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 ABSTRACT  The significance of the title of the project comes to front with designing structure of the thin cylinder 
vertical pressure vessel by using ASME SECTION VIII division-1, Finite Element Analysis of Nozzle-Head junction and 
sensitivity study to improve the fatigue life of vessel by changing the radius of fillet at nozzle-head junction. It is 
basically a project concerned with design of different pressure vessel elements such as shell, dished end and nozzle on 
standards and codes and evolution of nozzle and dish end analyzed by means of creo 2.0. The procedural step includes 
various aspects such as the designing on the standards procedures with referring standard manuals based on ASME. 
Validation of design calculation is done by using PV Elite software. The Finite Element Analysis and sensitivity study are 
carried out by creo-2.0. Here we have evaluated the fatigue life of component by fatigue analysis using creo-2.0. We 
know that the fatigue is the cycle-dependent phenomenon. Peak stresses are the additional stresses due to stress 
intensification in highly localized areas. Peak stresses are only significant in fatigue conditions and brittle materials. 
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Nozzle parameter  
For the fatigue and sensitivity analysis we have assumed the following parameters for the selected pressure 
vessel nozzle A2. 

Shell Allowable Stress at Temperature S = 137.90  N./mm² 

Shell Allowable Stress At Ambient Sa = 137.90  N./mm² 

Inside Diameter of Elliptical Head D = 2240.0000  mm. 

Aspect Ratio of Elliptical Head Ar = 2.00 

Head Actual Thickness T = 30.0000  mm. 

Nozzle Allowable Stress at Temperature Sn = 137.90  N./mm² 

Nozzle Allowable Stress At Ambient Sna = 137.90  N./mm² 

Nozzle Diameter Basis (for tr calc only) OD  

Nozzle Diameter Dia = 610.0000  mm. 

Nozzle Size and Thickness Basis Actual  

Actual Thickness of Nozzle Thk = 12.7000  mm. 

Nozzle Flange Material SA-266 2 

Nozzle Flange Type Weld Neck Flange 

Hub Height of Integral Nozzle h = 127.0000  mm. 

Height of Beveled Transition, L` L = 56.0000  mm. 

Hub Thickness of Integral Nozzle, ( tn or x+tp ) tn = 44.7000  mm. 

Weld leg size between Nozzle and Pad/Shell Wo = 9.0000  mm. 

Groove weld depth between Nozzle and Vessel        Wgnv = 30.0000  mm. 

ASME Code Weld Type per UW-16 G  
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Class of attached Flange 300  

Grade of attached Flange  GR 1.1 

For Nozzle ‘A2’ , nozzle to shell junction FE analysis has to perform to determine whether this junction is 
safe or not for given boundary and loading condition. Instead the rules of ASME VIII-2 are used with VIII-1 
allowed stressed to determine acceptability of the design. 
 

FINITE ELEMENT ANALYSIS PROCEDURE 
Creo 2.0 is the general purpose Finite Element Modeling package for numerically solving wide variety of 
mechanical problems. It is necessary to perform the stress analysis at the junction of nozzle and elliptical 
head. The structural analysis of pressure vessel nozzle-head junction’A2’ can be carried out as described 
below: 
 

Creo model 
The geometrical parts of pressure vessel are prepared in creo 2.0. Fig shows the simplified model of 
pressure vessel assembly. 

 
Figure 1 

 

Materials 
The material properties used in this analysis are obtained from ASME II-D and are suitable for VIII-1 
components. These properties are applied to the different parts of creo assembly. The following materials 
are used in this analysis: 
Shell and Head  SA516GR.70 
Nozzle    SA 266 GR. 2 

 
Table 1 

Loading Condition :The pressure load of 2.5MPa is applied to the internal surface of the vessel 
elements.ModelInformationMesh refinement details: Mesh size of 20 mm is applied to nozzle-head junction 
and40mmis applied to nozzle element. 
Element type:Tetrahedral solid elements are used to improve the result. 
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Table 2 

 

Static analysis procedure 
Degree of convergence: 3rd degree of convergence is sufficient to obtain accurate value of 
maximum von-mises stress. Figure shows the P-loop pass for degree of convergence. The 
maximum stress value becomes constant after third iteration of P-loop pass. 
Polynomial order: 9th order polynomial. 9th order polynomial is the highest order of 
polynomial of P element method of Finite Element Analysis. 

 
Figure 2 degree of convergence 

Mesh model with mesh refinement, maximum von-mises stress and stress distribution are 
shown in figure 

 

 
Figure 3  FEA model of nozzle-head with mesh refinement 
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Figure 4 Sectional view 

 

SENSITIVITY STUDY: 
Structure analysis shows that maximum stresses are occur at the fillet of junction. To modify  the dimension 
of fillet, applying range for sensitivity analysis of fillet radius. Figure shows the behavior of maximum stress 
along fillet radius 10 mm to 30 mm.  Select 29 mm fillet radius. 

 
Figure 5 Sensitivity study 

 

 
Figure 6  Stress analysis for different fillet radius 

 

FATIGUE ANALYSIS: 
Nearly all materials subject to cyclic loads break at stresses much lower than the rupturestresses produced 
by steady loads. This phenomenon is referred to as fatigue. The code Div. 2allowable stress cycling data are 
expressed by the design fatigue strength curves (Sa-N)Sa     is the maximum allowable stress amplitude of 
alternating stress range 2 . It’s plottedagainst the permissible number of operating cycles N. 
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For fatigue analysis only the stresses that vary during the cycle have to be considered. The  stresses due to 
steady loads, which do not vary during an operating cycle, need not beconsidered since they are taken as 
mean stresses and their effect was included in the fatigue design curves by a modifying technique. 

 
Figure 7  Fatigue log life for different fillet radius 

Entire fatigue analysis of pressure vessel is out of scope of the project. Here, fatigue analysis 
can be carried out to evaluate the fatigue life only. 
The fatigue life of component can be evaluated by considering following data in fatigue 
analysis: 
Expected load cycle = 500000 
Fatigue Strength Reduction Factor = 2 
Fatigue life by considering 20 mm radius = 105.577 cycles 
Fatigue life by considering 29 mm radius = 105.599 cycles 
Increase in fatigue life = 105.599 - 105.577 = 19619.35 = 19619 cycles 

 
 

CONCLUSION 
The numerical values of design of pressure vessel shows that there is slight variation by comparing the 
conventional design with design carried out by P V Elite. P V Elite gives more accurate result than 
conventional design procedure and most preferred by manufacturer. The numerical design study carried 
out to determine the maximum stress values of nozzlehead junction by varying the fillet radius at corner. By 
inspecting the plot of sensitivity analysis, the 29 mm radius shall be taken as safe value for the design 
condition as the maximum stress value is considerably reduced. The result of decreasing maximum stress 
will reduce the stress fluctuation from zero to peak. Ultimately the overall fatigue life of component can be 
improved. It can be proved by performing fatigue analysis of nozzle-head in creo 2.0 by taking suitable 
assumption. The numerical value of improve fatigue life cycle is 19619 load cycles. 
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