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ON THE MOVEMENT OF GRANULAR MATERIALS 
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PART I: TWO-DIMENSIONAL PROBLEMS 
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The paper is devoted to commemoration 

of the contribution of Professor Jerzy Litwiniszyn 

to the development of the mechanics of granular media 

A simple numerical procedure for determining the field of displacements of granular media in 
bins and hoppers is proposed. The procedure is based on the concept of Jerzy Litwiniszyn, 
who treated the gravity flow of granular media as a stochastic process. He and his co-workers 
presented analytical solutions to a certain number of simple problems concerning deformations 
of terrain caused by underground mining operations. The numerical procedure proposed in this 
paper is much more effective in solving numerous problems of practical significance. 

1. INTRODUCTION

In numerous practical problems, displacements of particles of granular mate
rials are analysed with the use of the method of slip-lines. This method proved 
to be effective allowing to find theoretical solutions to many problems (see e.g. 
[1, 2]). However, as indicated by J. LITWINISZYN in his early works [3-5], the 
theory of limit states and the method of slip-lines not always corresponds to real 
fields of displacements in granular materials. For example in the sand, in granu
lar materials with relatively large grains contained in bins, or even in some cases 
of tectonic movements of earth crust when it is composed of separated blocks 
of rock, the continuity of displacements often cannot be satisfied, because par
ticular elements of such medium move to same degree independently. The same 
remark may concern the movements of earth masses caused by underground min
ing works. Such discontinuity of displacements in granular media is especially 
evident w hen the movements are caused by the gravity forces (gravity flow). 
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