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FOREWORD

Verification, validation, and uncertainty quantification (VVUQ) of engineering simulation models is currently of great
interest to government, industry, and academia, all of which rely on computational modeling in the design and analysis of
engineered structures. This has challenged government, industry, and academia to develop credible models for design
and performance evaluation via computational simulation. In response, The American Society of Mechanical Engineers
(ASME) formed a subcommittee on verification and validation (V&V) in computational solid mechanics (CSM). knc vn as
ASME V&V 10. The V&V 10 Subcommittee was redesignated as VVUQ 10 in 2021 since both V&V and uncertain.z qu n-
tification (UQ) have been specifically identified as critical technologies needed for the advancement of com; uta..onal
mechanics.

The growing reliance on CSM models for decision-making in government, industry, and academia dema. s that greater
attention be given to the quantification of uncertainties associated with these models. UQ is a criti-al component in the
evaluation and communication of both computational and experimental results in the process:of r. porting simulation
results. UQ is foundational in the development and assessment of CSM models and their p.~dictiv 2 capability.

ASME V&V 10-2006 (ref. [1]), Guide for Verification and Validation of Computational S:lid 1-"echuanics Models, was
recently revised to ASME V&V 10-2019 (ref. [2]), Standard for Verification and/a’iuctiow. of Computational Solid
Mechanics Models. Both editions address an important need for a common language and process definition for
VVUQ at the level appropriate for CSM model developers as well as their maragers aad customers. ASME V&V 10
is intended as an overview standard to be followed by detailed publications c vering select topics and applications.
ASME V&V 10.1 (ref.[3]) provides examples to illustrate many key VVUQ cor<cpts. The overall purpose of this Standard is
to expand on UQ, emphasized in ASME V&V 10.

This Standard describes the role of UQ in modeling/simulation a1 1 ex; eruentation. UQ in modeling and simulation
includes consideration of model form uncertainties, numerical solitic 2 unicertainties, model input uncertainties, and
uncertainties in model-basis data. In addition, propagation of ui cert-inties is an integral part of UQ in modeling and
simulation. UQ plays an important role in experimentation; therefo. =, key considerations in planning validation experi-
ments are discussed, since these experiments are specifical'y planned and performed to assess the predictive capability of
a computational model. A brief discussion of UQ in hierar<hical CoM models is provided, as well as an overview of the role
of UQ in revisions to either the computational mod-! ¢ ti.2 validation experiment.

This Standard also addresses the role of UQ in 710 el vulidation assessment, illustrated by several examples consid-
ering different validation metrics thatinclude unce -.air ies. Because validation metrics incorporate uncertainties in both
experimental measurements and model simt lat. xns, some consideration of uncertainties is required in establishing the
corresponding validation requirements.

This Standard is available for publicic iew un a continuing basis. This provides an opportunity for additional public
review input from industry, academi. <reg alatory agencies, and the public-at-large.

ASME VVUQ 10.2-2021 was app. oved oy the VVUQ Standards Committee on August 27, 2021, and was approved and
adopted by the American Natioi.nl Standards Institute on December 13, 2021.
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CORRESPONDENCE WITH THE VYVUQ 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, VVUQ 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.

This Standard is always open for comment, and the Committee welcomes propnse’. for :2visions. Such proposals
should be as specific as possible, citing the paragraph number(s), the proposed wordin, ana a detailed description of the
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 VVUQ Standards Con mittee will render an interpretation of any requirement of
the Standard. Interpretations can only be rendered i1 ~e.:.ponse to a written request sent to the Secretary of the VVUQ
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 ¢ nli’.e form, he/she may mail the request to the Secretary of the VVUQ 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.
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certify,” “rate,” or “endorse” any item, construction, proprietar,

Attending Committee Meetings. The VVUQ 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 VVUQ Standards Committee. Future Committee meeting dates and locations can bc fou:d on the
Committee Page at http://go.asme.org/VnVcommittee.
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INTRODUCTION

Model verification, validation, and uncertainty quantification (VVUQ) are the primary methods for quantifying and
building credibility in mathematical/computational models. Verification is the process of determining that a computa-
tional model accurately represents the underlying mathematical model and its solution. Validation is the process of
determining the degree to which amodel is an accurate representation of the validation experiments from the perspective
of the intended uses of the model. Both verification and validation accumulate evidence of model correctness anc accu-
racy for a specific application of interest. Model VVUQ' cannot prove that the model is correct and accurate for all poss.hle
scenarios; instead, VVUQ accumulates evidence of whether the model is sufficiently accurate for its intendea nse.. The
expected outcome of the VVUQ processis to inform the decision-maker of the credibility of the model for “he 1. tenied uses
of the model.

Uncertainty quantification (UQ) in the context of VVUQ is the mathematical assessment of ur certainties in model
simulation results and experimental results. Therefore, the goal is to quantify the uncertainties.in 1 oth simulation and
experimental results so that the model accuracy can be assessed, and the predictive capablity 0. the model can be
established quantitatively. As described in this Standard, UQ is also important in other -elat.d accivities, including
model development, parameter estimation, model calibration, experimental desig>. ~ud senitivity analysis.

*For the purposes of this Standard, “model VVUQ” will be referred to as “VVUQ.”

viii
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ASME VVUQ 10.2-2021

THE ROLE OF UNCERTAINTY QUANTIFICATION IN
VERIFICATION AND VALIDATION OF COMPUTATIONAL SOLID
MECHANICS MODELS

1 PURPOSE AND SCOPE

1.1 Purpose and Motivation

The purpose of this Standard is to expand upon the important role of uncertainty quantification (.'Q) in verification,
validation, and uncertainty quantification (VVUQ), as outlined in Figure 1.1-1. UQ plays an imp »rtant part in each of the
“Modeling and Simulation” and “Physical Experimentation” branches illustrated in the figui ¢, 1liimately quantifying the
uncertainties in the “Simulation Results” and “Experimental Results” generating the “Simu'ation Outputs” and “Experi-
mental Outputs.” A detailed description of this figure is provided in ASME V&V 10-2.19.

Consistent with the purpose of ASME V&V 10-2019, the motivation for develc x'ng » SME VVUQ 10.2 is the need for a
common language and process of UQ in computational solid mechanics (CSM), particul=ly as it may relate to how model
developers perform UQ as well as how they subsequently communicate resu'ts, conclusions, and recommendations to a
decision-maker. A decision-maker may be any individual or representative . < 2, cuch as areview panel, deemed respon-
sible for determining if a model is acceptable for its intended uses. The riecisioi.-maker may also be a customer relying on
model predictions to inform a decision.

1.2 Objectives and Scope

1.2.1 Objectives. The objectives of this Standard are to

(a) define and clarify the role of UQ as part of the VVUQ process
(b) provide guidance for the use of UQ in VVUO ativities

(c) acknowledge the importance of UQ in decisidiraking

1.2.2 Scope. The scope of this Standard i‘icl’.des the following:

(a) sources and types of uncertainty end . ow they can be treated in the VVUQ process (section 2)
(b) quantification and propagation o’ un ertainties (section 3)

(c) uncertainties in validation exgorin ents (section 4)

(d) uncertainties in model val‘ua: 'on assessment (section 5)

(e) revisions to the model ~na =xp riments (section 6)

(f) uncertainties in hierarci.’cal models (section 7)

2 BACKGROUND AND JFF(NITIONS

2.1 Mathemati-al 1'odels

Models are ide ~lized representations of the physical phenomena of interest. This Standard distinguishes between two
types of mthematical models: empirical models and physics-based models. Examples of both types of mathematical
moc-=ls'ce drovided in para. 2.2. These are defined as follows:

en iricc:! moc el: a mathematical model whose functional framework is based primarily on observation and experiment.
I C5. empirical models are typically expressed in closed-form algebraic relations, which may still encompass some level
of vur conceptual or theoretical understanding of the physical phenomenon of interest. Empirical models may be simple
_*atistical models (e.g., regression analysis) or more complex (e.g., based on machine learning or generalized polynomial
expansions). Experimental data used to develop the empirical model are hereafter referred to as model-basis data. In the
CSM community, this type of data is also referred to as calibration data.
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