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ARTICLE INFO ABSTRACT

Evaluating the conditions for crack propagation under static and cyclic loads is critical for predicting the lifespan
of engineering components, particularly in the energy and transport industries. Digital Image Correlation (DIC)
provides precise displacement field measurements that can be used to calculate strain energy release rates and
stress intensity factors (SIFs), but integrating DIC data into computer-aided engineering (CAE) software like
Abaqus, a widely used finite element package, remains challenging. This paper introduces DIC2Abaqus, a freely
available MATLAB-based tool that automates DIC data processing in Abaqus to extract material properties in
isotropic and anisotropic elastic and elastoplastic materials. It employs the J-integral and interaction integral
methods to compute mixed-mode SIFs, including mode III, without requiring a predefined specimen geometry or
applied loads. It supports 2D and 3D-stereo DIC data and streamlines the process from geometry creation to job
submission and post-processing. Validation against analytical and experimental results confirms its accuracy and
reliability. By taking fracture mechanics analyses beyond ISO and ASTM standards, DIC2Abaqus offers a ver-
satile, efficient, and accessible simulation tool for industry, research, and education.
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1. Motivation and significance

Fracture mechanics focuses on understanding and predicting the
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propagation of cracks, which involves quantifying the conditions
required for crack growth [1-5]. A key concept is the strain energy
release rate, representing the potential energy to extend a crack by
creating new surfaces. In linear elastic materials or under small-scale
yielding (SSY) conditions, the strain energy release rate can be linked
to the stress intensity factor (SIF), a descriptor of the magnitude of the
stress field around a crack [6-8]. Even when crack tip plasticity in-
validates SSY, the strain energy release rate remains a valuable metric
[9-11] that describes the conditions at the crack tip. These principles,
therefore, also govern other important fracture mechanisms, including
fatigue and stress corrosion cracking [12,13].

Traditionally, SIFs and strain energy release rates have been
computed using analytical solutions [14,15] or finite element methods
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(FEM) based on applied loads, boundary conditions, and specimen ge-
ometry [16,17]. However, real-world scenarios introduce uncertainties
that can undermine these standard approaches. Residual stresses from
manufacturing [18,19], frictional effects [20], specimen misalignment
[21,22], or unknown boundary conditions, complicate the accurate
characterisation of the crack stress field. Additionally, analytical solu-
tions assume idealised conditions that may not hold in practical cases.
For example, when a crack deviates from its expected path due to
kinking or branching or changes in load alignment, the assumptions
underlying the analytical calculations break down, leading to errors in
the experimentally derived fracture parameters.

This limitation is particularly relevant in complex engineering
components, which may have poorly defined loading conditions and
complex crack paths. To address these issues, there is growing interest in
directly measuring deformation fields around cracks [23-28]. These
direct measurements can provide a more correct assessment of the
critical conditions for fracture.

Evaluation of the SIF is necessary to quantify material properties. As
noted above, these are calculated conventionally using known bound-
ary conditions (loads or displacements) and standard specimen geom-
etries. However, challenges arise, such as fatigue crack closure,
uncertain boundary conditions (e.g., due to experimental inaccuracies),
or complex specimen geometries that can interfere with these calcu-
lations. Additionally, uncertainty from human error, assuming minimal
test system compliance, and load misalignment before or during the
test can influence the results significantly, making analytical solutions
incorrect [29,30]. Significantly, comparisons between the International
Organization for Standardization (ISO) and the American Society for
Testing and Materials (ASTM) standards for measuring fracture
toughness have reported between 58 % [31] — 24 % [32] experimental
disparity and 5 % theoretical inconsistency [33] between the two
standards. Consequently, methods for direct evaluation of the crack
field, such as digital image correlation (DIC), have gained interest [30,
34-371.

We introduce DIC2Abaqus, a freely available MATLAB-based tool
that directly integrates experimental DIC measurements into FEA,
allowing the extraction of fracture parameters for isotropic and
anisotropic elastic and elastoplastic materials. Using the J-integral and
interaction integral methods, DIC2Abaqus computes mixed-mode SIFs,
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2. Software description
2.1. Software architecture

The software, implemented in MATLAB, interacts with Abaqus to
calculate the J-integral and SIFs directly from the displacement field
measured using DIC. This includes stereo-DIC, where two cameras are
used to measure not only the in-plane displacement fields but also the
out-of-plane displacement field. As shown in Fig. 1, the software is
organised into several key modules that handle user input, data pre-
processing, J-integral and SIF calculations, and postprocessing. This
modular framework enhances flexibility, allowing users to adapt the
software to various complex scenarios, including the detailed study of
crack propagation and material behaviour under stress.

The software presented here is intended solely for post-processing
displacement fields acquired from DIC, and it assumes the displace-
ment data provided have already been obtained and validated according
to established DIC experimental procedures [38].

2.2. Software functionalities

2.2.1. User input

The software requires the user to input the location of the DIC data,
the DIC units (meters, millimetres, or micrometres), and the material’s
mechanical properties, which can be isotropic or anisotropic’ elastic
material, or an elastoplastic material that follows the Ramberg-Osgood
relationship [39] as defined below:

o n-1

)

Ee:a+a6( (€8}

where ¢ and ¢ are the stress and strain, oy is the yield stress, a is the yield
offset, and n hardening exponent (>1). This relationship and the J-in-
tegral calculation implemented are specifically valid under small-scale
yielding conditions, typically encountered in fracture mechanics ana-
lyses. Alternative hardening models and fracture parameters should be
employed to analyse large plastic deformation beyond these conditions.

The input data can be uploaded in any format that MATLAB can read.
The data must have four columns for 2D-DIC data: X-coordinate, Y-
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Fig. 1. DIC2Abagqus structure. Dashed lines indicate optional functions.

including mode III, without requiring predefined specimen geometry
or applied loads. It accommodates complex geometries and non-
standard crack shapes, making it highly adaptable to real-world
applications.

! The user can input the material anisotropic modulus which can be used to
calculate the effective Young’s modulus, shear modulus and Poisson’s ratio for
cubic anisotropic materials based on ref [93]. For non-cubic crystals, the user
needs to input the elastic constants. This information will be needed later to
calculate the SIFs from the strain energy release rate.
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Fig. 2. After loading the displacement field, the script visualises the displace-
ment magnitude (Upy,g) to facilitate user interaction. (a) The user selects the
crack path starting from the crack tip. (b) The user defines a masking region to
exclude areas with poor data. (c) The selected crack path (dotted white lines)
and (d) the masked region (black square) are displayed on the Uy, map.

coordinate, displacement in X and displacement in Y for each mea-
surement point. For stereo-DIC data (six columns), the first three col-
umns are for each measurement point X, Y and Z-coordinates and the
others record the displacements in X, Y, and Z, i.e. Uy, Uy, and U,
respectively. The experimental DIC data needs to be in a regularised grid
to be transformed into a format that can be utilised for analyses in
Abaqus.

The user is asked to locate and identify the crack in the displacement
field to be analysed, with options of rotating and cropping the field of
view. After preprocessing, the function moves on to the crack detection
step. For straight cracks, the user selects the crack tip and crack mouth
and then chooses the region around the crack that needs to be masked
interpolation, as shown in Fig. 2. The purpose of this mask is to exclude
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Fig. 3. Deformed configuration of the von Mises stress around the crack
calculated from the DIC displacement field. The red nodes donate the domain to
be integrated, or equivalent domain integral (EDI), for the J-integral calcula-
tion, and the q-vector is VCE. The domain starts from the crack tip and expands
incrementally to engulf the entire field of view, and the J-integral and SIFs are
calculated as a function of EDI.
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poor quality or uncertain data, which DIC commonly provides close to
discontinuities [40-42]. The displacements within this region are later
obtained by finite-element-based interpolation.

For tortuous cracks, the crack geometry, including poor quality or
uncertain DIC data, must be excluded beforehand from the DIC data.
This can be done manually or autonomously by incorporating an algo-
rithm, such as [37,40,41,43], to detect and exclude the crack. A detailed
sensitivity analysis regarding errors from crack-tip positioning is pro-
vided in the Supplementary Material B, clarifying the limitations asso-
ciated with crack-tip localisation.

Next, the user can input the crack tip coordinates and direction/
angle or select these when prompted. This information will be used to
build the finite element model in Abaqus, including the crack direction
(g-vector illustrated in Fig. 3), which is assumed to be parallel to the
defined crack.

2.2.2. Pre-processing

One of the key steps is the generation of Python code that Abaqus
executes automatically. This step converts processed DIC data into a
format compatible with the Abaqus environment. It creates input files (.
inp) for torturous crack or scripts that define the model setup, including
material properties, crack geometry, meshing, and boundary conditions.

The process also includes a step for managing the analysis output,
which defines how results are stored and accessed for analysis and
interpretation. This generates output files and structured data storage
for efficient result retrieval. Logging and documentation mechanisms
are implemented to track the analysis process, recording details such as
errors or warnings during code generation and execution to provide a
reference for debugging and future use.”

2.2.3. J-integral and SIF calculations

The software deploys Abaqus in the background to calculate the J-
integral from the displacement data provided by DIC, as shown in
Fig. 3c. A Python script, which is automatically written using the soft-
ware, handles the creation of a finite element model in Abaqus that
aligns with the DIC data, ensuring both share the same coordinate sys-
tem and nodes. Matching the finite element mesh with the DIC grid
avoids interpolation.

Unlike conventional simulations, the software does not require users
to define external boundary conditions. Instead, the displacement field
obtained from DIC is directly mapped onto the mesh, with each mea-
surement point corresponding to a node. This approach avoids inter-
polation and ensures the FE model reflects the exact measured
deformation. The mesh density and structure are thus fully determined
by the spatial resolution of the experimental DIC data. In addition, the
software does not assume or impose a specific crack tip geometry. Since
the displacement field is measured experimentally, any crack tip
blunting is already reflected in the data. Consequently, the J-integral
and SIFs calculated from this field represent the actual mechanical state
near the crack tip, regardless of whether the crack is sharp or blunt.

The script uses a rectangular grid with four nodes per plane stress/
strain element (Abaqus’ CPS4/CPE4). The DIC-measured node dis-
placements are imposed as boundary conditions, except in the masked
region near the crack. The Abaqus software then applies the chosen
material laws, and the J-integral is calculated using the equivalent
domain integral (EDI) method with a Virtual Crack Extension (VCE)
technique [44-46]. This method calculates the potential elastic strain
energy release rate. The EDI method starts at the crack tip and propa-
gates in the direction of a VCE, with a smooth function (q) varying from
unity at the tip to zero at the outer domain. The g-vector (Fig. 3) is

2 Note that for Linux users, a modification is required in the code at line 42,
with an alternative line already commented out at line 43 in the PrintRunCode
function. Additionally, the directory separator must be adjusted from “/” to “\”
within the file naming process to ensure compatibility with Linux systems
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normal to the crack front, aligning with the crack path. Multiple con-
tours are used in the J-integral calculation to ensure contour indepen-
dence, determining the potential release of elastic strain energy from
crack propagation based on the displacement field (Fig. 3). For the ef-
fects of the VCE direction, please see the Supplementary Material A.

The singular integral can be directly related to the SIFs through
mode-decomposition techniques, such as the interaction integral
method [47,48]. The interaction integral method — implemented in
Abaqus - is particularly useful for evaluating mixed-mode fracture
problems, as it enables the calculation of SIFs for each mode indepen-
dently, even in complex, non-uniform stress fields. Unlike conventional
approaches that rely on direct field fitting, the interaction integral le-
verages auxiliary fields to isolate individual mode contributions while
maintaining accuracy in cases of non-proportional loading or irregular
crack geometries, providing a more comprehensive understanding of
crack-tip mechanics [49-51]. In linear elastic fracture mechanics
(LEFM), the elastic strain field is typically decomposed into three pri-
mary modes: mode I (tensile/compression), mode II (in-plane shear),
and mode III (out-of-plane shear). The interaction between these modes
is critical in determining the crack propagation direction [52-54].

For the stereo-DIC field with anisotropic or isotropic elastic material
containing the out-of-plane displacement field (U,), the mode III SIF is
calculated by injecting the field as Uy displacement. The antisymmetric
(pseudo) shear stress intensity factor (K}’fe“do ) is calculated by Abaqus,
and the pseudo-in-plane shear mode II SIF is then corrected to an out-of-
plane mode III SIF as described in Eq. (2), where E is Young’s modulus
and G is the shear modulus. The total J-integral (J) is then calculated by
summing the mode I and II J-integral (J'') and the mode III J-integral
(J™), as shown in Eq. (3).

2G
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2.2.4. Post-processing

After completing the Abaqus analysis, the software extracts and
prepares output data, including the J-integral and mode I-III SIFs, for
visualisation. After reading the Abaqus output files (ODB and text-based
formats), the data is parsed to identify and structure relevant parameters
such as the J-integral and SIFs. The user is prompted to select the
number of contours to consider. Contributions from surrounding
gradient fields can disrupt path independence unless fully enclosed
within the integration domain [55-57], so convergence may fail when
the integration domain extends into peripheral stress fields. The video in
the supplementary material visualises convergence with the integration
domain expansion.

3. Illustrative examples

Here, we illustrate the software’s capabilities: i) using a synthetic
data set to validate the code, and ii) using a scanning electron micro-
scope (SEM) DIC field of a crack with complicated geometry to highlight
the versatility of the software. More examples are provided in the
InputDesk_Validate function, and an example of how to use the code with
typical DIC data is provided in the InputDesk_DIC function of the code.

3.1. Straight crack and validation of the software

A synthetic displacement field for a mixed-mode crack in an infinite
body was created using the Westergaard solution based on the desired
stress intensity factor [58]. The field has a mode I stress intensity factor
(K7) of 3 MPa m®>, mode II (Ky;) of 1 MPa m®®, and mode III (Ky) of 5
MPa mO'S, and plane strain conditions (Eq. (4)). The elastic modulus (E)
and Poison’s ratio (v) were 210 GPa and 0.3, respectively. The data are

E @ presented in the field of view of 50x50 elements (2 x 2 ym?), with
0.04x0.04 um? square elements, and the crack tip was placed at the
centre (0,0).
0 .40 .0 ,0
U, cos (1 — 2v +sin 5) sing (2 — 2v + cos 5) 0 K,
1 /r 0 0 0 0
Uy 3 ==/ |sin (2 - 2v — cos?> o(_ in22 K 4
y wVox sin (2 2v — cos 2) cosy ( 1+ 2y +sin 2) 0 I
U, K;
: 0 0 2sin® | L
2
J=J 4 g ®)] E E
Shear modulus () = L E = 3
It should be highlighted that the sign (positive and negative) of the 2(1+v) 1-v
in-plane shear (II) and out-of-plane shear (III) components is not sig-
nificant in this scenario, as it is determined by the nodal configuration at
the crack tip and lacks physical relevance. In contrast, the sign of mode I N u,

is critical, as it indicates whether tensile (positive) or compressive
(negative) stresses are acting at the crack tip. The symmetric out-of-
plane component of mode I remains unaffected by the orientation of
the mode III stress intensity factor [44].

Additionally, the decomposition of the J-integral into SIFs is valid
under the assumption of linear elastic fracture mechanics (LEFM). In
such cases, mode I-III SIFs are obtained from the interaction integral
formulation implemented in Abaqus. While the software still computes
the J-integral based on the Ramberg-Osgood law for elastoplastic ma-
terials, the resulting value represents the elastic-plastic strain energy
release rate, and SIFs derived under LEFM assumptions may not be
physically meaningful. Users should therefore interpret SIFs in elasto-
plastic contexts cautiously, and rely primarily on the J-integral.

U Uy

-5 0 5
U [pm] x10°°

Fig. 4. Synthetic Uy, Uy, and U, displacement field components with the crack
tip at the centre.
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Synthetic Uy, Uy, and U, displacement fields around the stationary
mixed-mode crack (Fig. 4) were used to calculate mode I SIF, in-plane
asymmetrical mode II SIF, and out-of-plane asymmetrical mode III SIF
(Fig. 5). The EDI method implemented in Abaqus was used on the
decomposed fields, and stabilised convergence was achieved as the
domain expanded, with the calculated J-integral and decomposed stress
intensity factors matching the values used as inputs to create the field,
with the deviation being due to the manual selection of the crack tip. For
more details on the error analysis, please refer to the Supplementary
Material B.

Furthermore, while errors in inputs like noise and crack tip position
can affect the precision (convergence) of the solution, errors in material
constants, such as Young’s modulus and Poisson’s ratio, influence the
accuracy (ground truth) of the computed J-integral SIFs. Inputting
incorrect material constants does not affect the convergence of the so-
lution, but will lead to inaccuracies in the fracture parameters. There-
fore, accurate material constants must be used to ensure reliable fracture
mechanics analysis.

3.2. Tortuous cracks

Short cracks are microstructure-sensitive, typically mixed-mode,
involve localised plasticity, and often have a complicated geometry
[59,60]. Existing analysis of the microscopic stresses acting on short
fatigue cracks lacks reliable quantitative measurement techniques due
to the difficulty of conducting in situ experiments and the complexity of
analysing or modelling short cracks [61]. These local analyses are
valuable when the external conditions are unknown or uncertain, and,
especially at the micro-scale, they provide alternatives to the existing
methods and analytical solutions that use micro-pillars, micro-canti-
levers, and indentation [62-64].

Here, we look at the in-plane displacement field measured in an in-
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situ experiment conducted inside a scanning electron microscope
(SEM) for a compact tension sample made of aluminium 5052 alloy. The
sample was loaded in tension and was speckled using gold nanoparticles
to enable DIC (Fig. 6a). More details about the experiment can be found
in [65].

The crack geometry was determined using the phase congruency of
the displacement field (Fig. 6b) [43,66], and excluded from the in-plane
displacements. The SEM-DIC field was then used in Abaqus via DIC2A-
baqus, and the effective® elastic strain energy release rate was calculated
along with the mode I and II SIFs (Fig. 6¢). The initial contours were
non-convergent due to the highly localised fields close to the crack tip
[25,67], and stable convergence was achieved ~15 pm away from the
crack tip, as path-integrals need to engulf stress concentrators to
adequately describe them [68].

Compared to the analytical solution based on ASTM E1820 [14],
which assumes only mode I conditions exist at the crack tip, the
measured field gives an entirely different picture; the crack is experi-
encing mixed mode conditions with mode I (AK;) of 2.5 & 0.1 MPa.m®®
and mode II (AKy) of 1.0 £ 0.1 MPa.mO‘s, with elastic J-integral (AJ,) of
103.5 + 10.3 J/m?. If the effect of crack tip plasticity is considered by
applying an elastoplastic Ramberg-Osgood relationship with a yield
stress of 193 MPa, 0.60 yield offset, and 8.87 hardening exponent esti-
mated from the tensile testing, the strain energy release rate is 98.7 +
17.4 J/m?, which indicate minimal or no plasticity at the crack tip.

If transformed to align with the grain’s orientation as determined
through electron backscatter diffraction, the anisotropic stiffness matrix
can be utilised to achieve more accurate calculations of mode I and II
[69].

4. Impact

DIC has become a widely adopted technique for full-field displace-
ment measurement due to its versatility and ease of application across
different materials [34,70,71]. DIC provides precise displacement maps
by tracking surface patterns between sequential images, making it
highly valuable for fracture mechanics studies [70,72-74]. Both 2D and
3D-stereo DIC (Fig. 7) setups are used to capture in-plane and
out-of-plane displacements, respectively. However, direct extraction of
fracture parameters from DIC data requires advanced post-processing
techniques. Field fitting approaches, such as least-squares optimisation
using Williams’ series [75], have been applied, but can be quite sensitive
to crack tip localisation [76-78]. An alternative finite element analysis
(FEA)-based J-integral method directly computes the strain energy
release rate and SIFs from the measured displacement field and is robust
to uncertainties in crack tip positioning [24,77,79,80].

FEA provides a robust framework for processing experimental
displacement fields. Standard FEA software, such as Abaqus, in-
corporates domain-integral methods to compute J-integrals and stress
intensity factors, which is advantageous for SIF calculation compared to
conventional analytical techniques [44,82]. However, integrating
experimentally measured displacement data into FEA remains chal-
lenging due to differences in mesh structures and interpolation re-
quirements. Some existing solutions rely on modifications of DIC
algorithms [36,83], such as finite element-based enrichment techniques
[84,85], which are not widely implemented in practice.

Recent advancements in full-field measurement methods (Material
Testing 2.0 [86]), combined with increased computational power,
high-fidelity multiscale modelling tools, and machine learning and
artificial intelligence (AI) applications, have unlocked substantial po-
tential across materials science and engineering applications. By
leveraging full-field measurements, it will be possible to develop

3 The word “effective” is used because the displacement field was calculated
between two consecutive images that were both captured with the crack being
loaded.
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Fig. 6. (a) Curved crack in an aluminium 5052 alloy compact tension sample. (b) The magnitude of the experimental displacement field around the crack (white). (c)

Calculated J-integral and mode I-II SIFs from the displacement field.
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Fig. 7. (a) An Arcan test fixture with a speckled butterfly sample and stereo
digital imaging system. (b) Image of the field of view of the loaded speckled
butterfly sample. (c) The Uy displacement field is obtained by digital image
correlation of the speckled field of view [81].

multiscale and data-driven models that accurately understand the
process-structure-property (PSP) relationship, enabling precise evalua-
tion of material limitations and optimised materials design.

DIC2Abaqus streamlines the workflow from experimental measure-
ment to numerical analysis. Its accessibility and ease of use make it a
valuable tool for industry and research, enhancing the predictive ca-
pabilities of computational models in materials science and engineering.
Moreover, although the focus of this paper (and its chosen examples) is
on measured displacement fields using DIC, the displacement field from
moiré interferometry [87,88] can also be used. In addition, the
DIC2Abaqus code can also be applied to displacement fields that have
been calculated by integration of measured elastic strain fields (i.e. from

diffraction) to estimate the equivalent elastic displacement fields [89,
90].

5. Conclusions

This paper introduces DIC2Abaqus, a MATLAB-based software tool
for processing pre-acquired digital image correlation (DIC) displace-
ment fields and integrating them into finite element analysis with
Abaqus. The software automatically generates input files, enabling ac-
curate computation of stress intensity factors (SIFs) and J-integrals
directly from experimental DIC data. Validation against both analytical
and experimental results has demonstrated the tool’s accuracy in
capturing fracture mechanics parameters across a range of material
behaviours, including isotropic and elastoplastic materials. DIC2Abaqus
enhances the efficiency of fracture analysis by streamlining the process
from DIC data collection to numerical analysis, making it a valuable
resource for both academic research and industrial applications. Future
development will focus on expanding its functionality to handle 3D

digital volume correlation (DVC) [91,92] and integrate more advanced
material models.

CRediT authorship contribution statement

Abdalrhaman Koko: Writing - original draft, Visualization, Vali-
dation, Software, Methodology, Investigation, Formal analysis. James



A. Koko and J. Marrow

Marrow: Writing — review & editing, Resources, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors thank Dr Louise Crocker and Dr Dalia Y. Ali for proof-
reading the article and the National Measurement System (NMS) pro-
gramme of the UK government’s Department for Science, Innovation
and Technology (DSIT) for financial support.

Supplementary materials

Supplementary material associated with this article can be found, in

the online version, at doi:10.1016/j.softx.2025.1022.31.

Data availability

DIC1ABAQUS (Original data) (Zenodo)

References

[1

—

[2

—

[3

—

[4

=

[5

=

[6

=

[7

—

[8

=

[9

—

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]
[18]

[19]

Griffith AAVI. The phenomena of rupture and flow in solids. Philosophical
transactions of the royal society of london series A. Contain Pap Math Phys
Character 1921;221. https://doi.org/10.1098/rsta.1921.0006. 163 LP -198.
Irwin GR. Plastic zone near a crack and fracture toughness. Sagamore Res Conf
Proc 1961;4:63-78.

Westergaard HM. Bearing pressures and cracks: bearing pressures through a
slightly waved surface or through a nearly flat part of a cylinder, and related
problems of cracks. J Appl Mech 1939;6:A49-53. https://doi.org/10.1115/
1.4008919.

Irwin GR. Analysis of stresses and strains near the end of a crack traversing a plate.
J Appl Mech 1957;24:361-4. https://doi.org/10.1115/1.4011547.

Orowan E, Zur Kristallplastizitat I. Z. Phys. 1934;89:605-13. https://doi.org/
10.1007/BF01341478.

Hutchinson JW. Singular behaviour at the end of a tensile crack in a hardening
material. J Mech Phys Solids 1968;16:13-31. https://doi.org/10.1016/0022-5096
(68)90014-8.

Rice JR. Some remarks on elastic crack-tip stress fields. Int J Solids Struct 1972;8:
751-8. https://doi.org/10.1016,/0020-7683(72)90040-6.

Sih GC, Paris PC, Erdogan F. Crack-tip, stress-intensity factors for plane extension
and plate bending problems. J Appl Mech 1962;29:306-12. https://doi.org/
10.1115/1.3640546.

Rice JR. Limitations to the small scale yielding approximation for crack tip
plasticity. J Mech Phys Solids 1974;22:17-26. https://doi.org/10.1016/0022-5096
(74)90010-6.

Rice JR. A path independent integral and the approximate analysis of strain
concentration by notches and cracks. J Appl Mech 1968;35:379-86. https://doi.
org/10.1115/1.3601206.

Rice JR, Rosengren GF. Plane strain deformation near a crack tip in a power-law
hardening material. J Mech Phys Solids 1968;16:1-12. https://doi.org/10.1016/
0022-5096(68)90013-6.

Brown BF, Beachem CD. A study of the stress factor in corrosion cracking by use of
the pre-cracked cantilever beam specimen. Corros Sci 1965;5:745-50. https://doi.
org/10.1016/50010-938X(65)80002-6.

WIEDERHORN SM, BOLZ LH. Stress corrosion and static fatigue of glass. J Am
Ceram Soc 1970;53:543-8. https://doi.org/10.1111/j.1151-2916.1970.tb15962.x.
ASTM E1820-18: Test method for measurement of fracture toughness 2025. htt
ps://doi.org/10.1520/E1820-25.

D6671M A. Standard test method for mixed mode I-Mode ii interlaminar fracture
toughness of unidirectional fiber reinforced polymer matrix composites. ASTM
International 2006:15.

Malekan M, Khosravi A, St-Pierre L. Abaqus plug-in to simulate fatigue crack
growth. Eng Comput 2022;38:2991-3005. https://doi.org/10.1007/500366-021-
01321-x.

Nesladek M, Spaniel M. An Abaqus plugin for fatigue predictions. Adv Eng Softw
2017;103:1-11. https://doi.org/10.1016/j.advengsoft.2016.10.008.

Marshall DB, Lawn BR. Residual stress effects in sharp contact cracking. J Mater Sci
1979;14:2001-12. https://doi.org/10.1007/BF00551043. 1979 14:8.

Lei Y, O’'Dowd NP, Webster GA. Fracture mechanics analysis of a crack in a residual
stress field. Int J Fract 2000;106:195-216. https://doi.org/10.1023/A:
1026574400858.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

SoftwareX 31 (2025) 102231

Yin Y, Xie H, He W. In situ SEM-DIC technique and its application to characterize
the high-temperature fatigue crack closure effect. Sci China Technol Sci 2020;63:
265-76. https://doi.org/10.1007/s11431-018-9477-6.

Fry A.T., Lodeiro M.J., Koko A., Booth-Downs F., Crocker L.E. Effect of specimen
misalignment in static and fatigue testing of small-scale test pieces. Teddington,
UK: 2023. https://doi.org/10.47120/npl. MAT122.

Christ B, Swanson S. Alignment problems in the tensile test. J Test Eval 1976;4:
405-17. https://doi.org/10.1520/JTE11371J.

Yonggqi S, Corletto C, Bradley WL, Tian J. Direct measurement of microscopic strain
distribution near a crack tip. Exp Mech 1996;36:193-8. https://doi.org/10.1007/
BF02318006.

Moutou Pitti R, Badulescu C, Grédiac M. Characterization of a cracked specimen
with full-field measurements: direct determination of the crack tip and energy
release rate calculation. Int J Fract 2014;187:109-21. https://doi.org/10.1007/
s10704-013-9921-5.

Meindlhumer M, Alfreider M, Sheshi N, Hohenwarter A, Todt J, Rosenthal M, et al.
Resolving the fundamentals of the J-integral concept by multi-method in situ
nanoscale stress-strain mapping. Commun Mater 2025;6:35. https://doi.org/
10.1038/543246-025-00752-z.

Hufnagel TC, Vempati UK, Almer JD. Crack-tip strain field mapping and the
toughness of metallic glasses. PLoS One 2013;8:e83289. https://doi.org/10.1371/
journal.pone.0083289.

Huntley JM, Field JE. Measurement of crack tip displacement field using laser
speckle photography. Eng Fract Mech 1988;30:779-90. https://doi.org/10.1016/
0013-7944(88)90139-7.

Barhli SM, Saucedo-Mora L, Jordan MSL, Cinar AF, Reinhard C, Mostafavi M, et al.
Synchrotron X-ray characterization of crack strain fields in polygranular graphite.
Carbon N Y 2017;124:357-71. https://doi.org/10.1016/J.CARBON.2017.08.075.
Baratta F, Fett T. The effect of load and crack misalignment on stress intensity
factors for bend-type fracture toughness specimens. J Test Eval 2000;28:96-102.
https://doi.org/10.1520/JTE12080J.

Marrow J., Scotson D., Jin X., Chen H., Chen Y., Koko A., et al. Small-specimen
testing, with image-based analysis, for crack propagation resistance in
polygranular nuclear graphite. Graphite testing for nuclear applications: the
validity and extension of test methods for material exposed to operating reactor
environments, ASTM International100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA 19428-2959; 2022, p. 1-17. https://doi.org/10.1520/STP163
920210051.

Li X, Ding Z, Liu C, Bao S, Gao Z. Evaluation and comparison of fracture toughness
for metallic materials in different conditions by ASTM and ISO standards. Int J
Press Vessels Pip 2020;187:104189. https://doi.org/10.1016/J.
1JPVP.2020.104189.

GUAN P. Study and comparison of test method for measurement of fracture
toughness between ASTM and ISO standards. J Mech Eng 2017;53:60. https://doi.
org/10.3901/JME.2017.06.060.

Zhang S, Zhou S, Li M, Fu B. Calculation and comparison on fracture toughness of
specific reliability between ASTM and ISO standards. Mater Res Express 2020;7:
026529. https://doi.org/10.1088/2053-1591/ab6c21.

Becker TH. Extracting fracture properties from digital image and volume
correlation displacement data: a review. Strain 2023. https://doi.org/10.1111/
str.12469.

Koko A, Earp P, Wigger T, Tong J, Marrow TJ. J-integral analysis: an EDXD and
DIC comparative study for a fatigue crack. Int J Fatigue 2020;134:105474. https://
doi.org/10.1016/j.ijfatigue.2020.105474.

Barhli SM, Mostafavi M, Cinar AF, Hollis D, Marrow TJ. J-integral calculation by
finite element processing of measured full-field surface displacements. Exp Mech
2017;57:997-1009. https://doi.org/10.1007/s11340-017-0275-1.

Zhang K, Zhang K, Liu W, Xie J. A novel DIC-based methodology for crack
identification in a jointed rock mass. Mater Des 2023;230:111944. https://doi.org/
10.1016/j.matdes.2023.111944.

Bigger R., Blaysat B., Boo C., Grewer M., Hu J., Jones A,, et al. A good practices
guide for digital image correlation. 2018. https://doi.org/10.32720/idics/gpg.ed1.
Ramberg W., Osgood W.R. Description of stress-strain curves by three parameters.
Washington DC: 1943.

Strohmann T, Starostin-Penner D, Breitbarth E, Requena G. Automatic detection of
fatigue crack paths using digital image correlation and convolutional neural
networks. Fatigue Fract Eng Mater Struct 2021;44:1336-48. https://doi.org/
10.1111/ffe.13433.

Gehri N, Mata-Falc6n J, Kaufmann W. Automated crack detection and
measurement based on digital image correlation. Constr Build Mater 2020;256:
119383. https://doi.org/10.1016/j.conbuildmat.2020.119383.

Chandra V, Chakraborty P. Automated crack extension measurement method for
fracture and fatigue analysis using digital image correlation. Eng Fract Mech 2024;
305:110182. https://doi.org/10.1016/j.engfracmech.2024.110182.

Cinar AF, Barhli SM, Hollis D, Flansbjer M, Tomlinson RA, Marrow TJ, et al. An
autonomous surface discontinuity detection and quantification method by digital
image correlation and phase congruency. Opt Lasers Eng 2017;96:94-106. https://
doi.org/10.1016/J.0PTLASENG.2017.04.010.

Courtin S, Gardin C, Bézine G, Ben Hadj Hamouda H. Advantages of the J-integral
approach for calculating stress intensity factors when using the commercial finite
element software ABAQUS. Eng Fract Mech 2005;72:2174-85. https://doi.org/
10.1016/j.engfracmech.2005.02.003.

Parks DM. The virtual crack extension method for nonlinear material behavior.
Comput Methods Appl Mech Eng 1977;12:353-64. https://doi.org/10.1016/0045-
7825(77)90023-8.


https://doi.org/10.1016/j.softx.2025.102231
https://doi.org/10.5281/zenodo.6411605
https://doi.org/10.1098/rsta.1921.0006
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0002
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0002
https://doi.org/10.1115/1.4008919
https://doi.org/10.1115/1.4008919
https://doi.org/10.1115/1.4011547
https://doi.org/10.1007/BF01341478
https://doi.org/10.1007/BF01341478
https://doi.org/10.1016/0022-5096(68)90014-8
https://doi.org/10.1016/0022-5096(68)90014-8
https://doi.org/10.1016/0020-7683(72)90040-6
https://doi.org/10.1115/1.3640546
https://doi.org/10.1115/1.3640546
https://doi.org/10.1016/0022-5096(74)90010-6
https://doi.org/10.1016/0022-5096(74)90010-6
https://doi.org/10.1115/1.3601206
https://doi.org/10.1115/1.3601206
https://doi.org/10.1016/0022-5096(68)90013-6
https://doi.org/10.1016/0022-5096(68)90013-6
https://doi.org/10.1016/S0010-938X(65)80002-6
https://doi.org/10.1016/S0010-938X(65)80002-6
https://doi.org/10.1111/j.1151-2916.1970.tb15962.x
https://doi.org/10.1520/E1820-25
https://doi.org/10.1520/E1820-25
https://doi.org/10.1007/s00366-021-01321-x
https://doi.org/10.1007/s00366-021-01321-x
https://doi.org/10.1016/j.advengsoft.2016.10.008
https://doi.org/10.1007/BF00551043
https://doi.org/10.1023/A:1026574400858
https://doi.org/10.1023/A:1026574400858
https://doi.org/10.1007/s11431-018-9477-6
https://doi.org/10.47120/npl.MAT122
https://doi.org/10.1520/JTE11371J
https://doi.org/10.1007/BF02318006
https://doi.org/10.1007/BF02318006
https://doi.org/10.1007/s10704-013-9921-5
https://doi.org/10.1007/s10704-013-9921-5
https://doi.org/10.1038/s43246-025-00752-z
https://doi.org/10.1038/s43246-025-00752-z
https://doi.org/10.1371/journal.pone.0083289
https://doi.org/10.1371/journal.pone.0083289
https://doi.org/10.1016/0013-7944(88)90139-7
https://doi.org/10.1016/0013-7944(88)90139-7
https://doi.org/10.1016/J.CARBON.2017.08.075
https://doi.org/10.1520/JTE12080J
https://doi.org/10.1520/STP163920210051
https://doi.org/10.1520/STP163920210051
https://doi.org/10.1016/J.IJPVP.2020.104189
https://doi.org/10.1016/J.IJPVP.2020.104189
https://doi.org/10.3901/JME.2017.06.060
https://doi.org/10.3901/JME.2017.06.060
https://doi.org/10.1088/2053-1591/ab6c21
https://doi.org/10.1111/str.12469
https://doi.org/10.1111/str.12469
https://doi.org/10.1016/j.ijfatigue.2020.105474
https://doi.org/10.1016/j.ijfatigue.2020.105474
https://doi.org/10.1007/s11340-017-0275-1
https://doi.org/10.1016/j.matdes.2023.111944
https://doi.org/10.1016/j.matdes.2023.111944
https://doi.org/10.32720/idics/gpg.ed1
https://doi.org/10.1111/ffe.13433
https://doi.org/10.1111/ffe.13433
https://doi.org/10.1016/j.conbuildmat.2020.119383
https://doi.org/10.1016/j.engfracmech.2024.110182
https://doi.org/10.1016/J.OPTLASENG.2017.04.010
https://doi.org/10.1016/J.OPTLASENG.2017.04.010
https://doi.org/10.1016/j.engfracmech.2005.02.003
https://doi.org/10.1016/j.engfracmech.2005.02.003
https://doi.org/10.1016/0045-7825(77)90023-8
https://doi.org/10.1016/0045-7825(77)90023-8

A. Koko and J. Marrow

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

671

[68]

[69]

[70]

Sha GT, Chien-Tung Y. Weight function calculations for mixedmode fracture
problems with the virtual crack extension technique. Eng Fract Mech 1985;21:
1119-49. https://doi.org/10.1016,/0013-7944(85)90173-0.

KC A, Kim J-H. Interaction integrals for thermal fracture of functionally graded
materials. Eng Fract Mech 2008;75:2542-65. https://doi.org/10.1016/j.
engfracmech.2007.07.011.

Stern M, Becker EB, Dunham RS. A contour integral computation of mixed-mode
stress intensity factors. Int J Fract 1976;12:359-68. https://doi.org/10.1007/
BF00032831.

Yu H, Kuna M. Interaction integral method for computation of crack parameters
K-T - A review. Eng Fract Mech 2021;249:107722. https://doi.org/10.1016/j.
engfracmech.2021.107722.

Zou G, Chen H. Path-dependent J-integrals under mixed-mode loads of mode I and
mode II. Theor Appl Fract Mech 2018;96:380-6. https://doi.org/10.1016/J.
TAFMEC.2018.05.014.

Scheel J, Schlosser A, Ricoeur A. The J-integral for mixed-mode loaded cracks with
cohesive zones. Int J Fract 2021;227:79-94. https://doi.org/10.1007/s10704-020-
00496-6.

Richard HA, Schramm B, Schirmeisen NH. Cracks on mixed mode loading -
theories, experiments, simulations. Int J Fatigue 2014;62:93-103. https://doi.org/
10.1016/j.ijfatigue.2013.06.019.

Carpinteri A. Mixed-mode crack propagation. Solid Mech. Appl. 2021;237:
179-236. https://doi.org/10.1007/978-94-024-2026-5_5/COVER.

Chang J, Xu J, Mutoh Y. A general mixed-mode brittle fracture criterion for
cracked materials. Eng Fract Mech 2006;73:1249-63. https://doi.org/10.1016/J.
ENGFRACMECH.2005.12.011.

Shi MX, Huang Y, Gao H. The J-integral and geometrically necessary dislocations
in nonuniform plastic deformation. Int J Plast 2004;20:1739-62. https://doi.org/
10.1016/J.1JPLAS.2003.11.013.

Kuang JH, Chen YC. The values of J-integral within the plastic zone. Eng Fract
Mech 1996;55:869-81. https://doi.org/10.1016/50013-7944(96)00077-X.

Ma L, Lu TJ, Korsunsky AM. Vector j-integral analysis of crack interaction with pre-
existing singularities. J Appl Mech Trans ASME 2006;73:876-83. https://doi.org/
10.1115/1.2165243.

Anderson TL. Elastic-plastic fracture mechanics. Fracture mechanics -
Fundamentals and applications. 4th ed. CRC Press; 2017. p. 688. https://doi.org/
10.1201/9781315370293.

Wilson D, Zheng Z, Dunne FPE. A microstructure-sensitive driving force for crack
growth. J Mech Phys Solids 2018;121:147-74. https://doi.org/10.1016/j.
jmps.2018.07.005.

Pierson K, Rahman A, Spear AD. Predicting microstructure-sensitive fatigue-crack
path in 3D using a machine learning framework. JOM 2019;71:2680-94. https://
doi.org/10.1007/511837-019-03572-y.

Xu Y, Wan W, Dunne FPE. Microstructural fracture mechanics: stored energy
density at fatigue cracks. J Mech Phys Solids 2021;146:104209. https://doi.org/
10.1016/j.jmps.2020.104209.

Morrell BREBLL; R. Measurement Good practice guide No 9: palmqvist toughness
for hard and brittle materials. Teddington: 2008.

Bei H, Shim S, Miller MK, Pharr GM, George EP. Effects of focused ion beam milling
on the nanomechanical behavior of a molybdenum-alloy single crystal. Appl Phys
Lett 2007;91:111915. https://doi.org/10.1063/1.2784948.

Jaya BN, Kirchlechner C, Dehm G. Can microscale fracture tests provide reliable
fracture toughness values? A case study in silicon. J Mater Res 2015;30:686-98.
https://doi.org/10.1557/jmr.2015.2.

Koko A, Salim D, Leung N, Spetsieris N, Smith S, England D, et al. Exploring short
crack behaviour and fracture transition in 5052 aluminium alloy. Results Eng
2025:105303. https://doi.org/10.1016/j.rineng.2025.105303.

Kovesi Peter. Image features from phase congruency. Videre: J Comput Vis Res
1999;1:1-26.

Eshelby JD. The force on an elastic singularity. Philosophical Transactions of the
Royal Society of London Series A. Math Phys Sci 1951;244:87-112. https://doi.
org/10.1098/rsta.1951.0016.

Maugin GA. Configurational forces. Boca Raton, Florida: Chapman and Hall/CRC;
2016. https://doi.org/10.1201/b10356.

Lekhnitskii SG. General equations of the theory of elasticity of an anisotropic body.
theory of elasticity of an anisotropic elastic body. 1st ed. Moscow: MIR Publishers;
1981. p. 15-73.

Yu S, Zhang J, Zhu C, Sun Z, Dong S. Full-field deformation measurement and
cracks detection in speckle scene using the deep learning-aided digital image
correlation method. Mech Syst Signal Process 2024;209:111131. https://doi.org/
10.1016/j.ymssp.2024.111131.

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

SoftwareX 31 (2025) 102231

Su X, Wan W, Dunne FPE, Marrow TJ. Crack field analysis by optical DIC of short
cracks in Zircaloy-4. Procedia Struct Integr 2022;39:663-70. https://doi.org/
10.1016/j.prostr.2022.03.139.

Carroll JD, Abuzaid W, Lambros J, Sehitoglu H. High resolution digital image
correlation measurements of strain accumulation in fatigue crack growth. Int J
Fatigue 2013;57:140-50. https://doi.org/10.1016/j.ijfatigue.2012.06.010.

Huang Y, He X, Wang Q, Xiao J. Deformation field and crack analyses of concrete
using digital image correlation method. Front Struct Civ Eng 2019;13:1183-99.
https://doi.org/10.1007/511709-019-0545-3.

Yates JR, Zanganeh M, Tai YH. Quantifying crack tip displacement fields with DIC.
Eng Fract Mech 2010;77:2063-76. https://doi.org/10.1016/j.
engfracmech.2010.03.025.

Williams ML. On the stress distribution at the base of a stationary crack. J Appl
Mech 1956;24:109-14.

McNeill SR, Peters WH, Sutton MA. Estimation of stress intensity factor by digital
image correlation. Eng Fract Mech 1987;28:101-12. https://doi.org/10.1016/
0013-7944(87)90124-X.

Réthoré J, Gravouil A, Morestin F, Combescure A. Estimation of mixed-mode stress
intensity factors using digital image correlation and an interaction integral. Int J
Fract 2005;132:65-79. https://doi.org/10.1007/s10704-004-8141-4.

Roux S, Réthoré J, Hild F. Digital image correlation and fracture: an advanced
technique for estimating stress intensity factors of 2D and 3D cracks. J Phys D Appl
Phys 2009;42:214004. https://doi.org/10.1088/0022-3727/42/21/214004.
Molteno MR, Becker TH. Mode I-III decomposition of the J -integral from DIC
displacement data. Strain 2015;51:492-503. https://doi.org/10.1111/str.12166.
Becker TH, Mostafavi M, Tait RB, Marrow TJ. An approach to calculate the J
-integral by digital image correlation displacement field measurement. Fatigue
Fract Eng Mater Struct 2012;35:971-84. https://doi.org/10.1111/j.1460-
2695.2012.01685.x.

Koko A, Becker TH. Mixed-mode fracture: combination of Arcan fixture and stereo-
DIC. Theor Appl Fract Mech 2024:104724. https://doi.org/10.1016/j.
tafmec.2024.104724.

Gontarz J, Podgérski J. Comparison of various criteria determining the direction of
crack propagation using the UDMGINI user procedure implemented in Abaqus.
Materials 2021;14:3382. https://doi.org/10.3390/mal4123382.

Yoneyama S. Smoothing measured displacements and computing strains utilising
finite element method. Strain 2011;47:258-66. https://doi.org/10.1111/j.1475-
1305.2010.00765.x.

Réthoré J, Hild F, Roux S. Extended digital image correlation with crack shape
optimization. Int J Numer Methods Eng 2008;73:248-72. https://doi.org/
10.1002/nme.2070.

Poissant J, Barthelat F. A novel “subset splitting” procedure for digital image
correlation on discontinuous displacement fields. Exp Mech 2010;50:353-64.
https://doi.org/10.1007/511340-009-9220-2.

Pierron F, Grédiac M. Towards material testing 2.0. A review of test design for
identification of constitutive parameters from full-field measurements. Strain 2021;
57. https://doi.org/10.1111/str.12370.

Omori Y, Kobayashi AS, Okada H, Atluri SN, Tan PW. Te* integral as a crack
growth criterion. Mech Mater 1998;28:147-54. https://doi.org/10.1016/50167-
6636(97)00059-8.

Jackson JH, Kobayashi AS, Atluri SN. An experimental—Numerical evaluation of
theT ¢ * integral for a three-dimensional crack front. Exp Mech 2004;44:207-13.
https://doi.org/10.1007/BF02428180.

Barhli SM, Saucedo-Mora L, Simpson C, Becker T, Mostafavi M, Withers PJ, et al.
Obtaining the J-integral by diffraction-based crack-field strain mapping. Procedia
Struct Integr 2016;2:2519-26. https://doi.org/10.1016/j.prostr.2016.06.315.
Koko A, Marrow J, Elmukashfi E. A computational method for the determination of
the elastic displacement field using measured elastic deformation field. To Appear
2021:5. https://doi.org/10.48550/arXiv.2107.10330.

Bay BK, Smith TS, Fyhrie DP, Saad M. Digital volume correlation: three-
dimensional strain mapping using X-ray tomography. Exp Mech 1999;39:217-26.
https://doi.org/10.1007/BF02323555.

Koko A, Singh S, Barhli S, Connolley T, Vo NT, Wigger T, et al. 3-Dimensional
analysis of fatigue crack fields and crack growth by in situ synchrotron X-ray
tomography. Int J Fatigue 2023;170:107541. https://doi.org/10.1016/j.
ijfatigue.2023.107541.

Luan X, Qin H, Liu F, Dai Z, Yi Y, Li Q. The mechanical properties and elastic
anisotropies of cubic Ni3Al from first principles calculations. Crystals 2018;8.
https://doi.org/10.3390/cryst8080307.


https://doi.org/10.1016/0013-7944(85)90173-0
https://doi.org/10.1016/j.engfracmech.2007.07.011
https://doi.org/10.1016/j.engfracmech.2007.07.011
https://doi.org/10.1007/BF00032831
https://doi.org/10.1007/BF00032831
https://doi.org/10.1016/j.engfracmech.2021.107722
https://doi.org/10.1016/j.engfracmech.2021.107722
https://doi.org/10.1016/J.TAFMEC.2018.05.014
https://doi.org/10.1016/J.TAFMEC.2018.05.014
https://doi.org/10.1007/s10704-020-00496-6
https://doi.org/10.1007/s10704-020-00496-6
https://doi.org/10.1016/j.ijfatigue.2013.06.019
https://doi.org/10.1016/j.ijfatigue.2013.06.019
https://doi.org/10.1007/978-94-024-2026-5_5/COVER
https://doi.org/10.1016/J.ENGFRACMECH.2005.12.011
https://doi.org/10.1016/J.ENGFRACMECH.2005.12.011
https://doi.org/10.1016/J.IJPLAS.2003.11.013
https://doi.org/10.1016/J.IJPLAS.2003.11.013
https://doi.org/10.1016/S0013-7944(96)00077-X
https://doi.org/10.1115/1.2165243
https://doi.org/10.1115/1.2165243
https://doi.org/10.1201/9781315370293
https://doi.org/10.1201/9781315370293
https://doi.org/10.1016/j.jmps.2018.07.005
https://doi.org/10.1016/j.jmps.2018.07.005
https://doi.org/10.1007/s11837-019-03572-y
https://doi.org/10.1007/s11837-019-03572-y
https://doi.org/10.1016/j.jmps.2020.104209
https://doi.org/10.1016/j.jmps.2020.104209
https://doi.org/10.1063/1.2784948
https://doi.org/10.1557/jmr.2015.2
https://doi.org/10.1016/j.rineng.2025.105303
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0066
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0066
https://doi.org/10.1098/rsta.1951.0016
https://doi.org/10.1098/rsta.1951.0016
https://doi.org/10.1201/b10356
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0069
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0069
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0069
https://doi.org/10.1016/j.ymssp.2024.111131
https://doi.org/10.1016/j.ymssp.2024.111131
https://doi.org/10.1016/j.prostr.2022.03.139
https://doi.org/10.1016/j.prostr.2022.03.139
https://doi.org/10.1016/j.ijfatigue.2012.06.010
https://doi.org/10.1007/s11709-019-0545-3
https://doi.org/10.1016/j.engfracmech.2010.03.025
https://doi.org/10.1016/j.engfracmech.2010.03.025
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0075
http://refhub.elsevier.com/S2352-7110(25)00198-0/sbref0075
https://doi.org/10.1016/0013-7944(87)90124-X
https://doi.org/10.1016/0013-7944(87)90124-X
https://doi.org/10.1007/s10704-004-8141-4
https://doi.org/10.1088/0022-3727/42/21/214004
https://doi.org/10.1111/str.12166
https://doi.org/10.1111/j.1460-2695.2012.01685.x
https://doi.org/10.1111/j.1460-2695.2012.01685.x
https://doi.org/10.1016/j.tafmec.2024.104724
https://doi.org/10.1016/j.tafmec.2024.104724
https://doi.org/10.3390/ma14123382
https://doi.org/10.1111/j.1475-1305.2010.00765.x
https://doi.org/10.1111/j.1475-1305.2010.00765.x
https://doi.org/10.1002/nme.2070
https://doi.org/10.1002/nme.2070
https://doi.org/10.1007/s11340-009-9220-2
https://doi.org/10.1111/str.12370
https://doi.org/10.1016/S0167-6636(97)00059-8
https://doi.org/10.1016/S0167-6636(97)00059-8
https://doi.org/10.1007/BF02428180
https://doi.org/10.1016/j.prostr.2016.06.315
https://doi.org/10.48550/arXiv.2107.10330
https://doi.org/10.1007/BF02323555
https://doi.org/10.1016/j.ijfatigue.2023.107541
https://doi.org/10.1016/j.ijfatigue.2023.107541
https://doi.org/10.3390/cryst8080307

	DIC2Abaqus: Calculating mixed-mode stress intensity factors from 2D and 3D-stereo displacement fields
	1 Motivation and significance
	2 Software description
	2.1 Software architecture
	2.2 Software functionalities
	2.2.1 User input
	2.2.2 Pre-processing
	2.2.3 J-integral and SIF calculations
	2.2.4 Post-processing


	3 Illustrative examples
	3.1 Straight crack and validation of the software
	3.2 Tortuous cracks

	4 Impact
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	Data availability
	References


