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On Micromechanical Parameter Identification and the Role of Kine-
matic Boundary Conditions

O. Rokoš, J.P.M Hoefnagels, R.H.J. Peerlings, and M.G.D. Geers

Department of Mechanical Engineering, Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven, The Netherlands

Abstract — Integrated Digital Image Correlation (IDIC) necessitates a mechanical model with appro-
priate boundary conditions, geometry, and constitutive laws. Because boundary conditions are applied
on the entire specimen, they by definition lie outside the employed field of view in micromechanical
parameter identification. To avoid excessive computational cost by modelling the entire specimen, Mi-
crostructural Volume Element (MVE) is used instead in IDIC, which requires micromechanical kinematic
boundary conditions. The aim of this contribution is to examine the influence of errors in boundary con-
ditions prescribed to MVE on the accuracy of micromechanical parameter identification in IDIC. It is
shown that relatively small errors in micromechanical boundary conditions may yield significant inaccu-
racies in the identified material parameters, and that all microstructural features need to be captured.
Keywords — Integrated Digital Image Correlation, micromechanics, parameter identification, virtual
experiments, boundary conditions

Motivation Micromechanical parameters provide, on one hand, material constants for (complex) con-
stitutive laws that help to predict mechanical response, performance, or lifespan of electronic, or micro-
electro-mechanical devices. On the other hand, these parameters are valuable for understanding physical
processes in materials occurring across the scales, such as failure, ductile damage, delamination, or crack
growth.

Challenges Due to the intrinsically small dimensions, cf. Fig. 1a, micromechanical parameter identifi-
cation necessitates micro- or nanoscale experiments that are challenging to perform and require advanced
experimental methods. One of such methods is Integrated Digital Image Correlation (IDIC), which has
proven to be an accurate and reliable full-field measurement technique [1]. If the Boundary Condi-
tions (BCs) applied to a tested specimen lie outside the employed Field Of View (FOV), IDIC may suffer
from inaccuracies, as has been shown in the literature [2]. This situation by definition applies to mi-
cromechanical parameter identification, in which images are usually obtained by electron microscopy
or other microscopy techniques, whereas loads are applied on a much larger scale. Kinematic BCs still
need to be prescribed to a measured Microstructural Volume Element (MVE) (located inside the FOV
and used as a model in IDIC), which may introduce significant errors in the values of the identified ma-
terial parameters, cf. Fig. 1c. Because kinematic boundary conditions are applied along the entire MVE
boundary, only material parameter ratios can be extracted from the microscale IDIC. Normalization by
force measurements is required, which necessitates a method capable of bringing the scales as measured
forces are available at the large scale only.

Focus and Methods In this contribution we will focus precisely on these kinds of problems. First, the
effects of inaccuracies in the prescribed MVE BCs on the accuracy of the identification will be quantified
in a systematic way based on virtual experiments. Fig. 1c shows preliminary results for a bending test
of a macroscopic specimen under plane strain conditions, cf. Fig. 1b. The specimen consists of a rubber
matrix with embedded circular inclusions of a diameter d , having a stiffness contrast ratio of 4. For
identification of the MVE BCs, Global DIC has been used [3] with varied mesh size h that yields relative
errors BC err. (shown in the bottom part of Fig. 1c). The presented results reveal that microstructural
features are important, and that they cannot be fully captured by GDIC in this case. An improved
approach is therefore proposed and tested, that treats kinematic boundary Degrees Of Freedom (DOFs)
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Figure 1: (a) A sketch of micromechanical parameter identification. (b) Geometry of the considered
problem with a rectangular domain �, region of interest �roi, and microstructural volume element �mve.
Identified material parameters relative to their exact values along with relative error in BCs obtained from
GDIC for a bending test (c). Shear moduli of the matrix (red), inclusions (green), and inclusion’s bulk
modulus (blue). Thick lines represent mean values, whereas shaded areas delimit standard deviations
for 50 realizations of random microstructure.

as unknowns in IDIC, referred to as Boundary-Enriched IDIC (BE-IDIC). The problem to be solved then
reads

λ ∈ arg min
λ̂∈Rnλ

1
2

∫
�roi

[ fm(X)− gm(X+u(X, λ̂))]2 dX,

where fm and gm are reference and deformed microscale images obtained from experiments, and the
IDIC DOFs stored in λ are split as

λ̂= [̂λmat, λ̂kin]T
⇒

{
λ̂mat = [G1,K1, . . . ]T

λ̂kin = u(X), X ∈ ∂MVE.

Using multiple examples, it is shown that such enrichment significantly increases the accuracy of identi-
fication and at the same time improves robustness with respect to image noise.

The micromechanical parameter ratios obtained from BE-IDIC can be normalized, e.g., by fixing one
of the material parameters. This necessitates an accurate knowledge of the value of that parameter, which
may not always be available (as in the case of additive manufacturing). A method capable of bridging
the scales between MVE and macroscopically measured forces that uses only experimentally available
data is currently being developed.
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