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Bo Bcex ciydasx 3ajaya MHOTOKPUTEPHAIBHOH ONTHMU3AIHMU KaKHM-TO
CII0cOO0M CBOJTUTCA K 3a7aue ¢ OAHIM KputepreM. CymecTByeT MHOTO CITOcO00B
TIOCTPCEHHS TAKOT'O OKOHYATEJILHOT0 KPUTEPHSL, OTHAKO HH OJJHOMY M3 HUX HeJIb3s
3apaHee OTIATh HamOoibllee mpennouTeHne. s KaXIod 3afadd 5TOT BEIOOp
JOJDKEH JIeNIaThCs JINIIOM, IPUHUMAIOIIIM pPELICHHE.
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Maxkanaoa kenkpumeputini onmumanoay ecenmepoi — MiIHCI3
Hykme oO0iciMeH wiewy Memooono2uAcyl KapacmelpsiizaH. Minciz
Hykme 90iCiH icKe acblpy epexuienici HAKMbl Wapmmapovl ecKepe
OMuIpbIN,  NPAKMUKANLIK — Mbicanoapmen  Ilapemo  wekapacvinvly
MypaKkmawuysl, ymonus HyKmenepiniy KOOpOUHaAmaniapsit, MiHci3 HyKme
KOOPOUHAMANAPLIH AHLIKMAY KOPCEMINZeH.
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In the article the methodology of solving multi-criterion optimization
problems with ideal point method is discussed. The features of the
realization of ideal point method are considered through examples, where
depend on particular conditions the establishment of the Pareto frontier,
the coordinates of the utopia, and identification an ideal point coordinates
are shown.
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ANOMALOUS INCREASE OF APPARENT MASS
IN A SILO DUE TO PERCOLATION

The apparent mass measurement at the bottom of a granular pile
confined in a vertical tube decreases for denser granular packing. In
this letter, we report that the denser granular packing comprising of two
different diameters of granules augment the apparent mass instead. This
anomalous behavior occurs when small granules are stacked on the large
ones. In the case of anomalous increase, a percolation effect is found and
correlated with the augment of apparent mass at the bottom of granular
column. Finally, the results are qualitatively explained by Janssen model.

Keywords: a granular pile, denser granular packing, Janssen model.

INTRODUCTION

Granular materials are ubiquitous and play an important role in many
industries such as pharmaceutical, chemical, food etc, [1-3]. These materials
exhibit complex and exceptional properties, which resemble sometimes that of
the liquid and sometimes that of solid. When a silo is filled with a certain mass of
granular materials for instance glass beads the mean pressure at the bottom is a
linear function of height, this behavior is similar to fluid confined in a container.
After a critical height A, the top weight is screened by the side walls. The force
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felt at the base of container, known as apparent mass, is only a fraction of total
filled mass. This behavior of granular material was described and modeled by
Janssen [4]. Since then, many experiments have been carried out under various
conditions to investigate the pressure profile at the base of silo [5— 11]. It is
worthy of note that Clement group by using a robust experimental approach have
checked Janssen law against the theory of incipient failure and the oriented stress
linearity (OSL) model [7]. The conclusion was in favor of OSL model.

Previous efforts have mainly concentrated on monodisperse granular
materials. However, few attempts involved with granular layers with different
diameters in a silo were performed, although the kind of research has many
applications in engineering and geophysics [12]. In this letter, we report the
influence of layered structure on the apparent mass from a new perspective to
investigate the silo problem. An anomalous increase of apparent mass is observed,
and its mechanism is found to be the percolation effect. We use Janssen model to
qualitatively explain the phenomenon.

Experimental set-up. The experimental set-up is depicted in figure
1. Granules with mass M are poured into a vertical cylinder with internal
diameter D =46.3 mm and the bottom of the cylinder is formed by the horizontal
top surface of a piston. The design avoids the leakage of grains and the piston
does not touch the cylinder wall during its motion. Consequently, the average
pressure is entirely transmitted to the pressure sensor. In this experiment we use
non-cohesive, dry and mono disperse glass beads with density 2.5 g/cm?® and
diameters d = 2 mm, 4mm and d =10.5 mm.

LY

L] )
L]
L ]

Figure 1 — Left sketch shows the experimental set up.
Right sketch depicts the top and bottom positions of beads
in a cylinder.

“Supported by the National Nature Science Foundation of China through Grant Nos. (10975014 and 10875166)
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Measurement procedure. These granules are filled in the container by a
funnel placed on the top. Then the piston is allowed to descend a total distance of
20 mm at a slow velocity (0.02 mm/s). So friction force between the granules and
the confining wall is fully mobilized, and a maximum percolation is achieved.
Here we take 500 data points to measure the apparent mass M .To assure the
reproducibility and also reduce the error the experiment is repeated 5 times.

In order to construct layered structure, the cylinder is filled with 2 mm beads
up to 450g at intervals of every 50g. Then 10.5 mm beads are stacked on by
the same way. This configuration is represented by 2 — 10.5 mm. The reverse
arrangement is represented by 10.5 — 2 mm. The first and last digit shows the
bottom and top position of beads respectively. Both configurations are illustrated
by the right sketch of figure. 1. In the case of dual layers 2 — 10.5 mm the packing
fraction was found to be 0.576 y 0.002 while it is 0.605 y 0.009 for 10.5 — 2 mm
configuration. The difference in packing fraction is attributed to percolation in
which small beads can penetrate into the gaps of larger ones.

MAIN PART

In previous experiments the pouring in a silo was made once. However, in
our experiment the construction of layers requires that pouring must be done in
intervals. Therefore, we need to investigate whether the apparent mass is affected
by filling in intervals. The apparent mass plotted as a function of filling mass for
d =2 mm and d =4 mm glass beads is shown in the inset of figure 2. It indicates
that these saturation curves are similar; either the silo is filled with or without
intervals. Since the apparent mass is independent of interval filling method,
dual-layer packing are prepared and the variations in apparent mass for different
configurations are investigated.
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Figure 2 — Apparent mass as a function of filling mass
in different cases
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Each curve in figure 2 corresponds to exponential fit. (m,®) Indicate data
measured for d =2 mm and dual layers 2—10.5 mm (bottom and top position of
beads) respectively, both curves overlap. (A, V) Show 10.5 mm and dual layers
10.5 — 2 mm respectively. Note a discontinuity shown in 10.5 — 2 mm curve is
indicated by an arrow, also here M is higher than the others.

Figure 2 displays the curves of apparent mass as a function of filling mass
for 2 mm, 10.5 mm, and dual-layer structures. It is shown that for 2mm, and
2 — 10.5 mm cases the curves overlap with each other but for 10.5 mm and
10.5 — 2 mm arrangements the curves branch off and a discontinuity indicated
by an arrow is observed. The main finding is that the apparent mass for the case
of 10.5 — 2 mm is not only higher than the 2 — 10.5 mm but also than the 10.5
mm. It is worthy of note that in 10.5 - 2 mm configuration the packing fraction
is 0.605 y 0.009 whereas for 2 — 10.5 mm the packing fraction is found to be
0.576 y 0.002. Why the largest value of apparent mass is measured in the case
of stacking 2 mm of beads on the top of larger beads? Although it is well known
that a denser packing of grains makes the apparent mass decrease [1, 13]. In
order to interpret this seemingly contradiction we use Janssen model [4]. The
model describes that the weight measured at the bottom of granular column does
not increase indefinitely with the filling mass, but saturates exponentially, thus
implying a redirecting of vertical stresses, that is, to horizontal direction. The
mass measured at the bottom of cylinder, known as apparent mass M, is only a
part of filled mass and the rest is screened out by the side wall. The relationship
between the filling mass M, and the apparent mass M, is shown as follows

M, =M (1-e"") (1)
where
M, =pr(D/2)/QuK) ©)

M is saturation mass, p is the density of the material, 4 is the coefficient
of friction between grains and wall, K is a redirection parameter. From Janssen
law the difference of apparent mass depicted in figure 2 for 2 mm and 10.5 mm
can be ascertained given same filling mass. It is attributed to the explanation
that with the increase in granular diameter the redirecting of vertical stresses is
weakened and more stress reach at the bottom of cylinder, resulting in higher
apparent mass. Hence the stress saturation curve of 10.5 mm is higher than the
2 mm. For the 2 — 10.5 mm configuration it can be noted that the presence of
2 mm beads with the filling mass of 450 g in the lower region of the silo has
already attained a saturation state. Therefore, any increase of weight, even 10.5

mm granules on its top does not vary the apparent mass because the top weight is
40
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screened by the walls of the container in accordance with Janssen model, causing
overlap of data curves in cases of 2 mm and 2 — 10.5 mm. However, the presence
of larger beads 10.5 mm at the lower region of container, and pouring of 2 mm
granules on them results in percolation. Because the size of small beads is less
than the gaps formed by the large beads, they can sieve through the gaps and
most of small beads accumulate at the bottom of the container. It appears that due
to the percolation the apparent mass increases.

In order to further demonstrate that the percolation effect is correlated with
the augment of the apparent mass, we investigate the effect of percolation on
apparent mass separately. In the investigation, each layer of granules has same
mass. For instance, the filling mass of 50 g means that firstly 25 g of 10.5 mm
beads are poured in a silo, and then 2 mm beads with equal mass are poured
on it. Similarly for the filling mass of 100 g, grains of 10.5 and 2 mm each 50
g are poured. In next trial a piece of paper with negligible mass is inserted at
the interface of two layers to prevent the percolation in every case, while the
construction process is same as mentioned above. In figure 3 the circles represent
the occurrence of percolation and the squares indicate the absence of percolation.
It is clearly illustrated in figure. 3 that the apparent mass with percolation display
higher value than that without percolation. According to Janssen model the lower
region of the silo exhibits hydrostatic behavior, due to percolation of smaller
beads into the gaps of larger ones more mass is accumulated in that region, so
the apparent mass in the case of percolation is augmented. Thus it is clearly
demonstrated that the percolation effect increases the apparent mass at the
bottom of silo.
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Figure 3 — The Effect of percolation on apparent mass

e indicates the percolation case, realized by stacking 10.5 mm beads at the
bottom and 2mm on the top, each bead has same filling mass. m indicates the
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case without percolation prevented by inserting a piece of paper at the interface
of two layers of 10.5 mm and 2 mm beads. Note that percolation effect causes
higher apparent mass.

It may be attributed to the reason that the force chains among the grains
transfer the weight to the confining wall rather than to the base, but force chains
are greatly perturbed due to percolation. Hence part of weight is not deflected
towards silo wall but directly to the base. Consequently the Ma exhibits higher
values in the case of percolation compared to the case without percolation.

Figure 4 — Photographs showing percolation of small beads
into the gaps of large ones

Furthermore, in order to clearly illustrate the effect we present the
pictures of percolation. The photographs shown in figure 4 depict graphically
the percolation for dual-layer configuration, they are taken after the steady state
when the piston stopped moving. The pictures a, b and ¢ in figure 4 illustrate
that on the lower layer consisting of 10.5 mm beads with the filling mass of 450
g, then 50 g, 100 g, and 200 g of 2 mm beads are poured respectively. It can be
observed that during a slow descent of the column the small beads percolates
progressively into the gaps available among the large beads, and some of them
accumulate at the lower region of cylinder.

CONCLUSION

In conclusion, we report the variation of apparent mass due to different
granular configurations, which is realized by stacking beads in order. Present
work indicates the relationship between the denser packing comprising of
two different diameters of beads and the variations of the apparent mass. The
continuous percolation of small beads to the gaps formed by the larger ones
augments the apparent mass in a silo. In conclusion, the denser granular packing

42

Becruuk III'Y, ISSN: 1811-1807. Cepus pusuko-mamemamuveckas. Ne2. 2015

causes the increase of apparent mass rather than the decrease as expected before.
This study reveals that the structure of dual layers (large-bottom, small-top) can
result in more stresses toward the base than monodisperse materials and this may
be helpful in comprehension of unexpected silo failure.
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Eooyip muizvizvipax  myiiipwikmenzen Kanmamaoa 6epmuKaib
opHamvlazan Kyovipoa myuiputikmeneen YUiHOIHIY Heei3iHOe pyKcam
emineen  Maccanvlk — enwey — azaameinobiebl  bencini.  Makanaoa
ouamempiiepi op mypi exi myuipuixmi molebl30ai2an Kanmama pyKcam
emineen MAaccamvl apmmulpamviHObl2blH Kepcememis. Byn anomansow
opekem Kiwkenmau myuipuwikmep ipi myuipuixmepee OipikKenoe opbii
anaovl. Anomanvovl yreaio dcazoatvinoa IpKiny aggexmici pykcam
emineen Maccamvly ecimuecimer myuipuikmenzen 6azamuwly He2izinoe
aHviKkmanaovl dcowe myseminedi. Homuowcenep [[icenccen mooenimen
cananvl mycinoipineoi.

Hzeecmno, umo Oonycmumoe mMaccogoe usmepeHue y OCHOGAHUS
SPAHYIUPOBAHHOL  2pYObl, 3AKTIOUEHHOU 6 BepMUKAIbHOl mpybe,
yMeHbulaemcs 0 Oolee NIOMHOU 2PAHYIUPOBAHHOU Yhaxkosku. B
cmamve noKazwvléaem, Ymo 60Jee NIOMHoe 2PAHYIUPOBAHHOE YNAKOBOYHOE
GKIIOUEHUE U3 O08YX PA3IUUHLIX OUAMEMPOE 2SPAHYIL  YEeIudusdem
donycmumyro maccy. Imo aHOManbHoe nogedeHue NPoucxooum, Ko2od
MajeHbKue 2pamynvl CIodcenbl Ha Oonvuiue. B ciyuae anomanvhozo
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yeeaudenus s¢ghgpexm npocauuanus HAXO0OUMcs U KOpperupyemcs c
npupawenuem OORYCMUMON MAcCCbl Y OCHOBAHUS 2PAHYIUPOBAHHOU
KoOHKU. Pe3ynemamol KauecmeeHHo 00bscHeHbl MOOensio J{cenccena.
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STABLE LAWS AND THE NUMBER OF ORDINARY

Power total number of primes from the discharge of the decimal
system is identified by the law of exponential growth with 14 fundamental
physical constants. Model obtained on the parameters of the physical
constants, proved less of the error and it gives more accurate predictions
of the relative power of the set of prime numbers.

The maximum absolute error of power (the number of primes), the
traditional number is three times higher than suggested by us complete a
number of prime numbers. Therefore, the traditional number 2, 3, 5, 7, ...
is only a special case.

The transformation it was a rough rounded, leading to false
identification of physics-mathematical regularities of different series of
prime numbers.

Model derived from physical constants, proved more accurate than
the relative accuracy, and it gives more accurate predictions of the relative
power of the set of prime numbers with increasing discharge the decimal
number system.

Keywords: primes, total number, physical constants, the relationship.

INTRODUCTION

Prime number — is a natural number N ={0,1,2,3,4,5,6,...} that has two
positive divisors: one and itself.
There are several variants of distribution or a series of prime numbers (SPN):
1) finite number of critical primes P ={0,1,2};
2) non-critical prime numbers P={3,5 7 11,13 17 ..} ;
3) the traditional [1] number of primes a(n)={2,3,5,7,11,13,17,...} with
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