NOTICE: This standard has either been superseded and replaced by a new version or withdrawn.
Contact ASTM International (www.astm.org) for the latest information

[‘IM/) Designation: E 1355 — 04

ull

INTERNATIONAL

Standard Guide for
Evaluating the Predictive Capability of Deterministic Fire
Models *

This standard is issued under the fixed designation E 1355; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Guide to the Expression of Uncertainty in Measurerfient

1.1 This guide provides a methodology for evaluating th
predictive capabilities of a fire model for a specific use.

1.2 The methodology is presented in terms of four areas of 3-1 Definitions Specific to This Guide=er definitions of
evaluation: terms used in this guide and associated with fire issues, refer to

1.2.1 Defining the model and scenarios for which thetérminology contained in Terminology E 176 and ISO 13943.
evaluation is to be conducted In case of conflict, the definitions given in Terminology E 176

1.2.2 Verifying the appropriateness of the theoretical basi§hall prevail. , -
and assumptions used in the model, 3.1.1 model evaluation-the process of quantifying the

1.2.3 Verifying the mathematical and numerical robustnes&ccuracy of chosen results from a model when applied for a
of the model, and specific use.

1.2.4 Quantifying the uncertainty and accuracy of the mode| 3:-1.2 model validatior—the process of determining the
results in predicting of the course of events in similar firedegree to which a calculation method is an accurate represen-

scenarios. tation of the real world from the perspective of the intended
1.3 This standard does not purport to address all of theUSes of the calculation method. The fundamental strategy of

safety concerns, if any, associated with its use. It is th&validation is the identification and quantification of error and

responsibility of the user of this standard to establish appro-Uncertainty in the conceptual and computational models with

priate safety and health practices and determine the applical®SPect to intended uses. .
bility of regulatory limitations prior to use. 3.1.3 model verificatior-the process of determining that

1.4 The output from this document should not be used fothe implementation of a calculation method accurately repre-
regulatory purposes or the basis for regulations. sents the developer's conceptual description of the calculation
method and the solution to the calculation method. The

8. Terminology

2. Referenced Documents fundamental strategy of verification of computational models is
2.1 ASTM Standards? the identification and quantification of error in the computa-
E 176 Terminology of Fire Standards tional model and its solution. o
E 603 Guide for Room Fire Experiments 3.2 For additional definitions of terms used in this guide
E 1472 Guide for Documenting Computer Software for Firer€fer to Terminology E 176.

Models

4. Summary of Guide

4.1 A recommended process for evaluating the predictive
capability of fire models is described. This process includes a
brief description of the model and the scenarios for which
evaluation is sought. Then, methodologies for conducting an
analysis to quantify the sensitivity of model predictions to

* This guide is under the jurisdiction of ASTM Committee EO5 on Fire Standardsvarious uncertain factors are presented, and several alternatives
and is the direct responsibility of Subcommittee E05.39 on Fire Modeling. for eva|uating the accuracy of the predictions of the model are
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E 1591 Guide for Data for Fire Models

E 1895 Guide for Determining Uses and Limitations of
Deterministic Fire Models

2.2 International Standards Organization Standards:
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with time step size and errors. A more complete evaluation 6.1.1 Defining the model and scenarios for which the

must include spatial discretization. Finally, guidance is givenevaluation is to be conducted,

concerning the relevant documentation required to summarize 6.1.2 Assessing the appropriateness of the theoretical basis

the evaluation process. and assumptions used in the model,

5. Significance and Use 6.1.3 Assessing the mathematical and numerical robustness
' of the model, and

5.1 The process of model evaluation is critical to establish- g 1 4 Quantifying the uncertainty and accuracy of the model
ing both the acceptable uses and limitations of fire models. Itigag1ts in predicting the course of events in similar fire

not possible to evaluate a model in total; instead, this guide ig;enarios.
intended to provide a methodology for evaluating the predic-
tive capabilities for a specific use. Validation for one applica-

tion or scenario does not imply validation for different SC€- calculation models, including computer software, is absolutely

narios. Several alternatives ar_e provided for performing th%eces;sary to assess the adequacy of the scientific and technical
evaluation process including: comparison of predlctlon}aSiS of the models, and the accuracy of computational
| 1

6.2 Model and Scenario Definition
6.2.1 Model Documentationr-Sufficient documentation of

against standard_ fire t_ests, full-scale fire experiments, fie rocedures. Also, adequate documentation will help prevent
experience, published literature, or previously evaluated mo he unintentional misuse of fire models. Guidance on the

els. documentation of computer-based fire models is provided in

regézex r;:rEE;aLthSciaot]:)frlreaqurerg ?rl:(rereer:]tlyneex;?rr:ds ?r?ayggtrj FES g:%uide E 1472. Guidance on the use and limitations of deter-
y ! g ing, M Vi inistic fire models and on required knowledge is provided in

legal communities. Sufficient evaluation of fire models istﬁ;

n v to ensure that th ing the model niud uide E 1895. Details applicable to evaluation of the predic-
ecessary to ensure that tnose using thé models can Judge g .5napility of fire models are provided in 7.1.

adequacy of the scientific and technical basis for the models, 6.2.2 Scenario DocumentationProvide a complete de-

select models appropriate for a desired use, and understand t&t,lc?ription of the scenarios or phenomena of interest in the

level of confidence which can be placed on the resulty valuation to facilitate appropriate application of the model, to

Fr:gddﬁtiﬁ?e%é?;mrsgifé'Aa?efﬁgar;eog\é?sluauon willhelg prevenaid in developing realistic inputs for the model, and to develop

5.3 This guide assumes understanding of the use and ”mF_rite_ria for judging the results of t_he. evaluatiqr]. Detajls
tations of the model under analysis as detailed in E 1895. applicable to ev_aluat]on of the predictive capability of fire
5.4 This guide is intended to be used in conjunction withmOdeIS % Poddatlibldg)

other guides under development by Committee EO5. It is 6.3 Theoretica} Basis and Assumptions if‘ the Medéh.
intended for use by: independent review of the underlying physics and chemistry

5.4.1 Model Developers-To document the usefulness of a inherent in a model ensures appropriate application of submod-

particular calculation method perhaps for specific appli(:ationseIS Wh'Ch hgve been comblned to produce' the overall .mOdel'
etails applicable to evaluation of the predictive capability of

Part of model development includes identification of precision? dol ided in Section 8
and limits of applicability, and independent testing. e MOUE's arg proviced In, section B.

5.4.2 Model Users—To assure themselves that they are ©-4 Mathematical and Numerical Robustnesshe com-
using an appropriate model for an application and that iputer implementation of the model should be checked to ensure

provides adequate accuracy. The precision of a model refers R/ch implementation matches the stated documentation. De-
the deterministic capability of a model and its repeatability.ta'ls applicable to evaluation of the predictive capability of fire

The accuracy refers to how well the model replicates thdnodels are provided in Section 9. Along with 6.3, this
evolution of an actual fire. constitutes verification of the model.

5.4.3 Developers of Model Performance Code%o be sure 6.5 Quantifying the Uncertainty and Accuracy of the Model
that they are incorporating valid calculation procedures into 6.5.1 Model Uncertainty—Even deterministic models rely
codes. on inputs often based on experimental measurements, empiri-

5.4.4 Approving Officials—To ensure that the results of cal correlations, or estimates made by engineering judgment.
calculations using mathematical models stating conformance tdncertainties in the model inputs can lead to corresponding
this guide, cited in a submission, show clearly that the mode¥incertainties in the model outputs. Sensitivity analysis is used
is used within its applicable limits and has an acceptable levep quantify these uncertainties in the model outputs based upon

of accuracy. known or estimated uncertainties in model inputs. Guidance
5.4.5 Educators—To demonstrate the application and ac-for obtaining input data for fire models is provided by Guide
ceptability of calculation methods being taught. E 1591. Details of sensitivity analysis applicable to evaluation
5.5 This guide is not meant to describe an acceptance testifyj the predictive capability of fire models are provided in
procedure. Section 10.
5.6 The emphasis of this guide is numerical models of fire 6.5.2 Experimental Uncertainty-In general, the result of
evolution. measurement is only the result of an approximation or estimate
of the specific quantity subject to measurement, and thus the
6. General Methodology result is complete only when accompanied by a quantitative
6.1 The methodology is presented in terms of four areas aftatement of uncertainty. Guidance for conducting full-scale
evaluation: compartment tests is provided by Guide E 603. Guidance for
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determining the uncertainty in measurements is provided in thef the theoretical basis of the model in a peer-reviewed journal
ISO Guide to the Expression of Uncertainty in Measurementarticle may be sufficient to fulfill this review. This review
6.5.3 Model Evaluatior—Obtaining accurate estimates of should include:

fire behavior using predictive fire models involves insuring 8.1.1 An assessment of the completeness of the documen-

correct model inputs appropriate to the scenarios to be modation particularly with regard to the assumptions and approxi-
eled, correct selection of a model appropriate to the scenarigfations.

to be m_odeled, correct calculations by the model chosen,_ andg 1 » An assessment of whether there is sufficient scientific
correct interpretation of the results of the model calculation
Evaluation of a specific scenario with different levels of

. groaches and assumptions being used.
knowledge of the expected results of the calculation address 88 13 A tof th d licability of th
these multiple sources of potential error. Details applicable to °:7-° AN asséssment of the accuracy and applicability of the

evaluation of the predictive capability of fire models areempiricgl or reference data used for constants and default
provided in Section 11. values in the context of the model.

8.1.4 The set of equations that is being solved; in cases for
7. Model and Scenario Definition which closure equations are needed (not included in 8.1.3) the
assumption and implication of such choices.

evidence in the open scientific literature to justify the ap-

7.1 Model Documentation-Provides details of the model
evaluated in sufficient detail such that the user of the evaluatiog Mathematical and Numerical Robustness
could independently repeat the evaluation. At a minimum, the”

following information should be provided: 9.1 Analyses which can be performed include:
7.1.1 The name and version of the model, 9.1.1 Analytical Tests-If the program is to be applied to a
7.1.2 The name of the model developer(s), situation for which there is a known mathematical solution,
7.1.3 Alist of relevant publications, analytical testing is a powerful way of testing the correct
7.1.4 A statement of the stated uses, limitations, and resulféinctioning of a model. However, there are relatively few

of the model, situations (especially for complex scenarios) for which analyti-
7.1.5 The type of model, that is the general basis in terms ofal solutions are known.

finite element control volume, Lagrangian, etc., 9.1.2 Code Checking-The code can be verified on a
7.1.6 A statement of the modeling rigor, including: structural basis preferably by a third party either totally

7.1.6.1 The assumptions inherent in the model and th&anually or by using code checking programs to detect
governing equations included in the model formulation, and irregularities and inconsistencies within the computer code. A
7.1.6.2 The numerics employed to solve the equations an@rocess of code checking can increase the level of confidence

the method by which individual solutions are coupled. in the program’s ability to process the data to the program
7.1.7 Additional assumptions of the model as they relate t&orrectly, but it cannot give any indication of the likely
the stated uses or other potential uses, adequacy or accuracy of the program in use.
7.1.8 The input data required to run the model, and 9.1.3 Numerical Tests-Mathematical models are usually

7.1.9 Property data that are defined with the Computeexpressed in the form of differential or integral equations. The
program or were assumed in the model development. Thigiodels are in general very complex, and analytical solutions
should include what empirical information is included and theare hard or even impossible to find. Numerical techniques are
uncertainty inherent in the choice. An example in zone modheeded for finding approximate solutions. These numerical
eling would be the plume equation, and in a CFD model ittechniques can be a source of error in the predicted results.
might be the free slip/no slip boundary conditions. Numerical tests include an investigation of the magnitude of

7.2 Scenarios for which the Model has been Evalutated the residuals from the solution of the system of equations
Provides details on the range of parameters for which th&mployed in the model as an indicator of numerical accuracy
evaluation has been conducted. Sufficient information shoul@nd of the reduction in residuals as an indicator of numerical
be included such that the user of the evaluation could indeperfonvergence.
dently repeat the evalutation. At a minimum, the following 9.1.4 Many fire problems involve the interaction of different
information should be provided: physical processes, such as the chemical or thermal processes

7.2.1 A description of the scenarios or phenomena ofind the mechanical response. Time scales associated with the
interest, processes may be substantially different, which easily causes

7.2.2 Alist of quantities predicted by the model for which numerical difficulties. Such problems are called stiff. Some
evaluation is sought, and numerical methods have difficulty with stiff problems since

7.2.3 The degree of accuracy required for each quantity. they slavishly follow the rapid changes even when they are less

important than the general trend in the solution. Special
8. Theoretical Basis for the Model algorithms have been devised for solving stiff probléms.

8.1 The theoretical basis of the model should be subjected to
a peer review by one or more recognized experts fully
Convers_ant with th_e chemistry and physics of fire phe_nomena “Petzold, L. R.,A Description of DASSL: A Differential/Algebraic System
but not involved with the production of the model. Publication Solver Technical Report 8637, Sandia National Laboratories, 1982.
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