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FOREWORD

Since the mid-1960s, computer simulations have come to dominate engineering mechanics analysis for all but the
simplest problems. This reliance on complicated simulations makes a systematic program of verification and validation
(V&V) necessary to ensure the accuracy of these simulations. This Standard describes such a program.

The concept of systematic V&V is not new. The software development community has long recognized the need for a
software quality assurance (SQA) plan for scientific and engineering products. The Institute of Electrical and-Elec:ronic
Engineers (IEEE) was the first to publish and adopt guidelines and standards for engineering SQA approp.iate ‘or
developers. SQA guidelines, while necessary, are not sufficient to cover the issues of computational physics ana 2ngi-
neering or the vast array of problems to which end users apply the codes. To fill this gap, the conce 2+ 0. application-
specific V&V was developed.

Scientific and engineering communities have been exploring application-specific V&V sincethe mia-1990s. The
Department of Defense’s Defense Modeling and Simulation Coordination Office (DMSCO) produ~=d i =commended prac-
tices suitable for large-scale modeling and simulation in 1996. However, these DMSCO guidelin. s do 1.« t directly focus on
the details of computational physics and engineering. The American Institute of Aeronautic. and .\strunautics produced
the first V&V guidelines tailored for detailed analyses in the area of computationt! fiu. ! dy..amics (CFD) in 1998.

Recognizing the need for a similar set of guidelines for computational solid mecha. ics | CSM), members of the CSM
community formed a committee under the auspices of the United States Association fo, Computational Mechanics in
1999. The American Society of Mechanical Engineers (ASME) Board on Per nr nance Test Codes (PTC) granted the
committee official status in 2001 and designated it the PTC 60 Committee on*'crification and Validation in Computational
Solid Mechanics. In 2008, an overarching committee for multiple V&V appl. ~ati¢ n areas was established by ASME as the
V&V Standards Committee on Verification and Validation in Comput.tion.! Mudeling and Simulation. ASME reorganized
the committees under the V&V Standards Committee, and the PTC 60 Co. 'mictee was renamed the V&V 10 Subcommittee
on Verification and Validation in Computational Solid Mechanics.

The V&V 10 Subcommittee (previously PTC 60 Committee) unde. “cok the task of writing the proposed guidelines. Its
membership has consisted of solid mechanics analysts, evperimenters, code developers, and managers from industry,
government, and academia. Represented industries incl::de ero>pace/defense, commercial aviation, automotive, bioen-
gineering, and software development; represented gerer xmeat agencies include the Department of Defense, the Depart-
ment of Energy, and the Federal Aviation Admirisu atio...

Early discussions within the V&V 10 Subcommi *ee 1 evealed an immediate need for a common language and process
definition for V&V appropriate for CSM anal;'sts and their managers and customers. The first edition of ASME V&V 10,
Guide for Verification and Validation in Cempu tational Solid Mechanics, described the semantics of V&V and defined the
process of performing V&V in a manner u..t fac.iitates communication and understanding among the various performers
and stakeholders.

The Guide was approved by the V&V 10 Subcommittee and was approved and adopted by the American National
Standards Institute in 2006. Siiicc that original edition was released, the issues and problems of V&V in CSM have been
studied through discussion a1.1 th: generation of supporting documentation, including an example problem standard,
ASME V&V 10.1. That work cont. ‘buted to the maturation of the discipline and influenced this revised edition, which is
now titled Standard for V. rification and Validation in Computational Solid Mechanics.

This Standard is ¢:van.ble for public review on a continuing basis. This provides an opportunity for additional public-
review input from inJ'ustry, academia, regulatory agencies, and the public-at-large.

ASME V&V 1C was approved by the V&V Standards Committee on March 28,2019 and was approved and adopted by the
Americai. Nauoral Standards Institute on July 23, 2019.
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CORRESPONDENCE WITH THE V&V COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, V&V Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes tht appear necessary
or desirable, as demonstrated by the experience gained from the application of the Standard. /npro. d revisions will be
published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals s'.c1ila =< as specific as possible,
citing the paragraph number(s), the proposed wording, and a detailed description »f th reasons for the proposal,
including any pertinent documentation.

Proposing a Case. Cases may be issued to provide alternative rules when jus.’ ey, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not cove ed by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Com. ~it.ee web page.

Requests for Cases shall provide a Statement of Need and Backgro.:nd .nformation. The request should identify the
Standard and the paragraph, figure, or table number(s), and be v ricten :s a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate the applicchle dition(s) of the Standard to which the proposed
Case applies.

Interpretations. Upon request, the V&V Standards Ct :xn.ittee will render an interpretation of any requirement of the
Standard. Interpretations can only be rendered in respuns. toawritten request sent to the Secretary of the V&V Standards
Committee.

Requests for interpretation should preferak'v L~ s>.omitted through the online Interpretation Submittal Form. The
form is accessible at http://go.asme.org/Inte ‘pre -ationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.

If the Inquirer is unable to use the sn).ie form, he/she may mail the request to the Secretary of the V&V Standards
Committee at the above address. T"ie i *auv st for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquirer subn.’t his/her request in the following format:

Subject: Cic> th : applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Cite ti.2 applicable edition of the Standard for which the interpretation is being requested.
Question: 2hrase the question as a request for an interpretation of a specific requirement suitable for

general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way thata
“yes” or “no” reply is acceptable.

Propoced kooly(is): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Ba kgreand Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASMF.
Committee or Subcommittee. ASME does not “approve,” “
device, or activity.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietar,

Attending Committee Meetings. The V&V Standards Committee regularly holds meetings and/or teleph:ne confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference shou. co. tact the
Secretary of the V&V Standards Committee. Future Committee meeting dates and locations can be fou.d on the
Committee Page at http://go.asme.org/VnVcommittee.
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PREFACE

The ASME V&V 10 Subcommittee on Verification and Validation (V&V) in Computational Solid Mechanics is creating a
family of standards that together present a comprehensive picture of the standards and practices governing this process.

(a) ASMEV&V 10-2006, Guide for Verification and Validation in Computational Solid Mechanics, was the first edition of
ASME V&V 10. Intended as an overview of V&V, it also included background material and definitions necessary to
understand the other standards in the series. It contains definitions of key terms associated with V&V, and i* pr.vides
context for the role of V&V in engineering as well as an overview of key aspects of application. ASME V&V 10-209 is he
first revision of that Guide. Since publication of the first edition, the field of V&V has matured to the point that: SML V&V
10’s title has been changed from “Guide” to “Standard.”

(b) ASME V&V 10.1-2012, An Illustration of the Concepts of Verification and Validation in Comp “tational Solid
Mechanics, is a follow-on publication that illustrates the steps in the V&V process described int{ASME V&V 10-2019
through a worked example. This Standard is intended to provide a more concrete look @+ hcw to translate the
process of V&V 10-2019 into the reality of an engineering project.

(c) ASME V&V 10.2 is currently under development with the working title The Role of Uncer .xint, Quantification in
Verification and Validation of Computational Solid Mechanics. This Standard is int nsed to wake a deeper look at the
importance of uncertainty quantification (UQ), types and characterization of uncerta ntie , introduction to UQ meth-
odologies, and how UQ is applied during each phase of the V&V process.

(d) ASMEV&V 10.3is currently under development with the working title Th. R »le of Validation Metrics in Verification
and Validation of Computational Solid Mechanics. This Standard is intended . prc 7ide a primer of mathematical metrics
to measure the difference between calculated results and either analytical o : sen ianalytical solutions (in the case of code
verification) or experimental measurements (in the case of valida.’on).

Readers are encouraged to begin with ASME V&V 10-2019 as itlavs the groundwork, but may find a concurrent reading
of ASME V&V 10.1-2012 beneficial, as it closely follows the V&V p -ocess aescribed through an example. ASME V&V 10.2
and ASME V&V 10.3 should be read subsequent to ASME V&V 12019, as the foundation of ASME V&V 10-2019 is
necessary to understand the significance of the deeper treatments in ASME V&V 10.2 and ASME V&V 10.3.
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ASME V&V 10-2019

STANDARD FOR VERIFICATION AND VALIDATION IN
COMPUTATIONAL SOLID MECHANICS

1 EXECUTIVE SUMMARY

Program managers need assurance that computational models of engineered systems are sufficient. > ac.rate to
support programmatic decisions. This Standard provides the technical community — engineers, :cie. tists, and
program managers — with guidelines for assessing the credibility of computational solid mec’iani-s (C°M) models.

Verification and validation (V&V) are the processes by which evidence is gathered to determix.. the .Zcuracy of the
computer model for specified conditions. These accuracy results, along with uncertainty quantificatio.  (UQ), contribute
to the determination of the credibility of the model for the conditions of its intended use.

Professional organizations differ in their definitions of V&V. The American Society of Mec..2 ical Engineers (ASME)
V&V 10 Subcommittee on Verification and Validation in Computational Solid Mechanics has choser definitions consistent
with those published by the Department of Defense (DoD) (ref. [1]) and by the Ar~ricc "astitute of Aeronautics and
Astronautics (AIAA) (ref. [2]). Verification assesses the numerical accuracy of a ¢ mpu *tational model regardless of the
physics being modeled. Both code verification (addressing errors in the software anc. «umerical algorithms) and calcula-
tion verification (estimating the numerical errors due to under-resolvec dis :rete representations of the mathematical
model) are addressed. Validation assesses the degree to which the compntad’ mnai model is an accurate representation of
the physics being modeled. Itis based on comparisons between numeri ‘al simulations and relevant experimental results.
Validation is essential in assessing the predictive capability of the nou:'in the physical realm of interest, and it must
address uncertainties that arise from both experimental and co.npu.ational procedures.

As shown in Figure 2.3-1, the general V&V process begins with . statement of the intended use of the model and
pertinentinformation about the system being modeled so that ‘he r clevant physics are included in both the model and the
experiments performed to validate the model. Modeling and experimental activities are guided by the response quantities
of interest and the accuracy requirements for the inten led vse. Experimental outputs intended for validation for compo-
nent-level to system-level tests should, whenever nus ible, be provided to modelers only after verification and the
numerical simulations for those outputs have-hec: serformed.

Ideally, the V&V process for a particul~r ag nlcation ends with acceptable agreement between model predictions and
experimental outputs, after the uncertaintics iti “oth have been taken into account. If the agreement between model and
experiment is not acceptable, an assessm 'nt s:iould be performed to determine why agreement was not met and, poten-
tially, the processes of V&V repeated by cr. 1ating the model and performing additional experiments. Successful comple-
tion of the validation process, der. or.strated by satisfactory agreement between simulation and experiment, means that
the model adequately reproc: ces > experimental measurements that have been obtained.

Once the validation pro~=ss i successfully completed, the model should be assessed to determine if its predictive
capability, including rele: ant .\ ncertainties, is adequate for conditions where no experimental data are available. Since
most models are developea “;r use where experimental data are not available, predictive capability must address a much
wider range of uncro inties than validation. This Standard introduces the concept of predictive capability but does not go
into detail becaus. of vie early stage of development of this field.

Finally, it is in.nor.ant to document all V&V activities. In addition to preserving the compiled evidence of V&V, docu-
mentation ~ecords the justifications for important decisions such as selecting primary response quantities and setting
accvrac; recuirements. Documentation thereby supports the primary objective of V&V: to build confidence in the predic-
tive canabiliv7 of computational models.

1:e gu.darice provided herein will enable managers and practitioners of V&V to better assess and enhance the cred-
1u'ity ut CSM models. Upon reading about the process described in this Standard and illustrated in ASME V&V 10.1-2012,
angineers may be left with the sense that the real-world constraints of the engineering environment (i.e., schedule and
budget) do not allow for sufficient project scope to complete the V&V process to a satisfactory level of rigor. Users of this
Standard are nonetheless encouraged to provide a V&V foundation for their engineering calculations and identify any
associated uncertainties and risks.
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