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Abstract 

 

This paper reviews research of different researchers on the failure and optimization of pressure vessels. The study includes 

various reasons for failure of vessel as stress concentration at junctions, excessive deformation due to improper support, 

reinforcing, end connections and so on. The literature reviewed shows growing interest in optimization. The motivation for this 

research is to optimize the pressure vessel by changing support location and nozzle location. Pressure vessel design is carried out 

as per the standards set by ASME in pressure vessel code. It is designer’s decision to select appropriate analytical data for 

determination of thickness of the walls. In this paper some of recent and past research carried on the pressure vessel design and 

analysis. 
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I. INTRODUCTION 

Pressure vessels are widely used where it is required to hold the fluids at high pressure as well as temperature. They are majorly 

used in chemical industry, processing plants, nuclear power plants, and oil refining industries. There many accidents caused due 

to failure of pressure vessel which resulted in human death and long lasting effects on the nearby environment. The pressure 

vessel has to design by considering higher factor of safety. The design must be carried out with consideration of ASME 

standards and regulation. There are many places in vessel where stress may be concentrated or the vessel may fail such as 

support locations, nozzle junctions. Hence it is required to give more attention towards this point. Many papers are studied for 

the research to carry out.        

 Donald Mackenzie [1]   (Design by Analysis of Ductile Failure and Buckling in Torispherical Pressure Vessel Heads) 

The paper deals with study of torispherical pressure vessel head. This type of vessel exhibits complex elastic-plastic deformation 

and buckling behavior under static pressure. Author has assessed both of these behavior modes while specifying the allowable 

static load. By the direct route in EN code inelastic analysis is used. Plastic collapse or gross plastic deformation loads are 

evaluated for two sample torispherical heads by 2D and 3D FEA based on an elastic material model. Small and large 

deformation effects are considered in 2D analysis and the effect of geometry and load are considered in 3D analysis. The plastic 

load is determined by applying the ASME twice elastic slope criterion of plastic collapse and an alternative plastic criterion. The 

formation of plastic deformation mechanism in model is considered in relation elastic-plastic buckling response of the vessel. 

The author concluded that in both cases, design is limited by formation of an axisymmetric gross plastic deformation in the 

knuckle of the vessel prior to formation of non-axisymmetric buckling modes. 

 Daniel Vasilikis [2]   (Buckling Design of Confined Steel Cylinders under External Pressure) 

In the present paper, using a two-dimensional model with nonlinear finite elements, which accounts for both geometric and 

material nonlinearities, the structural response of those cylinders is investigated. This investigation is used to develop relevant 

design guidelines. Special emphasis is given on the response of the confined cylinders in terms of initial imperfections; those are 

considered in the form of initial out-of-roundness of the cylinder and as an initial gap between the cylinder and the medium. 

Furthermore, the effects of the deformability of the surrounding medium are examined. The results indicate significant 

imperfection sensitivity and a strong dependency on the medium stiffness. The numerical results are employed to develop a 

simple and efficient design methodology, which is compatible with the recent general provisions of European design 

recommendations for shell buckling and could be used for design purposes. 

 You-Hong Liu [3]:   (Limit Pressure and Design Criterion of Cylindrical Pressure Vessels with Nozzles) 

Author elaborates the importance of limit pressures and corresponding membrane stresses. Limit pressure and maximum local 

membrane stress concentration factor (SCF) are assessed for two orthogonally intersecting thin-walled cylindrical shells 

subjected to internal pressure. Limit pressures are calculated using inelastic analysis by 3D finite element method. The plastic 

collapse pressure obtained by 3D FEM are tested and given good results. The local membrane SCF at the intersection of two 

cylindrical shells subjected to the limit pressure load is calculated by elastic thin shell theoretical solution. Author tells that local 
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stress criterion for reinforcement design of opening in a cylindrical pressure vessel subjected to internal pressure can be accepted 

generally except for a few cases of large thickness ratio. 

 Y. Bangash [4]   (Safe Analysis for Cooling Pipes for Prestressed Concrete Reactor Vessels) 

Author addressed step by step analysis for the direct computation of two dimensional heat flows and safe pitching of the cooling 

pipes. Two models of cooling system have been selected and calculations are carried out for an existing vessel. On one model 

this analysis is compared with the three dimensional finite element analyses for obtaining insulation conductance’s for various 

cooling pipe pitches. A simplified approach for computing temperature distribution in steel liner and concrete of prestressed 

concrete reactor vessel is presented.  A three dimensional finite element analysis has been carried out for comparison and 

validation of above analysis. 

 Chaaba [5]   (Plastic Collapse Assessment Of Thick Vessels under Internal Pressure According to Various Hardening 

Rules) 

This paper aims to deal with plastic collapse assessment for thick vessels under internal pressure, thick tubes in plane strain 

conditions, and thick spheres, taking into consideration various strain hardening effects and large deformation aspect. In the 

framework of von mises’ criterion, strain hardening manifestation is described by various rules such as isotropic or kinematic 

laws. To predict plastic collapse, sequential limit analysis, which is based on the upper bound formulation, is used. The 

sequential limit analysis consists in solving sequentially the problem of the plastic collapse, step by step. In the first sequence, 

the plastic collapse of the vessel corresponds to the classical limit state of the rigid perfectly plastic behavior. At the end of each 

sequence, the yield stress and back-stresses are updated with or without geometry updating via displacement velocity and strain 

rates. The updating of all these quantities (geometry and strain hardening variables) is adopted to conduct the next sequence. As 

a result of this proposal, the limit pressure evolution is obtained, which could cause the plastic collapse of the device for different 

levels of hardening and also hardening variables such as back-stresses with respect to the geometry change. 

 Sotiria Houliara [6]    (Buckling of Thin-Walled Long Steel Cylinders Subjected to Bending) 

The present paper investigates structural response and buckling of long unstiffened thin walled Cylindrical steel shells, subjected 

to bending moments, with particular emphasis on stability design. The cylinder response is characterized by cross-sectional 

ovalization, followed by buckling (bifurcation instability), which occurs on the compression side of the cylinder wall. Using a 

nonlinear finite element technique, the bifurcation moment is calculated, the post-buckling response is determined, and the 

imperfection sensitivity with respect to the governing buckling mode is examined. The results show that the buckling moment 

capacity is affected by cross-sectional ovalization. It is also shown that buckling of bent elastic long cylinders can be described 

quite accurately through a simple analytical model that considers the ovalized prebuckling configuration and results in very 

useful closed-form expressions. Using this analytical solution, the incorporation of the ovalization effects in the design of thin-

walled cylinders under bending is thoroughly examined and discussed, considering the framework of the provisions of the new 

European Standard EN1993-1-6. 

 Vishal V. saidpatil, Arun Thakare [7]   (Design & Weight Optimization of Pressure Vessel Due to Thickness using Finite 

Element Analysis) 

The aim of this paper to carry out detailed design & analysis of Pressure vessel used in boiler for optimum thickness, temperature 

distribution and dynamic behavior using Finite element analysis software. The model is analyzed in FE solver. Paper involves 

design of a cylindrical pressure vessel to sustain 5 bar pressure and determine the wall thickness required for the vessel to limit 

the maximum shear stress. Geometrical and finite element model of Pressure vessel is created using CAD CAE tools. 

Geometrical model is created on CATIA V5R19 and finite element modeling is done using Hypermesh. ANSYS is used as a 

solver. Weight optimization of pressure vessel is carried out by considering thickness as a major factor. The thickness is 

opmtimised by changing material and also the composition. SA-516-70 Plate is used for nozzle, pad and shell. Allowable 

stresses at varius levels of pressures and temperature are calculated through software. The stress remain within limit given by 

ASME, hence the design is safe for given condition. The vessel consists of a cylindrical portion with the two ends closed using 

hemispherical structure. A nozzle is welded on at the mid-point of the length of the vessel which is supported on two supports. 

The vessel is constructed using material low alloy steel of type ASME SA516Gr70. 

 R.C. Carbonari [8]     (Design of Pressure Vessels using Shape Optimization: An Integrated Approach) 

The paper discusses shape optimization of axisymmetric pressure vessel considering an integrated approach in which entire 

pressure vessel model is used in conjunction with a multi-objective function that aims to minimize the von-mises mechanical 

stress from nozzle to head. Representative examples are examined and solution obtained for the entire vessel considering 

temperature and pressure loading. The different shapes from usual one are obtained. Even though such different shapes may not 

be profitable considering present manufacturing processes, they may competitive for future manufacturing technologies and 

contribute to better understanding of the actual influence of shape in the behavior of pressure vessels. 
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 M.H. Toorani [9]   (Dynamics of the Geometrically Non-Linear Analysis of Anisotropic Laminated Cylindrical Shells) 

A general approach, based on shearable shell theory, to predict the influence of geometric non-linearities on the natural 

frequencies of an elastic anisotropic laminated cylindrical shell incorporating large displacement and rotation is presented in this 

paper. The effect of shear deformations and rotary inertia are taken into account in the equation of motion. The shearable shell 

theory is used to determine the shape function matrix. The analytical solution is divided into two parts. In one, the displacement 

functions are obtained by exact solution of the equilibrium equation of a cylindrical shell based on shearable shell theory. The 

mass and linear stiffness matrices are derived by exact analytical integration. In part two, the modal coefficients are obtained for 

these displacement functions. The second and third order non-linear stiffness matrices are then calculated by precise analytical 

integration and superimposed on the linear part of equation  to establish non-linear modal equation.   

 Kiran D. Parmar1, Kiran A. Patel [10]   (Thermal Analysis for Skirt Dished End Joint of Pressure Vessel using Finite 

Element Analysis Approach) 

A simple method of estimating limit loads using a sequence of elastic finite element analyses and the lower bound theorem, 

termed elastic compensation, is demonstrated on the problem of the estimation of the limit behavior of torispherical pressure 

vessel heads. Two possible techniques of elastic compensation are discussed, one which has general application and one possibly 

specific to heads. The results are compared to a series of detailed elastic-plastic finite element analyses and to classical solutions. 

In experimentation to determine elastic-plastic behavior and limit pressure in representative torispherical heads four geometries 

are employed. The models are analyzed independently using finite element analysis system. The elastic-plastic analysis 

undertaken includes large deformation effects. In analysis the optimum parameters are considered which minimizes the stresses 

in joints. This increases the life of pressure vessel and reduces the cost of pressure vessel. Author concluded that stress and other 

parameters are also decreased by changing the weld size of the skirt to dished end joint.  

 Patel Nikunj, Ashwin Bhabhor [12]   (Design and Analytical Calculation of Reactor Pressure Vessel) 

Author evaluated the design of reactor pressure vessel designed by “New bluemoon engineers” and done new design of some 

major parts. The design is compared through experimental and analytical base modeling and thermal analysis by using advanced 

CAE tools. So it gives the best design which is feasible for reactor pressure vessel. This paper gives some of the important 

information, knowledge and analytical calculation and comparison of existing and new design of vessel to empower the basic 

fundamentals to carry out work. The pressure vessel is of elliptical dished end and it is designed by considering three major 

design parameters as design pressure, allowable stress and corrosion allowance. Factor of safety considered is 3. The design 

pressure is 1.5 Kg/cm2 and maximum working pressure is 1.03 Kg/cm2. The circumferential and longitudinal stresses are reduced 

in the new design that shows, design is safer than old. 

 V.N. SKOPINSKY and A.B. SMETANKIN [13]   (Stress in Ellipsoidal Pressure Vessel Heads with Non-Central Nozzle) 

Authors presented the structural modeling and stress analysis of nozzle connections in ellipsoidal head subject to external  

loading. Timoshenko shell theory and the finite element method are used. The features of the structural modeling of ellipsoid-

cylinder shell intersections, numerical procedure and SAIS (Stress Analysis in Intersecting Shells) special-purpose computer 

program are discussed. A parametric study of the effects of geometric parameters on the maximum effective stresses in the 

ellipsoid-cylinder intersections under loading was performed. The results of the stress analysis and parametric study of the nozzle 

connections are presented. Finite element modeling of the shell intersection includes application of curvilinear coordinate 

system, use of modified mixed variational formulation and a shell curved finite element with a special scheme for displacement 

and strain approximations. 

 S. Sanyasinaidu and K. Chandanarao [14]   (Design and Thermo Mechanical Analysis of High Pressure Vessels with 

Dish End) 

Author has carried out thermo mechanical analysis of high pressure vessel with dished end. Solid, multi cylinder and hemisphere 

dish end are designed according to ASME. The results are compared with simulation software ANSYS and thermal analysis are 

performed according to design temperature and results are imported in to structural analysis to find out thermal stresses. Uniform 

stress distribution is achieved over inside to outside wall by multilayered cylinder. According to design author optimized 25.55% 

of thickness due to multilayered cylinder and dished end.  

 Hardik B nayak, R R trivedi [15]   (Stress Analysis of Reactor Nozzle to Head Junction) 

Author worked on stress analysis of reactor nozzle to head junction subjected to applied to external load ,internal pressure and 

moments under different loading condition, the stress will be occur at the nozzle to head or shell junction area. The reason for 

this is the discontinuity of geometry defect will occur and the junction region will be failure source of the whole structure. 

Stresses developed at reactor nozzle to head junction are obtained by welding research council (WRC) 107 and PV (pressure 

vessel) code cal software with and without stress indices. It is found that general solution obtained for nozzle to head junction 

has not given the results in allowable limits for WRC 107 and PV code cal software because it does not take pressure into 

account while calculating the local and general stresses. The stresses calculated by using ANSYS software give more accurate 

data than 107. 
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 Shafique M.A. Khan [16] (Stress Distributions in A Horizontal Pressure Vessel and the Saddle Supports) 

Author analyzed and got the result of stress distribution in a horizontal pressure vessel and the saddle support. The results are 

obtained from a three dimensional finite element analysis. A quarter of the pressure vessel is modeled with realistic details of 

saddle support. Physical reasons for favoring of a particular value of ratio of distance of support from the end of the vessel to the 

length of vessel are outlined. 

 Bandarupalli Praneeth, T.B.S.Rao [17]   (Finite Element Analysis of Pressure Vessel and Piping Design) 

Features of multilayered high pressure vessels, their advantages over monoblock vessels are discussed in this paper. Various 

parameters of solid pressure vessel are designed and checked according to the principles specified in American Society of 

Mechanical Engineers (ASME) Section VII Division 1.  The stresses developed in solid wall pressure vessel and multilayer 

pressure vessel is analyzed by using ANSYS. The solid wall thickness is 12mm and of layers thickness is 6mm.  The theoretical 

values and software values are compared for both solid wall and multilayer pressure vessel.  

 L. Xue [18]    (Parametric FEA Study of Burst Pressure of Cylindrical Shell Intersections) 

The paper deals with analyzing of burst pressure of cylindrical cell. An elastic plastic large deflection analysis method is used to 

determine the burst pressure and fracture location of cylindrical shell intersection by use of nonlinear finite element analysis. To 

verify the accuracy of finite element result author carried out experimental burst test by pressurizing test vessels with nozzles to 

burst. The purpose is to develop a correlation equation by investigating the relationship between various geometric parameters 

(d/D, D/T and t/T) and the burst pressure. Forty seven configurations, which are deemed to cover most of the practical cases, are 

chosen to perform the study. In addition, four different materials are employed to verify that the proposed equation can be 

employed for different materials. The results shows that the proposed equation resulting from the parametric analysis can be 

employed to predict the static burst pressure of cylindrical shell for a wide range of geometric ratios.   

 Jayashri Wagh [19]   (Analysis of Effects of Quench Nozzle on Pressure Vessel Design – A Review) 

 This paper gives the effects of quench nozzle on the pressure vessel design. Author studied and analysed the effect of nozzle 

location on pressure and temperature. These nozzle if present on peak of dish end do not disturb the symmetry of the vessel. 

Sometimes process requirement dictate that some quench nozzles to be placed on the periphery of the pressure vessel and need to 

analyzed in FEA for stress attributes of the vessel. Different models of pressure vessel are prepared by varying the number of 

nozzles on the periphery and angle between the nozzles. Structural analysis is conducted for the pressure vessel when nozzles are 

present, effects of combination are analyzed and stress distribution is determined.   

II. CONCLUSION 

The literature reviewed includes study of stresses, non –linear analysis, fatigue analysis, thermal analysis. Major focus of the 

researchers is on stress analysis due to pressure generated in the vessel. Hence it is found that none of the researcher focused on 

the optimization for support location and nozzle location. It is essential to study the effect of nozzle location and support location 

due to which stresses generated in the shell. The location of support affects the stress concentration. Location of the nozzle will 

help to reduce the concentration of the stress at particular location. Hence this gap causes to focus on the area optimization of 

structure by nozzle location and support location.   
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