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ABSTRACT

This study deals with the problem of pipes subjected to three types of time-varying
pressure: actual step-pressure, cyclic pressure, and transient ramp-pressure. The pipes are initially
at rest. The pipe material is assumed isotropic and homogeneous. The stresses are considered in
linear elastic range, and axisymmetric. Elastodynamics, with generalized plane strain on the pipe
section, is employed for this problem; so governing equations with time-dependent boundary
conditions are obtained. The method to solve these equations is proposed that the set of the
equations is divided into two parts. The first part is found by careful consideration that the
remaining part must be governing equations with homogeneous boundary conditions, which can
be solved by the method of separation-variable. It is discovered that this method gives complete
mathematical solutions for time-varying displacement and stresses. The result is checked by
reducing the form of time-varying pressure to that of classical static pressure. The reduced results
match exactly the classic solutions case by case. So, the results from this study is claimed usable.
In addition, it is found that the solution to the case of cyclic pressure is more accurate than those
of other studies in the past, because it completely shows dynamic effects without any
approximation. After this, the stresses in the pipes are studied by changing pipe size, the ratio of
internal to external radius, the axial strain, and variables for dynamic action of each type of
pressure. The result is that the pipe size has very little effect on stresses if the ratio of pipe radii

does not change. Increasing of the internal to external radius ratio results in stress increase if the
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pipe size is kept constant. In case of large axial strain, the Von-Mises stress is also large. For the
dynamic actions of the pressure it is found that, in case of actual step-pressure, when the rising
time is short, the stress amplitude is large. If the rising time is very short, the peak stresses are
much higher than the average stresses. When the rising time is very long, the stress amplitude is
so small that the mean stress can be calculated by using Elastostatics as well. In case of cyclic
pressure, if the angular velocity of pressure is close to the natural frequency of the pipe, the
stresses are very high. In case of transient ramp-pressure, the decreasing of unload time increases
the stress amplitude. For this case, when the pressure is down to zero, the average stresses are
zero but the peak stresses are still not zero. Besides, a computer program is developed, by using
the solutions from this research, for designing long pipes subjected to these pressure. In the
design procedure, the maximum-distortion-energy theory is used for the case of actual step-
pressure and transient ramp-pressure, whilst the Soderberg’s criterion is used for the case of

cyclic pressure.



