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In this article the author solves transport task by applied programs
of information technologies MS EXCEL and MATHCAD.
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STRESS TRANSMISSION THROUGH DISORDERED
MEDIA CONFINED IN SILO GEOMETRY

Granular materials are found everywhere around us. A fundamental
understanding of the behaviour of these materials is bound to have profound
economic benefits. To understand the macroscopic behaviour of granular
media and its relationship with the microscopic properties are major objec-
tives of granular mechanics. However, presently macroscopic equations
are empiric because of the complexities at the microscopic level. Granular
media exhibit properties that are different from those of solids, liquids and
gas and much of their behavior has not been fully understood. In this paper
a brief survey of Physics of confined granular media has been presented.
This is accomplished by reviewing the experimental and theoretical work
done to determine the properties of static granular media and concerning
theories presented to explain the properties.
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1. INTRODUCTION:

A system composed of many macroscopic grains having diameter larger than
one micron is known as granular matter. For instance, sand, wheat, seed, rice,
concrete, drug compound, coal, lava flows. These seemingly simple materials
display quite complex behavior much of which much of which has not yet been
satisfactorily explained. For instance, in segregation phenomenon (segregation
particles with material properties separate into different regions) it is shown that
increase in entropy does not play an important role here. While thermodynamics
predict that jostling would lead to mixing [1]. Another example of counterintuitive
behavior exhibited by granular media is in case of silo and sand pile problem. In
case of silo the bottom pressure does not increase indefinitely with the increase
in height of packing but saturates after certain height [2]. Similarly in sand pile
the maximum weight is not found at the centre of pile rather it is distributed in
cone shape.

The importance of research in granular materials lies in the fact that they
are second most manipulated materials after water, if measured in tons, and have
enormous industrial and geophysical applications. So any improvement in body of
knowledge would obviously lead to many economic benefits. Due to the numerous
engineering applications involving granular matter, research in this field has been
continually performed by engineers [3]. However, the subject has found renewed
interest in the physics community (as well as other communities) in the past two
decades [4]. Two main subfields have been developed that of granular gases and
statics or quasi-static dense granular media.

The behavior of dense granular matter, which is dominated by prolonged inter-
particle contacts, has proven more difficult for modeling. Quasi-static properties
of granular materials are commonly modeled by using elasto-plastic models [5].

1. Macroscopic properties of static granular media

Much of early interest to investigate the static properties of granular media
was sparked by the sandpile model of self-organized critically [5], which describes
the avalanching process. Below we will discuss the static pilings of cohesion less
grains. For example, we would like to be able to describe how forces or stresses
are distributed in these systems. As a matter of fact, this is not a simple issue as,
for instance, two apparently identical sandpiles but prepared in different ways can
show rather contrasted bottom pressure profiles.

1.1.1. Sand pile

When grains are poured on the surface of sandpile the slope increases until
it attains some threshold value. After that the additional grains are roll down by
inclined surface, reducing the slope to the angle of repose. Thus angle of repose
can be interpreted as it is an angle between the surface of pile and the horizontal
surface. It depends on many factors such as density, surface area and shapes of
the particles, and the coefficient of friction of the material. The angle of repose is
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a macroscopic parameter. When sand is stacked on the top of sand heap two phe-
nomena are observed. An exceptional property is the observation, that a pressure
dip is found at the centre or apex of sand pile. This has generated great controversy,
because otherwise the traditional description would predict maximum pressure
at the apex. The phenomena depend strongly on the construction procedure. It is
reported by vanel et al [6] that if a sand pile prepared from a point source then
pressure dip is observed, while the one constructed by constant raining results to
close to common observation a pressure maximum.

1.1.2. The silo

The silo is a storage device. The principle of a typical experiment set up used
for investigation of granular material confined in a silo is depicted in figure 1.
Consider a column filled with a certain mass of grains M, . If one measures the
weight felt by the bottom plate of this silo, then a naive guess would be the pressure
would increase with the height of filling. On the contrary the careful experiments
have revealed that this weight at the bottom of silo is only a fraction of total filled

mass known as apparent mass M ap [6,7]. In other words, the confining walls of
the silo support a substantial part of the total mass of the grains.

Janssen presented a theory regarding the stress distribution in a silo [2]. It
was assumed in the theory that (a) The horizontal stresses in the granular medium

are proportional the vertical stresses, S, = Ks , Where K is redirection pa-
rameter. (b) Another simplification was made concerning friction. It was assumed
that friction between the walls of silo and grains have reached at the maximum
and are in yield criterion. (¢) The density of material is also considered constant
over all depths.

L0
Mg,
I
K 7
|
i
L h
Mepp :

Figure 1 The sketch of a typical experimental set up of silo [§]
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. The mass measured at the bottom of cyhnder is less than the ﬁlhng mass
called effective mass given by the equation

M, =M, 1- """

(1

Where saturation mass is given by,
M, = pr(D/2) 1 24K o

Here p represents the density of the material, D is the diameter of cylinder,
L s the coefficient of friction between the grains and the confining wall and 4 is
a central parameter in the theory known as characteristic length.

Ovarlez et al. [9] performed the same experiment with overload and no load
conditions. The un-overloaded (Q = 0) data of Ovarlez et al. [9] are very well fitted
by a relation like Eq. (1). Of course, the quality of such a comparison is crucially
dependent on the experimental control of the packing density and the preparation
procedure (which both govern the redistribution effect, i.e. the value of K), as well

as the mobilization of the friction at the wall (i.e. the value of /7], ). In contrast, the
presence of a finite overload Q is badly reproduced by the model. In particular,

it predicts that M becomes independent of depth if this overload is precisely

chosen such that Q =M, . This is not what is measured experimentally where
an ‘overshoot’ is observed [7], Finally, it must be noted that no real ‘granular
features’ are included in this approach. It is rather a model of screening effect.
As a matter of fact, an elastic material confined into a rough rigid column would
also show a saturation curve due to the Poisson effect which couples vertical and
horizontal normal stresses. One can in particular compute the large-scale effective
Janssen coefficient K in the framework of the linear isotropic elasticity. One gets

K=vand K=

- v) in two and three dimensions respectively (v is as usual
-V
the Poisson ratio).

2. Microscopic Properties of Static Granular Media

The stresses inside a tall silo are transmitted via forces chains. This network of
force chains is highly heterogeneous and anisotropic. The force chains are intense
particularly along which the stresses are propagated [10]. It has been investigated
by a robust experiment where a piece of carbon paper was placed at the bottom of
pile. The size of mark left by each grains on the carbon paper was measured [10],
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Figure 2 — shows the experimental set-up of the carbon paper.

Right: force distribution function P( f) [8].
The experimental data can be well fitted in functional form of P(f) as

PQ)}?’/fQ ,forf<f, 3)
f 2
Pﬁ)i:e"”, for /> f )

Where f is mean value of contact force and o stays very close to zero. It is
also found to positive and negative in experiments and simulation respectively,
whereas the coefficient beta varies between one and two.

Figure 3 — shows how forces are propagated in granular materials [19].

Such behavior has been explained by a model known as the g-model. It
predicts the propagation of stresses is distributed unevenly and randomly to
the beads lying immediate below. This model is in good agreement with the
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experimental observed exponential distribution of large force chains [11].
The q model has some discrepancies, firstly being a scalar in nature only one
component of stress has been taken care of. P. G. de Gennes solved this problem
by introducing vectorial model, resulting in better prediction for force transmission.
[20]. Secondly q model ido not predict the minimum of pressure at the centre of
sand pile as observed in experiments. Similarly Janssen law is not reproduced
here. (4) it appears that diffusive nature of the model is the main cause for these

discrepancies. the saturation depth D, where the stress distribution becomes
independent of depth scales with the silo width R as D_ » R?, at odds with

the Janssen observation that predicts D, © 4 » R.

Therefore, Bouchaud et al. [12] put forwarded a more refined version of
Janssen law. By introducing the assumption on the proportionality between
horizontal and vertical stresses:

c,=Ko_ Q)
o, =Ko, ©)
s, = 0 (7

which lead to the linear equation:

ﬂZs aEﬂZ 1-I2 0
LTy 4 : =0 ]
1z’ g‘ﬂx2 ' wzészz ®

The above equations being hyperbolic for vertical stresses differ from the
elliptical equations for elastic medium [13]. From the g-model equation that is
parabolic: it is equivalent to the equation for the wave propagation with Z as
the “‘time’” variable and K as the inverse of the propagation velocity. Using this
model the minimum pressure measured experimentally at the bottom of sand
pile has been reproduced [14]. In this connection another model introduced by
Hemmingsson [15] also reproduces the minimum pressure at centre of heap and
the correct Janssen model with the linear scaling.

Orientation of contacts

Another important microscopic quantity is the statistical orientation of the
contacts. Getting insight into the how the contacts are oriented is a tedious job,
because they are greatly influenced by gravity and external applied stress. In such
cases a vivid anisotropy in contact orientation is observed. In two dimensional
simulations carried out by Radjai et al [16] they created a layer of grains by
allowing the grains to fall uniformly. In such configuration a compact packing
has been achieved. It implies that contacts along the diagonal are more numerous
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18]. It is illustrated that large force are orientated along the main external stress
while the smaller ones are distributed in more isotropic manner.

Another important finding was that although the large forces were less than
40%, however all the external stress was supported by them. The significant
difference between the force probability distribution P(f) and the angular histogram
of contact orientation Q(0) is that the latter is very sensitive to the preparation of
system. The contact orientation function is also called the “texture” and it provides
the good representation of internal structure of the system.

3. Conclusion

In this paper only the distinctive properties of disordered media have been
focused on. It is shown that the Physics of these media is still in infancy. However
the Physics of granular materials include a wide variety of phenomenon having
broad applications, ranging from powder to celestials objects. Consequently the
experimental methods employed in this field are also diverse, ranging from carbon
paper to positron emission tomography. Many of ideas devolved for these systems
can be applied to various metastable systems where energy K7 is unimportant,
such as foams and superconducting vortex. It is expected that recent interest in
research on granular media will lead to unravel new theories and experimental
methods that would be helpful in technological processes but also augmenting
knowledge regarding macroscopic and microscopic features of granular physics.
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bi30iy aiinanameizoa cycvimanvt 3ammapost Kepyee 6onadvl. byn
Mamepuanroap KoliblblHbll @YHOAMEHmMALObl My CIHI2IHIY IKOHOMUKALBIK
natidacel 6ap. ¥caxmanzan opmanvly MAKPOCKONUSNBIK MIHE3IH JHCIHE OHbIH
MUKDOCKONUALBIK KacuemmepiMen OAulaHblCblH MYCIHY YUliH CYCbIMATbl
opma MexanuKacelnbly mMakcamoln 6iny Kaxcem. bipax ma, xaszipei yakeimma
MAKPOCKONUSUIBIK MeHoeyiep MUKPOCKONUSIbIK OeHeelde2i KUbIHObIKMAPOLH
acepinen omnupuranvlk 6oavin keiedi. CycolMaivl 3ammap 2as, CYublK HCoHe
KQmmbl 3ammapoa Kapagsamod o32e Kacuemmepae ue yHeane onapobly KoOiniy
KbLablebl 210 3epmmenmezen. Byn maxaniada uiekmenzen cyculMaivbl opma
Qusuxaceina Kpicka uiony depineen. Q2an CMamuKaibly CyColMaibl OPMAaiapObly
Kacuemmepin aHblKmayoa 9KCRePUMEHMALObIK, HCIHE MEOPUSILLIK MANOAY HCACAY
boubIHWa dHcemeoi.

Colnyuue mamepuanvl MOJNCHO HAUMU NOBCIOOY BOKPY2 HAC.
DynoamenmanbHoe ROHUMAHUE NOBCOCHUSL IMUX MAMEPUATIO8, UMeen OOIbULYIO
OKOHOMUYECKYI0 6b1200Y. Umobbl noHusams, MAKPOCKONUYECKOe NnogedeHue
2PAHYAUPOBAHHBIX CPEO U €20 CB8A3b C MUKPOCKONUYECKUMU C8OUCMEAMU
HeoOX00UMO 3HAMb OCHOGHbLE Yelu Mexanuku coinyyux cped. OOHako, 6
Hacmosiuee epemMsi MAKPOCKONUYECKUe YPAGHEHUS. AGNAIOMCS IMNUPUYECKUMU
U3-30 CLOACHOCMEN HA MUKpockonuyeckom yposie. Coinyuue cpedvl 0onadaom
CBOUCMEAMU, KOMOPbIe OMIAULAIOMCS OM MEEPObIX MEN, HCUOKOCIE U 24308, U
bonvbuLan Yacmo ux noseoenus ne Oblid NOIHOCMbIO usyuend. B oannoil cmamoe
npeocmasien Kpamkuil 0030p GuU3UKU 02PAHUYEHHBIX CHINYYUX cped. Dmo
docmueaemcsi nymem AHAIU3A SKCHEPUMEHMANIbHBIX U MeOPemu4eckux pabom
10 ONPeOeenuio CEOUCE CIMAMUYECKUX CLLITYYUX CPeO.

O0XK 372.853

M. Lll. AnuHoea, I'. C. balieynoea

XOFAPBbI OKY OPHbBIHOAf bl TEXHUKAJIbIK
MAMAHLABbIKTAFbl CTYAQEHTTEPIE ®U3UKAHbI
OKbITY/[]bIH MO CEJIEJIEPI

Ycvinvinean maxanaoa scozapvl 0Ky OPHbIHbIH MEXHUKATLLK
MAMAHOBIKMA2bl CINYOeHMMepiHe (PU3UKAHbL OKbIMYObIH JHCATNbL MOCEeePL
Kapacmuipviiean. Aemopaap 6yn mocenenepdiy uewinyin Enbacuvinbiy
Kaszaxcman xankvina sicacazan s#condaynapul asceiHoa 3epmmeiioi.
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