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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 3.1.1 model evaluatior-the process of quantifying the

1.1 This guide provides a methodology for evaluating thedccuracy of chosen results from a model when applied for a
predictive capabilities of a fire model for a specific use. specific use.

1.2 The methodology is presented in terms of four areas of 3-1.2 model validatior-the process of determining the
evaluation: correctness of the assumptions and governing equations imple-

1.2.1 Defining the model and scenarios for which themented inamodel when applied to the entire class of problems

evaluation is to be conducted, addressed by the model. .
1.2.2 Verifying the appropriateness of the theoretical basis 3-1.3 model verificatior-the process of determining the
and assumptions used in the model, correctness of the solution of a system of governing equations

1.2.3 Verifying the mathematical and numerical robustnesd @ model. With this definition, verification does not imply the
of the model, and solution of the correct set of governing equations, only that the
1.2.4 Quantifying the uncertainty and accuracy of the modeiven set of equations is solved correctly.

results in predicting of the course of events in similar fire 3.2 For additional definitions of terms used in this guide
scenarios. refer to Terminology E 176.

1.3 This standar_d does not purport to address all qf the4‘ Summary of Guide
safety concerns, if any, associated with its use. It is the ) o
responsibility of the user of this standard to establish appro- 4-1 A recommended process for evaluating the predictive

priate safety and health practices and determine the appnca_capability of fire models is described. This process includes a
bility of regulatory limitations prior to use. brief description of the model and the scenarios for which

1.4 The output from this document should not be used fofVvaluation is sought. Then, methodologies for conducting an

regulatory purposes or the basis for regulations. analysis to quantify the sensitivity of model predictions to
various uncertain factors are presented, and several alternatives

2. Referenced Documents for evaluating the accuracy of the predictions of the model are
2.1 ASTM Standards: provided. Finally, guidance is given concerning the relevant
E 176 Terminology of Fire Standafls documentation required to summarize the evaluation process.

E 603 Guide for Room Fire Experimefts

E 1472 Guide for Documenting Computer Software for Fire5' Significance and Use L .
Model< 5.1 The process of model evaluation is critical to establish-

E 1591 Guide for Data for Fire Modéls ing both the acceptable uses and limitations of fire models. It is

2.2 International Standards Organization Standards: not possible to evaluate a model in total; instead, this guide is

Guide to the Expression of Uncertainty in Measurerhent intended to provide a methodology for evaluating the predic-
tive capabilities for a specific use. Validation for one applica-

3. Terminology tion or scenario does not imply validation for different sce-
3.1 Definitions Specific to This Guide: narios. Several alternatives are provided for performing the
evaluation process including: comparison of predictions
against standard fire tests, full-scale fire experiments, field

* This guide is under the jurisdiction of ASTM Committee E-5 on Fire Standards EXPErENCe, pUb“Shed literature, or prewously evaluated mod-

and is the direct responsibility of Subcommittee E05.39 on Fire Modeling. els.
Current edition approved July 10, 1997. Published June 1998. Originally 5.2 The use of fire models currently extends beyond the fire
published as E 1355 - 90. Last previous edition E 1355 - 92. research laboratory and into the engineering, fire service and

2 Annual Book of ASTM Standardgol 04.07. . . . . .
2 Available from American National Standards Institute, 11 West 42nd Street,legaI communities. Sufficient evaluation of fire models is

13th Floor, New York, NY 10036. necessary to ensure that those using the models can judge the

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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adequacy of the scientific and technical basis for the modelgyudging the results of the evaluation. Details applicable to
select models appropriate for a desired use, and understand tbealuation of the predictive capability of fire models are
level of confidence which can be placed on the resultgrovided in 7.2.
predicted by the models. Adequate evaluation will help prevent 6.3 Theoretical Basis and Assumptions in the Medéin
the unintentional misuse of fire models. independent review of the underlying physics and chemistry
5.3 This guide is intended to be used in conjunction withinherent in a model ensures appropriate application of submod-
other guides under development by Committee E-5. It isls which have been combined to produce the overall model.
intended for use by: Details applicable to evaluation of the predictive capability of
5.3.1 Model Developers/MarketersTo document the use- fire models are provided in Section 8.
fulness of a particular calculation method perhaps for specific 6.4 Mathematical and Numerical Robustnesthe com-
applications. Part of model development includes identificatiorputer implementation of the model should be checked to ensure
of precision and limits of applicability, and independent such implementation matches the stated documentation. De-
testing. tails applicable to evaluation of the predictive capability of fire
5.3.2 Model Users—To assure themselves that they aremodels are provided in Section 9.
using an appropriate model for an application and that it 6.5 Quantifying the Uncertainty and Accuracy of the Maodel
provides adequate accuracy. 6.5.1 Model Uncertainty—Even deterministic models rely
5.3.3 Developers of Model Performance Code®o be sure  on inputs often based on experimental measurements, empiri-
that they are incorporating a valid calculation procedures intaal correlations, or estimates made by engineering judgement.
codes. Uncertainties in the model inputs can lead to corresponding
5.3.4 Approving Officials—=To ensure that the results of uncertainties in the model outputs. Sensitivity analysis is used
calculations using mathematical models stating conformance to quantify these uncertainties in the model outputs based upon
this guide, cited in a submission, show clearly that the modeknown or estimated uncertainties in model inputs. Guidance
is used within its applicable limits and has an acceptable levebr obtaining input data for fire models is provided by Guide
of accuracy. E 1591. Details of sensitivity analysis applicable to evaluation
5.3.5 Educators—To demonstrate the application and ac-of the predictive capability of fire models are provided in
ceptability of calculation methods being taught. Section 10.
5.4 This guide is not meant to describe an acceptance testing6.5.2 Experimental Uncertainty-In general, the result of
procedure. measurement is only the result of an approximation or estimate
5.5 The primary emphasis of this guide is on zone models 06f the specific quantity subject to measurement, and thus the
compartment fires. However, other types of mathematicatesult is complete only when accompanied by a quantitative
models need similar evaluations of their predictive capabilitiesstatement of uncertainty. Guidance for conducting full-scale
compartment tests is provided by Guide E 603. Guidance for
6. General Methodology determining the uncertainty in measurements is provided in the
6.1 The methodology is presented in terms of four areas olfSO Guide to the Expr_ession of_U_ncertainty in Me_asurement.
evaluation: _ 6.5.3 Mo_del E_valuat|0F_1—(_)bta|_n|ng accurate estimates _of
6.1.1 Defining the model and scenarios for which thef|re behavior using predlctlve fire models qulves insuring
correct model inputs appropriate to the scenarios to be mod-

evaluation is to be conducted, X X :
e&ed, correct selection of a model appropriate to the scenarios

6.1.2 Assessing the appropriateness of the theoretical ba .
and assumptions used in the model, Sto be modeled, correct calculations by the model chosen, and

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

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

6.2 Model and Scenario Definition

6.2.1_Mode| Docqmentgtion—Sufﬁcient documentation of 7 Model and Scenario Definition
calculation models, including computer software, is absolutely i ] o
necessary to assess the adequacy of the scientific and technical -1 Model Documentation-Provide the following informa-
basis of the models, and the accuracy of computationdfon: _
procedures. Also, adequate documentation will help prevent 7-1.1 The name and version of the model,
the unintentional misuse of fire models. Guidance on the 7.1.2 The name of the model developer(s),
documentation of computer-based fire models is provided in 7.1.3 Alist of relevant publications,
Guide E 1472. Details applicable to evaluation of the predic- 7.1.4 A statement of the stated uses, limitations, and results
tive capability of fire models are provided in 7.1. of the model,

6.2.2 Scenario DocumentatierProvide a complete de-  7.1.5 The type of model (zone, field, etc.),
scription of the scenarios or phenomena of interest in the 7.1.6 A statement of the modeling rigor, including:
evaluation to facilitate appropriate application of the model, to 7.1.6.1 The assumptions inherent in the model and the
aid in developing realistic inputs for the model, and criteria forgoverning equations included in the model formulation, and

correct interpretation of the results of the model calculation.
Evaluation of a specific scenario with different levels of
nowledge of the expected results of the calculation addresses
hese multiple sources of potential error. Details applicable to
evaluation of the predictive capability of fire models are
provided in Section 11.
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7.1.6.2 The numerics employed to solve the equations andnd the mechanical response. Time scales associated with the

the method by which individual solutions are coupled. processes may be substantially different, which easily causes

7.1.7 Additional assumptions of the model as they relate tamumerical difficulties. Such problems are called stiff. Some
the stated uses or other potential uses, numerical methods have difficulty with stiff problems since

7.1.8 The input data required to run the model, and they slavishly follow the rapid changes even when they are less

7.1.9 Property data that are defined with the computeimportant than the general trend in the solution. Special
program or were assumed in the model development. algorithms have been devised for solving stiff probléms.

7.2 Scenarios for Which Evaluation is SoughProvide the 9.1.5 Numerical accuracy of predictive fire models has been
following information: considered in the literature.

7.2.1 A description of the scenarios or phenomena of
interest, 10. Model Sensitivity

7.2.2 A list of quantities pI'EdiCted by the model for which 10.1 Fire growth models are typ|ca||y based on a System of
evaluation is sought, and ordinary differential equations of the form

7.2.3 The degree of accuracy required for each quantity. d4z
8. Theoretical Basis for the Model &~ f@pn 2r=0=2% @)

8.1 The theoretical basis of the model should be reviewedyhere:
by one or more recognized experts fully conversant with thez (z, z,, . . ., z,) = the solution vector for the system of
chemistry and physics of fire phenomena but not involved with equations (for example, mass, tem-
the production of the model. This review should include: perature, or volume)

8.1.1 An assessment of the completeness of the documerp (p,, po, - - » ) = a vector of input parameters (for
tation particularly with regard to the assumptions and approxi- example, room area, room height,
mations. heat release rate), and

8.1.2 An assessment of whether there is sufficient scientificr = time.
evidence in the open scientific literature to justify the ap- The solutions to these equations are, in general, not known
proaches and assumptions being used. explicitly and must be determined numerically. To study the

8.1.3 Empirical or reference data used for constants andensitivity of such a set of equations, the partial derivatives of
default values in the code should also be assessed for accuraay output zwith respect to an input;gforj=1, ..., mand |
and applicability in the context of the model. =1, ..., n)should be examined.

) ) 10.2 A sensitivity analysis of a model is a study of how
9. Mathematical and Numerical Robustness changes in model parameters affect the results generated by the
9.1 Analyses which can be performed include: model. Model predictions may be sensitive to uncertainties in

9.1.1 Analytical Tests-If the program is to be applied to a input data, to the level of rigor employed in modeling the
situation for which there is a known mathematical solution,relevant physics and chemistry, and to the accuracy of numeri-
analytical testing is a powerful way of testing the correctcal treatments. The purpose of conducting a sensitivity analysis
functioning of a model. However, there are relatively fewis to assess the extent to which uncertainty in model inputs is
situations (especially for complex scenarios) for which analyti-manifested to become uncertainty in the results of interest from
cal solutions are known. the model. This information can be used to:

9.1.2 Code Checking-The code can be verified on a 10.2.1 Determine the dominant variables in the models,
structural basis preferably by a third party either totally 10.2.2 Define the acceptable range of values for each input
manually or by using code checking programs to detectariable,
irregularities and inconsistencies within the computer code. A 10.2.3 Quantify the sensitivity of output variables to varia-
process of code checking can increase the level of confideng®ns in input data, and
in the program’s ability to process the data to the program 10.2.4 Inform and caution any potential users about the
correctly, but it cannot give any indication of the likely degree and level of care to be taken in selecting input and
adequacy or accuracy of the program in use. running the model.

9.1.3 Numerical Tests-Mathematical models are usually  10.3 Inputs to models consist of:
expressed in the form of differential or integral equations. The 10.3.1 Scenario Specific DataSuch as the geometry of the
models are in general very complex, and analytical solutionslomain, the environmental conditions, and specifics of the fire
are hard or even impossible to find. Numerical techniques ardescription.
needed for finding approximate solutions. These numerical
techniques can be a source of error in the predicted results.

Numeripal tests include an ir.weStigation of the magnitUde Om A Description of DASSL: A Differential/Algebraic System
the I’ESIdU?JS from the soluthn F’f the system .Of equatlon%olver Tech'nic.al R.:aport 8637, Sandia Nationél Laboratories, 1982.
employed in the model as an indicator of numerical accuracy s witler, H. E., “Mathematical Modeling of Enclosure Fires, Numerical Ap-

and of the reduction in residuals as an indicator of numericaproaches to Combustion Modeling,” ed. Oran, E. S. and Boris, Rrégress in
convergence. Astronautics and Aeronautick35, pp. 711-753, American Institute of Aeronautics

. . . . . and Astronautics, Washington, 1991, and Forney, G. P. and Moss, W. F., “Analyzing
9.14 Many fire prObIemS involve the interaction of different and Exploiting the Numerical Characteristics of Zone Fire Modef#g Science

physical processes, such as the chemical or thermal process@s Technology14: 49-60, 1994.
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10.3.2 Property Data—Such as thermal conductivity, den- range of input parameters to obtain information on the overall
sity, and heat capacity, and model performance. Finite difference methods can be applied
10.3.3 Numerical Constants-Such as turbulence model without modifying a model's equation set, but require careful
constants, entrainment coefficients, and orifice constants.  selection of input parameters to obtain good estimates. Direct

10.4 Conducting a sensitivity analysis of a fire model is notmethods supplement the equation set solved by a model with
a simple task. Many models require extensive input data andensitivity equations derived from the equation set solved by
generate predictions for multiple output variables over arthe modeP The sensitivity equations are then solved in
extended period of time. conjunction with the model’s system of equations to obtain the

10.4.1 Time and cost become critical factors in determiningsensitivities. Direct methods must be incorporated into the
the extent and degree of an analysis. A practical problem to beéesign of a fire model and are not often available for already
faced when designing a sensitivity analysis experiment, is thatxisting fire models. There are several classes of local methods
the number of model runs required will rapidly increase withwhich are of interest. Using the nomenclature of equation (1),
the number of input parameters and number of independethese are outlined below.
variables considered. Hence a full factorial experiment may be 10.5.2.1 Finite difference methods provide estimates of
prohibitive in terms of man hours expended for the returnsensitivity functions by approximating the partial derivatives of

gained. an outputz, with respect to an inpyp; as finite differences:
10.4.2 In many cases partial fa.ctorllal experiments will be 9z Z(Py, Por - - P T APy - P —Z(PL P2 - P - - P

adequate for the purpose of obtaining information on the effect Er Ap,

of varying the input parameters and consequential interactions )

considered important. In this case, third and higher order i=1,2,...0 m=12 .. .k

interactions may often be ignored.

10.4.3 For sensitivity analysis of models with large numberE This method is easy and straightforward to implement.

owever, as with any finite difference method, the choice of
P IS pivotal in obtaining good estimates. To determine the n-
k first-order sensitivity equations requsré + 1 runs of the
model. These may be run simultaneously as a larger system or
in parallel.

of parameters, efficient methods are available to conduct th
analysis with a manageable number of individual mode
simulations® For highly non-linear fire models, the method of
choice is most often Latin hypercube sampling:

10.4.3.1Latin Hypercube SamplirgThe possible range . . o . .
for input parameter is divided intdN intervals of equal 10.5.2.2 Direct methods derive the sensitivity differential

probability. For each input parameter, one value is randomlfﬁquatlons from the model's system of ordinary differential

chosen within each of thdl intervals. From the resultingyl equations:
possibilities for each input parameter, one value is randomly ~ d 9z _ o Ea_fjﬁ. _
selected. This set of values is used for the first simulation. The dt 9Py 0Py | T 07 0Py
preceding is repeated times to generathl sets of parameters ~ These equations are then solved in conjunction with the
for N total model simulations. Software is available which canmodel’s system of differential equations to obtain the sensi-
calculate parameter values for a Latin Hypercube sampgling. tivities. To compute the rx k first-order sensitivities requires
10.5 Several methods of sensitivity analysis have been model run. These may be incorporated directly into the model
applied to fire model8. The one chosen for use will be and solved as a single, coupled sénot+ (n - k) diferential
dependent upon the resources available and the model beirguation&® or decoupled solving the model equations and the
analyzed. Two common methods of analysis follow: sensitivity equations iteratively using the model’s solution and
10.5.1 Global Methods—Produce sensitivity measures an appropriate interpolation scherte.
which are averaged over the entire range of input parameters. 10.5.3 Response Surface Methed\n appropriate vector of
Global methods require knowledge of the probability densityfunctions is fit to a selected set of model runs. The resulting
functions of the input parameters, which in the case of firametamodel is then assumed to behave in the same manner as
models, is generally unknown. the model. By appropriate choice of functions, the resulting
10.5.2 Local Methods—Produce sensitivity measures for a metamodel is simpler and easier to analyze than the actual
particular set of input parameters and must be repeated for @odel. The equations are then solved to perform a sensitivity
analysis on the metamodel. The Jacobian of the metamodel

_ . solution represents the sensitivity equations.

8 Clemson, B., Yongming, T., Pyne, J., and Unal, R., “Efficient Methods for
Sensitivity Analysis,” Systems Dynamics RevieWol 11, No. 1 (Spring 1995), 11. Model Evaluation
31-49. - .

7Iman, R. L. and Shortencarier, AFORTRAN 77 Program and User's Guide for 11.1 A model should be assessed for a specific use in terms
the Generation of Latin Hypercube and Random Samples for Use with Compute®f its quantitative ability to predict outcomes such as:
Models. NUREG/CR-3624, SAND83-2365, Sandia National Laboratories, Albu-
querque, New Mexico (1984). —

8 Davies, A. D., “Some Tools for Fire Model ValidationEfire Technology Vol © Wierzbicki, A., Models and Sensitivity of Control Systeridley and Sons,
23, No. 2, May 1987, pp. 95-114; Khoudja, N., “Procedures for QuantitativeNew York, 1984.
Sensitivity and Performance Validation Studies of a Deterministic Fire Safety !°Dickinson, R. P. and Gelinas, R. J., “Sensitivity Analysis of Ordinary
Model,” NBS-GCR-88-544U.S. Department of Commerce, National Bureau of Differential Equation Systems—A Direct Method]Journal of Comp. Physics/ol
Standards. 1988; and Peacock, R. D., Davis, S., and Lee, B. T., “An Experiment&l, 123-143 (1976).
Data Set for the Accuracy Assessment of Room Fire Mod&IBSIR 88-3752U.S. 1 Dunker, A. M., “The Decoupled Direct Method for Calculating Sensitivity
Department of Commerce, National Bureau of Standards. 1988. Coefficients in Chemical Kinetics,J. Chem. Phys 81 (5), pp. 2385-2393, 1984.

1,2,..., nm=12...k (3
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11.1.1 Fire growth and spread (as typified by temperature, 11.3.1.1 Guidance for conducting the tests is provided by

smoke, gas concentrations, etc.), the relevant test method. Generally test conditions are well
11.1.2 Rate of flame spread, fire resistance, etc., defined and focus on one or more specific output variables.
11.1.3 Fire hazard (as typified by available egress time, 11.3.1.2 Model predictions can be tested against test output

tenability etc.), variables. This approach may be particularly useful for evalu-
11.1.4 Response of active and passive fire protection or, ating models designed to predict quantities such as fire
11.1.5 Some other property. resistance, flame-spread rates, etc.

11.2 Model evaluation addresses multiple sources of poten- 11..3.1.3 .Where data are avallr_slble,_ model predl_ctlons should
tial error in the design and use of predictive fire models,be viewed in light of the unc_ertal_nty in test/experimental dat_a
including insuring correct model inputs appropriate to the@S compared to thg uncertainty in the model results that arise
scenarios to be modeled, correct selection of a model appr&U€ t0 uncertainty in the model inputs. B
priate to the scenarios to be modeled, correct calculations by 11.3.2 Comparison with Full-Scale Tests Conducted Specifi-
the model chosen, and correct interpretation of the results dially for the Chosen Evaluation
the model calculation. Evaluation of a specific scenario with 11.3.2.1 Guidance for conducting full-scale compartment
different levels of knowledge of the expected results of thelests is provided by Guide E 603.
calculation addresses these multiple sources of potential error. 11.3.2.2 The simulations are to be designed to duplicate, as
It is understood that only one or more of these levels ofwell as possible, the salient features of the scenarios for which
evaluation may be included in a particular model evaluation.evaluation is sought. Data shall contain sufficient detail (for

11.2.1 Blind Calculation—The model user is provided with €xample, initial conditions, time scales, and so forth) to
a basic description of the scenario to be modeled. For thi§Stablish correspondence between predicted and measured
application, the problem description is not exact; the modefluantities.
user is responsible for developing appropriate model inputs 11.3.2.3 The predictive capabilities can be assessed by
from the problem description, including additional details of comparing predicted values and measured values of important
the geometry, material properties, and fire description, aguantities, by comparing key events in the fire, and by
appropriate. Additional details necessary to simulate the sc&omparing key behavioral traits predicted by the model and
nario with a specific model are left to the judgement of themeasured during the simulation.
model user. In addition to illustrating the comparability of 11.3.2.4 Where data are available, model predictions should
models in actual end-use conditions, this will test the ability ofoe viewed in light of the variability of the full-scale test results
those who use the model to develop appropriate input data f@nd model sensitivity.
the models. 11.3.3 Comparison with Previously Published Full-Scale

11.2.2 Specified Calculatioa-The model user is provided Tests Data
with a complete detailed description of model inputs, including 11.3.3.1 Care should be taken to ensure the test closely
geometry, material properties, and fire description. As &imulated the scenario for which evaluation is sought. For
follow-on to the blind calculation, this test provides a more€xample, input data to the model prediction should reflect the
careful comparison of the underlying physics in the modelsctual test conditions and some data normalization may be
with a more completely specified scenario. required to ensure the accuracy of the comparisons.

11.2.3 Open Calculatioa-The model user is provided with ~ 11.3.3.2 Although key measurements may or may not have
the most complete information about the scenario, includind’een taken, the predictive capabilities can often be assessed by
geometry, material properties, fire description, and the resultgomparing predicted values and measured values of important
of experimental tests or benchmark model runs which wergariables, by comparing key events in the fire, and by compar-
used in the evaluation of the blind or specified calculations ofng key behavioral traits predicted by the model and measured
the scenario. Deficiencies in available input (used for the blindluring the simulation.
calculation) should become most apparent with comparison of 11.3.3.3 Where data are available, model predictions should
the open and blind calculation. be viewed in light of the variability of the full-scale test results

11.2.4 Problem Description and Model InputsDifferent ~ and model sensitivity.
models may require substantially different details in the prob- 11.3.4 Comparison with Documented Fire Experience
lem description for each of the three levels outlined above. For 11.3.4.1 Statistical data on fire experience must be judged
example, some models may require precise details of geometrigr reliability.
while other for models, a simple compartment volume may 11.3.4.2 Model predictions can be compared with eyewit-
suffice. For some models, a detailed description of the fire imess accounts of real fires.
terms of heat release rate, pyrolysis rate, and species produc-11.3.4.3 Model predictions can be compared with known
tion rates are necessary inputs. For other models, these may behavior of materials in fires (for example, melting tempera-
calculated outputs. For each of the three levels of evaluatiortures of materials).
an appropriate problem description sufficient to allow the 11.3.4.4 Model predictions can be compared with observed

problem to be simulated is necessary. post-fire conditions such as known behavior of materials in
11.3 A model may be evaluated employing one or more ofires (for example, melting temperatures of materials), extent of
the following tools: fire spread, tenability, etc.
11.3.1 Comparison with Standard Tests 11.3.5 Comparison with Proven Benchmark Models
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11.3.5.1 Care should be taken to ensure thabtrechmark 11.3.8.2For Rapidly Varying Comparisons
model has been evaluated for the scenarios of interest. (a) (&) The comparison may be expressed in terms of a

11.3.5.2 The predictive capabilities can be assessed bynge of the calculated absolute difference or relative differ-
comparing the predicted values of important quantities, byence, and
comparing key events in the fire predicted by both models, and  (b) (b) The comparison may be expressed by comparing a
by comparing key behavioral traits predicted by both modelstime-integrated value of the quantity of interest.

11.3.5.3 Where data are available, model predictions should 11.3.9 Whenever possible, the use of subjective judgements
be viewed in light of the variability of the sensitivity of both Should be avoided and the results of the comparisons should be
model predictions. expressed in quantitative terms.

11.3.6 Quantifying Model Evaluatior-How to best quan- 12 Evaluation Report
tify the comparisons is not always obvious. The necessary and
perceived level of agreement for any predicted quantity is
dependent upon the typical use of the quantity in the context of o . .
the specific use being evaluated, the nature of the comparison 12.1.2 Person or organization responsible for the evaluation.

and the context of the comparison in relation to other compari- 12.1.3 Specific reference information for the evaluation
) P P report. References to model documentation, reports of experi-
sons being made.

: . . . . ental measurements, sensitivity analysis reports, and addi-
11.3.7 For single-point comparisons such as time to critic ional evaluation reports are appropriate
events or peak values, the r_esults of the comparison may be 5 ;1 4 Description of the model and scenarios for which
expressed as an absolute differeno@del value—reference evaluation is sought as outlined in 7.1 and 7.2

value), relative difference rfodel value—reference valie 12.1.5 A summary of the sensitivity analysis

reference valugor other comparison as appropriate. 12.1.6 A summary of the predictive capabilities of the
11.3.8 For comparisons of two timed-based curves, approyodel.
priate quantitative comparisons depend upon the characteristicS12 1 7 Known limitations for the use of the evaluation for
of the curves: other fire scenarios.
11.3.8.1 For steady-state or nearly steady state comparisons,
the comparison may be expressed as an average absold Keywords
difference or average relative difference. 13.1 evaluation; fire model; sensitivity; validation

12.1 Report the following information:
12.1.1 Date of the evaluation report.

APPENDIX
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction—This commentary has been prepared to X1.2.3 Fire modelers had conducted validation exercises on
provide the user of the guide with background information ontheir models and the Center for Fire Research of the National

its development and use. Institute of Standards and Technology was developing general
procedures for model validation. This guide was developed to

X1.2 History of the Guide summarize the state-of-the-art in model validation into a single
document of the use of either the modeler or the user of the

X1.2.1 When Subcommittee E05.39 on Fire Modeling was, o del
formed in 1985, one of its mandates, as formulated in response '
to the results of a survey of Committee E-5 members, was to X1.3 Scope and Significance

develop guidelines for the validation of fire models. X1.3.1 Itis not possible to validate a model per se; instead,

X1.2.2 It has been recognized that the use of fire modelshis guide is intended to provide a methodology for evaluating
extended beyond the fire research laboratory and into thghe predictive capabilities of a fire model for a specific use.
engineering community. Reliance on model predictions in X1.3.2 This guide has been developed to be applicable to
engineering applications is warranted only if the model haghe validation of fire models or to the validation of submodels
been validated for that application, but there was no accepteathich may describe one or more phenomena associated with a
validation standard available at the time. fire.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



