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RESEARCH LOADED SHELLS OF REVOLUTION SUPPORTED BY
RIBS OF DIFFERENT SHAPES

The usage of superelement method for composite shells of rotation enabled to work out an effective algorithm of
calculation of their stress-strain state. For the element of ring-type the local stiffness matrix has been made, thus
giving the possibility to observe shell-type ribs as well as ring-type ones, which cross-section sizes are smaller than
their radius. A number of calculations have been made to compare the impact of the rib form upon the tense state of
shells.
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To calculate the stress state of closed shell of rotation
at axis-symmetrical loading we use the system of differential
equations [1], [5]:
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In formula (2) E is modulus of elasticity, ν  is Poisson’ss
ratio, h is thickness of shell, r1 is curvature radius of
meridian line.

Let’s introduce unknown values SNy =1 , SQy =2 ,

SMy =3 , Uy =4 , Wy =5 , Sy θ−=6 .

By this the system (1) is brought to the normal system
of ordinary differential equations relative to unknown
functions, that will become:
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The middle surface of the shell should be in parametric
form:
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Functions, included into the system (3), are determined
according to the formula
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Let’s use the method of superelements based on the
finite element method, but allows observation of more
extensive shells. To build local stiffness matrix of
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superelements we use Godunov’s method of differential
equation system solution, that has higher accuracy of
solution [2]. It was reachable due to ortogonalization of
intermediate solutions.

To make the local stiffness matrix of superelement, it is
necessary to solve a series of two-pointed edging problems
for a homogeneous system
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Here )( 61 yyyT "= ,    22 yxB ′+′= , A  –  is a

linear system operator (3).

The first column of the local stiffness matrix k e  will be
full as a vector of solution for the first variant of initial data,
the second as for the second variant of initial data, … ,
the sixth column will correspond to the 6th variant of
problems (6), (7).

By solving non-homogeneous problems
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at zero boundary conditions   0)( 04 =ty , 0)( 05 =ty ,

0)( 06 =ty , 0)( 14 =ty , 0)( 15 =ty , 0)( 16 =ty      the
vector of forces, acting at the left and right edges in the
local system of these edges coordinates is found:

     ( )Teeeeeee fffffff 654321= , (9)

where )0000( rS
T qqq −=  is an acting

loading.
To make the global stiffness matrix and vectors of force

loading we should build the local stiffness matrices and
force in junctions for global coordinate system. The
transformation is made according to the formula:
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Here 0cosϕ ,  0sin ϕ ,  1cosϕ ,  1sin ϕ , )( 00 tyR = ,

)( 11 tyR =  – are functions, formed according to the
formula (4), (5) for initial and final focal points of
superelement.

Matrix θ  is formed as consequence of consideration
of superelement reaction at the edges. The system of linear
algebraical equations for finding of the displacements in
focal points of shell superelement is:

fK =δ⋅ , (12)

where ∑=
e

ekK ©  is a global stiffness matrix,

 ∑=
e

eff ©
 is a global vector of force,

( )SkkkS
T WUWU θ−θ−=δ ,,,...,,, 111  – are the global

displacements in focal points. Sign ∑ ©
 means the

ensemble process used in the finite element method [3].
This methods has allowed to consider ribs as shell

constructions. In case ribs sizes are small compared to
their radiuses, it is possible to use local focal matrices of
stiffness for consideration of their impact. These matrices
were built with the use of the results [4] at the observation
of z-shaped rib. In the global coordinate system they are:
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where E is modulus of elasticity, F is area of section, R  is
radius of the shell in the focal point, Jy is a moment of
inertia with respect to an 0y axis, going through the center
of section mass, a is deviation of focal point from the center
of rib mass.
Local matrix kr is added to the matrix K by method of
ensemble.
Presence of symmetry in the local stiffness matrices
ensures the symmetry of global matrix and we can use
matrix operations with banded matrices for solution (12).
After solution there will be displacements in the global
system of coordinates in the focal points of superelements.
To find the stress state of superelement from the global
solution δ  the displacements are chosen at its edges eδ
and then they are recalculated into the displacements in
the local system of coordinates

ee T δ⋅=δ . (14)

Then the corresponding non-homogeneous two-
pointed edging problem (6) is solved with the following
initial data:

Then the corresponding non-homogeneous two-
pointed edging problem (6) is solved with the following
initial data:

Fig. 1. Geometrical characteristics of cylindrical shell with ribs:
a is ring shaped rib (cases 2,3), b is z-shaped rib (4)

а b

ety 414 )( δ= ,     ety 515 )( δ= ,      ety 616 )( δ=  ,   (15)

where ee
61 ,...,δδ  are eδ  matrix elements.

A set of applied programs for personal computer was
worked out for the investigated methods.

There were made calculations of stress-strain state of
cylindrical shells for comparative analyses: 1. Without ribs,
2. With plate ring element of shell-type, 3. With rectangular
rib of ring-type, that has characteristics of the case No2, 4.
Z-shaped rib. The type of ribs and their geometrical
characteristics are given in Figure 1. Cylindrical shell and
ribs are made of material with E = 2.1·105 MPa – modulus of
elasticity, n = 0.3 – is Poisson’s ratio. Thickness of shell h
= 0.03 m. The left edge of the shell is free, the right is fixed.
The shell is loaded with normal pressure qr = 200 H/m2.

Given above variants are calculated for the data:
l = 0.5m, h = 0.03m, a = -0.0275m, b = 0.2m, c = 0.14m, d

= 0.12m.
Z-shaped rib has the same area of cross-section as ribs

2, 3.
The results of the W deflection calculations, QS

shearing force and MS curving moment depending on the
point distance of the middle surface from the left butt-
edge of the shell are given in fig.2.

Fig. 2. The results of calculation of W(s), QS(s) and MS(s) for different types of ribs
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It is visible from comparison that the results of the
calculations for the shell construction (2) and rectangular
rib of ring-type (3) coincide. Thus there is an opportunity
to calculate the shells with the ribs of the arbitrary section,
for example, case 4, that are closely attached to the shell
surface.
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