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Introduction: What is Uncertainty Quantification?

• Uncertainty Quantification usually describes the connection 
between “the answer” and the underlying mathematical models, 
geometries, boundary conditions, algorithms, etc:

“Uncertainty: How accurately does a mathematical model describe  the true 
physics and what is the impact of model uncertainty (structural or parametric) 
on outputs from the model?”1

1) T.J. Barth, “A Brief Overview of Uncertainty Quantification and Error Estimation in Numerical Simulation,” www.stanford.edu/group/cits/pdf/lectures/barth.pdf
2) From https://computation.llnl.gov/casc/uncertainty_quantification/

“Uncertainty quantification (UQ) is the quantitative characterization and 
reduction of uncertainty in applications. Three types of uncertainties can be 
identified. The first type is uncertainty due to variability of input and/or model 
parameters and the characterization of the variability is given (for example, 
with probably density functions). The second type is similar to the first type 
except that the corresponding variability characterization is not available, in 
which case work can be directed to gain better knowledge. The third type, 
which is the most challenging, is uncertainty due to an unknown process or 
mechanism...”2

http://www.stanford.edu/group/cits/pdf/lectures/barth.pdf
http://www.stanford.edu/group/cits/pdf/lectures/barth.pdf
https://computation.llnl.gov/casc/uncertainty_quantification/
https://computation.llnl.gov/casc/uncertainty_quantification/


• But there are other potential sources of uncertainty:

• Most engineering materials are inherently inhomogeneous.

• Variability in a material’s microstructure can have a direct and 

profound impact on it properties. 

• Variability can occur locally from point to point; globally from 

region to region; from part to part and lot to lot; and in time as a 

material ages.
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Introduction: When is Variability Important?

When the length scale of the critical phenomena are
comparable to, or less than, that of the microstructure.
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Welds in 304L: Micrograph w/ Geometry Variables

Optical Micrograph of a Partial Penetration Weld



Welds in 304L: Force-Displacement Data

Continuous Welds Pulsed Welds

Tensile samples cut from nominally homogeneous
welded plates show significant variability.



Welds in 304L: Cumulative Probability Distributions



Welds in 304L: Cumulative Probability Distributions



Welds in 304L: What Variables Control Properties?

According to multivariate linear regression,
the notch gap accounts for 63% of the variability

in peak force, and 48% in strain-to-failure.
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Welds in 304L: FE Meshes with Geometrical Variability

Simulated weld geometries attempt to capture
realistic weld shape, in addition to

variability in weld depth, plate gap, and plate offset.



• Simple elastic + power-law plastic constitutive law

• Parameters fit to data from both plate and weld

• “2+1 D” geometries

    - Plane strain boundary conditions in Z

    - Prescribed displacements in X

    - Unconstrained in Y

Welds in 304L: Model and Simulation Details



Weld deformation simulations suggest
strain concentration

localized at the notch root.

Welds in 304L: Simulations of Tensile Deformation



Digital image correlation experiments
show similar behavior...

Welds in 304L: DIC Experiments of Tensile Deformation
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Welds in 304L: Geometry-Induced Property Statistics

Inputs
Validation

Tensile Behavior

Property Statistics



Welds in 304L: Microstructure Characterization
Microstructure variability can play an important role

in governing variability in properties
(though not so prominently in 304L-to-304L welds).
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Punched Brass: Schematic of Tensile Samples
Localization of deformation near a small hole should interact

directly with microstructure if the relevant scales are appropriate.
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Coarse (R<1)
8 hr, 800 °C
725.2 µm
62.7 MPa

Medium (R=1)
8 hr, 600 °C

79.1 µm
91.7 MPa

Fine (R>1)
8hr 450°C
725.2µm
62.7MPa

R is the ratio of HOLE SIZE to GRAIN SIZE!



Punched Brass: Hall-Petch Behavior



Punched Brass: EBSD, R=7
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Punched Brass: EBSD, 2% Strain
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• “Simple” polycrystal plasticity:
    - Anisotropic linear elasticity
    - Anisotropic power-law slip
    - Isotropic power-law hardening
• Parameters fit to tensile data from cartridge brass
• “2+1 D” geometries:
    - Plane strain boundary conditions in Z
    - Prescribed displacements in X
    - Free surfaces in Y (!)
• Approximately 100,000+ elements

Punched Brass: Polycrystal Plasticity Simulations



Punched Brass: Validation with Experiments
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Punched Brass: Finite Element Mesh, R=7
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Punched Brass: Finite Element Mesh, R=1



Punched Brass: Finite Element Mesh, R=1



Punched Brass: Finite Element Mesh, R=1/7



Punched Brass: Finite Element Mesh, R=1/7



Punched Brass: Finite Element Mesh, R=0



Punched Brass: Finite Element Mesh, R=0



Punched Brass: Rotation Tensor Component, T11

Texture is the same (per iteration)
for all four geometries.



Punched Brass: Plastic Strain Map, R=0



Punched Brass: Plastic Strain Map, R=1/7



Punched Brass: Plastic Strain Map, R=1/7



Punched Brass: Plastic Strain Map, R=1



Punched Brass: Plastic Strain Map, R=1



Punched Brass: Plastic Strain Map, R=7



Punched Brass: Plastic Strain Map, R=7



Punched Brass: Maximum Local Plastic Strain Statistics

R=0 R=7 R=1 R=1/7

N 45 45 45 45

µ 0.0785 0.1601 0.1694 0.1337

σ 0.0075 0.0230 0.0392 0.0423

σ/µ 10% 14% 23% 32%

(2% Applied Strain)



Punched Brass: Peak Plastic Strain Statistics
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Summary: Variability Impacts All Levels of PSPP

Process Structure Properties Performance

Reliability
Lifetime

Strength
Ductility

Toughness
Fatigue Resistance

Grain Size
Grain Shape

Crystallography
Defect Size

Defect Shape
Composition

Simulations

STATISTICS

STATISTICS



• Most materials are inhomogeneous.

• Micro-structural and micro-geometry variability affects 
properties.

• Statistics are often required to accurately describe 
process-structure-properties-performance relationships.

• Computer simulation can be used to explore these 
large, statistical phase spaces.

Conclusions


