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This standard is issued under the fixed designation E1355; 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 epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide provides a methodology for evaluating the predictive capabilities of a fire model for a specific use. The intent is
to cover the whole range of deterministic numerical models which might be used in evaluating the effects of fires in and on
structures.

1.2 The methodology is presented in terms of four areas of evaluation:

1.2.1 Defining the model and scenarios for which the evaluation is to be conducted,

1.2.2 Verifying the appropriateness of the theoretical basis and assumptions used in the model,
1.2.3 Verifying the mathematical and numerical robustness of the model, and

1.2.4 Quantifying the uncertainty and accuracy of the model results in predicting of the course of events in similar fire scenarios.

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety, health, and environmental practices and determine the applicability of
regulatory limitations prior to use.

1.4 This fire standard cannot be used to provide quantitative measures.

1.5 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
E176 Terminology of Fire Standards
E603 Guide for Room Fire Experiments
E1591 Guide for Obtaining Data for Fire Growth Models
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2.2 International Standards Organization Standards:*

ISO/IEC Guide 98 (2008) Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in measurement

ISO 13943 (2008) Fire safety — Vocabulary

ISO 16730 (2008) Fire safety engineering — Assessment, verification and validation of calculation methods

3. Terminology

3.1 Definitions: For definitions of terms used in this guide and associated with fire issues, refer to terminology contained in
Terminology E176 and ISO 13943. In case of conflict, the definitions given in Terminology E176 shall prevail.
3.2 Definitions of Terms Specific to This Standard:

3.2.1 model evaluation—the process of quantifying the accuracy of chosen results from a model when applied for a specific use.

3.2.2 model validation—the process of determining the degree to which a calculation method is an accurate representation of the
real world from the perspective of the intended uses of the calculation method.

3.2.2.1 Discussion—
The fundamental strategy of validation is the identification and quantification of error and uncertainty in the conceptual and
computational models with respect to intended uses.

3.2.3 model verification—the process of determining that the implementation of a calculation method accurately represents the
developer’s conceptual description of the calculation method and the solution to the calculation method.

3.2.3.1 Discussion—
The fundamental strategy of verification of computational models is the identification and quantification of error in the
computational model and its solution.

3.2.4 The precision of a model refers to the deterministic capability of a model and its repeatability.
3.2.5 The accuracy refers to how well the model replicates the evolution of an actual fire.

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 various uncertain factors are presented, and several alternatives for evaluating the
accuracy of the predictions of the model are provided. Historically, numerical accuracy has been concerned with time step size and
errors. A more complete evaluation must include spatial discretization. Finally, guidance is given concerning the relevant
documentation required to summarize the evaluation process.

5. Significance and Use

5.1 The process of model evaluation is critical to establishing both the acceptable uses and limitations of fire models. It is not
possible to evaluate a model in total; instead, this guide is intended to provide a methodology for evaluating the predictive
capabilities for a specific use. Validation for one application or scenario does not imply validation for different scenarios. Several
alternatives are provided for performing the evaluation process including: comparison of predictions against standard fire tests,
full-scale fire experiments, field experience, published literature, or previously evaluated models.

5.2 The use of fire models currently extends beyond the fire research laboratory and into the engineering, fire service and legal
communities. Sufficient evaluation of fire models is necessary to ensure that those using the models can judge the adequacy of the
scientific and technical basis for the models, select models appropriate for a desired use, and understand the level of confidence
which can be placed on the results predicted by the models. Adequate evaluation will help prevent the unintentional misuse of fire
models.

5.3 This guide is intended to be used in conjunction with other guides under development by Committee E0S. It is intended for
use by:

3 Available from American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036.
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5.3.1 Model Developers—To document the usefulness of a particular calculation method perhaps for specific applications. Part of
model development includes identification of precision and limits of applicability, and independent testing.

5.3.2 Model Users—To assure themselves that they are using an appropriate model for an application and that it provides adequate
accuracy.

5.3.3 Developers of Model Performance Codes—To be sure that they are incorporating valid calculation procedures into codes.

5.3.4 Approving Officials—To ensure that the results of calculations using mathematical models stating conformance to this guide,
cited in a submission, show clearly that the model is used within its applicable limits and has an acceptable level of accuracy.

5.3.5 Educators—To demonstrate the application and acceptability of calculation methods being taught.
5.4 This guide is not meant to describe an acceptance testing procedure.

5.5 The emphasis of this guide is numerical models of fire evolution.
5.5.1 The precision of a model refers to the deterministic capability of a model and its repeatability.
5.5.2 The accuracy of a model refers to how well the model replicates the evolution of an actual fire.

6. General Methodology

6.1 The methodology is presented in terms of four areas of evaluation:

6.1.1 Defining the model and scenarios for which the evaluation is to be conducted,

6.1.2 Assessing the appropriateness of the theoretical basis and assumptions used in the model,

6.1.3 Assessing the mathematical and numerical robustness of the model, and

6.1.4 Quantifying the uncertainty and accuracy of the model results in predicting the course of events in similar fire scenarios.

6.1.5 This general methodology is also consistent with the methodology presented in ISO 16730, Fire safety engineering —
Assessment, verification and validation of calculation methods, which is a potentially useful resource which can be used with
ASTM E1355.

6.2 Model and Scenario Documentation.:

6.2.1 Model Documentation—Sufficient documentation of calculation models, including computer software, is absolutely
necessary to assess the adequacy of the scientific and technical basis of the models, and the accuracy of computational procedures.
Also, adequate documentation will help prevent the unintentional misuse of fire models. Guidance on the documentation of
computer-based fire models is provided in Section 7.

6.2.2 Scenario Documentation—Provide a complete description of the scenarios or phenomena of interest in the evaluation to
facilitate appropriate application of the model, to aid in developing realistic inputs for the model, and to develop criteria for judging
the results of the evaluation. Details applicable to evaluation of the predictive capability of fire models are provided in 7.2.

6.3 Theoretical Basis and Assumptions in the Model—An independent review of the underlying physics and chemistry inherent
in a model ensures appropriate application of submodels which have been combined to produce the overall model. Details
applicable to evaluation of the predictive capability of fire models are provided in Section 8.

6.4 Mathematical and Numerical Robustness—The computer implementation of the model should be checked to ensure such
implementation matches the stated documentation. Details applicable to evaluation of the predictive capability of fire models are
provided in Section 9. Along with 6.3, this constitutes verification of the model.
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6.5 Quantifying the Uncertainty and Accuracy of the Modet-Model—The uncertainty of the result of a model calculation consists
of three components. The following description of these components is based in part on pertinent sections of NUREG-1934.*

measurements in experiments or estimated from generic reference data In either case, the uncertainties of these input parameters

are propagated through the calculation, and the resulting uncertarnty in the model rnptrts—eaﬂ—lead—ho—eorfesponth-ngpredrctron is
known as the m-rcw%a—mﬁes—mpammeter uncertamty 3 nties

models—ts—pfoﬁded—w—e-\ﬁdeFor fire models that rely on numerlcal solutlons of the model equat1ons a Monte Carlo method can

be used to estimate the parameter uncertainty. This method estimates the uncertainty of the model output based on a large number
of "trials". Each trial involves a random selection (or sample) of input parameter values, followed by the calculation of the
corresponding model output. The sampling process is guided by the statistical distributions of the input parameters (typically
Gaussian), which determine the probability of selecting a particular value for each trial. The fidelity of the Monte Carlo uncertainty
estimate can be improved by increasing the number of trails. Consequently, the required number of trials depends on the numerical
tolerance of the uncertainty prediction that needs to be achieved. For a complex numerical fire model with a large number of input
parameters, using the Monte Carlo method to obtain a reasonably accurate estimate of parameter uncertainty is often too
time-consuming F+5%+-and not practical, even after ignoring specific input parameters identified through a sensitivity analysis as
having a small or negligible effect on model output uncertainty. Details of sensitivity analystsanalyses applicable to evaluation of

the predictive capability of fire models are provided in Section 10.

representation of the 51mulated physrcal phenomena In add1t1on the numencal solutions of model equations are approximate.
Model uncertainty is estimated via the processes of verification and validation (V&V). Verification is the process to determine that
the 1mplementat10n of a calculation method accurately represents the developer s conceptual description of the calculation

method. Validation seeks to quantlfy the error assomated with the s1mphfy1ng physical approximations, typically through

comparlson of model pred1ct10ns and full- scale experlments NUREG-1824 Supplement 1° provides a detailed discussion of the
e P ton V&V of various algebraic and numerical fire models that are used in
support Jd—of rlsk-lnformed performance- based fire protection of nuclear power plants in the United States.

6.5.3 Completeness Uncertainty—This component refers to the fact that a model may not be a complete description of the
phenomena it is designed to simulate. However, completeness uncertainty is addressed indirectly by the same process used to
address the model uncertainty.

7. Model and Scenario Definition

7.1 Model Documentation—Provides details of the model evaluated in sufficient detail such that the user of the evaluation could
independently repeat the evaluation. The following information should be provided:

7.1.1 Program ldentification:

7.1.1.1 Provide the name of the program or model, a descriptive title, and any information necessary to define the version uniquely.
4 "Nuclear Power Plant Fire Modeling Analysis Guidelines (NPP FIRE MAG)," NUREG-1934 (ML12314A165), U.S. Nuclear Regulatory Commission, Washington DC,

2012.

3 "Verification and Validation of Selected Fire Models for Nuclear Power Plant Applications," NUREG-1824 Supplement 1 (ML16309A011), U.S. Nuclear Regulatory
Commission, Washington DC, 2016.
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7.1.1.2 Define the basic processing tasks performed, and describe the methods and procedures employed. A schematic display of
the flow of the calculations is useful.

7.1.1.3 Identify the computer(s) on which the program has been executed successfully and any required peripherals, including
memory requirements and tapes.

7.1.1.4 Identify the programming languages and versions in use.
7.1.1.5 Identify the software operating system and versions in use, including library routines.
7.1.1.6 Describe any relationships to other models.

7.1.1.7 Describe the history of the model’s development and the names and addresses of the individual(s) and organizations(s)
responsible.

7.1.1.8 Provide instructions for obtaining more detailed information about the model from the individual(s) responsible for
maintenance of the model.

7.1.2 References—List the publications and other reference materials directly related to the fire model or software.
7.1.3 Problem or Function Identification:

7.1.3.1 Define the fire problem modeled or function performed by the program, for example, calculation of fire growth, smoke
spread, people movement, etc.

7.1.3.2 Describe the total fire problem environment. General block or flow diagrams may be included here.

7.1.3.3 Include any desirable background information, such as feasibility studies or justification statements.

7.1.4 Theoretical Foundation:

7.1.4.1 Describe the theoretical basis of the phenomenon and the physical laws on which the model is based.

7.1.4.2 Present the governing equations and the mathematical model employed.

7.1.4.3 Identify the major assumptions on which the fire model is based and any simplifying assumptions.

7.1.4.4 Provide results of any independent review of the theoretical basis of the model. This guide recommends a review by one
or more recognized experts fully conversant with the chemistry and physics of fire phenomena but not involved with the production
of the model.

7.1.5 Mathematical Foundation:

7.1.5.1 Describe the mathematical techniques, procedures, and computational algorithms employed to obtain numerical solutions.
7.1.5.2 Provide references to the algorithms and numerical techniques.

7.1.5.3 Present the mathematical equations in conventional terminology and show how they are implemented in the code.

7.1.5.4 Discuss the precision of the results obtained by important algorithms and any known dependence on the particular
computer facility.

7.1.5.5 For iterative solutions, discuss the use and interpretation of convergence tests, and recommend a range of values for
convergence criteria. For probabilistic solutions, discuss the precision of the results having a statistical variance.

7.1.5.6 Identify the limitations of the model based on the algorithms and numerical techniques.
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7.1.5.7 Provide results of any analyses that have been performed on the mathematical and numerical robustness of the model.
Analytical tests, code checking, and numerical tests are among the analyses listed in this guide that are appropriate for this purpose.

7.1.6 Program Description:
7.1.6.1 Describe the program.
7.1.6.2 List any auxiliary programs or external data files required for utilization of this program.

7.1.6.3 Describe the function of each major option available for solving various problems, pay special attention to the effects of
combinations of options.

7.1.6.4 Describe alternate paths that may be dynamically selected by the program from tests on calculated results.
7.1.6.5 Describe the relationship between input and output items for programs that reformat information.

7.1.6.6 Describe the method and technical basis for decisions in programs that perform logical operations.

7.1.6.7 Describe the basis for the operations that occur in the program.

7.1.6.8 Identify the source language(s).

7.1.6.9 Include a flowchart showing the overall program structure and logic, and detailed flowcharts, where appropriate. The
subprogram names should be included on these charts.

7.1.6.10 Pinpoint any known areas of dependency on the local computer installation support facilities.

7.1.6.11 Include a detailed narrative and graphical description of the programming techniques used in writing the program, that
is, calling sequence, overlay structure, test plan, common usage, etc.

7.1.6.12 Provide a source listing, or make sure it is readily available.

7.1.6.13 Use comments within the program. The liberal use of comments is a key to understandable programs. An alternative is
a commentary keyed to the executable statements of the program.

7.1.7 Restrictions and Limitations:

7.1.7.1 List hardware and software restrictions.

7.1.7.2 Provide data ranges and capacitities.

7.1.7.3 Describe the program behavior when restrictions are violated, and describe recovery procedures.

7.1.7.4 If accuracy characteristics are significant, describe them in detail.

7.1.7.5 Provide information and cautions on the degree and level of care to be taken in selecting input and running the model.
7.1.7.6 Provide both general and specific limitations of the fire model for specific applications.

7.1.8 Input Data:

7.1.8.1 Describe the source of input information, for example, handbooks, journals, research reports, standard tests, experiments,
etc.

7.1.8.2 Provide the default values or the general conventions governing those values.

7.1.8.3 Identify the limits on input based on stability, accuracy, and practicality, as well as their resulting limitations to output.
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7.1.8.4 When property values are defined within the program, list the properties and the assigned values.

7.1.8.5 Identify the procedures that should be used or were used to obtain property and other input data.

7.1.8.6 Provide information on the dominant variables in the models.

7.1.9 Output Information:

7.1.9.1 Describe the program output.

7.1.9.2 Relate the edited output to input options.

7.1.9.3 Relate the output to appropriate equations.

7.1.9.4 Describe any normalization of results and list associated dimensional units.

7.1.9.5 Identify any special forms of output, for example, graphics display and plots.

7.1.10 List of Variables:

7.1.10.1 List the program and subprogram variables and parameters. The list should include their use and purpose within the
program, as well as in its inputs and results. Identify them as local or global variables; that is, do they apply within the module,

or are they common to two or more modules of the system?

7.1.10.2 Define all meaningful symbols and arrays used in the routine. Refer to the mathematical or technical notations and terms
used in the technical document. Provide units, where applicable. Describe the nominal and initial values of parameters (for
example, a computational zero, step sizes, and convergence factors), along with their ranges. Discuss how they affect the
computational process.

7.2 Scenarios for which the Model has been Evaluated—Provides details on the range of parameters for which the evaluation has
been conducted. Sufficient information should be included such that the user of the evaluation could independently repeat the
evalutation. At a minimum, the following information should be provided:

7.2.1 A description of the scenarios or phenomena of interest,

7.2.2 A list of quantities predicted by the model for which evaluation is sought, and

7.2.3 The degree of accuracy required for each quantity.

8. Theoretical Basis for the Model

8.1 The theoretical basis of the model should be subjected to a peer review by one or more recognized experts fully conversant
with the chemistry and physics of fire phenomena but not involved with the production of the model. Publication of the theoretical
basis of the model in a peer-reviewed journal article may be sufficient to fulfill this review. This review should include:

8.1.1 An assessment of the completeness of the documentation particularly with regard to the assumptions and approximations.

8.1.2 An assessment of whether there is sufficient scientific evidence in the open scientific literature to justify the approaches and
assumptions being used.

8.1.3 An assessment of the accuracy and applicability of the empirical or reference data used for constants and default values in
the context of the model.

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