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ABSTRACT

Granular materialsarefound every where despite they are poorly under stood at
microscopiclevel. Themain hindranceishow to connect the micr oscopic properties
with themacroscopicbehavior and proposearigorousunified theory. Onemethod isto
test theexisting theor etical modelsin variousconfigur ations. I n thisconnection we
have performed experiments in different configurations of granulesin a silo to
determinethevalidity of the Janssen model under such arrangements. Two and four
layered structuresof different bead diametersareprepared. Theeffectivemassat the
bottom of thecontainer in such caseshavebeen measured. M or eover, theinvestigation
of layered structuresrevealsthat such configurationsalso follow well the Janssen
model. An inter esting per colation phenomenon wasobser ved when smaller beadswere
stacked on larger ones, despite the model remained valid. Furthermore, it is

Validity of the Janssen Model for Layered Structuresin a Slo

Compaction.

1 INTRODUCTION

ranular materials exhibit many interesting and

exceptional phenomenon that prevents them

from simply perceiving among the known form
of matter solid, liquid and gas [1]. Such a media has
enormousindustrial and geophysical applicationsand any
advancement in understanding their properties would
obviously lead to many economic benefits. There have
many efforts to characterize them in fundamental terms,
using kinematic models there have been some successin
understanding the energetic granular gases. However, the
mechanics of dense granular media still lacks such an
understanding, because of the complexities found in the
underlying microscopic systems|[2]. For practical purposes
thereexist empiric engineering model which describeswell

demonstrated that Janssen law holdsfor lar ger bead diameters.
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the mean behavior of granular materials, Janssen model is
one of them. Janssen model demonstrates that unlike
hydrostatic the mass measured below a granular column
does not increase indefinitely as the height increases
instead after acritical height A known aseffective screening
length, the top weight is screened by the side walls and
the forcefelt at the base of container isonly afraction of
total filled masstherest is supported by sidewalls, thisis
attributed to shielding effect causing most of weight to
side walls rather than to base of silo [3]. Despite of its
simplicity it is still used in designing of silos [4]. The
difficulty in testing experimentally lies in its strong
dependency onfilling procedure even the samefilling mean
exhibits different results [5-6]. Vanel and clement have
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devised awell controlled experimental set-up to measure
accurately and reproducibly the effective massaswell as
itsfluctuation at the bottom of agranular column moving
down with slow velocity they found their resultsin good
agreement with the model, however in order to get better
fitting of their data points they proposed two parameter
model [7]. Furthermore Janssen model have also been
checked in other experimental studieswherethesidewalls
were dragged upward to fully mobilize the packing these
investigations have also confirmed the validity of Janssen
law[8-10].

Theaim of thispaper istolook at the vaidity of the Janssen
law in different configurations. Janssen has been checked
for larger diameter of beads as well as for two and four
horizontal layered structures. In this paper we verify that
Janssen model is also valid not only for larger bead
diameters 3, 4, 6, 7, 8 and 12mm but also for two and four
horizontal layered structures.

2. EXPERIMENTAL SET-UP

Our experimental set-upisillustratedin Fig. 1. Thegrains
of mass M are uniformly poured by funnel placed on top
into the gap between the silos. A cylindrical piston forms
the base of silo. The piston is carefully aligned so that
during its motion it neither touches the walls of silo nor
alowstheleakage of grains. Before each experimenta run
piston is inserted inside a vertical cylinder to a certain
height, after thegrainsarefilledin cylinder ashort relaxation
timelessthan one minuteisallowed so that el astic energy
accumulated by weight sensor may be relaxed. Then the
pistonisallowed to descend at aslow velocity (0.02mm/s)
onatotal distance of 20mm. Theaim of choosing alonger
is to such that the slow downward motion of the piston
could fully mohilize thefriction force between the granules
and the confining walls of silo. The bottom end of piston
screwed onto the weight sensor and the force exerted by
grainson thetop horizontal surface of pistonismeasured.
In such an arrangement the static pressure is entirely
transmitted to a weight sensor, and a computer records
data given by sensor throughout the process. The

corresponding force exerted by beads on weight sensor is
referred to as instantaneous effective mass M, since its
valueisdifferent fromthetotal filled massM..

Inthiswork six beads of different diametersare used. The
grains are non cohesive, dry and mono-disperse glass
beads with density 2.6 g/cm?. The diameter of granulesd
used are 3, 4, 6, 7, 8 and 12mm, respectively, whereassilo
havinginternal diameter D=43.6mm have been used. Fig. 2
displaysthetypical plots of instantaneous effective mass
M, as afunction of filling mass M, of 600g for different
diameter of beads. It can be seen that the static pressure
measured by the weight sensor exhibits comparatively
larger fluctuations, in the beginning of descent of piston
and eventually a relatively steady state is reached with
smaller fluctuations. Here, we take the statistical average
of 500 datapointsinthe sequence of time seriesas depicted
in the inset of Fig. 2, as a measuring value of effective
mass M_. To assure the reproducibility and also reduce
the error, the experiment is done 5 times, and then the
average value of them is taken as adatapoint M.
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FIG 1. SCHEMATIC DIAGRAM OF EXPERIMENTAL SET-UP
MEASUREMENT PROCEDURE

406 MEHRAN UNIVERSITY RESEARCH JOURNAL OF ENGINEERING & TECHNOLOGY, VOLUME 30, NO. 3, JULY, 2011 [ISSN 0254-7821]




VALIDITY OF THE JANSSEN MODEL FOR LAYERED STRUCTURES IN A SILO

3. RESULTSAND DISCUSSION

Firstly, we use same size of silo D=46.3mm and vary the
bead sizesd=3, 4, 6, 7 and 12 mm. In such aconfiguration
the variation of effective mass on the filling mass is
depicted in Fig. 3. The scatters are experimental results,
and thelinesrepresent afitting from all datawith different
diameters of granules. It can be observed that for low
values of filling mass, M is approximately equal to M,
implying that in this region the hydrostatic behavior is
more pronounced. For higher values of filling mass
screening effect isdominant and M illustrates a saturated
state and the state have some fluctuations. The trend of
every stress saturation curvesisamost the same however
they branch off and increase with theincreasein diameter
of granular. Obviously, this phenomenon inspired us for
itsfurther investigation asthe different bead sizes effects
the stress transmission in the granular column.

In order to interpret the splitting of stress saturation
curves, we use Janssen model. The model considers the
granular medium in a silo as continuous and the friction
forceat wall isin coulombyield criterion. Further it assumes
that average stresses in horizontal direction are
proportional to the vertical stresses.

Owing to screening effect the mean pressure at bottomis
only apart of totdl filling massknown as effective massthe
rest isscreened out by the container walls. Therelationship
between the effective mass and the saturation massis as:

M_ =M (1-e"s) @
Where saturation mass is given by:
Ms=pn(D/2)*2uK )

Here p represents the density of the material, D is the
diameter of cylinder, u isthe coefficient of friction between
the grains and the confining wall and A is a central
parameter in the theory known as characteristic length.
The saturation curves in Fig. 3 are fitted using Equation
(2). Itisillustrated that Janssen model holdstruefor even
larger diameter of beads. It isattributed to the explanation
that with theincreasein granular diameter the redirecting
of vertical stresses isweakened and more stress reach at
the bottom of cylinder, resulting in higher effective mass.
Hence the stress saturation curve of 12mm is higher than
the others.

Next we investigate the validity of Janssen model for
layered structures. Therefore, in thefirst experimental run
thetwo horizontal layered structuresare prepared. In order
to construct layered structure, the cylinder isfilled with
2mm beads up to 450g at intervals of every 50g. Then
10.5mm beads are placed on following the same procedure.
This configurationis represented by 2-10.5mm in Fig. 4.
Thereversearrangement isrepresented by 10.5-2mm. Here
also the first and last digit shows the bottom and top
position of beads respectively. Both arrangements are
depicted by theright sketch of Fig. 4. Both the curvesare
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FIG 2. TIME VARIATION OF THE INSTANTANEOUS EFFECTIVE MASS. THE FILLING MASS OF 600g FOR 4mm BEAD
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fitted using Equation (1). It can be observed form the fig
that for the case of 2-10.5mm the fits are in accordance
with the Janssen prediction, however, for the reversal
arrangement there is larger dispersion of data points.

It may be due to the reason that for the 2-10.5mm
arrangement the presence of 2mm beads with the filling
mass of 450g in the lower region of the silo has already
attained a saturation state. Therefore, any increase of
weight, even 10.5mm granulesonitstop doesnot vary the
effective mass because the top weight is screened by the
walls of the container in accordance with Janssen model.

However, the presence of larger beads 10.5mm at the lower
region of container, and pouring of 2mm granuleson them
results in percolation. Because the size of small beadsis
less than the gaps formed by the large beads, they can
sievethrough the gaps and most of small beadsaccumulate
at the bottom of the container. It appears that due to the
percolation there is sudden discontinuity in the stress
saturation curve causing the deviation from Janssen curve.

In order to further demonstrate that it is the percolation
phenomenon is responsible for dispersion of data points,
we investigate the effect of percolation on the effective
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FIG. 3. EFFECTIVE MASS AS A FUNCTION OF FILLING MASS FOR VARIOUS GRAIN SIZES
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600 800

408 MEHRAN UNIVERSITY RESEARCH JOURNAL OF ENGINEERING & TECHNOLOGY, VOLUME 30, NO. 3, JULY, 2011 [ISSN 0254-7821]




VALIDITY OF THE JANSSEN MODEL FOR LAYERED STRUCTURES IN A SILO

mass separately. In the investigation, each layer of
granules has same mass. For instance, the filling mass of
50g meansthat firstly 25g of 10.5mm beadsare pouredina
silo, and then 2mm beads with equal mass are poured on
it. Similarly for thefilling massof 100g, grainsof 10.5and
2mm each 50g are poured. Innext trial apiece of paper with
negligible massisinserted at theinterface of two layersto
prevent the percolation in every case, while the
construction process is same as mentioned above.
InFig. 5thecirclesrepresent the occurrence of percolation
and the squares indicate the absence of percolation. It is
clearly illustrated in Fig. 5 that the effective mass with
percolation displays higher value than that without
percolation. Thedatalinesrepresented in Fig. 4 represents
the best fit using Equation (1). The difference of the
effective mass in both the cases may be attributed to the
reason that the lower region of thesilo exhibitshydrostatic
behavior and percolation of small beads causes more mass
to be accumulated in that region. In such case the force
chains among the grains are greatly perturbed due to
percolation hence part of weight is not deflected towards
silo wall but directly to the base. Consequently the M
exhibits augmented effective mass in the case of
percol ation compared to the case without percolation. The
Janssen also hold true in this arrangements of two
horizontal layered structures.

Since in two layer structure each bottom layer is in

saturation state, so now our aimistoinvestigatethevalidity
of the law in the case where the bottom layer has not

attained saturation state. This is achieved by stacking
granulesin four layersasdepicted in Fig. 6.

The four alternate layered horizontal structure isformed
insuch away that for instance, first we pour in cylinder in
increment of 50gm up to 150gm of 4mm diameter glass
beads, then we pour 150gm of 2mm diameter of glassbeads
alsoinincrement of 50gm, forming second layer and this
isrepeated up to four layersin total mass of such column
is600gm. For thesimplicity we can writesuch configuration
as4-2-4-2 where thefirst digit implies that beads having
such diameter are placed at bottom. In the next experimental
trial beads having diameter 4mm arereplaced with 6, 8 and
10.5mm diameter beads respectively and same procedure
is repeated, here also 2mm diameters glass bead layer
retainsitsearlier positioni.e. isimmediately ontop of the
bottom layer. Such configuration can be represented as 4-
2-4-2,6-2-6-2, 8-2-8-2 and 10.-2-10.5-2 mm, respectively.
Thefitting of stress saturation curvesin each casereveals
that the Janssen classical theory remain valid in such an
arrangement too.

4. CONCLUSION

Various experiments have been carried out to check the
validity of Janssen model in different configurations. The
effective mass as a function of filling mass have been
measured in such cases. It is found that Janssen law fits
well for the case of larger diameter of beadsaswell asin
two and four horizontal layered structures. During these
experimentsan i nteresting phenomenon of percolation was
observed and even in this case the law remained valid.
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