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The Present Situation of the Mechanics of Granular Materials
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Fig. 1. Free surface of granular material. It can
be changed in any profile under the condition that
the angle of inclination of surface is smaller than
the angle of repose.
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Fig. 2. Propagation of stress in granular

material.
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Fig. 3. Compression of liquid and granular
material. Pressure propagates uniformly
through liquid, while it propagates decreasing-
ly through granular material.
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Fig. 4. Yield locus for granular material.
(Monr-CoutomB failure envelope)
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Fig. 1. Fig. 3. k Fig. 2.

Fig. 5. Janssen’s experiment of silo. (c. . ref. (6))
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Fig. 6. Jenike's apparatus of shearing of granular
material. (c. . ref. (7)).
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Fig. 7. Ellipsoidal distribution of force around a
grain and stress distribution.

Table 1. Empirical relationships on powder compression (from ref. (12)).

Author Equation Remarks
Balshin - ImP=—L-V,+C P=pressure, V,=specific volume, L, C=constants
Smith o— o= Cp,PY/? £ =density, P g=initial density, C/=compressibility factor
Murra ln( 1 ) _ v2yn'’”? ( De )'/3 4n'? ¥ P DE=relative density at pressure P, ¥ =surface tension, 7= number of
urray 1—D: Oo 1—D:¢ 3 /250 pores in unit volume, ¢ ¢=yield strength at compressing temperature
Ballhausen In L e P D=relative density at pressure P
1-D
. 1 _ ( 1 ) D=relative density at pressure P, Dy=relative density at zero pressure,
Konopicky In < -5 ) = kP +In 1-D, k= constant )
. _ ' n=porosity, np=average porosity of surface clays, b=constant, x=depth
Athy n g eXp( bx) of burial
. B € = volumetric strain, f= i tress, I=time, ¢, 5, k=con-
Nutting e=¢' tkfa Smnt;/ umetric strain, f= compressive stress. time, ¢, B, k=con
Tanimoto 5= 1—u o+ ”Smtﬁ 0 =change of volume, E=elastic factor, ¢ =compressive stress, € ,=
E o+ A initial void, € g=strain at initial state, #, A=constants
£ = 1 1 = initi i — -
Terzaghi e=—aln(P+Pc)—B(P+ Pc)—~ yP + C Stantr:tw of porosity, Pc- constant at initial packing, @, B, 7, C=con
. abP _ _ . .
Kawakita C= i+ 6P P=pressure, C=relative reduction of volume, a, b=constants
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Fig. 8. Relationship between porosity p and non-
dimensional number of contact A (A= 7°A, where r
denotes the mean redius of grains and A the num-
ber of contact in unit volume).
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Table 2. Intergrain Interactions.

Model Property m by Remarks
Elastic 3/2 3/28,}{ P,, : Yielding pressure
Model 1 — - T Meag(;’ajlyuz? of particles
Plastic 1 7P u=—r
. . 1 15ur H
Elastic asperities 5/2 EYs ( 21\/_(-ém )5 Lnner deformations neglected
Model. 2 I N : Number of asperites per unit area
Plastic asperities 2 ZL Z;RLF:MY R : Radius of curvature of asperities
is n
. .- 1 67’ ¥ Deformations of large asperities and inner
Model 3 Plastic small asperities 3 57 \PNN'RE va) parts neglected
N’ : Number of large asperities per unit area
R’ : Radius of curvature of large asperities
A r
x 2 x
/ 0 0 0
: Fig. 9. States of grain
Model 1 m=1 Model 2 m=2 Model 3 m=3 contact.
w = bmpl/m ....................................... (10) cX Ptcos? m) = SiNZ G ceeeeceereeenes (13)
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(a) to (d) Resultant stress distributions on the surface of the box
(Silica sands are compressed under the mean pressure of 100
kg/cmz on the lower surface of punch)
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(e) to (h) Calculated internal principal stress distribution within
the box with a rectangular pattern (Silica sands, mean pressure
100 kg/cm?)

Fig. 10. Comparison of experimental results and solutions by FEM.
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