for each validation as in the ICFM P project, and the uncertainty dramaticaly
reduced. Thevdidation isthen of the modd itself. Input data can be a big source of
error in engneering studies though.

| agreethat fire model vaidations are gpplicable only to arange of similar fire scenarios,
asfireapplications can vary significantly .

| don't see how gpen vdidations solvetheissue of "lumping’ errorsif that was true.
Finally, the main point proponents of blind simulations makeis to diminate the natura
bias caused by vdidations conducted by developers or interested practitioners. This issue
can dso be overcomeif open vdidations are conducted by independent bodies.

Thanks,

Dr. M onideep Dey, President
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Deytec, Inc.

Phone: 1-304-874-4360
Fax. 1-304-874-4371
www.deytecinc.com

HC 64 Box 100-27
Ydlow Spring, WV 26865
USA

[Postedto IAFSS Forum, August 2, 2011]

13. Brannigen, V., University of Maryland

| am still waitingfor aclear definition of user error.  Dr. Dey states"Errors duetothe
user can be eliminated duringthe vaidation process by competent users. Assessing user
error in engneering studies can be difficult.”

| think this gatement conflates user error in running amodel with misuse of the modd to
generate misleading predictions. Such misuse cannot be cured in "validation."

| am certainly personaly familiar with user error when running full scaefire burns,
standardized laboratory tests or evenridingabicycle. | even remember dropping decks
of punch cards when feedingthe IBM 7094. Thesearedl user error But afire modd has
none of these characteristics.

A firemodd is an dgorithm or computer program. It takes input and gives outpus.
Themodé is not sensitiveto the user of the modd. It's not apinbal machine whereyou
whack the side.

Calling misuse of amodéd output "predictive error" would be misleading. What an
"incompetent” user clams for the modd output is nat part of the modd itsdf or its
vaidation. Either the output is vaid or it isnot. Vdidation testingincludes defining
clearly theinput scenarios over which the modd is valid.

But amode which can accept dataoutside of its range of validation (e.g. provided by an
incompetent user) and gives spurious answers tha do not reflect redity is nat showing
"predictive error” that can be lumped with other errors. It isinstead amodd with a
serious validation problem, sinceit cannot recognize and exclude ingppropriate inpus.
Datainput acceptance outside the range over which amodd is valid is a classic
vaidation problem and should not be cdled user error.

Verification is atest of codingtheinputs and outputs. Vaidation is therel ationship of the
model to redity.
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Thereason thisissueis important isthat if amodd is described as vaid, it specificaly
includes arange of inputs over which the validity has been demonstrated, and should
normaly automaticaly exclude any use outside that range.

Vincent Brannigan J.D.

Professor Emeritus

University of M aryland

Department of Fire Protection Engneering

[Postedto IAFSS Forum, August 3, 2011]

14. Dey, M., Deytec, Inc.
Vince:
| agree with your andysis and conclusion that user error ("misuse of the modd™) is
outside the scope of the model vaidation process. We should separate user error from
vaidation of the model.
Thanks,
Dr. M onideep Dey, President
Deytec, Inc.
Phone: 1-304-874-4360
Fax.  1-304-874-4371
www.deytecinc.com
HC 64 Box 100-27
Ydlow Spring, WV 26865
USA

[Postedto IAFSS Forum, August 3, 2011]

15. Horton, G., URS/Scott Wilson
As someone who uses the outputs from CFD andysis aspart of design, my experienceis

that the outputs of modelling of visibility tendto err on the side of cautioni.e. the
visibility predicted seems to be lower than experience would suggest is likely.

1st someclarifications,
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1.  Whenl say experiencel amtakingwaking around buildings on fire as afire-
fighter, i.e. totaly subjective and my own experiences.

2. When| say er ontheside of caution | am saying subjectively that the densities of
the smoke appears to be unreasonably dense.

3. Themoddlingis not only driven by technical considerations but aso regulatory
considerations i.e. in the absence of any specific datathe modellingalway s assumes the
smoke sources is polyurehane (which | understand is about as bad as it gets?) and it
probably israethis bad in the average buildingfire if thereis such athing.

4, M oddlingfor firein adesign senseis in many cases overly conservative as aresult
of theinput of regulators (understandably so gven what is a stake, thisis na an attack
on them merely an observation of wherewe arein the UK industry at least).

A constant source of frustration and a practitioner is the use of fire models to derive
results tha are seenfused as a‘truth’ whereas they may represent one or more possible
truths. The use of those results often distils downtothe absolute word case results
presented as being the defining characteristic in adesign, Not dways but often and is |
believeis down to how we, humans that is, find it difficult topu risk in pergoective, i.e.
hope we fear flying but will happily drive dongthe road without a sesat belt on or
something like that.

| am not sureif thisis of any interes totheforum but it is interestingto see the academic,
technica perspective about the modeling as apractitioner, and onewho at that doesn’t
actudly run the models (wdl not for alongtime anyway) and how this relates tothe day
to day work of apractisingfire engneer.

Glenn Horton BEng (Hons) CEng M IFireE M BEng A SFPE

Buildings & Infrastructure
URS/Scott Wilson
6-8 Greencoat Place, London, SW1P 1PL, United Kingdom

T +44 (0)207 798 5249 (DL)
F +44 (0)207 798 5001
M+44 (0)797 0914416

d enn.horton@scottwilson.com

WWW.urs-scottwilson.com

[Postedto IAFSS Forum, August 6, 2011]
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16. Brannigen, V., University of Maryland

| sugpect tha some developers of models do the exact opposite, they take the most
comfortable assumptions possible and make them the core of the modd. E.g, thelife
safety code assumes only oneignition. That is apure comfortable assumption used to
make the claims of Performance based design "work." But the uncertainties in predicting
fires and building performance are still huge. We cannot make long future predictions of
the actual fire safety of real buildings. We don't even have an easy method of making
surethat the fud load producingthe hypothetica design fireis not exceeded thefirst day
the building goes into operation. Some of the assumptions used for “phased evacuation’
border on fantasy. This has been aproblem since the origna Richardson formulation
and no one has solved it. Thefact that traditiona codes do not do any beterisared
herring, sincethey are policy documents that do nat make any claims of scientific
accuracy . It is dso the casethat Technica decisions may not be the most important
components of therisk.

Arson or terrorism may be akey risk but is not aprofessiond technicd input. It isa
policy input expressed in technica terms.

Performance based design is largely aforensic science. Its key market isthe

legd /requl atory process. Faluretoproperly integrate policy and technica decision
makingin the desi gn process contributes bothto over claiming the scientific vaidity of
therisk models, and falure to recognize the complementary role of political and technica
input inthe safety process. It dsotends to overgatethe design issues and under
emphasize the operationd issues in abuilding. We can, within limits make buildings as
safe as policy makes want the advances in fire engineering in this area have been
enormous. We can aso make Buildings cheaper and accept more

risk. What is indefensibleis over clamingthe safety of adesign by taking advantage of
clever assumptions and known deficiencies in saf ety criteria Ultimately society decides
what risks it will accept. The god is transparency inthat decision process.

Prof Emeritus Vincent Brannigan
University of M aryland
Department of Fire Protection Engneering

[Postedto IAFSS Forum, August 7, 2011]

17. Simenko, P., SimCo Consulting Pty Ltd.

With Prof Emeritus Vincent Branni gan's comments (which are, however, dways
interesting and challengng) | have often thefedingthat heistryingto push the blamefor
making the difficult, and admittedly - critical design decisions "what is acceptably fire
safe and what is not" to fire engneers.

It then comes to my mind that it was actudly the "apriori" decision of the governments
to introduce the performance-based concept into thefireregulaions - without firg
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providing proper design tools for technical, ethica and to adegree also philosophica
support at these decisions.

Without having clear quantifiabl e design criteriaand approved methodsto verify the
necessary design decisions, any reasonable desi gner/fire engineer hasto strudure his
gpproach (i.e. mak e trade studies) how to demonstrae equivaency withthe DT Sdesign
solutions. To anybody whothinks how easy thisis | would suggest to carefully read the
doctord thesis from Dr. Thomas Lundin (Safety in Case of Fire, The Effect of Changng
Regulations, Johan Lundin, 2005).

Bertrand Russdll once said: "The greatest chalengeto any thinker is stating the problem
inaway that will alow asolution." (Bertrand Russdll, British author, mathematician, &
philosopher (1872 - 1970).

Onehas dso to listen to one of the"greats” in fireengneering, M sM argaret Law.

M argaret Law, in her paper, “The development of fireengneeringinto amature
discipline,” (Sunderland) makes two relevant comments (taken from my notes from the
Sunderland seminar):

1st comment - "M odern engneering desi gn is based on the application of science and
engineering principles, using measurement, empiricism and judgment. Thisis the samein
concept as traditional engneeringdesign. Themgor differenceis arecognition that it is
better to have explicit assumptions and relationships, sothat the design engineer can
apply the codes in an intdligent way . Inthe pag, the search for simple solutions has been
deflected down the route leading to simple rules and the prescriptive approach. The
resultant masking of assumptions means new hazards may not be addressed properly and
the available resources may not be used to bes effect.”

2nd comment "It is reportedthat Huxley said: “ All true science begns with empiricism”
and that hewent onto say tha it only remains true science“in so far as it strives topass
out of the empirical stage.” The samemay be sad of engineering, but we can aso
recognize that while science is concerned with the search for truth and knowledge of
redity, engneering is more concerned with the search for the satisfactory performancein
redity. What is satisfactory is amatter for judgment. M og engneering rel ationships are
developed as aids to judgment and are not conceived as statements of absolutetruth.
Oncethisis understood, the use of engneering ca culations to assess fire safety will
appear more acceptable to non-engneers.”

Attheend | would suggest that dl the governments - that have made the"s-priori”
decision to introduce the performance-based approach to fire safety in buildings, could
now perform an "a-pogeriori” verification (and possibly vdidation) of ther first "a-
priori" decision. | bet the results will be positivein engneeringterms - the community is
getting abetter product/service then before with theprescriptive rules.

Regards,
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Peter Smenko
Fire Engneer
SmCo Consulting, M elbourne, Austrdia

[Postedto IAFSS Forum, August 7, 2011]

18. Dey, M., Deytec, Inc.

| agree with Peter Smenko that there is much work to be done for performance-based fire
safety design. This lengthy discussion on “ visibility criterion,” athough interesting and
useful, illustrates that there needs to be an international consensus and standard to
establish the vaues for input parameters to fire models in performance-based design. As
indicated earlier by Dr. Dieter Brein, the convener of WG7in 1 SO TC 92 SC4, WG7 has
nobly taken on thetask to examine vdidation issues and methods for determiningthe true
predictive errors of fire models. Perhaps the same group, or another in SC 4, can takeon
thetask of esablishing an international consensus and harmonizingvalues of important
input parameters needed for fire modding andysis in performance-based design.

Thanks,
Dr.M onideep Dey, President

Deytec, Inc.
Nuclear Safety Training & Consultancy

Phone: 1-304-874-4360
Fax: 1-304-874-4371

www.deytecinc.com

HC 64 Box 100-27
Ydlow Spring, WV 26865
USA

[Postedto IAFSS Forum, August 16, 2011]

19. Babrauskas, V., Fire Science & Technology Inc.

I'm not so convinced that standardization istheimmedi ate answer. If the state of the art is
still sufficiently primitive so tha competent persons making adecent effort will get
substartively divergent results, | just do not see how 1SO, SFPE, etc. can use
standardization Srateges to andioraethis. Such strateg es would only help if some of
the divergence would be due to use of incorrect physica constants, but | truly doult that
thiswas asignificant factor. The second way the societies could help is if the diver gences
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were due to blunders; in that case, educationa classes or documents could be helpful.
But, again, | sincerely doubt this was afactor with Damarnock. In very general terms, |
think the ability of our fire models to modd flame spread is still highly limited. Thus, in
situation where flame spread is amoot point (pool fires, etc.), you can get goriously
good results. Where flame spread is important, divergences will rear their ugly head.

Best regards,
Vytenis (Vyto) Babrauskas, Ph.D.

Fire Science & Technology Inc.

9000 - 300th Place SE

I ssaquah, WA 98027, USA

Ph: 425-222-9499 - Fax: 425-222-9477

[Postedto IAFSS Forum, August 16, 2011]

20. Brannigen, V., University of Maryland

| amtravelingso | will limit my comments to two very generd points. | am simply
astonished by the suggestion that "It then comes to my mind that it was actualy the "a
priori" decision

of the governments to introduce the performance-based concept intothefire regulations -
without firg providing proper design tools for technicd, ethica and to adegree also
philosophica support & these decisions.” Performance based design was invented and
promoted by fire engneers who repeatedly assured governments they had precisely these
design tools. | wrote awhole series of articles on the bizarre assumptionsthat were used
to overcome any opposition. My 1999 IAFSS pgper detalingkey stepsintheprocessis
on theweb at: http://fire.nist.gov/bfripubs/fire00/PD F/f00159.pdf (Brannigan, V.M .,
2000. Fire Scenarios or Scenario Fires? Can Fire Safety Science Provide The Critica
Inputs For Performance Based Fire Safety Anayses?, Fire Safety Science 6: 207-218.
NAFSSFSS.6-207). Our 1996 Interflam paper is at

http://www fire nist.gov/bfripubs/fireéd6/PD F/f96056.pdf

The second point isthe question of shared responsibility between designer and regulator.
| covered thisin my Fireseat pgper http://www.see.ed.ac.uk/FIRESEAT /files08/02-

Branni gan.pdf

Therel wrote

"Theword caseis where compliance with the standard fully satisfies the designer’s legal
responsibility but the inadequate standard produces socidly unacceptable design. The
result is a* black hole” where disasters can occur and y et no one accepts responsibility .
Leading designers and regulators managed to combineto create the Kagprun ski train
disaster, but at the end of the day no one actudly felt reqponsible for the overdl safety .
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Thekey quegtion is whether compliance with regulatory tes methods and sandards is
actudly enough to produce safety or is merely amethod of complyingwith the code.™

| am still waiting for the comprehensive report on theperformance based desi gn process
and philosophy that led tothe TVCC fire. What have we learned?

If acoderequires atrue"level of safety” it is ared performance code cf. the code of
Hammurabi. If acode merely specifies an acceptable technica response, however
sophigicated that specification e.g, "Tenability", it is ill simply atraditiona
prescriptive code. The

risk of courseis that in the complexity of clams of modern performance codes we simply
create more hazardous buildings.

Prof. Vincent Brannigan

[Postedto IAFSS Forum, August 16, 2011]

21. Horton, G., URS/Scott Wilson

Isn’t this a case of silk purses and sows ears? We have models which are currently sows
ears, we want to usethem to make silk purses, we just don't know how y et

Not as eloguent asM r Babrauskas, but | think it may reflect the current gate of fire
modellingto adegree. Despitethe gpparent increasing complexity of our models they
areonly an gpproximation of areal world scenario, potentidly jus one passibleredity.
But noteonly apatentid redity, not adefinite one.

Sandardisation of input parameters e.g. soot production rates, will only gvean
gppearance of order but will not quantitatively improve the outpus.

Theoutputs of our modeling still require asignificant amount if interpretation on the
part of the engneer gpplyingreceivingthe outpus.

Regards
Glenn

[Postedto IAFSS Forum, August 17, 2011]

22. McMurtie, S., Pyroactive

| may be straying slightly from the specific debate a hand, but | think tha thethread is
relevant.

Deytec Technicd Report 2011-01 38 © Deytec, Inc. 2011



Whilst | am certainly not an academic nor do | regard my sdf in the same league of
knowledge as the mgority of contributorsto theseforums, | do find it sadto think that
many builders, engneers, certifiers, practitioners and owners are dlowed to use these
cdculations quite often as achegp justification to get out of / or eiminate traditiona
deemed to satisfy or proven prescriptive requirements when ye even in our (my) training
and education process, our (my) educators gill describefire safety engneering as Bucket
Chemistry!

Fire Brigades are needing to publish guiddines to ensure that dternative solutions and
fireengneering is used appropriately .

We know that correctly designed sprinkler sy sems suppress fires, but we alow them to
be engneered out of certain buildings by using software caculations that we ourselves
describe as 'sows ears” or "bucket chemistry"!

Have we set the ground rules correctly fromthe gart? If the scienceis still init's infancy,
should a"sows ear" berdied upon in high risk situations? (e.g., any situation where an
occupant or firefighter is exposed to fire).

Arewe educating our building certifiers, fire safety messures instalers and maintainers

aopropriatey 7

| am dl for fire engneered solutions in theright context, so please do not takethisas a
criticism of our trade/profession or any body's knowledge, but simply an observation from
theinstdlers and occupants perspective where sometimes it seems like abit of a"freefor
al" depending on your qudifications and grasp of the Endish language.

Suart M oM urtrie
Post Graduate Diploma- Fire Safety Engneering

[Postedto IAFSS Forum, August 17, 2011]

23. Kip, S., SKIP Consulting Pty Ltd
Hi dl,

Theissue of who is to 'blame for introducing performance based codes is a complex one
involvingarange of historical inputs from GATT agreements to poor maintenance of
existing prescriptive codes. For examplein Austraiaat the time of introduction of the
performance-based Building Code of Austraia (1997), the Austraian Building Codes
Board stated: "A technica constraint to theperformance sysem s the lack of verification
(quantification) methods. These are methods used to determine whether a component
reaches the required performance level. A large commitment is needed to rectify this
shortcoming. Thefact that the codeis written in performance terms will encourage more
verification methods to be developed.”
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It seems that the regulators assumed (hoped) that industry would fill in the policy holes
and it is true that since the introduction of the performance-based Building codein
Austraiawe have seen significant technica advances; for examplein anaysis of
redundancy, reliability, disabled egress and many others. Certainly our underganding of
the strengths, weaknesses and limitations of our prescriptive codes (deemed-to-satisfy
provisions in Audrdia) has increased gredtly.

It is dso truetha the amount of technicd 'discretion’ gven to practitioners by regulators
should beinversely proportiond totheleve of training, competency, auditingand
checkingrequired of those practitioners. In my experiencethisisthe areawherethe
magority of work gill needs to be done.

Regards,

Sephen Kip

Fire Safety Engneer & Building Regulatory Consultant

M obile: 0438-262-400
Fax  (03) 5222-5672

Email: stephen@skip.ne.au

Web: www.skip.net.au

XIP Consulting Pty Ltd

P.O. Box 397, Gedong, Victoria, 3220
ACN 123965 079

[Postedto IAFSS Forum, August 17, 2011]

24. Dey, M., Deytec, Inc.

The round robin using the Damarnock tests was useful and important because it
demonstrated that fire modd inputs can be varied to show models are capable for
simulations where experts know they are ill "primitive’ and not cgpable. Thekey issue
then is how vdidations can be conducted to inform non-expertsthat fire models are
unreliable for some simulations.

Thanks,

Dr. M onideep Dey, President
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Deytec, Inc.
Nuclear Safety Training & Consultancy

Phone: 1-304-874-4360
Fax  1-304-874-4371
www.dey tecinc.com

HC 64 Box 100-27
Ydlow Spring, WV 26865
USA

[Postedto IAFSS Forum, August 24, 2011]

25. Brannigen, V., University of Maryland

The Titanic's designers complained about those lifeboats that would never be needed on
an unsinkable ship. So they put onthe bare minimum. Not only were there not enough,
thefailureto anadyzethe problem correctly left 400 empty places in thelifeboats they
had. | submit that we have no ideg, in the real world, if performance designs are
conservative or not. Themodels are just part of the problem. Our confidencein the
range of inputs over thelifetime of the buildingis just as poor. To get performance based
codes gpproved Fire engneers made claims of safety, not merely compliance with codes.

| haveraised this issue repeatedly in many forums and haveyet to receive asatisfactory
answer. | would notethat the recent controversies over safe levels of volcanic ash and
arcraft engnes show exactly the sametechnica regulatory problem. Engneers can
create objects without understandingthe hazards, "conning' poorly trained regul ators has
become an art form, inadequate resear ch is endemic, claims of trade secrets are used to
cover up "creativetechnical accounting' and everythingis great until the disaster hits.

But by thenthe fees have been coll ected and the practitioners are long gone. Then the
finger pointing begns, as in the DEEPWATER HORIZON. Thefact tha the"Emperor
Experts’ have no clothes is obvious but far too late. Only sometimes, asinthe TITANIC,
HINDENBURG, Sprint Fiddis, COM ET or the ATR doesthe disaster occur promptly
before the desi gners move on.

| am happy to send details of dl these engneering disasters on request. | teach awhole
coursein this kind of engneeringfailure.

Thereare no easy solutions tothisproblem but some suggestions are obvious:

1) Failureto fully and publicly investigate atechnica disaster simply meansthéa the
cover up continues.
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2) Any claims of Trade secret in areas of public safety and concern must be considered
unethica. M edicine banned any such claims many years ago. All regulatory approvas
and the rationale should be public.

3) Regulators must have resources and transparent technica advice equal to the hazard.
4) Professionad societies must have organized sy stems of sdf criticism rather than simply
insider cheer leading. New desi gns should be published with adequate datafor analysis
and criticism.

5) Any design that involves aclam that aregulatory requirement is unneeded should be
backed by asolid solvent insurance policy against the event which it is claimed will not
happen. Such insurance will be cheap if the proof is good. If it's expensive, that tells us
something.

Therearefunding, legd and professional issues in al of these areas, but uncontrolled
public experiments on human life are not an acceptable dternative.

Vincent Brannigan
Prof Emeritus
U of M d. Dgpartment of Fire Pratection Engneering

[Postedto IAFSS Forum, August 26, 2011]

26. Reddaway, L.,

The earlier discussion about visibility, and computer models, has been 'hi gh tech' stuff;
and has served to reinforce my view that outputs from computer modelling needs to be
treated with great skepticism, despitethe lure of beievingwhatever acomputer says.

Professor Brannigan's broader view is so important. Surdly, fire safety professionas and
fire safety organisations should be constantly pushingthosepeoplewho ultimatey
control our building approvas processestoput in place regulatory processes tha:

1) do not permit an over-enthusiastic manipulator of computer models to have excessive
influence; and

2) includerigorous, independent, skeptical reviews of unusua designs.

Lawrence Reddaway FIEAust, M SFPE
48 Brandon Street

Glen Iris, Victoria 3146

Austrais

Tel +61(0)3 9889 1418.
Fax 9889 4076.

reddaway @bigpond.net.au
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[Postedto IAFSS Forum, August 26, 2011]

27. Kip, S., SKIP Consulting Pty Ltd

To methediscussion seems narrowly focused on issues around the tools of engneering
rather than what actudly are theroles and responsibilities of an engineer.

In my view good engneering design should be efficient and cost-effective and satisfy the
public policy (legdl) requirements of the relevant jurisdiction. The best definition of
engineering | have come across is the simplest; “ Engneering is the practica gpplication
of science.”

Thecriticism of fire saf ety engneeringin Austrdiais mostly centered around unjustified
cost-savings (particularly externdisation of those so-caled “ cost-savings” to other
parties), and “reverse engneering” i.e. startingwith an unjustified conclusion and using
the modelling and technology toprovethis.

Unfortunately when adisaster occurs (our most recent examplein Australiabeingthe
Black Saturday Bushfires where 173 lives were lost), the politicians then look for a
solution where * absolute safety” is the god, regardless of cost (i.e. policy development is
focused on consequence a the expense of areasoned probability andysis). Engneers are
often dragged into thispolicy whirlpool and will try to resig/assis by applyingaso
caled “ risk-based approach”, however this can be naive or misplaced. For example,
community outrageis highest immediately after an event and it should not be the role of
an Engneer to determine acceptable probability or conseguence, even though we may be
ableto caculate or assess one or both of theseto determine the risk.

In the area of fire saf ety engneering, most engineers | know strugge daily with the
dilemmaof whether you can, or should, reduce or replace one or more systemsin a
buildingwith other systemsthat are more cost-effective, or more efficient. An example
might be paring back fire-ratings in alow-rise sprinklered building so that those cos
savings can betransferred to ded with other issues such as disabled egress or smoke
pratection (both of which are either poorly dedt with, or not dedt with at dl, in our
prescriptive building code). | have not yet had aclient who was prepared to ded with
theseimportart issues as a cost extratothe project and even on aproject wherethe client
is informed, altruistic and educated (for example anew public Hospitd), we aretold that
every dollar spent on fire safety is adollar that could or would otherwise be spent on
dedlingwith other risks such as infection control, security, staffing, equipment etc. The
client will sometimes even have datato support tha theserisks are greater than therisk of
fire. Whilst cost-saving should be an admirable engineering outcomeif correctly
justified and, for example, one of our Government policy documents gves an example of
this; “the imposition of unnecessarily drict safety requirements on public trangport may
push up fares, encouraging peopleto use cars, where therisks of accidents are greater”
(the Victorian Guideto Regulation), | do not bdieve it is the Engineers role to trade off
onerisk against another.
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When we aretryingto do our most difficult task of al, i.e. establish what is “ safe
enough”, we must deal with our specific issues to the best of our &bility, without
distraction. In Audralia, one of theways we can help to ensure the communities
expectations of us (and the buildings we work

on) are met isto follow the stakeholder consultation process in the Internationa Fire
Engineering Guidel ines 2005.

| support the views of Professor Brannigan entirely and his comments areavery hedthy
input to our daily workinglives, but | thought it was worth expressing and explainingthe
difficult job of engineeringfrom apractitioner’s point of view.

Kind regards

SephenKip

Fire Saf ety Engneer & Building Regulatory Consultant

M obile: 0438-262-400
Fax  (03) 5222-5672

Email: stephen@skip.nd.au

Web: www.skip.net.au

XIP Consulting Pty Ltd
P.O. Box 397

Gedong, Victoria 3220
ACN 123 965 079
Austrdiz

[Postedto IAFSS Forum, August 27, 2011]

28. Thorsteinsson, K., Shaw

The building and fire codes could benef it from specific design risk criteriafor acceptable
level of saf ety dongthelines of the UK HSE regulations for high hazard industries:

- M aximum tolerablerisk leve, e.g 10E-4 fatdities/yr (public), 10E-3/yr

(employees)
- Broadly acceptablerisk level, e.g 10E-6 fatdities/yr
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And in between thesetwo criteriaisthe ALARP (as low as reasonably practicable) regon
where dl practicable risk mitigation measures must be either implemented or the cost
shown to be grossly disproportionate tothe benefit.

Kris

[Postedto IAFSS Forum, August 27, 2011]

29. Horton, G., URS/Scott Wilson

Arguably thefire codes already include a consideration of the acceptable levels of deaths
and injuries. However, | wonder if the explicit statement of such criteriawould be
acceptableto the generd population?

| wouldn't want to quate the source, but | know the value placed on ahuman lifein terms
of economic vaueis somethingthat is widdy discussed behind closed doors in the UK
but rardly, if ever, figuresin the public debates about fire codes or changes to them.

A classic examplein the UK at least, is the ongoing debate about whether to impose
sprinklers across the board for new buildings. Currently with adeath rate of gpprox
0.8/100k head of population (source GAIN Newsletter No 26, 2010 dl fires including
those outside of buildings); the cost of imposing such arequirement would be relatively
high and has so far not been perceived to gvethe benefits to society tha the cogs might
be perceived to demand.

| recal that theperception isthat such achangewould likely reducethe death and injury
rate slightly but would not make asignificant impact on overall desths and injuries. |
don't recall of thetop of my head what the benefits would bein this context athoughif |
had more time could no doubt trawl through my info and find it, but | think the key point
istheat asocietd level the cost benefits have not been considered sufficiently beneficial
to imposethe regquirements.

It isinterestingto notethat when considering death rates/100k there are many countries
which from aUK pergpective would appear to have alower leve of fire safety than found
hereand yet they have lower death rates (e.g. Spain and Itay specificaly). Whilst on the
other hand countries where the imposition of sprinklersis mandated far wider have

higher degth rates (i.e USA).

Clearly the correlation between diff erent codes and our perceptions about whé is safe or
not is afar from simple, clear rd aionship. Thisis despitethefact tha wearedl largey
working from the same data, or at the very least largely have access to the same modds
and dataif wearenot dl using the same infor mation.

Whilst | agree with some of what Vince and others are sayingrethe engneers, | takethe
view that there are at least twosides tothe story and we are dl participants. It is
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unreasonableto simply blamefire engneers on the design side, when in fact regulators
haveamgor roleto play in wha is acceptable and accepted. | an awarethat in some
countries (Austradia, UK) tha regulatory fire engneering capability matches much of
what is found in industry athough | would accept that thisis nat the case everywhere.

It is reasonable to say that the decisions made by regulators are on occasions as dubious
as those made by design fire engneers.

JMHO
Glenn
[Postedto IAFSS Forum, August 29, 2011]

4.4 Comments Posted on the Blogspot of the University of
Ediburgh

(from http://edinburghfireresearch.blogspot.com/2009/08/blind-vs-open-fire-modelling.html)

1. Rein, G., University of Edinburgh

Blind vs Open fire moddinc

| dwayswantedto sart adebate on thistopic and now think that abetter way is usingthe
blog. Threeyears after The Damarnock Fire Tests, the ‘apriori' vs. 'apogeriori' debate
is still not too papular in the fire modeling community . The debate seems to be mostly
taking place in persona communications and during the peer reviewingof papers.
Unfortunately, not much is happening publicly or at the reach of the fire community as a
whole.

The problemis the following. When making comparisons of mode lingresults to
experimenta measurements, there aretwo genera gpproaches tha can befollowed: a
priori (akablind) and aposteriori (akaopen). In apriori simulations, the modeler knows
only adescription of theinitid scenario. The modd ler has no access to the experimenta
measurements of the event and thuswill be providing atrue forecast of the quantities of
interest. In apaosteriori simulations, before the simulation is run the modeller knows the
initial scenario and aso how thefire developed (i.e. viathe experimenta measurements).
M ost fire modd validations in fire engineering have been conducted aposteriori.

Only comparison of apriori and aposteriori simulations of the same event dlows oneto
investigate the possible effect that may be has been introduced by prior knowledge of how
the event developed. Theimportance of this effect in fire safety engneeringis currently
an advanced resear ch topic and under study by different research groups.

The 2006 Damarnock Fire Tests conducted in a hi gh-rise buildingwere used to look into
the problem. An internationa study of fire modellingwas conducted prior to Damarnock
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Fire Test One. The philosophy behind the tetswas to provide measurements in arealistic
fire scenario with very high instrumentation density (more than 450 sensors were
installed in a3.50 by 4.75 2.45 m compartment). Each of the seven participatingteams
independently simulated thetest scenario apriori usinga common detailed description.
Comparison of the moddling results shows alarge scatter and considerable disparity
amongthe predictions and between predictions and experimenta measurements. These
results tendto shock, please and anger the audience in equd parts.

An exception tothe reative silence of the fire community arethetwo magazine articles
of Dr. Alan Beard from Heriot-Watt University:

1. Rdiability of computer moddsin fire safety design, April 2008 in the magazine
Industrid Fire Journd.
2. Role M odels, Aug 2009 in the magazine Fire Risk M anagement

First natethat | disagree with blanket statements like "apredicted result from amodel
cannot be assumed to be accurate; i.€. to reflect thered world". Our work aso shows tha
firesimulations provides fire features that may be good enough to be applied towards
engineering problems if arobust and conservative methodology is defined. A prerequisite
for this methodology isthat it can use predictions with crude levels of accuracy and that it
applies appropriate safety factors. But Dr. Beard has an important point in that 'real
world' fireengneering applications are most frequently goplied to simulate events which
real behaviour had not been (and will never be) measured. These simulations are apriori
simulation, not apogeriori. However, most fire mode vdidations in fire engineering
have been conducted aposteriori. | certainly agreewith Dr. Beard on this one; we need
more apriori comparisons of fire modellingand address full model vaidation. What is
the effect of prior knowledge of the fire development? Would the validations provide the
same conclusions if conducted apriori? The problem is not uniqueto fire engineering and
any discipline dealing with complex simulations tools should be facingthis question. | do
not know how ather disciplines copewith it.

The differences between apriori and aposteriori modeling become patent when
comparing the round-robin results withthe work conducted after the Damarnock data
was publicly disseminated. Subsequent studies (Jahn et a. 2007, Jahn et d. 2008 and
Lazaro et al. 2008) show that it ispassible to conduct aposteriori fire simulations that
reproduce the generd fire behaviour to asatisfactory level. This was achieved dueto the
avall ability experimenta dataof the red behaviour for reference, dlowingfor iterations
until an adequateinput file was found.

| would like to finish with the same find words | use when presenting the results in
conferences and seminars. We, the authors of the Damarnock round-robin, are
professionals of, and supporters of, fire moddling Wewant fire modellingto improve
and be developed further. Our daily work goes in that direction.

| aninterested in hearing y our comments.
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Guillermo Rein

[Posted August 20, 2009)]

NOTE #1: All therdevant information, book and papers about The Damarnock Fire
Tests are accessibl ein open access.

NOTE #2: There are two points about Damarnock that need to be emphasised since are
often misunderstood. These are:

- Theam of our apriori work was to forecast thetest results as accurately as
possible, and not to conduct an engneering desi gn with adequate conservative
assumptions or safety factors.

- BExpeimentd variability was one of our greatest concerns and that is why the
scenario was desi gned for maximum test reproducibility . The Damarnock Fire
Test One was benchmarked against a second test to esablish thepotertia
experimenta variability. Results show that the scatter of the apriori simulations
is much larger than the experimentd error and the experimentd variability
together.

NOTE#3: No matter how useful and interesting the results from blind simul ations are,
only three blind round-robins on fire modelling can be found in the historical records of
thediscipline. The other two arethe 1999 CIB and the 2008 French PROM ES S project.
All three round-robins overwhelming agree on the results, but the Dalmarnock one was
thefirst to be publicly communicated and the one providing, by far, the largest
instrumentation density .

NOTE #4: | initiated arelated discussion on this tgpicin April 2008 in the FDSforum.

2. Ryder, N. L., Packer Engineering Inc.

As one of theparticipants in the gudy and as afrequent user of fire/explosion
simulation tools | believethisis agreat subject to address and kudos toyou Guillermo for
bringingit up in apublic way for dl to benefit.

Random T houghts on the subject:

| believethat priorto any type of modeingwhat must be clearly defined is the purpose
of running the modd as this makes ahuge difference in the goproach, the accuracy
required, thetool utilized, etc. Often thisis overlooked and someone runs amodée
because they bdieve it is the correct thingto do or because someone has asked them to.

Thereis no doubt tha modding can providefar moreinformation spatialy and

temporaly about an event than other tools, and often when compared to empirical or
scaled predictions they do equaly well or better gven the same information.
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As someone who uses models frequently after an event for reconstruction purposes |
find that oftenthe gpproach that istaken is to usethe model for comparative purposes or
a"quantitative quditative" assessment (i.e. given all the same parameters except one how
do the model runs compare to each other). In thisway you are not relying on aspecific
vaue and statingthat "thisis the answer" but rather using the mode to support other
evidence or analysis and to provide arange of reasonable answers gven an gppropriate
sensitivity andysis.

In the performance based desi gnh world models have become si gnificantly more
important and have been shown to befairly good especiadly when lookingat adesign fire,
smoke movement, etc. When gettinginto more detailed issues such as flame spread,
structurd integrity, etc. afull engineeringanaly sis with safety factors should be done that
does not rely solely onthe moddingitself. The mode should beatool that is chosen
because it best suits aparticular need that has been identified in abroader scope of work
not as amagic bullet that will provide al of the answers.

Therea world is atough thingto modd and fire invariably is one of the more difficult
phenomenato model. Even "identical" experiments can generate varyingresults, yet a
model will produce the same result repeatedly gven the same inputs. Thuswe must
recocnize the inherent limitations in even the best models.

Whether moddingis done blind or open the simplefact, | beieve, isthat the goproach
taken and the manner in which theresults are used is the core issue as with any
engineering problem and engineered solution.

Unless we are striving towards a black box approach out of which dway s comes the
"right answer” then thereis ausefor both types of gudies.

Thelarger concern is that modelingwill be used in an ingppropriate way asthe
justification for adesi gn/decision and an incident will occur that casts a shadow over fire
modeling in genera and the progress that has been made technically as well as
acceptance will belost. Hereagain iswhy it isimportant to identify upfront what the
model will be used for and whether it is gppropriate or not in isolation or what needsto
be donein conjunction.

| once heard someone far more knowledgeabl e than me state it looks so right it must
beright" in reference to some model results, this attitude/mind-set | believeis what can
oet usinto trouble. We must dway s remember that we are engneers and that
ingppropriatereliance on atool, whether it beamode or ascrewdriver, is bound to get us
in trouble.

[Posted August 20, 2009)]
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3. Desanghere, S., CSTB

Dear Guillermo, thank you for gpening this public debate.

| dso strongy disagreewith M r. Beard's sentence "apredicted result from amodel
cannot be assumed to be accurat€’. On the contrary, gving accurate results is the ultimate
purpose of ay mode!!

We should be careful of the confusion between assumptions (input data) and model
predictions (output datd). Each modd is just atool which hasto be held in good hands, as
Mr. Ryder said. | mean the modd should be used by areally skilled user. It is obvious
that running advanced model doesn't dlow you totake place of thinking and having a
strong knowledgein fire safety engneering (FSE). Otherwise, it is likedrivingthe
formulaone of Lewis Hamilton to go shopping and finally say "it is nat agood car!™
There are much more bad users than bad models.

| think thereis afundamentd diff erence between apriori forecastingany test results as
accurately as possible, and conducting an engneering design. These are completely two
different worlds. It has no senseto draw conclusions concerning FSE from the
Damarnock Round Robin study, becausethis gudy was nat amed a making engineering
design a dl. In fact, the robustness of the modd is the key factor for engneering design
purpose, the accuracy is of secondary interest.

On the other hand, we haveto lowly admit that we are not able to predict the evolution
of ared fireinvolvingrea furniturewith ahigh leve of accuracy. Thisis an extremely
difficult task which is goingto gve us intense research work for alongtime! So, to meit
is not ashameto get such scattering between predictions when performing an apriori
comparison. The question is then wha we do withthat, can we explain the differences
observed?

It makes no doubt tha the use of models (from the simplest tothe more advanced) has
largely contributed to improve our knowledge concerningfire dy namics. Nowaday's,
modding is amajor link of the scientific gpproach. So, please do not shoot onthe
models.

It isvery important to make people not specidized in modeling understand the use and
limitations of any model. Scattering results like Damarnock's ones scare only those who
trug thanthe use of modds is like aperfect crysd bal prediction. It is dso the role of
FSE experts to educate the generd public on this point.

[Posted August 21, 2009]

4. Deal, S., Excelsior Fire Engineering
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M oddlingthe structureis usudly easy, as far as our worry about introducing apriori
uncertainties. Thedesign fireis therub. | have seen more-than-1-care-to-bear of modeling
that charges the customer scores of thousands of (namey our denomination), documenting
hundreds-of-thousands of (nameyour denomination) in fire protection equipment,
without due diligence as to identifying‘'what has to happen to fail the fire pratection
systems? Part of engneering, certainly fireengineering, isinvestigatingfailure. | don't
know what ather disciplines do, but Sructura engneers reference ultimate strength. Too
few analyses | see, have shown any sensitivity asto wha thefire size need beto reach a
building tenability failure point. Publishing a serious-failure-endpoint provides one basis
for comparison *across buildingtypes*; avalid benchmark for performance-based
design. The Dutch government has published acceptance-probabilities on dike failures
ten years on. Probabilities of fallure-fires are often lower than these Dutch tolerances, yet
this Dutch hazard often exposes 1 to 2 orders more soulsthan the counterpart fire
modeling hazard. It is timethefire profession (including AHJ's) take the blinds off and
openly discuss sensitivity to firefalure. Besides, identifying aserious firefailure is a
reatively easy thingto do with amodd.../apriori/.

Respectfully gopreciative of the open debate,
[Posted August 28, 2009]

5. McGrattan, K., National Institute of Standards and Technology

Consider these threeissues from the developer or regulator point of view:

1. The DAmarnock exercise was focused on "user eff ects" -- that is, how different
modelers can choose awide vari ety of input parameters and then get awide range of
results. It tells us little about wheher the math and physics of the models areright. We
made the decision in the NRC V& V study (NUREG 1824) to eiminate as much as
possiblethe variations in input parameters model to model to better assess the accuracy
of the models themselves. To me, that iswhat V&V is dl about.

2. Blind or "apriori" exercises rarely provide the modelers with enough information
about theted. I've never seen afire experiment conducted that was exactly as specified in
thetes plan. Practicd considerations the day of the experiment usudly nullify the
usefulness of simulations run prior tothetes. Thiswas true of al the attempts duringthe
Internationa Collaborative Fire M odeling Project (ICFM P) whose experiments were
included in NUREG 1824.

3. Were-run the NUREG 1824 cdcs, plus about 200 other firetests, each timewe
release anew "minor” revision of FDS. Those results arethe only onesthat matter to
anyone usingthat paticular version. A "blind" exercise conducted in 2003, like ICFM P
BE #3, is of littlevaduefor aregulatory authority who is being asked to evaluate afire
modding anaysis with anewer version of the mode.
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| am not opposedto blind modeling exercises. If the opportunity arises, greet, take
advantage. But | would hesitate to place a grester value on so-called blind studies over
"open" because the vast mgority of our validation database is open. We cannot just throw
away thirty years of experimental measurements because they no longer provide us with
"blind" results.

[Posted September 2, 2009]

6. Salley, M., U.S. Nuclear Regulatory Commission

Please let me jump in and try to explain our log c/thought process: If you charge off
doing"Blind Smulations" you make the unvaidated assumption tha: 1)Thefire models
are perfect tools, and, 2) your variance in predictions will be based solely on user's
skill/input values. Nothing could be further from the truth. The models are not perfect
~dl the reasonable developers recognize this fact. This was the whole key tothe NRC
and EPRI cresting NUREG-1824, (http://www.nrc.gov/readingc-rm/doc-
collections/nuregs/staff/sr1824/) where we asked the question: "How good are the
modes?' and "Are diff erent models (hand cal culations/zone/CFD) better at some things
than the other?' (if the only tool you own is ahammer........ ) NUREG-1824 now provides
us with a basdine within the applicable bounding limits. We have abetter handle on the
"uncertainty” of amode prediction; albeit conservative, or non-conservative. To charge
off doing blind predictions with un V&V ed models is liketryingto solve 1 equation with
2 unknowns, the modd & the modeler. Let meask you this; if you run ablind caculation
and get unacceptable answers, is it thefault of the modd, or the modeler 7

Likewise, if you get the exact answer, | guess you assumethe modd & modder are
perfect? One could not compensate for the ather? We have amuch better grasp on this
today. Asforthe qudity (or lack ther of) of the modder, we are working on the users-
aquidefor NPP gpplications that Jose has peer-reviewed for us. Education will alwaysplay
akey rolein this. | believe amuch better gpproach would beto takethe V&V fire
modes, understand their uncertainties and limitations, then take the completed users
quide, educatethe users, and only then begn to run the blind cd culations. By doingthis,
in this manner, you would be better able to see where problems/additiona work was
needed (e.gwith the modd, modd er, input data, etc).

Mak Henry Sdlley P.E.

Chief, Fire Research Branch

U.S Nuclear Regulatory Commission
Office of Nuclear Regulatory Research
Division of Risk Anaysis
Washington, D.C.

[Posted September 2, 2009]

7. Merci, B., University of Ghent
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Dear colleagues, | agreethat Guillermo raises an extremely important issue. Improved
modes and modéelers are exactly what we, as engneers, should hope and strivefor.

Clearly, we are, to my opinion, nowhere near completetrust in blind simulations and
we need not be ashamed of this. The sameis truein other communities.

I will write this comment, biased towards CFD, as | an most familiar with that ares,
but | assume many agpects aso hold for strudura engineering

| would like to use the internationa workshop series on turbulent non-premixed flames
(TNF, web site: http://public.ca.sandia gov/T NF/9thWorkshop/T NF9.html) as
enlightening example from the combustion community . Over theyears, simulation results
for alimited set of tes casesimproved alot, mainly dueto better and better description of
the tes cases and more stringent choices of computationa meshes and modd options and
constants.

Yet, with every new tes case, scatter gopears again amongresults of different groups
al over theworld. In particular now with therdatively recent bresk-through of LES
where some aspects gppear more sensitive to numerics than in RANSturbulence
modelling, there are new issues. Indeed, qual ity assessment of LESis, after decades of
use, now areal focus in the TNF community .

Tomakemy poirt clear: 1. | do not think it is ashamethat we arenot at the sage of
trusgworthy blind firesimulaions yet. It is nat even possible for well-controll ed flames
with awdl-known fuel and heat releaserate, so why would it be possibleyet in afar
more complexfire. 2. 1 do not think this should be used as an argument against blind
simulations. The point, to me, is that blind simulations should dway s be done with a
sensitivity gudy of crucid parameters. As cumbersome and time consuming this might
be, it is necessary. In that sense, many simulations on an affordable mesh can be more
vauabl e than one'heroi ¢’ simulation on avery fine mesh (athough, of course, the mesh
must not betoo coarse). 3. | think, from aresearch point of view, amajor step forward
could beif aworkshop seriesis initiated, focusingon fires that are seemingy simpleto
simulate (e.g. 'simpl€ pooal fires), to learn from the deviations between several groups and
then to move forward to more complex configurations, step by step.

Finally, beingwhereweare, | think it is utterly important to educate as many peopleas
possible. This might, at short term notice, even be more efficient and fruitful than
progress in research (which is, beyond any doult to me, necessary for the long-term
development of FSE). Increasing the number of wel l-educated practitioners will speed up
our senses on how sensitive model results can beto certain options/choices.

| hopel have not offended any one with my comment. All the best,

.......... one more thought came across my mind that | would liketo throw intothe
discussion.
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Suppose we had perfect numerics, perfect modeds and perfect modd users, then,
specifyinginitid and boundary conditions, there would be a solution. There can still be
some randomness in the solution due to numerical round-off, but let us assume this would
be smdl. Then the solution from the mode simulations could be considered as the
'reference solution'.

Then: if we had the perfect experimentdist, the best he/she could do is perform many
many experiments and after statistical averagng of theresults, the 'reference solution'
should be obtained.

Now wedl know that adeveopingfire is proneto large diff erences dueto
(apparently) deails in thered world. So then the question becomes how large the
experimenta scatter is.

My poirt is: if asingle (or afew) experiment(s) is (are) performed, how do we know
how far the measurements deviate from the statisticaly to be expected ‘average’ solution?
If we are unfortunate, we are far off this average solution and then it is hard to expect that
modd simulations will get the 'odd’ experimenta results.

Just to avoid any misunderstandings:

1. I do not intend to say that we are closeto using 'moded simulation results’ as
'reference solutions' in case of fire.

2.1 do not intend to say that 'blind simulations' are no good, on the contrary .

3. 1 do think (see my previous comment on this blog) that it is crucid to have an idea
on the sensitivity of modd simulation results to (smal?) variations in moded options, but
aso to variaionsininitiad and boundary conditions. This is cumbersome, but necessary .

4.1 dso think that we shouldtry to get funding and timefor repeated, seemingy
identica experiments, in order to grasp some feelingon how much scatter we can realy
expect. Thisis atrue chdlengefor the experimentaists amongus, | think.

[Posted September 8, 2009]

8. lannantuoni, L, Manzini, G., Dept. di Energia, Politecnico di
Milano

It is clear, dso from comments, that it might not be adebate about which oneisthe
better approach, between apriori and apogeriori simulations, not only because of ther
different purposes, but adso because often it is from the anaysis of the differencesin
results between thetwo goproaches gpplied to the seme case that it ispossibleto outline
better the methodologes to goply withthat mode in that class of similar cases to achieve
more confidence. In fact thereis no need to pretend tha an unrdiable apriori simulation
could harm the modd nor the user, as good results from aposteriori simulation can not
demonstrate the general reliability of the model nor the expertise of the user. Because of
the outganding challenging of fire simulation tasks, comprising the complexity of fire
models and the generd lack of experimenta data, what we think has to be focused mainly
isto reach vdidated tools coupled with correct methodologes to apply that tools. These

Deytec Technicd Report 2011-01 54 © Deytec, Inc. 2011



methodologies should be strengthen by sensitivity anaysis, of course, but aso from any
previous simulation experience, both open or blind, reported with the sufficient amount
of information to understand the code behaviour.

[Posted September 24, 2009]
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5 Conclusion and Recommendations

The above compilation and analysis of comments on the issue of open versus blind fire
model validation show that dthough severa concerns wereraised against the adoption of
blind fire modd validations, theissues can be addressed in a standard.

The comments were broad and went beyond the specific topic to issues regerding the
vdidity of the models and the performance-based regulatory sandards for fire protection
adopted in many countries. Some commenters went as far as to datethat fire mode
predictions are not reliable and should not be used, that deletions of useful fire protection
features were beingjustified by computer models, and practitioners are blindly using
model results as thetruth (reification). They arguethat if fire scienceis a an infancy,
why trud results at thispoint? Thereis an apparent need to inject confidence in the
performance-based regulatory sysems for fire pratection worldwide. Some practitioners
even expressed skepticism given the many sources of uncertainty in performance-based
design; model error, user eff ects, and sensitivity to unknown parameters.

It is recommended that a standard be developed to phase in the use of blind fire
vdidations in performance-based desi gns to achi eve a high degree of confidence inthe
predictive capability of modes. The god should beto set safety factorsin fire safety
designs commensurate with the predictive capabilities of the models. This will establish
arobust and conservative methodology and prevent the misuse of fire models. This will
aso add credibility to performance-based regulatory sysems worldwide.

It is recommended that an international standard be developed to:

3. Establish aprocess to ensurethat blind caculations are used to establish model
errors that are used to esablish safety margns in safety andysis;

4. Examineandinclude“third party validation” as an option for establishingtrue
modd errors.

Third party vaidation can address theissue of thepossible bias introduced in fire model
vdidations by providing an independent assessment and determination of the model
errors. Third paty vaidation can also be used to provide validations as newer versions
of aparticular firemodel are rel eased.

It is necessary to globaly harmonize definitions for verification and vaidation, and the
methods for V&V. Inorder to achievethis, a consensus on the measurement methods for

parameters needed as input to fire models and vaues for parameters input to fire models
is needed.

It is suggested that standards esablished in other industries (where model accuracy is

important for safety) such as the medical field bereviewed in the development of the
standard for firemodel vaidation. For example, the Food and Drug Administration
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(FDA) qudity control requirements for medica software and models are very complex,
and require expert documented and non developer vaidation and verification. M any of
the lessons and experiences of the medica industry can be examined, as they evolved
from where the fire science community istoday to arobug regulatory regme. Strict
qudity control requirements are recommended for the development and va idation of fire
models, especidly gven the rudimentary stages of their development, expanding
goplication in fire saf ety engineering, and | ack of confidence in the methods expressed by
some stakeholders.

Although astricter regulatory regme for performance-based fire protection is needed to
establish confidence, a phased approach tha includes the use of both gpen and blind
vaidations is suggested as fire science matures. Blind vdidations have definitive
benefits es well as open vdidations. It is dso important topresent dl information to
practitioners on modd errors, sensitivity anaysis, and implementation of code options as
these areas are also of concern. A policy that accounts for the given technical limitations
should be developed to guide the proper evolution of performance-based fire protection
design. Thepolicy and standard can berevised as experience with blind vaidations is
gained, and thetechnica limitations of current fire models are overcome.
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