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Abstract— Pressurized steel thin walled cylinder is widely used in industry for transportation of petroleum fuels and gases and it is
designed to withstand higher value of pressure. Stresses induced in closed thin steel cylinder are analyzed using simple finite element
method to measure the hoop and longitudinal stresses and show the stress distribution through thinly walled cylinder thickness. The linear
material model is considering no damage criteria. Flat plat ends are used to close the cylinder ends. The model is compared with
mechanics of material concepts. The finite element deduced model is in good agreement and give reasonable results.

Index Terms— pressurized cylinder, thin cylinder, hoop stress, longitudinal stress.

1 INTRODUCTION

HE pressure vessel can be defined as a tank containing
pressurized fluid higher than atmospheric pressure. The
cylinder vessel may contain a changeable state fluid like in
boiler, therefore, it is subject to both temperature and chemical
reactions [1, 2]. Many types of the vessels have thinly walled
structure thickness; therefore, they need a lot of investigations
to analysis stress through the cylinder.
Kolekar and Jewargi[1] numerically studied stress induced in
the pressurized cylinder vessel with different types of sup-
porting heads. They used finite element method to calculate
the stress concentration near supporting technique. The results
reported that cylinder vessel with the elliptical head was the
more efficient.
Subramani and Sugathan [3] used finite element analysis to
measure buckling phenomena in both cylindrical and elliptical
shells. They compared results of linear and non-linear finite
element analysis. They concluded that the stresses and loads
are very high with linear analysis whereas, it was reduced
with nonlinear analysis.
Das et al. [4] numerically investigated the stress concentration
in thin-walled cylinder vessel at its opening. The effect of dif-
ferent opening radiuses on the stress concentration factor was
evaluated using Finite Element Analysis of Structures. The
study objective is to get cylinder radius opening which gives
minimum stress concentration factors, the obtained results
were compared by the numerical results obtained by ANSYS.
Ibrahim et al. [5]used equations of equilibrium in basic of me-
chanics of material to calculate and evaluate the hoop and
longitudinal stresses induced in the cylinder wall thickness. A
case study was done between the derived equation and strain
induced in pressurized cola cans.
Finite element analysis is used widely to measured stress and
stress concentration in thin shell plate [6-13].
The two main goals of the present study are:
1-prediction of both hoop and longitudinal stress in the thin-
walled cylinder
2- Draw stress distribution over the thickness of thin-walled
cylinder with closed ends

2 STATUS AND APPLICATION

2.1 Review Stage

A thin cylinder 75 mm internal diameter, 250 mm long with
walls 2.5 mm thickness is used as a tank in petroleum fuel sta-
tion. The pressurized gas in the cylinder is 7 MN/m?2. The aim
is to build a robust simple finite element model to measured
stress induced in the cylinder wall due to the internal pres-
sures. The young modulus of cylinder material is 200 GPa and
passion ratio is taken as v = 0.3[14].

3 MECHANICS OF MATERIAL MODEL

Hoop stress can be defined as the stress which is set up in re-
sisting the bursting effect of the applied pressure and can be
most conveniently treated by considering the equilibrium of
half of the cylinder as shown in Fig. 1.

Total force on half-cylinder owing to internal pressure (Ft) can
be as follows[14];

F, = p X projected area 1
=pxdl
Total resisting force owing to hoop stress gy set up in the cyl-
inder walls
20hlt =F, =p xdl
pd 2
Oy = =
2t

Consider now the cylinder shown in Fig. 2. Total force on the
end of the cylinder owing to internal pressure[14];
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Fig. 1 stresses induced in thin-walled cylinder[15]
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Fig. 2 stresses induced in closed cylinder in longitudinal direc-
tion[14]

4 FINITE ELEMENT METHOD
4.1 CONSTITUTIVE EQUATIONS

the linear elastic model of the steel material is used, which
implement hooks low, the isotropic linear elastic model is
simplest form is as follows [16].

€11 1/E —v/E —-v/E 0 0 07,011 4
(szz] [—v/E 1/E —v/E 0 0 0 ] (022]

€33 | _ —U/E —U/E 1/E 0 0 0 033

e[| O 0 0 1/6 0 0 1012 f

€13 0 0 0 0 1/ 0 013)
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For the most simple case the stress and strain tensor re-
duced to simple Hook’s law ;
oc=¢E 5

4.2 FINITE ELEMENT DOMAIN AND BOUNDARY CONDI-
TION

The swept meshing technique is used to generate a domain
of 22126 elements of (C3D8R) type as it is shown in Fig. (4).
This type of element is selected because of that element has

more flexibility and easy to be convergence. The finite element
domain is subjected to internal pressure overall internal sur-
face of the cylinder (see Fig. 5-a), whereas, the two ends of the
cylinder constrained in all direction of motions as shown in
Fig. (5-b). The model is linear elastic which used young modu-
lus and passion ratio of the material previously mentioned. To
reduce computational model no damage criteria are selected
as the design needs the material to be in the elastic region. The
two flat end plates are attached to the cylinder ends using
“tie” interaction module. Static perturbation analysis is used
for the test.

Fig. 4 Finite element mesh domain

a)
Fig. 5load and B.C domain

Results and validation

Figs. (6 and 7) show stress distribution over thickness in the
thin cylinder, it is clearly observed that the change is little, this
is because of the thickness is relatively small. A comparison
between the hoop and longitudinal stresses induced in the
cylinder wall is listed in Table 1. Von-Mises stress contour is
illustrated in Fig. 8, the maximum and minimum value of
stress at the ends of the cylinder. The mode of deformation for
the closed cylinder ends is sever and dangers because the area
of flat ends in the pressurized vessel is taking the most of the
pressure. Hoop stress contour is shown in Fig. (9-a), whereas,
longitudinal stress is shown in Fig. (9-b). The mesh is made
medium coarse to reduce computational time. The prediction
for longitudinal stress gives an increasing deference than that
of hoop stress, this can be attributed to large deformation in
the flat ends plate which dissipated the stress through it.

Table 1 Comparison between FEA and mechanics of mate-
rial

Stress type FEA Mechanics of
material
Hoop stress (MPa) 105.07 105
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Fig. 6 Hoop stress distribution over cylinder wall thickness
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Fig.9 Hoop and longitudinal stress through thin-walled cyl-
inder
Conclusion

A Simple finite element model has been built to predict
stresses induced in pressured closed thin walled cylinder ves-
sel. Finite element model gives good agreement results with
criteria of mechanics of material. The model gives a good
stress distribution for both hoop and longitudinal stresses
over the thickness of the closed thin cylinder under internal
pressure. The flat plate ends are reported not suggested or
recommended in pressured cylinders.
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