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Abstract

By dial-gauge readings of the deflection of metal foil attached to the bottom of the storage
silo, bottom pressures exerted by fine powders of the average particle size smaller than 115xm
were measured for wide ranges of relative humidity and compared with the theoretical values

calculated by the Jansszn’s equation.
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Bottom pressurzs increase with the increasing particle sizes and bulk density of powders. The
results are in good agrsemsnt with thosz predicted by the equation. The influence of the rela-
tive humidity on the bottom pressures is remarkable, which reach maximum values at 702 of

relative humidity.

As the obsarved pressures are significantly less than those given by the Janssen’s equation,
it is considered useful to modify the equation by inserting a dimensionless stability number,
¢/kps, in order to obtain more accurate estimates of storage pressures.

1. M E

A& ¥ (bin), T3] (hopper) ¥ A} 2 (silo)
59 grdl AFATH T« &7 el A
B3 %iﬂﬁl FE e 49 Ao B2
MI wrel4 otgoe] ZErb FFRluk 2]
o] Aol Hm A EA ==},

o] A
4 =5 Janssen” Ao w Aw ]

]

138

Py= ”’B (1~ YK 6))

Janssen A& A 29 «:1:4 ol
Edl TR 2AAAAE A wErh 2
olggel Asele T %A %;om A% e
Agg 242 ALY F 93, = EAY A
Az st FA A0 = 93¢ et Tunak-
awa® & An FYHA, FI&xd g4,
Sundarm?® & Folubiidl o LAt 9F
o] Zrjw nx g

L g7dAE A FdzAL A
Sxsn gE A FFYA 2715 4
<zo) wael da Ak 3E¢ 25

B 4=z s 115¢ o138kl =l £3 6
2 197H9% Agstd EAde Ans] 2=
o8, 2A 9 71854 viAtAl g o, FA SR
432 v K& A FEe) 27 et
A 2Rt ol ge] AR uAle d¥T £
Astdx, A% ALRNE A= vz vl
o 2ae] 9zl 4] Janssen 4o] FghA oful

1 A

AEsd 2949 3¢ AEHY,

e 2d %

Eerast Mi1sE X35 1980 68

Table 1. Specification of the Sample Powder

AVERAGE
sampLE  |[SAMELE|ASTM | paRTICLE
SIZE (um)
crushed 150/170 96.5
glass 2 170/350 66.0
powder o3 ~350 22.0
4 150/170 96.5
Wheat @5 170/350 75.5
flour 6 250/350 53.5
7 —350 22,0
8 115/150 115.0
Limestone | &9 150/170 96.5
10 170/250 75.5
powder All 250/350 53.5
oz ~350 22.0
‘ 13 115/170 106.5
Ceramic 14 | 170/250 75.5
molding 15 250/350 53.5
powder 16 —350 92,0
Montmorilonite. ®17 150/350 74.5
18 —350 22.0
Magnesium | _
cgrbonate\ X19 [ 350 l 22.0
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34, 89143822 (ceramic molding powder)
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Fig. 1. Schematic diagram of the test silo measu-

ring the bottom pressure developed by
powder charge. (unit: mm)
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Table 2. Variables needed for the bottom
presssure calculation

Symbol Description Value Unit

Inside radius

r of disc. 28.10 mm
Thickness of copper

h plate 0.10 mm

E Elastic modulus 11311)’84 kg/mm?

v poisson ratio 0.34 -
Bending stiffness

b of copper plate | 1-124| kg-mm

) Deflection mm

P, | Load per unit area — kg/mm?

Aok A 23] ([(Po)calc])E Janssen 4 o.
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Table. 3. Some physical parameters influencing
the bottom pressure in the powder silo.

SAMPLE No. 1(% @i v | K
30 | 0.610 ] 0.700| 0.543

Crushed 50 | 0.625 | 0.753 0.490
glass O3] 70 0.630 | 0.734] 0.727
powder 85 | 0.635 | 0.809] 0.599
98 | 0.641 | 1110 0.727

30 | 0.538 O.916l 0.317

50 | 0.545 | 0.890 0.490

Wheat flour | @ 5| 70 | 0.550 | 0.909| 0.547
85 | 0.555 | 0.909 0.378

98 | 0.560 | 0.965] 0.390

30 | 1.140 | 0.637 0.506

Limestone 50 | 1.145/0.612 0.333
powder A9 70 | 1.150 | 0.649 0.333
85 | 1.153 | 0.649| 0.339

98 | 1.155 | 0.687] 0.333

30 | 1.110 | 0.674] 0.39%

50 | 1.120 | 0.700] 0.361

” All| 70 | 1.130 | 0.700 0.333
85 | 1.140 | 0.674 0.302

98 | 1.160 | 0.809] 0.306
30 | 0.900 | 0.700] 0. 414
50 | 0.910 | 0.726] 0.320
” 12| 70 | 0.930 | 0.763] 0. 406
85 | 0.950 | 0.692] 0.554
98| 0.970 | 0.839] 0.490

30 | 0.673 | 0.637] 0.577

50 | 0.695 | 0.734 0.490

Montmorillonite | M17 | 70 0.710 | 0.753| 0.490
8 | 0.750 | 0.781] 0.412

98 | 0.780 | 0.869| 0.528
30 | 0.210 t 0.740| 0.777
Magesium 50 | 0.220 | 0.764] 0.588
corbonate | X19| 70 | 0.242 | 0.713 0.655
85 | 0.252 | 0.674) 0.955
98 | 0.260 | 0.764 0.632
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Fig. 2. Typical bottom pressure profile with height-
for some powders charged in the test silo.
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Fig. 3. Maximum bottom pressure changes with
average particle size
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Fig. 4. Maximum bottom pressure changes with:
relative humidity.
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Fig. 5. Correlationships between the calculated bottom pressure and the observed one
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¢; Cohesion of powder. (G/cm?)

D; Bending stiffness of coppor plate. (kg-mm)

D,y Average particle size of powder. (z)

E; Elastic modulus of copper plate. (kg/°
mm?)

k; Vertical plane height in the testbox.(cm)

ho; Thickness of copper plate. (mm)

K; Ratio of the normal pressure to the ap--

plied pressure(—)

P,; Bottom pressure exerted by the powder-
in the test silo. (kg/m?)

(Py)calc;
Jansson’s eqation (kg/m?)

(P))obs.; Obserbed bottom pressure. (kg/m?)

r; Radius of test silo. (cm)

Calculated bottom pressure from.

7o; Radius of copper plate. (mm).

z; Height of powder in the,test silo.(cm)

z/r; Ratio of powder height to radius. of test
silo. (—)
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Angle of repose of powder. (degree)
Deflection reading of copper plate. (mm)
Friction coefficient between solid particle
and glass wall. (=)

Poisson ratio of copper plate. (~)

Bulk density of powder. (g/cm)?

Angle of internal friction of powder. (de-
gree)
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