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ABSTRACT 
 

The aim of the paper is to analyse how the shape and position of the machined 

volumetric surface defects (VSD) may influence the stresses and displacements 

distributions for pipelines with VSD. The machined defect is usually rectangular, 

with edges oriented parallel/perpendicular to the pipe’s axis. 

We attempt to analyse in this paper what happens when the machined defect is 

no longer rectangular, but circular or elliptical and with different positions relative 

to the pipe’s axis. We also consider different fillet radius of the machined VSD. 
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1. Introduction 
 

In the case of pipelines with volumetric surface 

defects, a number of methods were developed and 

included in standards and normatives such as ASME 

B31G; ASME B31.8; API Standard 579, BS 7910. 

Basically, we speak about the following 

approach: 

- Initial anomality evaluation. The result of 

this stage is the conclusion that the anomality is 

acceptable and no further actions are necessary, or if 

it is considered a defect, a repairing process has to 

follow. 

- If the anomality is considered a defect, then 

the affected area is machined and after that, the defect 

area will withstand a repairing process. This process 

includes the use of a filler that will fill the VSD and 

of a wrap applied around the pipe in the VSD area [1-

6]. 

In the literature for the machined VSD only a 

rectangular shape is considered. This is why we 

appreciated that attention should be given also to 

other shapes for the machined VSDs. 

At that stage we took into consideration three 

shapes: circular, elliptical and rectangular. We also 

took into consideration, for the elliptical and 

rectangular machined VSDs, the orientation of the 

machined defect. 

In order to compare the results, we considered 

machined defects with equal areas. 

For all of the considered cases, the analysis was 

performed on a pipe with the following properties: 

• Outside Diameter De = 508 mm. 

• Wall Thickness t = 10 mm. 

• Maximum Allowable Pressure MOP = 20 

bar. 

• Specify Minimum Yield Strength SMYS = 

290 N/mm2. 

• Maximum Depth of VSD dp = 7.5 mm. 
 

2. Circular machined VSD 
 

The first machined VSD considered is a circular 

one, as can be seen in Figure 1. We mention that the 

defect is positioned at the middle of the considered 

pipe segment and that a fillet radius is also considered 

as a parameter of the evaluation. The fillet radius will 

vary between 7.5 mm (the defect depth) and 20 mm, 

with a 2.5 mm step. Due to the circular shape of the 

machined VSD, there is not the case to speak about 

the orientation of the machined VSD. A scenario 

analysis produced the results presented in Fig. 2. 

Figure 3 presents the Von Mises stress 

distribution for a quarter of the pipe (due to symmetry 

reasons) for the “optimal” case (with the smallest 

Von Mises stress). As can be seen, the maximal value 

is recorded on the interior face of the pipe. 

The analysis of the last row in Table 1 allows us 

to state that the fillet radius, at least for the interval 

considered, does not influence significantly the stress 

or displacement distributions. 
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a. 3D view                                                 b. Top view 

 

Fig. 1. Circular machined VSD 

 

 
 

Fig. 2. Stress and displacement tendencies for the 6 scenarios 
 

 
a. Section view                              b. Detail view 

 

Fig. 3. Stress distribution for the optimal scenario (Von Mises [MPa]) 
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2. Elliptical machined VSD 
 

For the case where the machined VSD has an 

elliptical shape, apart from the fillet radius, a new 

parameter has been considered. It is the 

position/orientation of the machined VSD. We 

express that using an angle, as can be seen in Figure 

4. We also mention that the area of the ellipse is equal 

to that of the circle used for the circular machined 

VSD, and that the ratio between the axis of the ellipse 

is 2. 

This time the scenario analysis turned into an 

optimization analysis, with tow parameters: the fillet 

radius (varying between 10 and 20 mm with a 2 mm 

step) and the angle that positioned the VSD (varying 

between 0 and 90 degrees with 10 degrees step). This 

approach led to 60 scenarios. 

The results indicate that the minimum Von 

Mises stress is recorded for the ellipse positioned 

with the big axis perpendicular to the pipe’s axis. 

As for the way the fillet radius influences the 

results, we may say that its importance is bigger for 

small values of the angle. As expected, we record 

smaller Von Mises stress for bigger fillet radius 

values (see Figure 6). The most important parameter 

in terms of how it influences the Von Mises stress is 

the position angle of the machined VSD. 

Figure 5 presents the Von Mises stress 

distribution for a quarter of the pipe (due to symmetry 

reasons) for the case where the Von Mises stress 

records the minimal value among scenarios (fillet 

radius 20 mm and orientation angle 90 degrees). As 

can be seen, this maximal value is on the exterior face 

of the pipe. 

 

 
 

Fig. 4. Elliptical machined VSD 
 

 
 

Fig. 5. Von Mises stress distribution [MPa] 
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Fig. 6. Influence of Fillet radius and position angle on Von Mises stress 
 

For the elliptical machined VSD, we can 

conclude that the most favourable scenario 

corresponds to the orientation of the major axis 

perpendicular to the pipe’s axis and the fillet radius of 

20 mm. This position ensures the minimum length of 

the machined VSD along the pipe’s axis. 

The most detrimental situation is recorded for 

the VSD oriented with the major axis parallel to the 

pipe axis and the fillet radius of 12 mm. We have to 

mention that for the case when the VSD is oriented 

along the pipe’s axis, the value of the fillet radius has 

not a significant influence (relative difference of 

1.39%). 

In the meantime, we stress that the relative 

difference between the most detrimental and the most 

favourable scenario, for the Von Mises stress, is 

40.85%, which indicates a very strong influence of 

the VSD orientation on the stress distribution. 

 

3. Rectangular machined VSD 
 

We considered a rectangular VSD with the same 

area as the previous two types (circular and elliptical), 

with a ratio between the rectangle dimensions of 2. 

We run 60 scenarios, corresponding to the variation 

of the fillet radius between 10 and 20 mm, with a step 

of 2 mm, and of the orientation of the VSD with an 

angle between 0 and 90 degrees, with a 10 degrees 

step (see Figure 7). 

 

 
 

Fig. 7. Machined VSD position 
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The first round of the 60 scenarios produced a 

most favourable situation (the smallest Von Mises 

stress) for the case when the fillet radius is 14 mm 

and the orientation of the VSD is 20 degrees. The 

most detrimental situation is recorded when the VSD 

is aligned with the pipe’s axis and the fillet radius is 

16 mm. 

The relative difference between those two 

extreme scenarios is 47.13%. 

Figure 8 presents the Von Mises stress 

distribution for the most favourable scenario in a 

section along the VSD axis, while Figure 9 presents 

the Von Mises stress distribution for the most 

detrimental situation. 

Figure 10 presents the variation of the Von 

Mises stress for the 60 scenarios. One can see a 

region with smaller values for the Von Mises stress 

around the value of 20 degrees for the VSD position. 

 

 
 

Fig. 8. Von Mises stress distribution for the most favourable scenario [MPa] 
 

 
 

Fig. 9. Von Mises stress distribution for the most detrimental scenario [MPa] 

 

 
 

Fig. 10. Von Mises stress distribution for the 60 scenarios 
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For the rectangular VSD, we also considered 

other scenarios, that would analyse the cases when, 

maintaining the area of the VSD, the rectangle 

dimensions would vary (in fact the ratio between the 

rectangle edges – we considered, apart from ratio 2, 

another three values, 1.5, 2.5 and 3). This approach 

leads to the values for the rectangle edges presented 

in Table 1. 

In our scenarios we maintain the same 

parameters we used previously, that is the fillet radius 

and the position angle of the machined VSD. 

The content of Tables 2 and 3 is presented in a 

graphical form in Figures 11 and 12. 

 

Table 1. Machined VSD edges 
 

Edges ratio 1.5 2 2.5 3 

Long edge 184.5 213 238.2 261 

Short edge 123 106.5 95.3 87 

 

Table 2. Results of the scenario analysis. Most favorable cases 
 

Edges ratio 1.5 2 2.5 3 

Angle [deg] 30 20 10 10 

Fillet radius [mm] 20 14 12 16 

Von Mises stress [MPa] 225.34 212.35 209.0 199.83 

Circumferential stress [MPa] 244.04 237.37 235.39 226.88 

Radial displacement [mm] 0.352 0.309 0.283 0.262 

 

Table 3. Results of the scenario analysis. Most detrimental cases 
 

Edges ratio 1.5 2 2.5 3 

Angle [deg] 90 90 90 80 

Fillet radius [mm] 12 16 12 10 

Von Mises stress [MPa] 307.86 312.44 322.53 317.24 

Circumferential stress [MPa] 342.42 348.74 360.64 355.06 

Radial displacement [mm] 0.349 0.383 0.400 0.411 

 

 
 

Fig. 11. Von Mises stress and radial displacement for the most favourable cases 
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Fig. 12. Von Mises stress and radial displacement for the most detrimental cases 

 

4. Conclusions 
 

The interpretation of all the data obtained after 

the scenario analysis, allows us to formulate the 

following observations: 

- The shape and position, along with the fillet 

radius of the machined VSD, are important for the 

stress distribution; 

- The shape of the machined distribution 

influences not only the values of stress or 

displacement, but also the place in the VSD region 

where the maximal values are recorded (for example, 

in the case of the circular VSD, the maximal value is 

registered on the interior side of the pipe, while in 

other cases, on the exterior face); 

- In the case of the elliptical machined VSD, 

the values of the fillet radius have a small influence 

on the stress distribution. In this case, only the 

orientation of the VSD is relevant, with the most 

favourable case when the major axis of the ellipse is 

perpendicular to the pipe’s axis and the most 

detrimental case when the major axis is oriented 

parallel to the pipe’s axis; 

- In the case of rectangular machined VSDs, 

the most frequent situation appearing in real life, the 

combined influence of the fillet radius, VSD 

orientation or edges’ ratios can produce favourable or 

detrimental cases; 

- For the rectangular machined VSDs, the 

differences between the most favourable and 

detrimental cases are important, reaching nearly 50%; 

- Taking into account all the above 

conclusions, we can assess that before machining a 

VSD as a preparation for the reparation, an analysis 

of the best choice in terms of fillet radius, and shape 

and position of the machined VSD is necessary and 

can produce solution close to optimum. 

The present stage of the analysis was limited to 

put into light the influence of the shape and position 

of the machined VSDs on the stress and displacement 

distributions. This fact has not been taken into 

consideration so far. 

The next stage will deal with a more complex 

analysis. Starting from a real VSD, will try to find the 

best shape and position of the machined VSD. This 

will involve a geometric optimization, followed by a 

scenario analysis in order to find the best shape and 

position for the machined VSD. 
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