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ABSTRACT: 

In this thesis, finite element analysis is performed on 

the thin spherical shell geometry under external 

pressure for different materials & geometric 

imperfection and compared with that of perfect thin 

spherical shell. 3D models of perfect and imperfect 

thin spherical shells are done in Creo 2.0. Static, 

Modal, Random vibration and Buckling analyses are 

done on the perfect and imperfect thin spherical shell 

using different materials Copper, Aluminum alloy 

7075 and composite material E– Glass Epoxy. 

Analysis is done in Ansys 14.5. 

 

INTRODUCTION: 

Spherical shells as structural parts are used extensively 

in several applications, like nuclear, offshore, fossil oil 

and transport. Because the shells are subjected to 

varied loading conditions like external pressure, 

unstable or thermal masses, compressive membrane 

forces are developed which can cause the shells to fail 

because of compressive instability. For spherical shells 

underneath external pressure, comparisons between 

buckling masses from testing and theoretical concerns 

have incontestible giant discrepancies. The load that an 

outwardly pressurised spherical shell will support is 

considerably below the classical elastic buckling. The 

discrepancies between check and theory are owing to 

numerous material and geometric imperfections that 

arise throughout totally different fabrication 

procedures. The intense sensitivity to tiny initial 

imperfections or deviations from the proper geometry 

is because of the unstable post buckling strength of 

spherical shells and residual stresses. So as that the 

shells perform their meant perform adequately, decent 

style margins against buckling ought to exist.  

 

These style margins are established by means that of 

theoretical and/or numerical analysis and on 

comparison with check results. So as to perform a 

numerical analysis, the data provided to the structural 

engineer with relevance the important initial geometric 

imperfectness and residual stresses isn't adequate. 

 

LITERATURE SURVEY: 

The work done by N.A. Makhutov[3], the basic 

industrial and technical areas of applications of 

pressure vessels and shell structures used are 

investigated. The design and operation features of the 

structures for chemical and petrochemical production, 

metallurgy, thermal and nuclear power engineering, 

shipbuilding, aviation and rocket-aerospace systems 

are presented. The specifications and operating 

conditions of pressure vessels are listed depending on 

the performance type. The work done by I-Shih[4] the 

pressure-radius relation of spherical rubber balloons 

has been derived and its stability behavior analyzed. 

Here it is showed that those features are practically 

unchanged for thick spherical shells of Mooney-Rivlin 

materials. In addition, it is also showed that eversion of 

a spherical shell is possible for any incompressible 

isotropic materials if the shell is not too thick.  

 

ANLYSIS OF THIN SPHERICAL SHELL 

MATERIAL – E GLASS EPOXY 

IMPERFECT THIN SPHERICAL SHELL 

The pressure value has been taken from the reference 

of Pressure vessels and shell structures , N.A. 

Makhutov and Yu. G. Matvienko specified as [3] in 

References chapter. 
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STATIC ANALYSIS  

 
Fig: Pressure is applied inside the shell 

 

 
Fig: Deformation of imperfect thin spherical shell 

using E – Glass Epoxy 

 

 
Fig: Strain of imperfect thin spherical shell using E 

– Glass Epoxy 

 
Fig: Stress of imperfect thin spherical shell using E 

– Glass Epoxy 

 

RESULTS TABLE 

 
By observing the above results, the stresses are 

increasing by about 13% for spherical shell with 

imperfection for Copper material, by about 22% for 

Aluminum 7075 material, by about 4% for E - Glass 

material and deformations are increasing by 7% when 

compared with that of spherical shell without 

imperfection. The stress values are less when  E– 

Glass Epoxy is used. It can be concluded that the 

perfect shells have more load carrying capacity than 

the imperfect shells. 

 

MODAL ANALYSIS  

 
Fig: Mode 1 of imperfect thin spherical shell using 

E – Glass Epoxy 
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Fig: Mode 2 of imperfect thin spherical shell using 

E – Glass Epoxy 

 

 
Fig: Mode 3 of imperfect thin spherical shell using 

E – Glass Epoxy 

 

RANDOM VIBRATIONAL ANALYSIS  

Random vibration analysis is done by taking the 

results from the modal analysis. The results 

determined are directional deformation, shear stresses 

and strains.  

 
Fig: Directional deformation of imperfect thin 

spherical shell using E – Glass Epoxy 

 

 
Fig: Shear stress of imperfect thin spherical shell 

using E – Glass Epoxy 

 

 
Fig: Shear strain of imperfect thin spherical shell 

using E – Glass Epoxy 

 

BUCKLING ANALYSIS  

Buckling analysis is done to determine the 

deformations and buckling load factor. From buckling 

load factor, the buckling load can be calculated. 

 
Fig: Mode 1 of imperfect thin spherical shell using 

E – Glass Epoxy 
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Fig: Mode 2 of imperfect thin spherical shell using 

E – Glass Epoxy 

 

 
Fig: Mode 3 of imperfect thin spherical shell using 

E – Glass Epoxy 

 

CONCLUSION 

By observing the static analysis results, the stresses are 

increasing by about 13% for spherical shell with 

imperfection for Copper material, by about 22% for 

Aluminum 7075 material, by about 4% for E - Glass 

material and deformations are increasing by 7% when 

compared with that of spherical shell without 

imperfection. The stress values are less when E– Glass 

Epoxy is used. It can be concluded that the perfect 

shells have more load carrying capacity than the 

imperfect shells. Modal analysis results determine the 

frequencies, which defines the vibrations of the 

structure. By observing results, the frequencies are 

reducing for imperfect spherical shell by about 6% 

when compared with that of perfect spherical shell. So 

the vibrations are reduced for imperfect spherical 

shells.  

The frequencies and deformations are more when E 

Glass is used. By observing Random Vibration results, 

the directional deformations are increasing for 

imperfect thin spherical shell by 30% when E– Glass 

Epoxy is used. The stresses are increasing for 

imperfect spherical shell by 12.7% when E– Glass 

Epoxy is used. From buckling load factor, the buckling 

load can be calculated. The buckling load is the load 

under which the spherical shells fail. So the load factor 

must be more for more life. By observing Buckling 

analysis results, the load multiplier is less for imperfect 

spherical shell. So the imperfect spherical fails faster 

than for perfect spherical shell. The load multiplier is 

more when Copper is used. So the life of perfect 

spherical shell with Copper is more. 
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