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The effects of a resisting medium on the motion of rigid-plastic bodies 
can be easily accounted for in the case when the resistance of a medium 
depends on the velocities of the points of rigid-plastic structures. As 
an example there is considered the case of motion of an infinite beam 
subjected to an impact loading applied with constant velocity. The re- 
sistance of the medium is assumed to be a power function of the velo- 
cities. 

The results of this investigation may be extended to the case of rigid- 
plastic plates and shells moving in a resisting medium. 

A rigorous formulation of the problem of motion of a rigid-plastic 
body moving in a resisting medium, requiring considerations of the motion 
of both the body and the medium, is very complicated. Substantial simpli- 
fication is obtained for the case when the law of the resistance of the 
medium is given a priori. Such an approach was used in the past to solve 
a number of problems. Thus, in the case of beams and plates resting on 
an elastic foundation, it is assumed that the resisting force of the 
foundation is proportional to the displacements of the beam, (cf. [l]; 
an analogous assumption was also made for rigid-plastic beams [2] ). In 
studies of the action of impulsive waves on ship structures it is some- 
times assumed that the resistance of the medium is proportional to the 
first power of the velocities of the bending deformations. Such an 
assumption was made for cylindrical shells [3], and for an initial 
motion of plates [4]. An assumption regarding the resistance of the 
medium being proportional to the square of the velocities of the dis- 
placements was made in the investigations of the effects of transverse 
impact loading on rigid-plastic strings and membranes [5,6]. 

In the solution of the dynamic problem for rigid-plastic structures 
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it is necessary to 8ssume the velocity fields of the displacements, which 
must be compatible with the flow law and the plasticity law of the 
plastic potential. If the plastic hinges or the flow lines are station- 
ary, then the problem of the determination of the velocity field is equi- 
valent to the problem of the determination of the displacement field. 
@oreover, in this case the form of the solution will be independent from 
the characterization of the resistance of the medium either by the velo- 
cities or by the displacements. If, however, the plastic hinges or the 
flow lines are not stationary, then simple solutions are obtained assum- 
ing that the resistance of the medium depends on the velocities only. 

As an example, let us consider the problem of an infinite beam sub- 
jected to a load applied with constant velocity. The solution of this 
problem without the resisting forces is known [7,81. Let the axis of the 
beam coincide with the x-axis of the coordinate system. Assume also that 
the resisting forces r depend on the velocity y as follows 

where u is a constant multiplier. Note that for n = 1, i.e. in the case 
of the waves acting on the ship structure, it is assumed that 0: = PC, 

where p is the density and c is the speed of sound l3.41. We assume, more- 
over. that the velocity field is given in the form, f83 

Here c(t) is the coordinate of a stationary plastic hinge. It is 
assumed that at the point of impact a stationary plastic hinge is formed 
and two nonstationary plastic hinges are moving in opposite directions 
from the stationary hinge. 

The equation of motion of a beam is 

M”s:r+mij (3) 

Using (1) and (2) and integrating (3), taking into account that 

M’(O, t) = P/2, where P is the external force acting on the beam, we have 

M’=-- %+crvon,[i-~(5)+n(~~1) (;,“-...]+* (4) 

Integrating this equality and noticing i;hnt M(0, t) = M, we have 

The condition M’(c, t) = 0 results in 



Rigid-plastic bodies in a resisting medium 493 

_ G+avon& [I- {+n(n;l) -...]+L$=O 

and from the condition M(e, t) = - Mowe have 

(6) 

(7) 

From (6) and (7) we obtain differential equation for < 

Ei + 3avon--1a (4 fa _ 6M,, 
n m% 

The solution of this equation 

1 2a 3n(n--1) a(n)=iji--jy+--47--. . . 

has the form 

(8 

E = { avf$n) (I- exp [- 6avOn2 tn) I] r (9) 

The solution for the case without the resisting force can be obtained 
from (9) by letting a v 0. We thus find 

(10) 

This formula coincides with the solution obtained by Conroy [71 and 

Hopkins [81. 

Comparison of (9) and (10) shows the difference in the behavior of a 
beam caused by the presence of the resisting forces. 

For t- m the whole free beam will be affected by the motion, while 
in the presence of resisting forces the perturbation will affect only 
the following segment of the beam 

From (9) we have 
e=a* 

~=(~[l-exp~~$)])“’ for n = 1 

E={+&[I-exp (-+a+)[” for n=2 

(11) 

(12) 

Using (6) or (7) in connection with (9), we can see that, similarly 
as in the case without the resisting force, at the initial instant the 
force P has a singularity of the form t-li2. Moreover, one must be 
assured that for O<z,<E; the conditionlMl< M, is satisfied. This fact 
is easily verified, at least for n = 1 and n = 2, through an analysis of 
the Formulas (4) and (6). 

The solution (9) was obtained assuming that the force P is acting on 
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the beam. It cm be demonstrated that at the removal of the force P the 

whole beam must return to such a state of motion which would be independ- 

ent of the existence of the resisting force. This was demonstrated in cg] 

assuming that there are no resisting forces. 
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