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Problems of numerical estimations of the strength of modern technology and
elements of structures take an important place in their design, creation, test and
operation. For many structural elements calculation schemes can be used in the form
of thin-walled beams. Operating conditions of such structures are characterized by high
levels of temperatures and dynamic loads. Under these conditions, due to such
phenomena as creep and damage, there are limitations in the properties of strength and
durability of such structural elements. Exploitation conditions in many cases of such
structures elements correspond to action of quasi-static loadings and non-stationary
physical and mechanical rapidly oscillating fields. So it is necessary to take into
account dynamic effect in problem statement.

A solution method of dynamic creep-damage problems for bodies which can be
modeled as thin-walled beams is presented in the paper. The original initial-boundary-
value problem of dynamic creep for bodies under the action of harmonic loading is
reduced to two correlated initial-boundary-value problems in two time scales — slow
and fast [1]. The paper considers the statement of such problems, namely isotropic
dynamic creep and damage of thin-walled beams under the bending condition with
different types of edges fixation.

The possibilities of methods based on the solution of differential equations of
initial-boundary value problems in the theory of elasticity, plasticity, and creep are
rather limited. It is known that variational formulations of such problems are a
convenient basis for creation and theoretical substantiation of many problems
calculations of difficult designs [2-5]. The first problem (slow time scale) is solved by
using the mixed variational principle and a numerical-analytical method based on a
combination of numerical method of continuation of time solution and analytical
solution of variational equality for mixed functional in step time by the variational-
structural method of the R-functions theory. The paper proposes such effective method
for dynamic creep-damage problems solutions of bodies which modeled as thin-walled
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beams on the basis of a mixed variational principle and variational-structural method
[2, 3, 5]. The second problem in fast time scale is solved by using Gaussian numerical
method for determining of amplitude values of stresses which are used for integration
of dynamic creep state equations for isotropic bodies.

Such approaches to solving the problems of strength of structural machines
elements attract the attention of many researchers, which explains the actuality of the
research topic and the results of this paper.

Practically important numerical estimations of strength and durability of constructive
machine elements, such as beams, are given by using the proposed numerical method.
Numerical data of solving dynamic creep-damage problem for beams bending with different
types of edges are given. Beams with clamped edges from sides, hinged supports and clamped
edge on the left side under actions of uniformly distributed load and oscillation load along
length are considered. It should be noted a very significant redistribution of stresses and an
increase in displacement over time for bending beams.

After analyzing the data in table 1, we can conclude that the amplitude of the
oscillating load significantly affects the time to rupture of the beam. Increasing the
values of the amplitude of this load leads to a decrease in the value of the time to rupture
of the beam. An increase in the frequency of the oscillating load also leads to a slight
decrease in the time to rupture of the beam.

Table 1 — Time to rupture dependence of the beam on amplitude and frequency of the
oscillating loading

P
kN 0 1 1,5
Q rad/s
0 51 hours - -
100 - 41,2 hours 33,3 hours
200 - 41,9 hours 34,3 hours
300 - 42.9 hours 35,8 hours

It can be concluded that oscillating load has no effect on the feature and magnitude
of stresses and displacements distribution, but have effect on the change in time to
rupture of the beam for all types of edge fixations. Increasing the values of the
amplitude of this load leads to a decrease in the value of the time to rupture of the beam
for all types of edges fixations.
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