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ABSTRACT 

Local Approach methods provide alternative routes for 

carrying out fracture mechanics assessments. These methods use a 

finite element analysis of the cracked component that incorporates a 

micro-mechanical model of material behaviour in the region of the 

crack tip. The development of damage, and eventual failure of the 

material for particular loading conditions, is calculated directly by the 

micro-mechanical model. A potential advantage of such models is that 

they can automatically incorporate the effects of loss of constraint and 

load history. 

This paper describes studies that compare the predictions of the 

Gurson-Tvergaard-Needleman (GTN) [1,2,3] local approach model of 

ductile fracture with traditional fracture mechanics parameters. The 

model is used to consider the effect of load history on ductile fracture 

initiation in a typical fracture mechanics test specimen (CT).  The aim 

is to investigate the benefits of applying such models to situations 

where events in the plant loading history can have a significant effect 

on crack driving force for typical defects that subsequently develop 

during service. It is anticipated that the results will be used to make 

improvements to the accuracy of the traditional assessment procedures. 

 

The results show that in certain circumstances, for instance where 

residual stresses are present in the vicinity of a defect, load excursions 

on the specimen can have a beneficial effect on global load carrying 

capacity and that load history effects can be captured by adopting the 

local approach for the assessment of ductile fracture.  It is also noted 

that the trends observed in other local parameters, e.g. J and CTOD, 

must be treated with caution, probably due to near crack-tip softening 

associated with the implementation of the GTN model in a region of 

high stress concentration. 

INTRODUCTION 

 Traditional fracture mechanics assessments of 

defects in structures compare J crack driving force with lower bound 

estimates of fracture toughness obtained on deeply-cracked, high 

constraint, fracture toughness specimens such as the compact tension 

and three-point bend geometries. The crack driving force can be 

obtained by finite element analysis using appropriate elastic-plastic 

material properties.  For simple defect geometries, with well 

established elastic stress intensity factor solutions, the R6 [4] 

procedure can be used to estimate a conservative value of the crack 

driving force by means of an appropriate failure assessment curve.  

Such procedures usually give upper bound estimates of crack driving 

force. As a result, the safety margins are usually under-estimated.  

 

Typical defects in actual vessels and pipework are often shallow and 

located in predominantly uniform stress fields. The resulting plastic 

constraint at the tip of the defect is therefore lower than experienced 

by the pre-crack in the fracture toughness test specimen. This leads to 

a higher level of apparent fracture toughness than measured by the 

traditional test specimen. However, this can be accounted for in 

assessments by using a material toughness obtained on a test specimen 

that matches the crack tip constraint of the defect in the structure, by 

elevating the material‟s toughness, or by decreasing the calculated 

crack tip driving force. 

 

Local Approach methods provide an alternative approach of carrying 

out a fracture mechanics assessment.  These methods use a finite 

element model of the defect, incorporating a micro-mechanical model 

for the materials fracture behaviour ahead of the crack tip, which is the 

so-called fracture process zone.  The susceptibility of the material to 

fracture for given load conditions is calculated directly from the micro-

mechanical model either as a yes/no instruction (for Ductile fracture 

models), or as a probability value (for Cleavage fracture models).  One 

possible advantage of the use of such models is that they may 
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incorporate loss of constraint and load history effects automatically.  

Several different local approach models have been suggested by 

various researchers, but the most widely promoted and used models 

are the Gurson-Tvergaard-Needleman (GTN) ductility model [1-3], 

and the Beremin cleavage model [5].  R6 also provides guidance on 

the use of a simpler ductile model, the Beremin ductile model [6], 

which is based on the Rice and Tracey description of ductile failure 

[7].  These models contain a number of material dependent (and 

possibly temperature-dependent) parameters or constants that must be 

correctly defined to give meaningful predictions.  Previous attempts to 

tune the Gurson-Tvergaard-Needleman ductile model have proved 

problematic and have hampered efforts to apply the local approach to 

problems of relevance.  Here, typical model parameters have been 

selected to represent ductile material in order to avoid such difficulties 

and facilitate an investigation of the problem of interest. 

The work presented focuses on application of the GTN model to an 

enlarged CT specimen geometry, described in the next section.  

Various load history cases are considered, ranging from a base case 

with no load history, to cases containing crack opening residual stress 

fields and subject to various tensile „overloads‟ representative of the 

occasional excursions from normal operating loads associated with 

some plant.  The methodology for implementing these histories in the 

model is described, along with detail of the load histories themselves.  

Finally, the local approach model is used to characterise crack-tip 

damage for each case, and an attempt is made to use the GTN damage 

parameter to quantify the effect of load history on susceptibility to 

ductile fracture initiation. The local damage parameter is the void 

volume fraction, f, for the Gurson-Tvergaard-Needleman model.  An 

attempt is made to relate the critical damage parameter to the initiation 

fracture toughness, Jc, for particular load history cases. 

 

 

FINITE ELEMENT ANALYSIS 

Geometry and finite element mesh 

An enlarged (x8) compact tension specimen (Figure 1) was considered 

with a wide notch that allowed for the introduction of residual stresses 

via an initial compressive load.  Figure 2 shows the near notch and 

crack tip regions.  A two dimensional plane strain finite element model 

of the specimen was developed.  Due to symmetry with respect to the 

crack plane only half of the specimen was modelled.  Scoping 

calculations found that the enlargement of the specimen was necessary 

to maintain contained plasticity conditions (small scale yielding), and 

thus maintain constraint, during tensile loading for crack driving 

forces up to the expected fracture toughness of the material studied.  

The requirement to maintain constraint stemmed from a desire to 

ensure that valid J values could be calculated for each case. 

 

The coordinate system, introduced in Figure 2, is centred at the crack 

tip.  Thus, the symmetry plane consists of the crack flank in the region 

(-20 ≤ X ≤ 0) and crack front in the region (0 ≤ X ≤ 200).  The mesh in 

the vicinity of the crack tip consists of 16×8 square elements of size 

0.125mm, and this rectangular region is centred at the tip.  The 

commercial finite element code ABAQUS [8] was used for the 

analysis.  Eight-node plane strain finite elements with quadratic 

interpolation and reduced integration are used throughout the model.   

 

 

 
Figure 1 – Finite element mesh of the enlarged CT specimen containing a 

wide notch (half model due to symmetry) 

 

 
Figure 2 - Expanded view of the FE mesh geometry near the notch and 

crack tips 

 

Material Properties 

Weld material of grade 316 stainless steel is considered.  The 

mechanical behaviour of this material at room temperature is 

characterized by a Young‟s modulus E = 171 GPa, Poisson‟s ratio       

 = 0.294 and tabular data relating stress to plastic strain from uni-

axial tensile tests at room temperature.  The relation stress-plastic 

strain is shown in Figure 3.  Note that the yield stress defined as the 

stress at 0.2% plastic strain is denoted by 0 and is used in the work as 

a normalising parameter for stresses calculated in the analyses. 

 

 
Figure 3 - Stress vs. plastic strain curve for 316 stainless steel weld 

material 
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Micro-mechanical Material Models 

The GTN [1-3] model has been implemented in the analyses.  

The following standard definitions were used in describing the model.  

With ij denoting the components of the Cauchy stress tensor, the 

mean stress (first stress invariant) is given by: 

iim 
3

1
     (1) 

 

where summation over repeated indices is understood, and the 

equivalent stress (second stress invariant or von Mises stress) is given 

by: 

ijijeq SS
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3
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where Sij = ij - mij are the components of the deviatoric stress tensor 

(ij are the components of the identity tensor).  With p
ij denoting the 

components of the plastic strain tensor, the mean plastic strain is given 

by: 
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and the equivalent plastic strain is given by: 
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Equations (3) and (4) may be written in rate form, with dotted strain 

components, to become expressions for the mean plastic strain rate and 

the equivalent plastic strain rate, respectively. 

 

Gurson-Tvergaard-Needleman model 

The Gurson-Tvergaard-Needleman (GTN) constitutive 

model [1-3] is an elastic-plastic continuous model that aims to account 

for the ductile rupture mechanisms of nucleation, growth and 

coalescence of micro-voids via accumulation of ductile damage.  The 

model is essentially a pressure-dependent plasticity model of the class 

used to model porous materials.  The material response depends not 

only on the deviatoric stresses as in standard plasticity, but also on the 

development of the hydrostatic stress.  Damage accumulation is 

modelled by introduction of two continuous internal state variables.  

The first one is the void volume fraction, denoted by f, which 

represents the micro-voids distributed continuously throughout the 

material matrix.  This variable is a measure of local material damage.  

The second variable is the equivalent plastic strain of the fully dense 

matrix, which is a microscopic parameter evolving according to [9]: 
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In Equation 5, 0 is the flow stress of the fully dense matrix, whose 

relation to the equivalent plastic strain of the fully dense matrix should 

be prescribed as material input data.  The relation between the flow 

stress and equivalent plastic strain of the fully dense matrix in this 

work is input to the model in tabular form using the data shown in 

Figure 3.  The evolution of the void volume fraction includes 

contributions from the nucleation of new micro-voids and the growth 

of existing micro-voids [10] 

 

grownucl fff       (6) 

 

The void volume rate due to nucleation of new micro-voids is defined 

by: 

 
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where A is a function of the equivalent plastic strain of the fully dense 

matrix, selected such that the nucleation strain obeys a normal 

distribution with mean value N and standard deviation SN:  
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with fN denoting the volume fraction of void nucleating particles.  The 

void volume rate due to growth of existing micro-voids is defined by 

 

  p

mgrow ff   13     (9) 

 

The coalescence of micro-voids is represented by including 

accelerated softening in the expression for the yield surface via a 

modified void volume fraction, f*.  The yield function  is isotropic 

and identical to the plastic potential g in this model.  The expression is 

given  by: 
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where q1, q2, q3 are material constants and 0 is the flow stress of the 

fully dense matrix.   

 

The modified void volume fraction is related to the physical one in the 

following way.  At low values of void volume fraction, f* = f, but 

above some critical void volume fraction fc the value of f* increases 

more rapidly to give increased softening as the micro-voids coalesce.  

Fracture occurs at another level of the void volume fraction, denoted 

by ff, when the local load carrying capacity is reduced to zero.  This 

behaviour is represented by the relation [9] 
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where f*u is the value of f* at zero stress, i.e. when f reaches ff.  This 

constant is calculated from Equation 10 for given material constants 

q1, q2, q3 and zero stresses. 

 

In summary, the GTN model constitutes an elastic-plastic response 

determined from the yield surface and the plastic potential,               

Equation 10 and Equation 11, and evolution of two internal state 

variables given by Equation 5 to Equation 9.  The model is 

implemented in a user-defined procedure, UMAT, for Abaqus [11].  

The parameters of the model selected for this work are summarized in 

Table 1. 
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f0 fc ff fN N SN q1 q2 q3 

0.00072 0.15 0.60 0.01 0.3 0.1 1.5 1 2.25 
Table 1- GTN Model Parameters 

 

With these parameters, the limit value of the modified void volume 

fraction becomes f*u= 2/3, see Equation 10.  Further the initial 

equivalent plastic strain of the fully dense matrix is zero.   

 

LOAD HISTORY CASES 

Five load histories have been considered by means of 

altering the load line displacement history (the analyses were 

conducted in displacement control).  Case 1 was a base case, where the 

crack was introduced to the position shown in Figure 2 before 

application of a tensile load.  In Cases 2 through 5, residual stresses 

were introduced via application and release of a compressive load to 

the wide notched model without a crack.  In Case 2 the crack is then 

introduced and the model is subject to tensile loading.  In Cases 3 

through 5 additional tensile load (the so called “overload”) and release 

steps are applied after the introduction of residual stress and before the 

introduction of the crack and primary tensile loading.  The five load 

histories are shown as a function of applied displacement at the 

specimen load line in Figure 4, Figure 5 and Figure 6. 

 

 
Figure 4 - Load History for Case 1 

 

 
Figure 5 - Load History for Case 2 

 

Residual Stress Profiles 

The residual stresses were introduced to the region ahead of 

the notch via a two-step simulation.  First a compressive stress field 

was generated ahead of the notch through the application of a negative 

displacement at the load line (-5mm, see Figure 5 and Figure 6).  The 

compressive load application point was then released to allow for the 

elastic recovery of the model and the creation of tensile residual 

stresses ahead of the notch.  Figure 7 shows the stress profile 

generated for all cases prior to the introduction of any other load 

history i.e. overloads.  Note that the stress is normalised by the yield 

stress and that near yield levels of residual stress were observed at the 

crack tip position. 

 

 
Figure 6 - Load Histories for Cases 3-5 

 

 

 
Figure 7 – Residual stress profile for Case 2-5, prior to overload and crack 

introduction 

 

Overload process 

In a similar way to the residual stress introduction process, 

the overloads were applied via two simulation steps.  First a tensile 

load is applied via prescribed vertical displacement of the tensile load 

application point (Figure 1).  This displacement increases from 0 to dp 

mm, relative to the position at the beginning of the step, where dp 

differentiates the load history Cases 3 to 5 with dp = 0.5 mm in Case 3, 

dp = 1.0 mm in Case 4, and dp = 1.5 mm in Case 5.  The tensile load 

application point was then released allowing for the elastic recovery of 

the model.  The load versus load line displacement curves for the 

overload process are shown in Figure 8.  Figure 9 shows the effect of 
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tensile overloads on the residual stress field ahead of the notch i.e. in 

the vicinity of the future crack tip, compared to the case of no overload 

(Case 2).  There is a progressive reduction in tensile residual stress 

levels along the crack flanks and at the crack tip from Case 3 through 

Case 5 in accordance with increasing level of overload (Figure 8), with 

Case 5 resulting in compressive stresses near the notch tip. 

 

Crack Introduction 

Figure 10 shows the effect of stress redistribution, resulting 

from the introduction of the crack, on the residual stress fields ahead 

of the crack tip position.  There are clearly significant crack opening 

stresses generated, with the highest stresses observed for Case 2 and a 

progressive reduction with increasing overload from Case 3 through 5. 

 

 
Figure 8 - Load versus load line displacement traces for overload steps in 

Cases 3-5 

 

 
Figure 9 - Residual stress profiles for Cases 3-5 prior to crack introduction 

 

Tensile loading of the cracked specimen 

A global tensile crack opening stress was applied to the 

model in all cases in order to establish trends in the material behaviour 

as a function of load history.  The load was applied via prescribed 

vertical displacement of the tensile load application point from 0 to 2 

mm, relative to the position at the beginning of the step.  The 

following sections describe how changes in the load history from case 

to case affect the response of the material to this final tensile load, 

which is equivalent to fracture testing a CT specimen in tension. 

 

 
Figure 10 - Residual stress profiles ahead of the crack tip after the crack 

introduction step 

 

CHARACTERISATION OF CRACK TIP CONDITIONS 

For the models considered it was possible to monitor a 

number of fracture parameters, namely; the local damage parameter (f), 

the J-integral and crack-tip opening displacement (CTOD), and load 

line displacement and load.  These provide a means of assessing the 

response of the structure local to the crack tip (damage parameters, J, 

CTOD) and the global response (load and displacement at the load 

line).   

 

Determination of damage parameters 

The Local Approach parameter, f, was used to quantify the 

events within the fracture process zone.  This parameter was monitored 

and recorded at the four integration points of the process zone 

element.  The maximum value of the void volume fraction during the 

crack opening process was found at the integration point closest to the 

crack tip.  The fracture process zone was assumed to be confined to the 

first element ahead of the crack tip, which has a size of 125 m.   

 

Determination of J and CTOD 

The crack driving force is represented by the J-integral.  The 

J-integral was originally derived as a line integral on contours 

surrounding a singularity in non-linear elastic materials [12].  It 

represents the energy flux from the exterior of the contour towards the 

singularity and in case of cracks is interpreted as energy release rate 

per unit crack advance.  In all cases presented here, the J integral 

calculated during the FE analyses was determined using an extension 

of the J formulation commonly applied in ABAQUS [8], because in 

cases of non-proportional loading, and initial plastic or thermal strains, 

additional terms have to be added to the original expression for the 

energy flux [13,14].  In all load history cases studied in this work with 

the GTN material model the vicinity of the crack tip is in a state of 

non-proportional loading.  This is because the damage accumulation 

redistributes stresses and strains in the vicinity of the crack tip, 

resulting in a non-proportional increment of these fields.  The process 

of residual stress introduction and overload in load history Cases 2 to 

5 accumulate initial plastic strains prior to crack opening.  Hence, in 



DRAFT 

 6 Copyright © 2008 by ASME 

all cases studied, an extended form of the J-integral must be used to 

properly calculate the flux of energy towards the crack tip.  Such an 

extended expression for the energy flux, developed in terms of 

equivalent domain integral [15], has been used in this work.  The 

calculations of the crack driving force are performed with a post-

processing programme (JEDI) [15] assuming non-proportional loading 

for all load history cases and initial plastic strains where present. 

 

A further standard near tip parameter in fracture mechanics is the crack 

tip opening displacement, defined as the normal displacement of the 

point where a 45°-line from the crack tip intersects the crack flank.  To 

facilitate comparison between different load history cases, this 

standard parameter is not used.  Instead, the displacement normal to 

the crack plane of the point at distance 250 m behind the tip has been 

monitored and recorded.  This is referred to as crack opening 

displacement in the presentation of the results. 

 

EFFECTS OF LOAD HISTORY ON DUCTILE FRACTURE 

The following sections primarily aim to describe the trends 

in the effect of load history on susceptibility to ductile fracture 

initiation, as determined from the GTN damage mechanics models.  

Further, the implications for the load bearing capacity of the specimen 

are considered, as this is what would be observed in equivalent 

fracture tests. 

 

Fracture Initiation Criterion 

Fracture initiation was assumed when the void volume 

fraction at the integration point closest to the crack tip reached the 

critical value of fc = 0.15.  

 

Effect of crack introduction on ductile damage 

Figure 11 plots the GTN damage parameter, f, as a function 

of the load line deflection attributable to crack opening residual 

stresses during the crack introduction process.  Subscripts 4 and 5 

denote damage parameter values at the end of step 4 and step 5 of the 

load history, respectively.  There is clearly an effect of the residual 

stress introduction process on the amount of damage and the damage 

parameter exhibited a reduction of f from f0 = 0.00072 (the 

characteristic initial value for the material) in all cases (except Case 1).  

This is an artefact of the compression step necessary to introduce the 

tensile residual stress field into the region ahead of the notch where 

compressive plastic strains were generated during the loading process.  

In Cases 3-5, the subsequent tensile overload generates tensile plastic 

strains ahead of the notch, resulting in an increase in f relative to the 

value for Case 2 at the end of the residual stress introduction process.  

It can be argued that the residual stress introduction process is 

„artificial‟ in comparison to a real test piece and hence f0 should not 

drop below 0.00072 prior to crack introduction.  In addition, the 

subsequent overloads applied to Cases 3-5 resulted in an increase in f, 

relative to the new value at the end of the residual stress introduction.  

 

These variations in f prior to the final tensile loading step were small, 

especially when compared to the differences in f generated by 

introducing the crack into the various residual stress fields considered.  

However, to test the potential impact of this effect, some simulations 

were performed with the GTN model switched off during this process 

for Cases 2 to 5.  This was achieved by considering the material to be 

elastic-plastic with isotropic hardening during the residual stress 

introduction process.  After completion of the process, the void 

volume fraction was set to its initial value, f0 = 0.00072, and the 

simulations continued with the standard GTN model.  These 

simulations showed that the variations of the void volume fraction at 

the onset of crack introduction had an insignificant effect on the 

results for global loads and crack driving forces in the subsequent 

processes.  For this reason, and due to time constraints, these further 

analyses are not presented in this paper, however subsequent work in 

this area needs to consider the implications of residual stress 

introduction on the damage mechanics parameter at the start of final 

tensile loading. 

 
Figure 11 - GTN damage parameter evolution during crack introduction 

 

Assessment of susceptibility to ductile fracture initiation 

 Figure 11 shows the extent of ductile damage attributable to 

crack opening residual stresses at the end of the crack introduction 

process, i.e. prior to the final tensile loading step to initiation.  As the 

failure criterion, fc = 0.15, is considered to be the point of ductile 

fracture initiation, it is clear that prior to final tensile loading the 

margin to failure of each case rank as follows; Case 1 > Case 5 > Case 

4 > Case 3 > Case 2.  This observation is borne out by Figure 12 

which demonstrates the global load on the specimen at fc for each case.  

This result is not unexpected when the residual stress fields acting on 

the crack are considered (Figure 9 and Figure 10), which are the result 

of the load history.  In this particular case there is a clear benefit to the 

global behaviour of the specimen of tensile overloads prior to crack 

introduction that generate sufficient plasticity ahead of the notch tip to  

modify the residual stress field upon elastic recovery. 

 

 
Figure 12 - Variation of tensile load carrying capacity at fc as a function of 

load history 
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Trends in global crack driving force 

The global load-displacement behaviour of the modelled 

specimens is shown in Figure 13, along with a curve demonstrating the 

variation of load carrying capacity at a fixed f = fc.  From the same plot 

it is possible to invoke the ASTM-E1820-06 testing procedure [16] to 

calculate „global‟ or far-field J-fracture toughness values from the load 

displacement traces up to the load at f = fc.  The results of this analysis 

are shown in Figure 14.  For Case 1, the calculated fracture toughness 

agrees well with the mean fracture toughness for Type 316 stainless 

steel weld metal given in R66, which is 193kJ/m2 [17].  As expected 

from the load-displacement behaviour, the apparent toughness in each 

case scales with the magnitude of the crack opening residual stresses 

that exist prior to final tensile loading. 

 

 
Figure 13 - Tensile load as a function of load line displacement 

 
Figure 14 - 'Global' J, crack driving force, as a function of ductile 

damage. J values were determined in line with the ASTM-E1820-06 [16] 

testing procedure from load vs. load line displacement plots (Figure 13) 

 

Trends in J-crack driving force and CTOD at the crack tip 

 Whilst is was possible to calculate J values analogous to 

those calculated in real tests (above), near-field J values were also 

calculated by JEDI for each case.  The results are shown in Figure 15 

as a function of f in the vicinity of fc.  The trends exhibited are clearly 

at odds with the globally observed behaviour.  There is apparently no 

change in crack driving force at initiation between Case 1 and Case 2, 

and Cases 3-5 suggest increased Jc values as a result of the tensile 

overload prior to crack introduction.   

 

 
Figure 15 - J, crack driving force as a function of GTN void volume 

fraction 

 

When CTOD is used as the crack-tip characterising parameter (Figure 

16), there is a significant increase in apparent critical CTOD between 

Case 1 and Case 2 that taken at face value suggest a benefit to local 

fracture toughness of the tensile residual stress field.  The trends for 

Cases 3-5 are similar to those observed for near-field J values (Figure 

15).  Qualitatively, neither the trend in near field J, nor CTOD are in 

any way amenable to the same explanation as the global J trends, in 

terms of the magnitude of the residual stresses in the vicinity of the 

crack. These observations imply that in the cases considered here, 

neither local J nor CTOD values are adequate indicators of global 

behaviour. 

 

 

 
Figure 16 - CTOD development as a function of void volume fraction 

 

Figure 17 shows the distribution of stresses ahead of the crack tip at 

the critical J value, which do not conform to the classic HRR-field 

representation.  This is most likely due to the material softening effect 

that is inherent to the GTN model in highly damaged regions, in this 

case the material immediately ahead of the crack tip.  As can be seen in 

the figure, this limits the stresses immediately ahead of the crack, and 

results in redistribution of the stresses in regions further away from the 

crack tip.  This is further evidence that near field J, (or energy flux 

towards the crack), cannot be used in these particular cases as an 

indicator of fracture toughness. 
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Figure 17 - Distribution of stresses normal to crack plane ahead of the 

crack at critical levels of crack driving forces with the GTN model. 

CONCLUSIONS 

The GTN model has been implemented via a sub-routine in a 

finite element code to assess the susceptibility of an enlarged CT 

specimen (x8), subject to residual stresses and various load histories, 

to ductile fracture initiation.  A typical critical void volume fraction for 

fracture initiation was defined and used as the failure criterion.  The 

results showed a significant detrimental effect to the global load 

carrying capacity of the specimen in the presence of a tensile residual 

stress field ahead of the crack.  In some cases, subsequent global 

tensile overloads were applied that modified the residual stress field to 

various degrees depending on the magnitude of the overload.  In the 

particular cases studied here, the size of the effect on the residual 

stress field scaled with the size of the overload, though scoping 

calculations suggest there is a saturation of the effect at overloads 

slightly bigger than the largest used here.   

 

The modifications to the residual stress field resulted in increased 

load carrying capacity in the specimen relative to the case where no 

overload was applied and the tensile residual stress field remained 

unaltered.  However, in all cases where residual stresses were present, 

the global load carrying capacity of the specimen was smaller than for 

a specimen containing no residual stress.  This trend was replicated 

when global J-integral values were calculated from the global load-

displacement behaviour, in accordance with the relevant testing 

standard.  This is the behaviour that would be measured in equivalent 

physical tests.   

 

Using the latest formulation of JEDI, an attempt has been made to 

calculate near-field J, i.e. local fracture toughness, and CTOD, to 

establish their usefulness as a fracture initiation criterion that capture 

load history effects. The results did not support the globally observed 

trends and it is shown that local J values do not conform to the HRR 

field, suggesting that due to the material softening associated with the 

GTN model in highly damaged regions e.g. at the crack tip, the crack 

tip conditions are not adequately described by J. 
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