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Preamble 
This document describes finite element analyses performed as part of the study reported in: “The 

effects of residual stress on elastic-plastic fracture propagation and stability” by H. E. Coules et al. 

Used along with the main article, this document is intended to provide a further description of the 

modelling procedure used, to the extent that the model may be replicated by future researchers if 

necessary. 

General modelling information 

Modelling software and hardware 

• Dassault Systemes Abaqus/CAE v6.14 was used for model pre- and post-processing. 

• The Dassault Systemes Abaqus/Standard v6.12 finite element solver was used for model 

solution. 

• Models were solved using a machine with 12 Intel Xeon 5670 CPUs and 50 GB of RAM 

running under CentOS Linux 6.8. 

Material model 

• The material being modelled is aluminium alloy 7475-T7351. 

• It is modelled using incremental theory of plasticity. 

• The material is assumed to be isotropic. 

• The material is initially free from measurable residual stress (ND measurements confirmed 

this was the case for the real specimens). 

• A von Mises yield locus is assumed. 

• The material is assumed to obey non-linear isotropic hardening. 

• The material’s Young’s modulus was measured to be 69.15 GPa. The Poisson’s ratio is 

assumed to be 0.33. 

• The uniaxial true stress-strain curve is taken from an experimental measurement of the 

same material (see Figure 4 in the paper). The reduced data are given below: 

True stress 
(MPa) 

True plastic strain 
(dimensionless) 

447.4 0 

466.7 0.01 

486.9 0.02 

523.0 0.04 

545.4 0.06 

545.4   0.09 

616.0 0.13 

616.0 Inf. 

 



Loading and boundary conditions 

• A quarter-model is used, with symmetry planes at the crack plane and the specimen’s mid-

thickness plane. Appropriate symmetric boundary conditions are defined on these two 

planes. 

• For fracture loading, a wedge-shaped region of linear-elastic elements is used to transfer 

force from a single loading point to the inner surface of the loading hole in the C(T) 

specimens. 

• For indentation, the indenter is defined as a discrete rigid body. Friction between the 

indenter and the specimen is assumed to follow isotropic Coulomb’s law with a frictional 

coefficient of 0.5. 

Modelling sequence and procedures 

The following main steps were used for modelling the specimens: 

1. Indentation. 

2. Thickness reduction (and addition of side-grooves). This was done by deactivating elements 

in the removed regions. 

3. Insertion of the crack. This was done by deactivating the part of the symmetric boundary 

condition along the crack’s length. 

4. Fracture loading. During this step, the symmetric boundary condition on extra sets of nodes 

was released incrementally during loading, to simulate the crack’s propagation. The 

relationship between CMOD and crack extension was determined from experimental studies 

prior to modelling. 

In all models of specimens without indentation, it was not necessary to model steps 1-3 explicitly. The 

specimen was taken to be stress-free after manufacture and pre-cracking, and loading was applied 

directly. 

In all models of specimens with indentation, the model was split into two analyses. Step 1 

(indentation) was performed as a separate analysis. The residual stress field and plastic strain-

hardening distributions generated during indentation were applied as initial conditions in a second 

analysis. This was convenient from a model execution point of view, and ensured that Lei’s modified 

J-integral (𝐽𝑚𝑜𝑑) was calculated correctly by Abaqus/Standard. 

Spatial modelling 

Overview 

Different mesh designs were used for the specimens with and without side-grooves. This was due to 

their different geometries, the need to plot accurate plastic strain fields from the side-grooved 

specimens, and the need to calculate J-integrals for the side-grooved specimens at a range of crack 

extensions (rather than just the initial crack length as with the non-side-grooved specimens). This lead 

to the adoption of a mesh which is radial about the initial crack tip for the non-side-grooved 

specimens, and a rectangular one which is refined around the crack extension zone for the side-

grooved ones. 

In both cases, mesh-sensitivity studies were performed. They demonstrated that the result was not 

sensitive to further refinement of the mesh beyond that shown below. 

Mesh design: specimens with side-grooves 

The finite element mesh used for side-grooved specimens is shown below. It comprises approximately 
12,000 10-noded quadratic tetrahedral elements and 366,000 8-nonded linear brick elements. At the 
interfaces between regions of tetrahedral and brick elements, tie constraints were used to link the 



two incompatible element types. No element degeneracy was used at the crack tip - normal elements 
are used throughout. 
 

 

 

Mesh design: specimens without side-grooves 

The finite element mesh used non-side-grooved specimens is shown below. It comprises 
approximately 6000 4-noded tetrahedral linear elements and 32,000 8-noded linear brick elements. 
At the interfaces between regions of tetrahedral and brick elements, tie constraints were used to link 
the two incompatible element types. Linear wedge elements are used at the crack tip. 
 

 

Known limitations 

• Since the crack is modelled as existing entirely within the symmetry plane, it is assumed to 

be flat. Any shear lips which formed during fracture were not modelled. Experimentally, 



shear lips were observed to form in the specimens which were not side-grooved, but not 

those which were. Given the good agreement between the FEA and ND, DIC and load-

displacement data for both types so specimen, any adverse effect of excluding shear lip 

formation from the model appears to be small. 

• The crack extension is taken from measurements from physical specimens – no explicit crack 

growth law is defined. This approach is adequate for the purposes of these models since 

they are not intended to predict crack extension. 

Data provided 
Abaqus input deck files (.inp) and results data files (.dat) are provided for all models which are 

mentioned in the paper. The .dat files contain the contour integral output data which forms the basis 

of the arguments used in the paper. Complete model output databases (.odb) with full-field data are 

not included due to their large size. However, these results can be replicated using the .inp deck and 

Abaqus/Standard. 


