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Case study description 

CASE STUDY 
DESCRIPTION 

 

The goal of this analysis is to determine if the 
pipe structure will be able to bear in the face of 
the imposed loads. As a result of this, two 
different load assumptions were raised: 

 

CASE 1 - Operation case 

In the operation case, loads to take into account 
will be: some structural loads, an internal 
pressure of 2 bars and a thermal load of 100 oC. 

CASE 2 - Cleaning case 

In the cleaning case, loads to take into account 
will be: the previous structural loads and a 
thermal load of 127 oC. 

 

The target is to carry out a ASME B.31.3 check. If 
stresses would be on the limit with the admissible 
material yield stress, a new ASME VIII check 
should be executed. 
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Materials and sections 

The pipeline structure has been made out of steel. This steel 
correspond to a ASTM 312 18Cr-10Ni, being its characteristics profile 
ahead: 

 

 

 

 

 

Young modulus 2.1e11 Pa 

Density 7850 kg/m3 

Poisson modulus 0.3 

Admissible stress untill 100oC 
Table A-1 Basic Allowable Stresses ASME B31.3 

115.15MPa 

In addition, the pipe geometry consist of a hollow pipe. Measures of 
both diameter and thickness have been taken from the document 
“Pipe dimensions and weights”, from Tioga. 

 

 Therefore, being a material 304 SS and the pipe classification is 8” 
SCH 10S(0,203 m wide in its outer diameter but also 3,76 mm in its  
thickness). 

 

The model has being performed in 3D, by means of shell structural 
elements, from the data provided in the documentation. 

 

Section of the pipe. Visualization of both diameter and thickness 



• “Only one software for all your Civil Engineering needs” 

The structural loads correspond to other pipe lines that are connected to 
this one. Those loads are applied on points: 185, 165 and 75, as 
referenced in the image. Load units are N in forces and N·m in punctual 
moments are: 

 

 

 
FX FY FZ MX MY MZ 

165 -313 -1357 516 590 -367 463 

185 1460 1050 -946 343 -73 582 

75 1249 1965 -1463 139 361 967 

 

As stated previously, the rest of the loads consist in, on the one hand, an 
internal pressure of 2 bars and a thermal load of 100 oC in the operation 
case and, on the other hand, a thermal load of 127 oC in the cleaning 
case. 

 

 

 
Scheme of the application loads 

Structural Loads 
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Boundary conditions 

 

For the boundary conditions it is noticeable, in regard to the images, that the first part of the 
pipeline is embedded due to be connected to machinery.  

 

On the other hand the clamps, which are located on the Y connection in the both sides, brace 
the radial degree of freedom. 

 

 

 

Embedded  condition on the beginning part Constraining the radial degree of freedom Constraining the radial degree of freedom 

Clamps location 
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Structural analysis 

Plant visualization with von Mises stresses results Stress visualization in branches 

Solving CASE 1- Operation case. Structural loads  

 

Firstly, the structural case will be solved, that is, the thermal load will be applied separately in order to be able to read into a better way the result 
values. 
 

As noted, stresses are located in the branches remaining their values below the admissible yield stress of the steel material. This yield stress is 
specified in the ASME B.31.3, being this one 115,15 MPa.   

 

 

 



• “Only one software for all your Civil Engineering needs” 

Structural analysis 

Plant visualization with von Mises stress results 

Maximum values in the von Mises stress results 

 

Nevertheless, the biggest stresses concentration is located in the pipes union, that is, at the beginning of the Y connection. The first image shows 
the results value in all their ranges, while in the second image, the range of values go from 80 to the maximum one so as to visualize where the 
maximum is emplaced. 

 

In the view of the results, it is appreciable that this maximum value differs much from reality due to the fact that the geometry is very complex on 
this point. Therefore, the results in this union may be considered as a stress singularity and it will be necessary to carry out a sensitivity mesh study. 
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Structural analysis 

Sensitivity mesh study 

Mesh size. 0,04 m Mesh size. 0,03 m Mesh size. 0,02 m 
 

It seems to be that the smaller the element size is, the bigger are the von Mises stresses. 

 

 

 

  Element size (mm) Von Mises (MPa) 

Model 1 40 98.5 

Model 2 30 134.0 

Model 3 20 171.9 
 

Therefore, the stress value in this union has to be around an average value. This value would be 50 MPa, just as it could be seen in the previous slide, 
on the plant visualization image . 
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Solving CASE 1- Operation case. Thermal load 

Stresses in relation to the 100oC thermal load Maximum stresses. Clamps visualization limiting to 110 MPa the top range stress.    

 

It is noticeable that biggest values of stress are located just on the clamps. This value is also higher due to have constrained the radial freedom 
degree. Actually, the clamp will expand as well as the pipe, therefore the stress would be much lower. 

 

 

Structural analysis 
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Structural analysis 

Regular range of values limiting the top value to 15 MPa 
 

Limiting the top value to 15 MPa, it is noticeable how the higher values are placed just on the clamps, being the stresses, for the rest of the pipe,  
quiet normal and remaining under 15 MPa. 

 

Thus, combining those load states, both structural and thermal loads, stresses would be in the range of 70- 50 MPa. Hence, it can be assumed that 
values of this range are beneath the admissible stress, in reference to ASME B.31.3 (115.15 MPa). 
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Structural analysis 

Solving CASE 2- Cleaning case. Structural loads  

 

Those images correspond to the cleaning case. The same problem than in the Case 1 occurs on it, that is, the singularity stress location. However, the 
stresses range has been limited to 70-30 MPa. This means that the stresses of the pipeline, remain under the 30 MPa.  

 

Stresses are below the Case 1 just because this case does not include the internal pressure but the rest of the structural loads. The thermal load will 
be analyze later. 

 

 

 

 

Plant visualization with von Mises stresses results Point of singularity stresses 
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Structural analysis 

Stresses in relation to the 127oC thermal load Maximum stresses. Clamps visualization limiting to 110 MPa the top range stress.    

 

It is noticeable, just as in the thermal analysis of the Case 1, that biggest values of stress are located just on the clamps. This value is also higher due to 
have constrained the radial freedom degree. Actually, the clamp will expand as well as the pipe, therefore the stress would be much lower. 
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Limiting the top value to 30 MPa, it is noticeable how the higher values are placed just on the clamps, being the stresses, for the rest of the pipe,  
quiet normal and remaining under 30 MPa. 

 

Thus, biggest stresses of 50 MPa would be located in the union while the rest of the pipeline structure would have lower values of stresses. Hence, 
it can be assumed that values of this range are beneath the admissible stress, in reference to ASME B.31.3 (115.15 MPa). 

 

 

Regular range of values limiting the top value to 30 MPa 

Structural analysis 
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Conclusions 

After solving both of the cases, not only the Case 1 but also the Case 2, we may 
conclude that both of the hypothesis fulfill the condition properly well.  
 
Admisible stress is not exceeded anytime but in the clamps and the union.  
 
On the other hand, after carrying out the singularity stress study in the union, 
we can say that those values differ from reality, being more appropriate an 
average value.  
 
Otherwise, result values in the clamps are a bit much higher from admissible 
value. Nevertheless, this happens because in the model, the radial movement 
has been constrained. The real fact is that when the pipeline start dilating, the 
clamp will dilate as well, decreasing the stresses. 


