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ABSTRACT

Results of researches of stability of the cylindrical cover of circular cross section consisting of several
layers at a zagruzheniye the external evenly distributed loading are given in this article. Settlement
dependences are offered, critical loadings, opkredelena of a form of loss of stability of a cover are
found.
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INTRODUCTION

The problem of stability of a hingedly surface of the shell. The general view and
supported cylindrical shell with a circular cross- cross-section of the shell are shown in fig. 1.
section containing a longitudinal bundle is

considered. The load is taken to be a uniformly

distributed pressure applied to the outer
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Figure: 1. General view (a) and cross-section of a cylindrical shell with delamination (b)

Delamination divides the shell by thickness into
several characteristic sections with
thicknesses  h,h;, hy. The introduced
parameter h*= h!/ h" determines the location
of the crack along the shell thickness. For a
neutral surface h* = 0,5. The change in the size
of the crack in the transverse direction is
characterized by the parameter Y * =/ rt. For
this problem, there is a well-known solution
obtained by V.P.Troshinim [1-8].

The influence of the size and location of the
interlayer crack along the shell thickness on
the value of the critical external pressure is
investigated. The calculation of the shell was
carried out with the following initial data:
modulus of elasticity E = 210 GPa; Poisson's
ratio u - 0.25; the ratio of the radius of the
middle surface of the shell to its thickness R/
hir = 100; the crack opening angle Y varied in
the range from o rad to 0.754 rad; the ratio of
the shell length to the radius of the middle
surface was taken equal to I/R = 1; 2. The ratio
of layer thicknesses h'/h" varied from 0.1t0 0.9.

A fragment of the shell bounded by contour
lines x'=0, x?=0 and symmetry lines x'=l/2, x’>=1t
was taken as a calculated one. A finite
difference mesh of 15x37 nodes (15 nodes in
the length direction and 37 in the x' direction;
20 out of 37 nodes were superimposed on the
defective area) was applied to the fragment
selected in this way, at which the calculation
error does not exceed 3%.

Calculation results for a shell with a defect
located on the middle surface (see Fig. 1) in the
form of dependences of dimensionless loads
g*=ga/go on the parameter Y*=y/2m, where q.r
is the critical load for a shell with a defect; qo is
the critical external pressure for a defect-free
shell with a length of I=1 m, which was
determined by the formula:

__ 1.75.E 4 hij
9o = 3 123(1-v2)3 [1].
IRZ
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The calculation results were obtained without between the layers within the boundaries of

taking into account the one-sided interaction the defective areas.
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Figure: 2. To the calculation of a cylindrical shell with a defective section (solid lines - critical loads

corresponding to symmetric forms of buckling; dotted lines - the same, skew-symmetric; round
markers - results obtained by the proposed method)

The performed calculation shows a good
convergence of the critical load values (the
maximum discrepancies do not exceed 5%).

As seen from Fig. 2, a change in the shell
length significantly affects the absolute values
of the critical external pressure. However, the
general character of the curves remains the
same with varying the shell length. All the
above dependences, when changing * from
zero to Y*=0.015-0.02, have a horizontal
section, within which the critical parameter q.-
remains constant. Therefore, the parameter
p*=0.02determines the limiting width of the
admissible  bundle  opening.
delamination does not reduce the initial

Smaller

critical load. Large-sized stratifications lead to
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a decrease in the critical external pressure and
localization of the general form of wave
formation.

An analysis of buckling patterns shows that
with a symmetric shape and small sizes of
initial defects, crack opening can occur.
Depending on the size of the delamination,
alternating forms of buckling occurs -
symmetric and skew-symmetric. The order of
changing the buckling forms can vary

depending on the length of the shell.

Investigation of layers asymmetric in the
thickness of the shell showed that their
location near the inner surface of the shell can
lead to buckling of one thin layer. With a large
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thickness of a thin layer, the shell loses its
stability in mixed forms.

It should be noted that contact interactions
between the layers are possible at large
delamination sizes (this fact was determined
from the intersection of layers when
constructing forms of loss of stability).

In contrast to the general forms of buckling,
the critical loads for local forms of buckling
depend little on the shell length. Obviously, for
shells of relatively long length, the level of the
critical external pressure of a defect-free shell
can be lower than the lowest value of the
critical load of the local form of buckling of the
shell with delamination.

The calculation showed that delamination
located symmetrically from the neutral surface
of the shell in the interval h*=0.35-0.65 is
equally dangerous. In the general case, the
surface  curvature affects the critical
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parameter and the size of the limiting bundles.
For this reason, a delamination located closer
to the inner surface of the shell reduces the
critical pressure to a greater extent than a
delamination closer to the outer surface.

The limiting size of the delamination is
determined based on the degree of reduction
in the critical load. Since in the case of a local
form of loss of stability one should expect
instability of only one thin layer, the loss of
stability of the entire shell in this case does not
occur (provided that the separation does not
propagate). Consequently, the limiting
dimensions of the delamination found on the
basis of the local form of buckling are not
restrictions on the bearing capacity.

In the development of the research, an
analysis of the stability of a hingedly supported
three-layer cylindrical shell with a defect in the
central part located between the inner bearing
layer and the filler was carried out (Fig. 3).
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Figure: 3. To the calculation of the stability of a three-layer cylindrical shell with a defect in the central

part
The shell was loaded with a uniformly
distributed pressure applied to the outer
surface of the carrier layer. The part of the
shell bounded by lines along the x' = 0, x'=/2
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axis and by symmetry lines in the x> = 0,x’=1t
direction was taken as the calculated
fragment.
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The following parameters were taken as the
initial ones: the modulus of elasticity of the
bearing layers E (+)=210 GPa; the modulus of
elasticity of the filler E =2.10 GPa; Poisson's
ratio for all three layers is taken v(%)=v=0,25.
The thickness of the outer bearing layer h(-
)=0.002 m, the filler h = 0.018 m, the inner layer
h(+)=0.001 m. The ratio of the radius of the
middle surface of the three-layer shell to the
thickness of the three-layer package R/H=100;
the size of the defect  in the direction of the
X2 axis varied in the range from 0.1rad to 0.754
rad; the ratio of the length of the shell to the
radius of the middle surface is 1/K=1:2.

As a result of the calculation, the critical loads
were found, the forms of buckling were
determined.

The main results of the calculation (see Fig. 3)
in the form of the dependence of the
dimensionless value of the critical load
q*=[q./(E (+)]10%n the parameter
P*=y/(2m).The typical form of loss of stability is
also shown here. The resulting critical loads
correspond to symmetric buckling patterns.

It was found that a change in the size of a
defectin the direction of the x* axis in the range
from Y*=0.01-0.015 does not reduce the critical
load. Defect opening exceeding
Y*=0.015 lead to a decrease in the critical load
and localization of the general form of buckling
of a three-layer cylindrical shell.

angles

The results of studies of the stability of a
cylindrical shell of circular cross-section,
consisting of several layers when loaded with
an external uniformly distributed load, made it
possible to establish the actual operation of
the shell. The proposed
dependences give good convergence of the

calculated
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found critical loads, made it possible to
determine the forms of buckling of the shell
and can be used in practical calculations.
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