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Abstract. The Peak Stress Method (PSM) is a simplified, finite element-based technique to 
readily estimate the Notch Stress Intensity Factors (NSIFs) at the tip of sharp-V-shaped 
notches. More precisely, it was shown that the maximum principal stress evaluated at the V-
notch tip by means of a rather coarse finite element analysis is proportional to the mode I 
NSIF, as far as mode II and mode III stresses are negligible. When fatigue strength 
assessment of fillet welded joints is performed according to the NSIF approach, the weld toe 
profile is modeled as a sharp V-notch having the toe radius equal to zero (the worst case 
hypothesis) and the peak stress can be used as design stress combined with a properly 
calibrated design scatter band. Due to its computational simplicity, the PSM appears rather 
useful for the everyday design practice of the shipbuilding industry. In the present paper the 
PSM is briefly described and applied to assess the fatigue strength of joints between HP 
stiffeners with fillet-welded cover plates adopted by the shipbuilding industry, for which full 
scale fatigue test data are available. By applying the PSM, good agreement between 
theoretical and experimental fatigue lives is obtained despite the complex geometry and the 
different loading conditions of the tests. 
 
1 INTRODUCTION 

In the context of fatigue design of fillet welded joints the local approach based on the notch 
stress intensity factor (NSIF) assumes the weld toe profile as a sharp V-notch having a tip 
radius equal to zero and an opening angle equal to 135° (typical value) [1,2,3]. Recently, it 
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has been shown that the ratio between the mode-I NSIF and the elastic peak stress evaluated 
at the point of singularity (i.e. the notch tip) by the finite element method depends only on the 
type and size of the elements adopted in the discretization, according to the following 
expression [4]: 

 38.1
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where K1 is the exact value of the mode I NSIF, 11,peak is the maximum principal stress as 
calculated from a linear elastic finite element analysis where the mean size of the FE mesh 
surrounding the weld toe is d and (1-1) is the stress singularity exponent, which equals 0.326 
for a V-notch having opening angle 2 equal to 135° [5] (typical value of the weld toe profile 
for a fillet-welded joint). The mode I NSIF is taken according to the definition given by Gross 
and Mendelson [6] (see Figure 1): 
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Concerning the FE mesh used to calibrate expression (1), the following conditions were 
fulfilled [4]: 
 two-dimensional models discretized with four-node, plane elements as implemented in 

Ansys™ software (Plane 42 on the Ansys element library); 
 FE mesh patterns like that shown in figure 2, where only two elements share the node 

located at the point of stress singularity of the weld toe. 
It is worth noting that the FE mesh of figure 2 was readily obtained by running the free-

mesh generation algorithm available in the software, after imposing the so-called ‘global 
element size’ parameter equal to d. No additional procedures were executed in FE mesh 
preparation.  

To consider the maximum principal stress in expression (1), mode II as well as mode III 
stresses must be negligible, otherwise only the mode I (opening) stress must be computed in 
Eq. (1) [7]  

Thanks to expression (1), the peak stress may substitute the NSIF in fatigue strength 
assessments and enables one to adopt the so-called Peak Stress Method (PSM). In order to 
calibrate a design scatter band to use with the peak stress, a number of fatigue test results 
relevant to simple T- or cruciform arc-welded joints in structural steel were analysed in terms 
of peak stress [8]. All joints were tested in the as-welded conditions under load ratio (ratio 
between the minimum and the maximum applied load) close to zero and failed from the weld 
toe. The main plate thickness ranged from 6 mm to 100 mm, while the attachment to main 
plate thickness ratio varied from 0.03 to 8.8. Figure 3 reports the resulting design scatter band, 
which will be used later on. The correction coefficient fw, multiplying the range of the linear 
elastic peak stress, accounts for the material, the flank angle at the weld toe and the mean size 
d of the finite element mesh adopted to evaluate the peak stress [8]. For welded joints in 
structural steel, flank angle around 45° (i.e. V-notch opening angle 2135° in figure 1) and 
mean finite element size d equal to 1 mm, then fw equals 1.064. 

So far, the PSM was used in combination with two-dimensional FE models like that shown 
in figure 2. Recently, the PSM has been extended to three-dimensional FE models meshed 
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with eight-node brick elements (SOLID 45 of the Ansys Element Library) and it has been 
shown that the calibration coefficient 1.38 found using expression (1) using two dimensional 
numerical analyses is still valid [9]. 

For welded joints having plate thickness greater than about 5 mm, an element size of 1 mm 
was seen to be appropriate in order to estimate the stress field intensity at the weld toe. Such 
an element size is some order of magnitudes greater than that needed for a direct evaluation of 
the mode I NSIF according to definition (2). Moreover, by using the PSM, only the elastic 
peak stress at the notch tip can be considered as design stress rather than the whole local stress 
field. The above mentioned features appear rather useful for the everyday design practice of 
the shipbuilding industry. As a matter of fact, a ship contains a very large number of 
geometrically complex welded details, whose fatigue assessment is rather cumbersome. In the 
present paper the PSM [4] is briefly described and applied to assess the fatigue strength of 
joints between HP stiffeners with fillet-welded cover plates adopted by the shipbuilding 
industry for which full scale fatigue test data are available [10-12]. By applying the PSM, 
good agreement between theoretical and experimental fatigue lives is obtained despite the 
complex geometry and the different loading conditions of the tests. 

2 THE TEST CASE: HP STIFFENER JOINTS 
The fatigue strength of butt joints between the typical shipbuilding stiffener, the bulb plate 

or Holland Profile (HP), was recently assessed by comparing and re-analyzing some available 
tests data. 

In [12] and [13] various point-wise approaches proposed in IIW Guidelines as well as in 
scientific literature were applied to different joint configurations, namely a few versions of the 
structural stress approaches and the notch stress approach considering the well known 1-mm 
weld toe rounding. Scattered results, only in partial agreement with experimental data, were 
found. 

Indeed, the application of the above mentioned methods in the captioned cases is not 
always straightforward nor sometimes possible, neither effective. Difficulties in following the 
IIW suggestions for the FE modelling of relatively complex geometries were highlighted. 

Basically, the bulb itself is a three-dimensional component interacting with two-
dimensional shells surrounding it: the three-dimensional vs. two-dimensional mismatch is the 
main source of complexity. Since a reference thickness of the bulb cannot be identified, even 
identification of stress extrapolation points in post-processing of FE analyses is difficult, 
being often cause of scatter and/or disagreement among different approaches. 

Tests on large-scale specimens of various attachments of bulb plate profiles were carried 
out in the Marine Structures Testing Lab of the University of Genova, see Fig. 4 top, [10], as 
well as by the Institute of Ship Structural Design and Analysis of the Hamburg University of 
Technology (TUHH), see Fig. 4 bottom, [11]. 

The two joint geometries with special reinforcing attachments at the profile bulb shown in 
Fig. 4 are considered in the following. 

It is worth noting that experimental data used as targets of numerical calculations have 
been derived from component tests that are relatively different from each other: the Italian 
specimens (joints between HP 120x7) had larger dimensions and included four joints each; 
they were affected by typical defects and irregularities of shipbuilding both as far as 
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misalignments and weld defects are concerned. The German specimens (joints between HP 
160x7) were simpler and built for laboratory testing and, although in full scale, they were 
affected by a lower level of imperfections. 

Table 1 shows the outcomes of the statistical analysis of test data as well as the re-analysis 
of them, having reduced the scatter to obtain a standard deviation in agreement with 
conventional testing (standard deviation of log. life = 0.20). The aim is to eliminate the 
influence of test-related effects, existing in both cases, and to obtain more reliable target 
values for the considered details. 

3 FE ANALYSIS ACCORDING TO THE PEAK STRESS METHOD 
It was then decided to apply the PSM to the joints shown in Fig. 4. Especially, these cases 

among those tested and assessed according to other approaches are considered interesting for 
the assessment of the PSM because local notch geometries are relatively challenging and 
complex stress field is induced by both the bulb profile and the reinforcing attachments. 

The loading conditions are in principle rather simple but the resulting stress field at weld 
toes could be complex because of the geometry: the HP120x7 joints with the patch onto the 
bulb head were fatigue tested at stress ratio R<0.1 in bending conditions as shown in Fig. 5 
top, while the HP160x7 joints (named Variant 3 in [11]) were tested in pure tension with 
stress ratio R=-1. 

The nominal stress range could be easily defined for both details applying the beam theory 
for the HP stiffener without reinforcement. 

Taking advantage of the already built finite element (FE) models from previous 
calculations on the joints shown in Fig. 4, [12-13], it was decided to apply the sub-modeling 
technique to obtain three-dimensional finite element models for the PSM. Sub-modeling 
technique, available in most FE software environments as well as in the Ansys™ one adopted 
in this case, allows generating an independent, more finely meshed model of only the region 
of interest considering the displacements calculated on the cut boundaries of the more coarse 
model as boundary conditions of the sub-model. 

Fig. 5 shows the whole FE models (left) and the sub-models (right) with results in terms of 
the first principal stresses for both details. Eight node solid elements were used to calculate 
the design stress as required by the PSM. The weld seam was rounded at reinforcing plate 
edges to avoid fictitious stress concentrations induced by sharp corners at edges. 

Fig. 6 shows the detail of the meshing at the weld toe: only two solid 8 node elements 
(SOLID 45 of the Ansys™ software [9] or, equivalently, SOLID185 with element key option 
2 set to 3) at the notch according to the requirements of the PSM were used for models of 
both details. 

4 COMPARISON BETWEEN EXPERIMENTAL RESULTS AND THORETICAL 
ESTIMATIONS 

Fig. 7 compares the experimental data expressed as peak stress values with the design 
scatter band shown in previous Fig. 3. The maximum value of the first principal stress along 
the weld toe was taken into account and the weighting factor fw=1.064 was applied, since the 
notch opening angle is 135° for both details. Good agreement is found, also in case of the HP 
160x7 (Variant 3) joints, which were tested at stress ratio R=-1 and therefore a bonus factor of 
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about f(R)≈1.3 could be considered in case of a limited level of residual stresses, according to 
the IIW recommendation [14]. However, since the joints were tested in the as-welded 
condition, Fig. 8 does not consider any bonus factor. As a second remark, it should be noted 
that the design scatter band reported in Figs. 3 and 7 was calibrated on experimental results 
generated from welded specimens, where most of the fatigue life is spent for initiation and 
short crack propagation inside the small zone governed by the NSIF. When full scale welded 
joints or real structures are considered, the fatigue life to propagate a macro-crack outside the 
structural volume governed by the NSIF could be significant. Then, strictly speaking, the 
PSM-based scatter band should be used to estimate the fatigue life to initiate a technical crack 
and not the total fatigue life of the joint. This might be another reason to explain the longer 
life than estimated for the HP 170x7 joints, where failure was defined after the whole bulb 
was fractured.  

12 CONCLUSIONS 
- The peak stress method was applied to perform the fatigue strength assessment of a 

HP stiffener joints with weld toe failures subject to full scale tests. Three-dimensional 
finite element analyses were performed to estimate the peak stress (i.e. the design 
stress) at the weld toe. A design fatigue scatter band previously calibrated on 
experimental results was used to assess the fatigue strength of the HP joints. 
Experimental results were found in fair agreement with the theoretical estimations. 

- The peak stress method proved to combine the robustness of a local approach based 
on the Notch Stress Intensity Factor with the simplicity of a point related method.  

- Due to its computational simplicity, the PSM appears rather useful for the everyday 
design practice of the shipbuilding industry. 
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Figure 1: Local stresses and peak stress at the weld toe of a fillet-welded joint. 
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Figure 2: Typical two-dimensional free-mesh to apply the PSM at the toe or the root of a fillet-welded joint. d is 

the mean size of the four-node plane elements [4]. 
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Figure 3: Fatigue strength of steel fillet-welded joints in terms of equivalent peak stress evaluated by using two-

dimensional finite element models  like that reported in Figure 2 ([8]). 
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Figure 4: Geometries of the HP stiffener joints (HP120x7 top, HP160x7 bottom). 
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Figure 5: Available FE models and results of the 1st principal for the newly built sub-models (HP120x7 top and 
HP160x7 bottom). 
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Figure 6: Detail of the mesh, cross section at weld toe. 
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Figure 7: comparison between experimental results and PSM estimations for the analysed stiffener joints. The 

scatter band is that reported in figure 3. 

 
Table 1: Cycles N to fracture, applied stress range  and scatter index TN between survival probability Ps = 

90% and 10% assuming slope exponent of S-N curve m = 3 [12] 

Tests statistical re-analysis HP 120x7, Top plate HP 160x7, Variant 3 

Parameters of mean S-N curve from 
experiments 

N(PS=50%) 1.7 x 104 6.1 x 105 
(PS=50%) 345 MPa 126 MPa 
TN (St. Dev.) 1:5.88 (0.30) 1:1.93 (0.11*) 

Characteristic values of S-N curve 
Normalized standard deviation 
St. Dev. = 0.20 

N (PS=97.7%) 2 x 106 2 x 106 
(PS=97.7%) 52 MPa 63 Mpa 
TN 1:3.25 1:3.25 

(*: includes all 7 available tests) 
 




