
 

FE107 
    If you can run a WRC analysis, you can run this FEA analysis. 
 

 

What is FE107? 

By Vessel Engineers for Vessel Engineers 

FE107 uses finite element technology to provide stress 
analysis of nozzle connections on piping and pressure 
vessels. 

FE107 replaces WRC 107 as a calculation tool that can 
be applied when WRC 107 or WRC 297 correlations or 
assumptions are limited.  

FE107 output is compared directly to WRC 107 and 
WRC 297 results for comparison.  Users can quickly see 
how finite element methods produce consistent, 
conservative results for a wide variety of geometries 
and parameter ranges.  

FE107 users don’t have to worry about their programs 
limits of application.  If the high stress is in the nozzle – 
no problem.  If the high stress is at the edge of a 
hillside teardrop repad – no problem, FE107 builds and 
analyzes this model quickly and easily.  

Worried about nozzles in cones, dished heads, or 
knuckle regions?  FE107 lets the user select any of 

these geometries from its pulldown geometry menu. 

ASME Section VIII Division 2 allowables are printed along with flexibilities and allowable loads for forces, moments and 
pressure.  
 

Are you still using WRC 107 and WRC 297 for design? 

WRC 107 and WRC 297 are good resources so long as users are aware of their very significant limitations.  While allowable 
stresses get higher and higher the permissible error on calculated stresses gets lower and lower. It may have been 
acceptable in the past to introduce stress errors of two or more into calculations, but modern results and allowables are 
expected to have more reasonable accuracies available only with a finite element solution. WRC 107 is based on the 
analytical treatment of point loads and rectangular loading surfaces on cylinders.  WRC 297 attempted to include the nozzle 
opening and thickness, but ended up with a calculation that is often grossly in excess. Fundamental limitations of both WRC 

documents are given in the table below.  

Generally, WRC 107 comparisons to FEA results are reasonable when thin shells are analyzed AND when the model is within 
the accepted parameters of WRC 107 AND when the high stress is in the shell AND when there are no loads through the 
run, AND when pressure is not significant.  

WRC 297 comparisons in the vessel or header are also reasonable, but tend to become overly conservative when the high 
stress moves into the branch or nozzle, typically when the t/T ratio becomes less than 1.0 or when a reinforcing pad is used 
at the intersection.  

WRC 107 is often less conservative than finite element results, but parallel FEA calculations through d/D of up to 0.8, where 
the WRC 107 and FEA curves cross. WRC 107 results becoming much more conservative beyond this range, where the 
approach used outside of WRC curve parameters is “last curve value.”  

WRC 107 and 297 have known parameter and geometry limitations.  For example, a WRC107 cylinder-to-cylinder 
analysis does not calculate stress in the nozzle.  When t/T < 1, or when a repad is placed on the intersection, the high stress 

is often in the nozzle and is completely missed in a WRC 107 analysis.  FE107 is applicable to all parameter ranges 
including laterals, hillsides, repads and barrel-type nozzles. 

 

The following list summarizes areas where WRC 107 and WRC 297 are considered weak, or where there is 
good justification for FEA calculations.  

• d/D > 0.5  

• t/T < 1.0  

• (d/D)(D/T)0.5 < 2 

• Pad reinforced nozzles  

• Hillsides or Laterals  

• Area replacement rules for pressure are 

barely satisfied and large diameter divided by 
thickness ration (D/T). 

  

• The number of Thermal or Pressure cycles is 

greater than 5000.  

• Design and operating conditions are 
approximately the same and calculated 
stresses are within 85% of the allowable.  

• The Piping attached to the nozzle is long, 
flexible, and somewhat unrestrained.  
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Branch or Nozzle  
• Straight (Unreinforced)  

• Pad reinforced  

• Barrel reinforced (Self-reinforced) 

 

 

 

 

Header or Vessel 

• Conical head  

• Cylindrical shell  

• Elliptical head  

• Flat head  

• Flanged and dished  

• Hemispherical head 

 

 

 

 

 

 

 

 

 
 

Animated Graphical Output… 

 

Easy to Read and Interpret Reports… 
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Correlates to Real-World Tests… 

 


