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ON SAINT-VENANT’S PRINCIPLE IN ELASTIC
BEAMS DYNAMICS

Abstract

In the paper we investigate the form of Saint-Venant’s principle phenomenon
in a prismatic body under the conditions of instantly applied load acting on the
pavement area of a semiinfinite beam.

The appropriate conclusions are made according to the presented graphs.

In engineering problems the distribution of the applied load on the pavement
area is usually unknown, therefore there arises a necessity to formulate the boundary
conditions only in Saint-Venant sense.

Sufficiency of the latter in the problems of statics is provided by the Saint-
Venant principle. According to this principle, influence of difference under boundary
conditions on the end-wall is not too large at sufficient distance from the end-wall.

As for problems of dynamics, the stresses and displacements caused by the pave-
ment load in them are not limited with a narrow area near the loaded end-wall.

Therefore, it is rather problematic to state boundary conditions in these problems
only in the Saint-Venant sense.

We can see such an investigation on this subject in [2], where the Saint-Venant
principle is studied only for time periodic loadings but not for shock loadings.

In non-stationary problems, when an instant load is applied to the end-wall,
undoubtedly the influence of differences in their distributions (but the principal
vector and principal moment of these loads is the same) is perceptible at initial
moment of the process after what the solution in some area should coincide.

We can verify those statements an the base of solutions [1] obtained from the
position of three-dimensional exact theory almost for any distribution of longitudi-
nal load on the pavement semi-infinite beam of rectangular cross section.

1. Problem statement
Consider a semi-infinite prism of rectangular cross section. At moment t = 0

some longitudinal load, then remaining unchangeable, is applied to the end-wall of
this prism.

In the exact statement, this problem is reduced to solving the system of equa-
tions:
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where V is displacements vector, ρ is material’s density, λ and µ are Lame constants,
under initial conditions

u = v = w = 0,
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∂t
= 0 for t = 0 (2)

and boundary conditions

σzz = σ0 (x, y) f (y)
u = v = 0

}
for z = 0. (3)




