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ABSTRACT 
 
A “correct” limit or yield load is an essential element of flaw assessment procedures of the R6 
or SINTAP type. In the present paper the authors propose a definition of this quantity which is 
based on the SINTAP Option 3 failure assessment function. This “reference load” can be 
determined for any component geometry by finite element analyses. The method is applied to 
two kinds of thin walled structures (notched plates and curved stiffened panels) this way 
extending the existing thin wall module of SINTAP. 
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1. INTRODUCTION 
 
 
2. THE SINTAP THIN WALL OPTION OF FITNET 
 
In [1] and [2] the authors proposed a thin wall module of the European flaw assessment 
procedure SINTAP which then became part of the extended assessment procedure developed 
in the FITNET project [3].  For a detailed description of the module see also Section 6.10 in 
[4]. The module uses the basic equations of SINTAP but in conjunction with the CTOD-δ5 
concept (Figure 1) [5], so that the elastic-plastic opening over a 5mm gauge length, ep5δ , is 
related to the elastic value e5δ  by: 
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with both the effective Young's modulus, E' and the constraint parameter m being defined for 
plane stress conditions as Young’s modulus E and unity, respectively. The ligament yielding 
parameter Lr is defined by 
 

 r Y ref YL F F= = σ σ         (3) 
 
with F being the applied load, FY the plastic limit load (in [4] designated as yield load) of the 
cracked component, σY the yield strength of the material and σref a reference stress of the 
cracked component defined by Eqn. (3).  
 

 
 
Figure 1: Definition of the crack tip opening displacement CTOD-δ5. 
 
 
The function f(Lr) is defined for different analysis levels. Within the present paper only the 
Option 3 (stress-strain based option) function in SINTAP (see [4]; note this is termed Option 
2 in the R6 procedure [6]) is applied. For this the f(Lr) function is given by  
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where Rm is the ultimate tensile strength and εref  is the total strain from the uniaxial stress-
strain curve at the stress σref.  From Eqn. (3) the reference stress σref is related to the ligament 
yielding parameter Lr by 
 
  ref r YLσ = ⋅σ .         (6)
        
This then defines the corresponding reference strain εref on the true stress-stain curve as 
illustrated in Figure 2. The application of Option 3 requires stress-strain curves of relatively 
high quality. In particular the yield strength region should be adequately represented including 
data points at least at Lr = 0.7, 0.9, 0.98, 1.00, 1.02, 1.10 and 1.20. 
 
 

 
 

Figure 2: SINTAP (FITNET) Option 3: Determination of (σref,εref) points on the true stress-
strain curve dependent on the ligament yielding parameter Lr of the component. 
 
 
Note that the δ5 crack tip parameter besides the crack tip opening angle (CTOA) is also one of 
the two standard parameters for toughness determination under the low constraint conditions 
relevant to typical thin walled geometries [7, 8].  
 
Usually the aim of a SINTAP thin wall analysis is the determination of the maximum load a 
structure can sustain considering stable crack extension. A schematic representation of how 
this can be performed is provided in Figure 3. 
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Figure 3: Flow chart for determining the maximum load a thin walled structure can sustain 
taking into account stable crack extension. 
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In addition to the use of the δ5 concept and the consideration of stable crack extension the 
SINTAP (FITNET) thin wall module is characterised by further specific features.  For 
example, it takes routinely into account potential anisotropy in tensile properties (thin plates 
are usually manufactured by rolling). The limitations of the assessment procedure are set by 
the δ5 concept. With respect to the maximum stable crack extension these refer to  
 

                    Δamax =
0.25 (W - ao) C(T) and SE(B) specimens
W - ao − B    M(T) specimens                

⎧ 
⎨ 
⎩ 

                                (7) 

 
In order to avoid extrapolation of the δ5-Δa curve beyond its validity limits the predicted 
stable crack extension Δa at the maximum load in the component should not exceed the Δa 
range which is covered by the experimental R-curve.   
 
The δ5-R-curve has to be obtained on specimens of thickness, B, identical to the component 
and a crack length, ao, and an initial uncracked ligament length, W- ao, equal to or greater than 
four times the thickness, B.  
 

ao / B  and  (W −ao ) / B ≥ 4        (8) 
 
It has been shown [9, 10] that R-curves of aluminium alloys tend to be independent of the 
specimen geometry and dimensions when these requirements are fulfilled. However, this 
statement cannot be generalised for any material and any case. In cases where no geometry 
independency is stated the lowest R-curve has to be used which is usually obtained from bend 
specimens. 
 
The SINTAP thin wall module has successfully been validated for a large number of thin wall 
plates made of different aluminium alloys and steels, for uniaxial and biaxial tension loading 
and bending, and for Mode I and mixed mode crack extension ([1-2, 11], see also Section 7.3 
in [4]). Note however that all these examples included simple plane geometries without 
stiffeners or notches which, however, are typical elements of thin walled structures. In the 
following sections an extension of the procedure to more complex structures is proposed and 
evaluated.  
 
 
3. DETERMINATION OF THE REFERENCE LOAD FY 
 
As mentioned above, one of the key parameters for any flaw assessment of the R6 or SINTAP 
type is the limit or yield load beyond which the ligament becomes fully plastic and the load-
local displacement characteristics of the cracked structure becomes non-linear. An exact 
prediction of the load carrying capacity of a cracked component requires a “correct” limit load 
the provision of which, however, is not an easy task because the limit loads available in 
handbooks and compendia (among others [12-17]) have been obtained over decades by 
different methods and are of quite different quality. Much effort has been spent on the 
generation of improved limit load solutions particularly of plates and hollow cylinders with 
semi-elliptical surface cracks; these are not discussed here in detail but reference may be 
made to Section 5.2 in [4] for further details. 
 
It should be noted that what is actually needed is not strictly a limit load but a reference load 
which is consistent with the flaw assessment model used. The idea of using the basic 
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equations of assessment models such as the EPRI handbook [18] or the R6 procedure [6] in 
conjunction with finite element results for the J-integral or CTOD to define such a reference 
load is not new. For example, a reference load, Po, has been combined with the normalised (h) 
functions in the EPRI method [19] to define J; for details see [20-21].  The reference load has 
also been chosen so that fully plastic solutions for power-law materials (such as those in [19]) 
for different values of hardening exponent n are insensitive to n (Ainsworth [22], Kim et al. 
[23]).  The ability to make power-law solutions insensitive to n has been used to justify use of 
classical limit load solutions as reference loads since these correspond to n→∞.  Alternatively 
Eqns. (1) and (4), or corresponding J estimates, can be fitted over a range of loads (range of 
Lr) with the load FY chosen so that numerical CTOD or J results are well fitted.  Recently, 
Kim et al. [24] and Lei [25] followed similar approaches for investigating limit load solutions 
of plates with semi-elliptical surface cracks.  
 
In the present paper the authors adopt a simple but well-defined approach for defining the 
reference load FY from numerical results.  When the applied load is equal to the reference 
load, Lr = 1 in the SINTAP f(Lr) function of Eqn. (4). The reference stress σref is then 
identical to the yield strength σY and εref is the corresponding strain (Figure 2).  Depending 
only on the material stress-strain curve, the value of f(Lr) is obtained for Lr = 1 from Eqn (4) 
and this in turn corresponds to a certain J/Je ratio as 
 
  ( ) 2

ep e rJ J f L 1 −= =         (9) 
 
with Jep being the elastic-plastic and Je the elastic J-integral. The reference load FY then 
corresponds to that load at which Eqn.(9) is satisfied (Figure 4). Both Jep and Je can be 
determined for any geometry, e.g., by finite element analysis. In practice, the determination of 
the reference load is based on the J-integral and not on the CTOD-δ5 (Eqn. 1) or other CTOD 
definitions since the f(Lr) functions have originally been determined for J even though they 
are successfully used with δ5 in the SINTAP thin wall module.  
 
 

 
 
Figure 4: Principle for the determination of the reference load FY in the present paper. 
 
 
The above approach for determination of FY could be based on any value of  Lr rather than Lr 
= 1.  However, at small Lr Eqn. (4) is relatively insensitive to Lr and f(Lr ) is approximately 
unity.  At large Lr gross plastic yielding can make numerical determination of J difficult, the 
stress-strain curve can be flat making determination of εref difficult, and large values of Lr are 
not relevant in practice.  Therefore Lr = 1 is chosen as a value at which the effects of plasticity 
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are significant (typically f(Lr = 1) = 0.6 and Jep/Je = 3), determination of εref is straightforward 
and results are relevant to practical load levels. 
 
Once the reference load FY has been determined it can be applied with the SINTAP procedure 
to assess the structure under consideration. Of course, it does not make much sense to apply 
the analytical assessment method instead of the finite element results to the specific 
component made of the specific material with the crack for which the finite element analysis 
has been performed.  However, there are many applications where the combination of 
numerical and analytical analysis steps is advantageous, for example, when the applied 
primary load acts in conjunction with secondary loads, such as welding residual stresses, for 
which numerical solutions do not exist; and to assess variations in material properties and 
temperatures from those for which the numerical analysis has been performed. The 
methodology can also be applied to generate new reference load solutions instead of the 
available limit load solutions. These should than allow better results than available at present. 
There are also many configurations for which no limit load solutions exist at all in handbook 
format. In the next two sections of this paper the proposed approach is applied to two kinds of 
structure. 
 
 
 
 
  
4. APPLICATION TO THIN WALLED NOTCHED GEOMETRIES 
 
The first example refers to notched thin walled plates the geometry of which is shown in 
Figure 5 and summarised in Table 1. The stress-strain data of the materials used in the 
analyses are provided in Figure 6 and Table 2. 
 

 
 

Figure 5: Basic geometries of the notched geometries investigated in Section 4.  
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Table 1: Notched geometries investigated in Section 4. 

 
Material Loading type Specimen 

dimensions 
in mm 

Notch radius 
ρ in mm 

Crack depth 
a in mm 

a/ρ ratio 

35 NiCrMo16 
(ferritic steel) 

Tension 
(9 specimens) 

B  =     5  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

35 NiCrMo16 
(ferritic steel) 

Tension +  
bending 
(9 specimens) 

B  =     5  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

X6 CrNi 18 11 
(austenitic 
steel) 

Tension  
(9 specimens) 

B  =   10  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

X6 CrNi 18 11 
(austenitic 
steel) 

Tension +  
bending 
(9 specimens) 

B  =   10  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

Al 5083 H 321 
(aluminium 
alloy) 

Tension  
(9 specimens) 

B  =     3  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

Al 5083 H 321 
(aluminium 
alloy) 

Tension +  
bending 
(9 specimens) 

B  =     3  
W = 100  

3 / 9 / 15 1.5 / 3 / 4.5 / 
6 / 7.5 / 9 / 
15 / 18 / 30 

0.5 / 1 / 2 

 
 

 
 
Figure 6: True stress-strain curves of the materials used for the simulations in Section 4. 
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Table 2: Tensile properties of the materials used for the simulations in Section 4. 
 

Material Young’s Modulus 
E in GPa 

Yield strength 
σY

1) in MPa 
Ultimate tensile 

strength Rm in MPa 
35 NiCrMo 16 
X6 CrNi 18 11 
Al 5083 H321 

215 
195 
70.3 

510 
240 
242 

726 
617 
350 

 
1) σY = ReL for 35 NiCrMo 16; σY = Rp0.2 for Al 5083 H321 and X6 CrNi 18 11. 

 
 
For each of the 54 specimens investigated the stress intensity factor, K, as well as the 
reference load, FY, was determined by finite element analyses using the program ABAQUS 
[26]. All calculations were performed in plane stress in order to simulate thin wall conditions.  
 
The reference load solutions can be expressed by 
 
  ( )Y YF 2 W a B= β − σ         (10) 
 
for the M(T) geometries (tension loading) and by  
 

  ( ) ( )( ) ( )
 1 22

Y YF 1 1 a W 1 a W WB⎧ ⎫⎡ ⎤= β + γ ⋅ + γ ⋅ − − γ σ⎨ ⎬⎣ ⎦⎩ ⎭
   (11) 

 
for the C(T) geometries, under combined tension and bending loading according to  
 

  WM F
2

= ⋅          (12) 

 
with M being the bending moment and F the tensile force. Eqns. (10) and (11) refer to un-
notched geometries (M(T) [13], C(T) [14]) but corrected by a notch factor β which is obtained 
from the present calculations and summarised in Tables 3 and 4. 
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Table 3: Notch correction factor β of the limit load solution for M(T) geometries (Eqn. 10), 
Section 4. 
 

Material σY in MPa ρ in mm a in mm a/ρ β 
  3 1.5 0.5 0.97 
  3 3 1 0.98 
  3 6 2 0.98 
  9 4.5 0.5 1.01 

35 NiCrMo 16 510 9 9 1 1.02 
  9 18 2 1.02 
  15 7.5 0.5 1.02 
  15 15 1 1.03 
  15 30 2 1.03 
  3 1.5 0.5 0.90 
  3 3 1 0.91 
  3 6 2 0.92 
  9 4.5 0.5 0.94 

X6 CrNi 18 11 240 9 9 1 0.97 
  9 18 2 1.00 
  15 7.5 0.5 0.99 
  15 15 1 1.02 
  15 30 2 1.06 
  3 1.5 0.5 0.92 
  3 3 1 0.93 
  3 6 2 0.94 
  9 4.5 0.5 0.97 

Al 5083 H321 242 9 9 1 0.99 
  9 18 2 1.02 
  15 7.5 0.5 1.00 
  15 15 1 1.02 
  15 30 2 1.04 
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Table 4: Notch correction factor β of the limit load solution for C(T) geometries (Eqn. 11), 
Section 4.   
 

Material σY in MPa ρ in mm a in mm a/ρ β 
  3 1.5 0.5 0.67 
  3 3 1 0.71 
  3 6 2 0.77 
  9 4.5 0.5 0.83 

35 NiCrMo 16 510 9 9 1 0.89 
  9 18 2 0.94 
  15 7.5 0.5 0.91 
  15 15 1 0.94 
  15 30 2 0.99 
  3 1.5 0.5 0.86 
  3 3 1 0.89 
  3 6 2 0.96 
  9 4.5 0.5 1.02 

X6 CrNi 18 11 240 9 9 1 1.06 
  9 18 2 1.12 
  15 7.5 0.5 1.10 
  15 15 1 1.11 
  15 30 2 1.17 
  3 1.5 0.5 0.76 
  3 3 1 0.82 
  3 6 2 0.87 
  9 4.5 0.5 0.93 

Al 5083 H321 242 9 9 1 0.98 
  9 18 2 1.05 
  15 7.5 0.5 1.02 
  15 15 1 1.06 
  15 30 2 1.06 

 
 
The values of K and FY were then used to predict finite element based applied load versus δ5 
curves, some of which are shown in Figures 7 to 9. The cases reproduced represent limit 
conditions (smallest notch radius + smallest crack / largest notch radius + largest crack) for 
tension and combined tension/bending for all three materials. The quality of the 42 
predictions (cf. Tables 3 and 4) not shown here are comparable or better than these examples. 

 
Whilst the analyses of the austenitic steel and the aluminium alloy throughout show very 
satisfying results, i.e. the SINTAP predictions are close to the finite element curves the results 
obtained for the ferritic steel are of lower quality. Whilst the results are commonly 
conservative, i.e., SINTAP underestimates the load compared to the finite element curves 
there are some exceptions. At low load values SINTAP tends to slightly overestimate the load 
for given δ5. The reason might be that the J-integral based f(Lr) function is straightforward but 
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when applied to δ5  the 2
5e Kδ  expression in Eqn. (2) is correct only in the upper contained 

yielding range. However, the resulting non-conservatism is fairly small. 
 
In the fully plastic branches of the load versus δ5 curves (beyond FY) all predictions for the 
austenitic steel and the aluminium alloy and most for the ferritic steel are moderately 
conservative. There are, however a few exceptions for the ferritic steel one of which is shown 
in Figure 7. Moderately non-conservative curves were predicted for M(T) geometries with 
small notch radii (ρ = 3 mm) and δ5 values beyond about 0.2 mm or more (Figure 7, top-left). 
 
Summarising, the application of the method proposed in Section 3 allowed reasonable 
predictions for the range of notch radii, crack sizes, loading geometries and materials 
investigated. The pure bending case was not investigated because it does not play any role in 
thin walled structures which in reality would fail by buckling rather than by bending.  
 
 

 
 
Figure 7: Comparison between the finite element and the modified SINTAP based load 
versus δ5 characteristics for the ferritic steel 35 NiCrMo 16, Section 4.  
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Figure 8: Comparison between the finite element and the modified SINTAP based load 
versus δ5 characteristics for the austenitic steel X6 NiCr 18 11, Section 4.   
 

 

 
Figure 9: Comparison between the finite element and the modified SINTAP based load 
versus δ5 characteristics for the aluminium alloy AL 5380 H 321, Section 4. 
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5. APPLICATION TO A STIFFENED PANEL 
 

The second application refers to the curved and stiffened panel shown in Figure 10. It is 
loaded by internal pressure, i.e., the axial stress is approximately half as large as the 
circumferential or hoop stress.  
 
 

 
 

Figure 10: The panel investigated in Section 5. It is loaded by internal pressure.  
 
 

Whereas the analyses in Section 4 were restricted to predicting the crack driving force, a 
complete failure analysis is performed for the stiffened panel. The material chosen was the 
aluminium alloy Al 5083 H321, the tensile properties of which have been given in Figure 6 
and Table 2. The δ5-R curves for characterising the resistance against stable crack extension 
are shown in Figure 11. Whereas the M(T)-R curves for different specimens widths (50 and 
150 mm) coincide over the whole Δa range, the C(T) curves diverge earlier. The validity limit 
introduced in the figure, Δamax = 0.25 (W-ao), refers to the C(T)1000 specimen with a width of 
1000 mm. The specimen thickness was 3 mm in each case. The subsequent analyses were 
based on the C(T)1000-R curve and alternatively on the M(T)-R curve. Both curves coincide 
at larger crack extensions Δa [27] but differ at small Δa values where the M(T)-R curve lies 
above the C(T) curves. Note, however, that the determination of the initial part of the R curve 
in thin-walled plates of aluminium is problematic because of pronounced crack tip tunnelling 
in the initial phase. That means the crack grows faster in the centre of the specimen than at its 
surface where Δa is optically measured. After a few millimetres the crack front tends to 
straighten thus making the crack length measurement at the surface less uncertain. This aspect 
has to be considered when evaluating the results of the assessment. 
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Figure 11: Fracture resistance(R)-curves of the aluminium alloy Al 5083 H321. (according to 
[27]).  

 
 

The stress intensity factor, K, and reference load, FY, solutions are obtained as described in 
Section 3 by finite element analyses (ABAQUS [26]). The calculations were performed for 
large deformations using a shell model. Since ABAQUS [26] does not allow the application 
of line integrals for J-integral determination in shells this quantity was obtained as an energy 
release rate by modelling two slightly different crack lengths for each calculation. Figure 12 
shows the distribution of the hoop stress across the wall for an internal pressure of 1 MPa. 
The resultant stress intensity factor and FY values for different crack lengths are shown in 
Figure 13.   
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Figure 12: Finite element analysis of the loaded structure in Section 5. The legend shows the 
hoop stress in MPa for an internal pressure of 1 MPa. 
 
 

 
 

Figure 13: Mode I stress intensity factor, KI, (for an internal pressure of 1 MPa) and 
reference load, FY, as a function of half crack length a (see Figure 10). Both K and FY are 
determined by finite element analyses, the latter by the method described in Section 3. 
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The determination of the load versus stable crack extension characteristics followed the 
scheme in Figure 3. The results are reproduced in Figure 14 where they are compared with 
predictions based on the crack tip opening angle (CTOA) concept [28] and a cohesive zone 
model. No discussion of these methods shall be provided here, see instead [29] in this issue.  

 
 
 

 
 

Figure 14: Comparison of the SINTA prediction of the load-Δa-characteristics with results 
obtained by the crack tip opening angle (CTOA) method according to [27, 28] and a cohesive 
zone model [29]. 
 
 
Two versions of the SINTAP prediction are plotted.  These refer to the two different R curves 
applied (see above). As can be seen the resultant maximum load depends significantly on 
these. It was already mentioned that the R curve determination is somewhat uncertain for 
small Δa. In the present example the maximum load was predicted for a stable crack extension 
of about 3 mm based on both SINTAP and the cohesive zone model, which is fairly small. In 
a component geometry where the maximum load would be predicted for (moderately) larger 
Δa the effect would vanish because the M(T) and C(T)-R curves in Figure 11 coincide above 
a few millimetres crack extension. 
 
No experimental validation of the modified SINTAP thin wall module is provided here. 
However the results can be compared to the results of the two other methods applied. If the 
M(T)-R curve is accepted to be more realistic than the C(T)-R curve for the present 
component geometry the maximum loads predicted by the three methods are close together. 
This is an indication that the method proposed here is an acceptable tool for flaw assessment.  
 
Note that the maximum sustainable load is the target information of the assessment. In 
practice this would be compared with the maximum load expected in service. The crack 
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growth regions below and beyond this maximum load are of almost no importance for 
practical application. Nonetheless it has to be stated that the predictions of the different 
methods in these regions significantly differ. For SINTAP particularly the initial Δa region 
seems to be unrealistic. Again the reason could be in the initial R curve. Figure 15 shows the 
typical early growth of a stable crack in a thin walled structure including crack tip tunnelling 
and the “flat-slant” transition of the crack orientation. Note that these effects are not 
distinguished in a δ5-R curve (or J-R curve likewise). Schödel, comparing crack lengths 
measurements at the fracture surface (multiple specimens technique) and at the side surfaces 
found the latter to be 0.2 to 0.35 mm smaller in the initial phase of stable crack extension [27] 
which could at least partially explain the unlikely curve progression  up to Δa = 2 mm in 
Figure 14. 
 
In Section 2 it was required that the stable crack extension referring to the predicted 
maximum load in the component should not exceed the Δa range which is covered by the 
experimental R-curve. This condition was fulfilled. However a further requirement should be 
added here: the maximum load in the component should refer to a Δa equal or larger than that 
for which the crack front across the specimen thickness becomes approximately uniform or 
“stationary”. For the Al 5083 H 321 used in this study this was the case beyond about Δa = 2 
to 3 mm [27], Figure 16. 
 
 

 
 

Figure 15: Early crack extension showing crack tip tunneling and “flat-slant” transition. 
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Figure 16: Crack tip tunneling and transition to “stationary” crack extension (according to 
[27]. 
 
 
6. Concluding Remarks 
 
A definition of the limit or yield load, which the authors more generally designate as 
“reference load”, is proposed which is based on the SINTAP Option 3 failure assessment 
function for an Lr value of 1. This can be determined by finite element analyses for any 
component geometry. This approach is then applied to two typical thin walled geometries. A 
set of 54 plane stress finite element simulations of notched geometries with varying notch 
radii and crack sizes as well as loading types (tension, combined bending and tension) and 
materials (a ferritic and an austenitic steel and an aluminium alloy) is used for determining 
reference loads and for validating the procedure, but limited to the crack driving force in the 
components. The second application is a curved and stiffened panel for which the maximum 
load the structure can sustain is predicted and compared to alternative analyses based on the 
crack tip opening angle (CTOA) and a cohesive zone model. The proposed methodology has 
been shown to be suitable tool for flaw assessment of complex thin wall structures. It is 
intended to complement the existing flaw assessment procedure SINTAP. 
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Nomenclature: 
 
a   Crack length 
ao   Initial crack length prior to stable crack extension 
B   Specimen thickness 
E   Modulus of elasticity 
E’   Modulus of elasticity for constraint conditions (plane stress: E’ = E;  

plane strain: E’ = E/(1-ν2) 
F   Applied load (general term and tensile force) 
FY   Limit or yield load (here designated as reference load) 
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f(Lr)   Failure assessment curve function in R6 and SINTAP 
J   J-integral 
Je   Elastic component of the J-integral 
Jep   Elastic-plastic J-integral 
K   Linear elastic stress intensity factor  
KI   Mode I stress intensity factor  
Lr   Ratio of applied load to limit or yield load (here designated as reference 
   load) 
Lrmax   Maximum allowable value of Lr  
m   Constraint factor (Eqn. 2) 
ReL   Elastic stress limit of steels with a Lüders plateau 
Rp0.2   Yield strength at 0.2% plastic strain 
Rm   Tensile strength 
W    Specimen width 
T   Measure of crack front curvature (Figure 16) 
β   Notch factor (Eqns. 10 and 11; Tables 3 and 4) 
δ5   CTOD defined for a gauge length of 5 mm 
δ5e   Elastic CTOD-δ5 
δ5ep   Elastic-plastic CTOD-δ5 
Δa   Stable crack extension 
Δamax   Validity criterion for δ5-R curves, maximum Δa 
Δas   Stable crack extension at specimen surface (Figure 16) 
εref    Reference strain, Eqn. (4), Fig. 2   
ρ   Notch radius 
σref    Reference stress, Eqn. (4), Fig. 2  
σY   Yield strength, general (ReL or Rp0.2) 
 
Abbreviations 
 
CTOA  Crack tip opening angle 
CTOD  Crack tip opening displacement  
C(T)  Compact tension specimen 
FITNET European Fitness for Service Network 
M(T)  Middle cracked tension specimen 
R curve Crack (extension) resistance curve 
R6  R6 routine of British Energy. 
SINTAP Structural Integrity Assessment Procedure for European Industry 
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