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A B S T R A C T

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 
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,
34–37].

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, 

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.

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 anisotropic1 elastic 
material, or an elastoplastic material that follows the Ramberg–Osgood 
relationship [39] as defined below: 

Eε = σ + α σ
(

σ
σ0

)n− 1

(1) 

where ε and σ are the stress and strain, σ0 is the yield stress, α 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- 

Fig. 1. DIC2Abaqus structure. Dashed lines indicate optional functions.

1 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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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. Ux, Uy, and Uz, 
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 

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 
(q-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

2.2.3. 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 q-vector (Fig. 3) is 

Fig. 2. After loading the displacement field, the script visualises the displace
ment magnitude (UMag) 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 UMag map.

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.

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 (Uz), the mode III SIF is 
calculated by injecting the field as Ux displacement. The antisymmetric 
(pseudo) shear stress intensity factor (Kpseudo

II ) 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 (JI,II) and the mode III J-integral 
(JIII), as shown in Eq. (3). 

KIII =
2G
E

Kpseudo
II (2) 

J = JI,II + JIII (3) 

It should be highlighted that the sign (positive and negative) of the 
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 
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.

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 
(KI) of 3 MPa m0.5, mode II (KII) of 1 MPa m0.5, and mode III (KIII) of 5 
MPa m0.5, 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 
presented in the field of view of 50×50 elements (2 × 2 µm2), with 
0.04×0.04 µm2 square elements, and the crack tip was placed at the 
centre (0,0).  

Shear modulus (μ) = Eʹ

2(1 + v)
, Eʹ =

E
1 − v2 

Fig. 4. Synthetic Ux, Uy, and Uz displacement field components with the crack 
tip at the centre.
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Synthetic Ux, Uy, and Uz 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- 

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 effective3 elastic strain energy release rate was calculated 
along with the mode I and II SIFs (Fig. 6c). 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 µm 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 (ΔKI) of 2.5 ± 0.1 MPa.m0.5 

and mode II (ΔKII) of 1.0 ± 0.1 MPa.m0.5, with elastic J-integral (ΔJe) of 
103.5 ± 10.3 J/m2. 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/m2, 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 

Fig. 5. J-integral and decomposed loading modes as a function of contour 
distance from the crack tip for synthetic data of a crack experience 3 MPa.m0.5 

of mode I loading, 1 MPa.m0.5 of mode II loading and 5 MPa.m0.5 of mode III 
loading. The represented values are calculated from the highlighted pink area.

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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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.
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