
Asis Mukhopadhyay, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 13, Issue 11, November 2023, pp 23-30 

  

 
www.ijera.com                                        DOI: 10.9790/9622-13112330                                 23 | Page 
               

 

 

 

 

 

 

Stresses in Granular Material 
 

Asis Mukhopadhyay1, Biswapati Chatterjee2, Prabal Kumar Majumdar3 
1Professor, 

Department of Jute and Fibre Technology, University of Calcutta 
35, Ballygunge Circular Road, Kolkata - 700019, India 

mukherjee.asis27@gmail.com 
2Professor, 

Government College of Engineering and Textile Technology 

Serampore, Hoogly - 712201, India 
3Retired Professor, 

Government College of Engineering and Textile Technology 

 Serampore, Hoogly - 712201, India 

 

Abstract: 
Jute bags are generally used for carrying various granular materials. In this case, the development of pressure in 

the bags containing these materials seems to be closely related to the container containing granular materials. This 

paper deals with the development of stresses in granular materials alongside on its container of simple cylindrical 

geometry.  
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The Figure 1. shows a bin containing granular material and the different forces acting on a small slice of granular 

material.  
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Figure 1. Forces acting on the slice of the granular material 
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Janssen [1] derived the following expression for the vertical pressure of granular material at a depth x from the 

top 
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Where, a is the radius of the container, the coefficient of friction between the granular material and the wall of the 

bin is w , b is the bulk density of the granular material,  p0 is the external pressure acting on top of the granular 

material, hp and vp  are the horizontal and vertical pressures of the granular material respectively and 

vh ppk  ; k is always less than unity in case of granular materials. Janssen assumed that the vertical pressure 

vp is constant over horizontal plane and the bulk density of the granular material b  is independent of depth. 

The horizontal pressure is given by 
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In the case of p0 = 0, i.e., without external pressure 
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and 
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also,  

                                       xx  1exp  

for small values of x,                   xx   exp1  

in this case 
a

kxw   

 

hence                                                  

                                                                xp bv   (5) 

 

                                                             xkp bh   (6) 

   

The equations (5) and (6) have some similarity with the liquid pressure, which is also the product of density and 

depth. But liquid exerts equal pressures in all directions at any point inside it, which does not happen in case of 

granular material. This difference is due to the fact that liquids cannot sustain shear forces but the bulk solids can.  

But at large x, when the exponential term is very small 
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and the pressures become independent of depth, x, but depends upon the radius of the container which is an 

interesting characteristics of granular material.                                    

It can be said that there is a critical depth xc = 
k

a

w
 up to which the nature of the pressure development in bulk 

solid is similar to that of liquid and below this critical depth the pressure in bulk solid becomes independent of 

depth. Higher the radius of the cylinder higher is the critical length. This is shown in Figure 2. 
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Figure2.Variation in horizontal pressure of granular material  

   without external load 

ph 

O 

 

Figure 3. Variation in horizontal pressure of granular material  

       under external load 
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Figure 4. Yield loci of two types of granular materials 

C 

Figure 3. shows that the effect of external load is prominent in the upper layers of the granular material and 

becomes insignificant at the bottom portion. In the expressions for horizontal pressure of granular material 

[Equation(2)], the bulk density b  and the coefficient of friction between the granular material and the wall of 

the bin w can be determined experimentally and are discussed in the next chapter but the value of vh ppk 

is difficult to determine experimentally and so estimated from the following theoretical considerations.  

 

Free flowing granular materials are characterized by a yield locus, also called the line of rupture, which is a plot 

of shear strength (Sf) under different normal stresses (N). When the applied shear stress equals the shear strength 

of the granular material, sliding of the granular material occurs. The relation between shear strength, Sf, (shear 

resistance per unit area), and the normal stress, N, (Normal load per unit area) is represented by an empirical 

equation: 

                  Sf = μN + C (9) 

There is a linear relation between shear strength and normal stress. This equation is represented graphically in 

Figure 4. 

 

 

 

 

   

   

                 

 

 

  

 

 

 μ in equation (9) is the coefficient of friction between the granules and is equal to  tan γ (Figure 4), γ is called the 

angle of internal friction. C represents the cohesion of the granular materials and is the shear strength at zero 

normal stress. 

 

For cohesionless granular material (such as dry sand) C = 0 and equation (3.58) becomes 

                                        Sf = μN                (10) 

The equation (10) is known as Coulomb’s equation and granular materials having linear yield locus are called 

Coulomb’s powder [2]. 

The state of stress in every point inside the granular materials can be represented graphically by Mohr’s circle 

which is shown in Figure 5. 

The coordinates of the point D in the Mohr’s Circle represent the value of   and   for a plane defined by the 

angle λ. called the aspect of the plane. For each different aspects of the plane in Figure 5 defined by the angle λ 

there is a corresponding point on the circle, the coordinate of which represent the normal and shear stresses on 

that plane. For granular material the normal stress is compressive in nature. 

For example, when λ = 0, the plane coincides with the major principal plane I-I, and corresponds to the point A 

on the circle, where 2  = v  and 0 , v is the vertical compressive stress. 

 Similarly, for λ = 450, the point D coincides with the point F on the circle at which  
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For λ = 900, the plane coincides with the minor principal plane II – II, and the point D coincides with the point B 

on the circle, where 1  = h  and 0 , h is the horizontal compressive stress. 

                                

Figure 6. illustrates the conditions of rest or sliding of the granular material. M0M is the yield locus of the granular 

material. If the Mohr’s circle does not touch the yield locus then the granular material is said to be in a state of 

rest. 
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      Figure 5 State of stress in granular material and Mohr’s circle 

       Figure 6. Mobilization of friction in Coulomb powder 
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On the other hand, if the Mohr’s circles, like circles C1 and C2, touch the yield locus then the shear stress in the 

plane of the granular material corresponding to the point of tangency equals the shear strengths f and 
/

f
  and 

the granular material is in a point of incipient failure near the point P1 and P2 in that plane. In this case the 

frictional forces are fully mobilized. The granular material is then in a state of plastic equilibrium because once 

the sliding starts it will continue indefinitely until the state of stress changes to one similar to that shown by 

Mohr’s circle C. 

 

There are only two circles C1 and C2 through the point Z which satisfy the condition for plastic equilibrium. One 

of these circles, i.e., the circle C1, is located on the left hand side and the other, C2, on the right hand side of the 

point Z. In the first case, the major principal stress is in the vertical direction, v > h  and this state is called 

Active Rankine state [3] which occurs in the granular materials in bags. The second case is called Passive Rankine 

state where the major principal stress is in the horizontal direction, and v < h  . 

The principal stresses 1  and 2  for a mass of granular material at plastic equilibrium in the Active Rankine 

state at the point P can be obtained from the Figure 7: 
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 Figure 7.  Direction of sliding of granular material in plastic equilibrium  
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If σa is small, 
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For cohesionless bulk solid, σa = 0, and the equation is exact. 
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In soil mechanics [3] k is called the flow value. For materials without shear strength, like liquids at rest, γ = 0, k 

= 1 and 1  = 2 . For  γ = 2/ , k = 0 i.e., material is having maximum shear strength, without any transverse 

deformation, 2 = 0. 
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The Yield loci,   and w are measured for three types of granular materials, rice, sand and flour [4], from which 

γ and k are calculated and shown in Table 1. 

 

Table 1. Values of Angle of Internal Friction (γ) and Flow Value (k) 

 

Material 
w  

(Table 4.12) 

μ  

(Table 4.10) 
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w k 

Rice 0.403 0.554 28.98 0.35 0.14 

Sand 0.566 0.576 29.94 0.33 0.19 

Flour 0.717 0.777 37.84 0.24 0.17 

 

Richard and Brown [1] also found that the product 

w k for different types of granular materials to vary 

from 0.1 to 0.22 which is in agreement with the 

present findings. 

 

Conclusions 

Following the Janssen’s equation, the 

horizontal component of pressure in the cylindrical 

portion of the bag containing granular material, 

builds up exponentially with depth. This pressure 

depend on the bulk density of the granular material, 

friction between the granular material and the bag 

wall, flow value of the granular material and radius 

of the cylindrical segment. There is a critical depth 

up to which the grain pressure is approximately 

similar to that of liquid beyond which it becomes 

independent of depth. The critical depth is found to 

be higher, in all the cases, than the height of the bag 

considered in the present study. .Effect of external 

pressure is severe in the upper layers of the column 

of the granular material and become insignificant in 

the bottom layers of a tall column. 

 

References 

[1]. R. L. Brown and J. C. Richards. (1970), The 

Principles of Powder Mechanics, Pergamon 

Press, Chapter 1, 2, 3 and 4. 

[2]. H. van der Feen and A. ten Bruggencate. 

(1934), Med. Rijks, 40, p. 13. 

[3]. K. Terzaghi, (1963), Theoretical Soil 

Mechanics, John Wiley and sons, Inc 

[4]. ] A. Mukhopadhyay (2009), Studies on the 

Mechanical Behaviour of Jute Based Packing 

Material,           Ph.D.Thesis, University of 

Calcutta 

 


