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Abstract:

Model deep bins were used to determine the effect of several fundamental variables on the vertical
pressure in bins. These variables were (I) the effect of relative movement between the walls and the
base on vertical pressure; (2) the effect of particle size on vertical pressure; (3) the effect of shape of
bin cross-section on vertical pressure; and (4) the effect of changing wall roughness on vertical
pressure. Observed values of K are compared with values predicted by the method suggested by
Professor Alfred C. Scheer in his paper, "Bin Theory and Soil Mechanics." Base pressure of wheat was
plotted against relative movement to illustrate the effect of base movement on vertical pressure. The
variation in base pressure was small over a large range of base movement. The data obtained were
inconclusive as to the effect of particle size on base pressure. The result's on the effect of bin shape
verified Janssen’s theoretical approach where the only reference to bin shape is the hydraulic radius.
An increase in wall roughness caused an Increase in the value of K for wheat.

Very little work has been done where these variables have been controlled in order to determine their
individual effects upon bin pressures, it is believed that a knowledge of their- effects will add greatly to
the overall understanding of the problem of vertical pressure in deep bins, and will assist in the
interpretation of results of future experiments.
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ABSTRACT

Mode! deep bins were used to determine the effect ef_several funda- - -
mental variables on the vertical pressure in bins. These variables we}e
(1) the effect of relative movement between the wePls and tThe base on
vertical eressure; (2) the effecf of particle size en vertical pressufe;
{3) the effect of shape of bin cross-section on verTical preSsure{ and
(4) the effect of chariging wall roughnees on vertical pressure. Observea
values‘of‘Kfare compared with Qalues‘predicfed;by The'mefhoe suggested by
Profeésor Al'fred G. Scheer in his paber, "Bin Theory and Soil Mechanics."

Base pressure of wheat was plotted against relative mevemenf'fo._
illue¥ra+e the effect of base movement on yer+ical-5ressure, “The vari-
ation Fn baSe pressure was small over a largenrange of baee mdverent, fhe
daia,db+é?ﬁéﬁ'were inconclusive as to the effect of particle size of base
pressure. ‘The results on the effect of bin shape verified Jahsseii's theo-
reticdl 'approach where  the only refereece To bin shape Is the hydfédlie
"radiu§:~fAn Increase in wallﬁroughnese caused an Increase in fhe value of
K for''wheat. | " ‘ﬂ” o

Very l'ittle work has been done where these variables have been con-
trolled in order To deTermlne Thelr ‘individual -effects .upon bin pressures
it is“believed that a knowledge of Thelr effec+s will add greaTIy to the
overaPl understanding of the problem~of vertical . pressure in deep bins,

and wPl1 "assist In the .interpretation of results of future experiments.
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I NTRODUCT | ON

Little, it anf, research has Been performed to determine the separate
effects of basfc factors which affect the base pressure in deep bins., Mest
of the invesfiga#lohs in the field of bin pressures have been +é gather data
for specific maferlale in specific bins, without affeép+s to generalize. A
ma jor purpose of This thesis is to iﬁyesfigaTe The effects of base move~
ment, particle size, bfm shape, and wall roughness |+ is believed that
a knowledge of these factors will enhance The understanding of bin pressures

It was dec1ded To welgh base léads directly on a platform scale.
Several prior invesTigaTiOms’have used this mefhoq, buf without conslder-
ing the effect which .base movement may have had on the measured base loads.

I+ was also decided to use wood model binms because of their low cost
and the time which eould be saved in the numerous loading and unloading

operatiens. 'Furthermore, the literature cites cases where the results from

model bins checked wel!l with results from fﬁil size binms.
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REVIEW OF LITERATURE

| saac RoberTs,*(25) fm 1882, performed the fifrst recorded experiments
on the pressure of whea% in bins. His +es+s were performed‘sﬁ model cy-
lindrical bins 7 to 20-3/4 inches In diame+er./ The results of these tests
led him to the observation that "all increase of pressure on the bottom
" ceases before the cells are filled two diameters." |[n 1884, Roberts per-

' formed a secend series of experiments using a rectangular bin 6' 9% by

6' O" In cross section amd 52' 2" high. Levers arrénged like a weigh}ng
machine were used fo defefmime the pressure. Realizing that any movement
of the levers wouLd affect hié‘measuremen+, Roberfs-added an exgess of
weight To the scale's beam prior to loading fo eliminate this movemenT;
After filling the bim,‘he gradﬁally reduced the weight and made his read-
ings at the iﬁiTial movement of Fthe beam, These e#perimen+s Véri%ied the
results he.obtained from his first series @fETesfs.

Jémssem; (18) i 1895, performed experiments to determine the pressure
of graln on bin walls. His tests were performed on square mode!l bins using
wheat, corn, and‘oTher grains. The bases of his bins were placed directly .
on the scale's platform and the sides were supporféd above the base by
Jacks. These experiments led to the development of his formulas which are
still in use +oday. The Qeve!opmemT 6f these formulas are preseﬁfed In the
appendix of this repert. |

In 1896, the results of a series of tests performed in Germany by

‘ Prante(?4) were published. Two aylindrical iron bins were used in these

*Number in parentheses refers to Bibliography item, Page 76 .
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experiments. They were |.5 and 2.8 meters in diameter, and were‘l9‘me+er5‘
high. Side'pressmres.were‘recorded for the conditions of wheat at rest and
moving. The results of his test are mot considered reliable because of the
Inadequacies of his measuring apparé+u3; However, his experiment did reveal
The increase in lateral pressuré during the discharge of gréin from a Ein,

Wil fred Airy@B), iﬁ 1897, made the ne&xt major contribution +df+5is field
in a paper to the uns+i+u+e of Civit Engineers. His paper contained the
development of equations for graln‘pﬁéssure on wélls due to a wedge of grain
- between the wall and the plane of rupture. He also repénﬁed on a series
'of tests performed in England to determine the vélues for angle of repose
of grains and the coefficients of frictiom of grains on bin walls.,

" A series of tests on a full=-sized bin were performed by J.A. Jamiegég)
in 1900. Tﬁe bin, owned by *ﬁe Canadian Pacific Railway Elevator, West St.
John, N.B., was of +imber crib comsTrucflén f2' o" by I3' 6" in cross .
section, and 67' 6" high. Manitoba wheat was used for these tests. Hy-
draul ic diaphragms with wa+er'celéhn gages were used to measﬁre both vertical:
and lateral pressure. This method of measuring pressure was found to be
both senmsitive and accuréfe, and was used on a later serieé of tests Jamieson
perfermed on mede!l bins. Pressure readings were made with the graim at
rest and during emptying. The results showed close agreement with Thosé
obtained from Janssen's formulas using a value for K of approximately Q.6.
The maximum inerease in pressure during emptying over the static condition
was four percent, a number cbnsiderably less than. that reported by Prante.

Jamiésom§'7) lafer,made‘experfmen+s on |2 inch and 6 inch square model

bins 6' 6" high, and on aylindrical model bins |2 inches and 6 inches In
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diameter and 6" 6" high. Tests were made using QheaT, peas, corn, and flax -
seed. Wheh the grain was beimg emptied from the cénTer of the 5o++om, a
maximum increase in pressure of 7.3 percent was observed. Tests were also
made with tie bars in the bin. 11 was observed that They would decreasé the
flow of grain,.but did not affect the pressure due fo grain.

About this same time; a series of tests on graln pressures were per-
fofmed at The Bniversity of {llinels by.AlberT G. Varnes and M.S. KeTc&é%?
The tests were performed on_é square model bin [" O" by I' O" and 8' 6"
high. The bottom of the bin was free from the sides and was placed direéTiy
on a platform scale to record vertical pressure. Side pressures_&n a one
foot square diaphragm were fransmitted by levers to a platform scale for
observation. : Measurements of the side and verT%cal‘pressures‘were made
when.The grain was at rest and being émp+ied. No differemce in the
pressures with the grain at rest or im motion 'was observed. The ratio of
lateral to vertical pfessure was appreximately 0.4 for this series of tests.

To check the results of Jamieson, Professor Hemry T. Bovey(B), MceGill
University, Monireal, pefformed.five series of tests on full-sized bins.
Four series éf tests were performed on a bin 12" by 14" in cross section
énd 44% 10" high, at the Canadian Pacific RailwaylEIéva+or at Montreal .

The maximum lateral pressure for bin emp+ying, compared to that when the binm
was filling, shéwed an increase of 9.7 percent. The.bin for the fifth
series was a timber crib bim 13.4' by 12.35" in cross sechom éT the Great
Northern Railroad Elevator, Quebec. His readings.agfeed very closely with

Those reported by Jamieson.

in 1904, Eckhardt LuffT(ZO) reported on a series of tests made on
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full-sized bins at Buenes Alres, Argentina. These fTests were made on two
circular bins 54.8 feet deep, one 23' 10" and the other 1I! 3" in di ameter.
The Inmer -surfaces of these bins were coated with a cement mortar. Pressures
were measuréd by a rubber diaphragm with a mercury columpn. |n agreement
with mest tests performed about This time, very little increase in pressures
was observed when the grain was moving, compared to the pressu}es when The
grain was at rest.

In 1906, Mr. J. Pleissner{23) reporTéd on a ;eries of tests performed
In Geémany. The tests were performed on model bins of timber and concrete.
The pressures were determined by measuriné the deffecTi@ms from a series
of water tests. Values of K for wheat of from 0.3 for concreTe bins to
0.5 for timber bins were obtained.

Milo §. Ketchum{192), in 1919, pwbli;hed a beok, "The Design of Walls,
Bins and Grain Elevators.” His publication reported on the work donme to
that date om the pressures in grain bing, and contained a discussion of
some-expeFimenfs he had performed at the University of Colorado with Pfo-
fessor C. C. Wif[iams. Thesé experiments were on medel bins 15" squa}e and
8' high. The base pressures were recor&ed by placing the bottom of The bin
on a knife edge carried at the middle of a lever. One end of.fhe lever was
resting on a platform scale wﬁere measurements wére made. Lateral pressures | !
were determined by measuring the Qaria*ion'im an electric current passing |
through carbon plates. For graim‘af fesT, it was observed that the value K
was not a comstant, but increased with the depth of graim. The lateral
pressuré increased from two fo four percent when the graln was being emptied.

L. R. Amundson(3) published in 1945 ‘the results of tests rum en a
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cylindrical grain bin at the ©. S. Department of Agriculture’s bin site at
Jamestewn, Nerth Bakofa. The bin was built of lnsulite GraylfTe Board, and
was 10" high and'9' 6-1/2" in diameter. The material used in these tests
was wheat. Several bands were placed around the bin to determine the
lateral pressure. The sgtrains in these bands were peasured by Whittemore
'sfralm gages. The readings from these mechanical strain gages were Then
converted to stress, and the lateral pressures were then obtained. Wr.
Amundson concluded from'his results that Janssen's equaTiens are adequate
for safe design. A value for K of approximately 0.458 was obtained.

Most of the previous experiments prior to 1950 were performed on wheat.
To'supplé@en% +he Iack'of\informaTIoh#on other materials, a series of tests
were rum om six granmnular materials at jowa State CoJIege\by Al fred C. Scheer
and Calvin W. Toelesqg)} Lateral and vertical pressures were measured for
wheaf, ghelled corn, soybeans,'cemenf, sand, apd pea gravel. A coencrete
bin five feet high and eighteen inches in diamefer was used; »Th? movab!e

i

bottom of the bin was supported directly on a platform scale, making it

pessible +o measure vertical load direcfly. §ix steel pressure plates used

To measure lateral pressure were smppor+ed by cantilever bars and steel
. .
bands wrapped areund The bin. The aqdnflonal sTraln in The bands caused

by The Iaferal pressure was measured by 5R-4 Type A-12 eJecTrical resisfa
ance strain gages Values of K were obtained f@r all ma+erIals !n‘The con~
creTe bin, | | - ) o

| R. A. Sapl(z) reporfed on addifional work dome on grain pressures at
lowa é+a+e College-im 1963. Tests were run on a~rec+amgular bfn i2' by

32" in cress section, and IO“-high° Panels which were small areas of the
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floor or walls were used to measure pressures. These panels were supported
by weighing devices which could weigh both the normal and parallel lead on
Thé panel face. The weighing devices were steel rods supported as simple
beams. The strains in these rods were ob+ainéd'by SR~-4 Type A-7 electrical-
resisTancé strain gages. Three methods of filling the biq_were'used. In
one cése, the grain’was kept approximately level during filling by moving
The spout around within the bin. This methed gave a more uniferm pressure
distribution on the base, and also gave smaller values of IaTéral pressuré°
The results showed a rapla decrease in the lateral pressure just gbove the
base. | |

in 1943, M. Marcel Relmber+('0) presented a formula for caleculating
horizontal pressure on the walls of silos. Results obtained from tests per-

formed in 1954 showed close agreement with his calculated values.

Reimbert stated that the lateral pressure at a depth y eguals:

L=_wR | (% +1} 2

tan @' | o}
where € is a constant depending on the shape oﬁ‘The-silm
and the properties of the contained material.

C= R - R_tan @
tan @F Tam‘(‘ﬂz - _Q) 3
' 4 2
R = Hydraulic Radius

.An interesting point which he discusses is the variation ef lateral
pressures on the long and short sides of a rectangular bin. He stated fhat
the lateral pressure en the short side would be the same as that onm the wall

of a square bin with Iike dimensions, while the lateral pressure on the long
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side may be assumed to be that on the walls of a square sile with length

b
The long side.

of 2 ab-a ,.where a is the length of the short side, and b is the length of

Professoé Alfred G. Scheef(26), in IgéO, presented é method of pre@icT-
ing values for the ratio of lateral to vertical pressure. His paper also
discussed the application of Janssen's equations to problems in pressures on
‘retaining walls, Trench sheeting, cellﬁlar cofferdéms, underground conduits,
consolidoﬁe*er friction and frietional drag on piles. “The predicfion of K
values (the ratio of la+§ral to vertical pressure) is divided inte twe |
cases, roqgh bims and smooTh bins.

Rough bins are bins where @'g is greater than @, and therefore @' = @.

To predict K:

K=aKkK'.
K'= | - sinZ ¢
| + sint @
"0 = Angle of internal friction of fill material.
_¢'B = Angle of friction of fill material, glued to a
bloek, en bin wall.
@' = Effective angle of friction of fill material on
bin wall.

Smooth bins are bins where @ is greater tham @'g. To predict K:
K=aKkK' @' = @'p

I,
i + 2 tans¢ tan @'

i

|
K'min

cos o¢ + tan @' sine¢ = tan @F
sin @
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K"maz< = | - sim2 gr

I + sinZ @'
K' = L (K'gijn + K'max)
2
Professor Scheer states Tﬁaf a value of 0.7 for "a" will yield a value
of K, which will approxi@afe experimental vélues of K. However, he points

out That expér?men%éf values of K should be used whenever appropriate values
are obtalnable. |

' The literature search did noT.reveaI any records of experihen+s in
which systematic efforts were made to isolate the in@ividual‘effecfs of base
movement, particle size, bin shape, and wall roughness on base pressure. |n

this thesls project, mode! wood bins werée used fo sfudy'eaoh of these vari-

ables.
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EXPERIMENTAL EQU!PMENT

Selected fir was used in the construction of all bins. Al! boards
chosen were free of kmots, .had the grainm running longitudinal, and had
approximately The same roughness. Simee in Jamssen's equations, the only
reference to the bin's cros; section is the h?draulic radius, all.bins
were constructed so that they would have equal hydraulic radii.

Three rectangular bins were built having hydraﬁlic radil equal +ot.
that of-a six~inch circle. Their éTﬁeh;iéms were |1.48 by 4.07 inches,
7.57 by 4.98 inches, and 645@ibyf6.0@ inches. The hydraulic radius for
each bin was 0.125 feet. The' h’éig‘-H"I' of each bin was ‘ap:proxima'l‘e‘l y' two
feét, which gave a dép+h of from two to four times the largest dimension.

- To approxim?fé a circular bin, using material of the sanle roughness,
a bin was built Hévfng fif+§en'sides, with a minimum inside dimenslon of
six inches. The joints of this bin were quite irregular, a tactor which
must not be overiooked in the cémsiderafion of any,ﬁeSu[ts obtained from
tests performed on this bin.

In performing The va}ious Tests to deTermine)Tge'éf¥ec+ of base move~
ment, particle slie, and wall roughmess, the rectangular blné were used,
THe eircular bin was used enly In The expérimental deTermiﬁaTIom of the
effect of:b[m‘shape.

A Fairbanks-Merse platform scale, which c0mId be read te 0.0l lbs.,
was used during this invesTiga%ion. The capacity of‘Thié scale was

approximately three hundred pounds.
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MATERIAL USED
In this investigation, wheat and four sizes of glass spheres were
used.

8ize and Shape Characteristics

The wheat used was of an undetermined variety. No attempt at deter-
mining gréim slze or shape characteristics was made.

The largest size of glass sphéreé used was 1/2 inch in diameter. The
next largest size, referred fo as size ‘AP, had 95 Té IGO0 percent passing
the nuﬁber 20 s}eve, and ® to |5 percent passing The number 50 sievs.

Size PM had 100 percent passing the number 70 sleve, émd @ to 10 percent
passing the number 230 sieve. The smallest size, M5-ML, had 99 to 00
percent passing The humber 140 sieve, and O fo 10 percent passing the
number é70 sieve. A more detailed classification is diagrammed in The
appendix. |

Frictional Gharacteristics

Since both the coefficient of iﬁTana{ friction of +he 11l material
and the coe%ficienf of friction between the fill material and the bin ‘
walls were important factors, considerable effort was made to determine

_Théﬁe values.

To déTermine The coefficient of internal friction of the ma+eria|;
the emptying angle.df repose method was uséd, since previous investi-
gations report this as being a ¢onsis+en+ method. An 8-3/4" x 9-1/2" x
23" box waé filled with the material; then one end of the box was remeved
and the material was allowed to flow out. . The angle of repose (@) was

then measured. There were no projecTiops on the open end of the box to




--Jéj

prevent the flow of Tﬁe maferiaf near the base. This method of measuripg
the angle of repose was. followed for all materials. However, ip the case
of the 1/2 inch qiamefer marbles, the surface of the material. was concave,
and the angle recorded was the slope of the center line from the base of
‘the surface to. the ftop of the surface. The tangent of the angle obtained
is assumed equal to the coefficient of internal friction (/q ) within the
material .

Several methods were-+riedi+o determine the coefficient of friection
between the material and the bin. A block éf wood, 2 x 4 x 7 Inches,
was prepared by gluing the material on one surface. The block was +héﬁ
dragged over the surfacé'éf The bin by @ spring balance. This method was ‘
found to be inadequate, simce-+he readings were quite inmconsistent. The
coefficient of friction was them obtained from the angle of friction.
The bin was placed at a given slope and the block was placed on the
inner surface. The angle of fﬁiéTIon was That amgle at which the bloagk,
if pushed up The plane, more oftem than net, would slide back when re-
leased. Thg tangent of This angle was assumed equal to }4“3, the co-
efficient of friction of the material on the bin.

For the rough bin case, whemever @'g was greater than @, the effect-
ive coefficient of friction ( M ') was assumed equal to the Tangen+‘of @.

in the case of Thé smooth bin, whenever @ was greater thanm @'g, the
effective coefficient of friction ( }%‘) was assuméd equal to the Tangent _

of _WB'

~ 1

‘The frictional characteristics of the materials are quite variable,

depending upon the method used to determine them. This factor must not
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be overlooked fn +h§ comslderafiqm of The experimental results.
Fric+ioﬁ values used in this thesis are shown in Table []. These
values were takem from unpublished data in Professor Scheer's files

gathered as part of an M.S5.C. Engineering Experiment Station research

project.
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TABLE 11

Friction Angles for Materials Used

Wheat 1/2 Dia, Marbles” AP PM

@ 28.0° 12.5° 25.0°  25.9°
@'y * 21.7° 19.25° 25.9°  25.2°
@'g *¥*  All values greater than .

*  For wood bin.

#%¥ For sandpaper bin.
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EXPERIMENTAL PROCEDURE

Invgs?lgafion into the effects of four facters on the base préssqre
iﬁ bins was performed; These factors were relative movement between the
walls and the base, particle size, bin -shape, and wall roughress.

A total of |7 tests was made. Each test comsisted of frém four fo
eight runs. Each run represented one fill]né of the bin. All 17 tests

-are summarized in fhe appendix.

The first nine tests were conducted primarily to determine Tﬁe
.. effect of relative movement between the walls and the base. Tests 10
through 13 were made to investigate the effeéf of particle size. Tests

2, 14, 15, and |6 furnished the déTa to determine the effect of bin shépe;

Pata from test 2 and test 17 show the effecflof changing wall roughness.

Effect of RelaTlive MoyemenT

| The first InveéfigaTWom was to deTermfne the effect of relative
. movement between the walls and the base on the ver}ical pressure in bins.
All tests were- performed oﬁ the 4.98 x 7.57 inch bin, using whéaT. ﬁial
Indicators were placed at three of the lower cérﬁers. They were attached
to The sideg of the bin and recorded the relative deflection Ee+ween The
walls and the base. Two of The dial indicators were capable of obtaln-
ing measurements to Q;OO@I inches. These two indicators were placed oﬁ
opposite corners. Thé third dial indicator, which could be read fo 0.00]
inches, was placed at one of the two remafming cerpers. Therefore, any
irrégular deflection of the base or sides could.ée observed. The base
of Tﬁe bin was placed on the platform of the scale along with a preload;

and the sides were rigidly suspended above it by a rectangular frame, as
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shown in Figure |. A conical metallic funnel was used to load the material
into the bim. So that all material would be. placed into the bin in approxi-
mately THe same fashiop, the funmel, supported by hand, was'se+ lightly
on Thé material in the bin {or on the base of the bin) and was then filled
with the material . The funnel was Then slowly raiéed,_allowing the maferial
to flow out, As the material was flowing out, the funnel was moved about
within the bin, thereby keepiné the surface of the material approximately -
level . Two Types of runs Were‘made. In one set of runs, The Bin was.
completely filled before any readings were made. |n the other runms, the
bln was filfed in flve increments. Four equal  increments of five inches
of material were placed in the bin, and the fifth increment then filled
The bin to the same level as if was in tThe ffréT éeT of runs. Readings of
the dial indicators were made after each |ncrement was added. -After ﬁumning‘
the fiFs+~+hree.+es+s, the inner sufface of The.bin appeared +o'have become
smoother - than it had been at the beginning of these tests. To verify +hié,
wheat was glued on ene surfa;e of a piece'of weod and dragged over the
inner and ouTeF sufface of the bim,. Reéd?ngs were made by a spring balance.
Although the method of measurement did not give accurate friction values;
they did show that inner surface was smoother than outer surface. Table‘l
shows%;he spring balance readings ebtained by dragging the block of wood

over.the inner and outer surfaces. The averages are shown for comparison.
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Frame

Preload
Base

Pl atform Seale

SET-UP FOR BASE ON SCALES

Figure |
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TABLE |}
Force Required io Drag Block QOver Surfaces
ianer . ' : Quter
| Surface R . Surface | )
(0z) . ‘ (0z) .
12.4 Il .6
13.4 13.6
909 |207
12.0 14,1
Ave = 11.9 . Ave = 13.0

To obtain results under the same frictional resistance, three more tests
were conducted,

In reading the platform scale load, whén investigating relative move-
ment, two di fferent methods were used. Readings were taken wah the scale's
Eeam in its extreme upper and its extreme lower position.” When readings
were taken with Thé beém ip its lower pdsiTion, tThe beam was loaded with an
excess weight pridr to filling the bin. After the bin had beenm filled with
the maTgrial,'The weights on the scale“s‘beam were gradually réduced. The
reading was }eoorded when it was just possible fo see light between fhe
scale’s beam and ifs rest. The maximum mevement of the scale's platform
during weighing never exceeded 0.0002 inches. When wéighing was dene with
the beam in its upper pesition, no weight was added to +he scale's beam prior
~ To loading. Af%er filling the bin, weights were gradual ly added to the beam
of Thé scale. The feading was recorded under the same condition as when
the beam was in its lower posifion.

-Positive values of deflecTnon designafe a movemen+ of the base away

from the sides, and negative values designate movement of the base towards
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The sides.

Movements of +he base away from the sidgs ofiapprqximgfe!y 070035<
?nches were ob+ainedf By increasing the pfeload on the plafform of fhe
scale, the movement was reduced to approximately 0.0008 imches. To ob-
tain a relative deflection of the base towards the sides, the frame
supporting the sides was placed on the platform o% the scale. The base
was then supported oﬁ two blocks on opposite sides of the scale, as shownL
in Figure 2. Thus, the base was now free of BoTh the sides of the bia and
the platform of the scale. Readings were takenm with the scale'g beam in its _
lower position. In the first test Eun with this arrangement (Test #6), the
blocks supporting the base were placed at the ends df THe basé, and pesitive
movements of approximately 0.0008 inches’were'recorded. When the blocks - .
were moved in along the base until They were next fo the scale,,defléefion_'z
of The base toward the sides was obtained.

Effect of Particle Size

The second factor tested was The effect of particle size on base lead.
All tests were}performed on the 4.98 by 7.57 fﬁch bin. All four sizes of
glass spheres were used.

The base of the bin was placed on the pla+form of the scéle, along
with a preload of approxima+efy 130 pounds. The sides of the bin were sus-
pended- above thé base by rectangular frames.. The toading procedure was the
same as for the first series of tests. The dial indicators were removed,
éfnce their readings were no Ionger désired. The end opening in the funnel
was readjusted for each of the pérTicLe sizes so-as tTo keep a-morerumiform

flow. Howevéf, in The case of the 1/2 inch diameter marbles, it was
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necessary at.times to slightly shake the funnel “to keep Them flowing.

Effect of Bim Shape

The next facTor tested was the effect of bin shape on Tﬁé verfica{,
pressuée in bins. Three rectangutar bins and the ciréular bin were used
tor this seriés of tests. Their dimensions were 6.00 by 6.00 inches, 4;98
by 7.57 inches, li,48 by 4.07 inches, and.6.00 inches in diameter. The
lodding proeedure and setup for these tests were similar to those used for
the Investigation of particle size. Wheat was used for This series of tests.

Effect of Wall Roughness

The final factor tested was the effect of varying roughﬁess-bf the bin A
sides on The vertical pregsure. fhe 4,98 by 7.57 inch bin was used for
These tests. lT‘was‘Taken apart, size 2/0 emery paper was glued fo the
inﬁer surface tTo obtain a rough texture, and then the bin was reassembled.
The dimensions were slightly changed, givfngf_a final cross section of
7.54 by 4.93 irnches. Wheat was used for'+his series of tests. The seTup~
and loading proee&ure was the same as that used for the preceding tests.

" The coefficient of frietion of +He material on the bin wall; and the
angle of repese of the material were determined by the Montana State Golleée

Engineering Experiment Station.
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EXPERIMENTAL RESULTS

Effect of Relative M@Vemenf

The_effecT of movemgnT between base aﬁd sides, on the base load of

wheat, Is illustrated by Figure 3.

| Wﬁen the base éf fhe bin was supported on the scale's plaffmnm, amd
the beam in the upper ﬁosifi@ﬁ, The pla+form had a slight movement toward 5
the grain during weighing. This movement caused a cémpacTipn of the grainms,
thus giving a higher value of base lqad; With the beam in the lower
_position, the ﬁovemenT was down away ffom Thé grain, giving the oppesite
‘effect. Wheﬁ the bin‘waljs are supported on the scale's platform, the
movements will be just reversed in each case, giving the opposite effect
on base load. These movements of the base and sides, durimg weighing, never
excéeded ®.®®®2_fmch, and therefere had a minor effécT on vertical éréssure‘ Y
according to Figure 3. ' ' -

The inner surface of the bin became smeother duriné’TheAﬁfrsT few Teéfs,
which may account fof the base loads from Tthe tirst three tests being less
than values from subsequent tests with like deflections.

The deflecfioﬁs‘fhaf were obtained for later tests were between O and
app}oximafely 0.0025 of an inch. Observation from‘Fiéure 3 would indicate
that the base loads obTained.from these later +és+s were‘slightly less than
would have been Bbfa{ned ff,fhererhad‘beem no base movement, with a maximum -
error of perhaps 10%, unless.The ofher materials behave drastically
di fferent from wheat. This is a factor wor+h§ of further inve§+iga+iom.

The other materials were not similarly tested, because the tests were very

Time~censuming, and it was desired to investigate other factors besides
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Ease movemenT:
!n'a]! subsquemf tests to determine the effect Qf pafTicfe gigg,lp[n
shape, and.wall ﬁoughmess\om base pressure, the base was supported on the
scale's plaffokm, and readings of load were taken with The beam in ifs

~ lower position.
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Effect of Particle Size\.

Figures 4 fo 7 are plots of the pressure disTribuTions'in the 7.57 x
4.98 inch bim for the éifferenT maferials.TGSTep +olde%ermine the effect of
particle size.. | ,

Values of }{"K were selected That Qould give cturves using Janssen's
equation, which would approximate the experimental curves.,

The materials used in order of diminishing particle sizes aré 1/2n

diameter marbles, 'AP microbeads, PM microbeads, and MS-ML microbeads.
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‘Efféc+'9f’BIm_Shape L.

Four bins were tested to deTer@ine The effect of pin cross secfigq .
on bése pressure@ Their pressure distribution curves are shown in Figures
8 fo I1. Wheat was used as The fill:maTerfal.

As discussed under the sectionm on Pesign of Bins, due to its com—l
~struction, the results from ¥he circular bin may not be véry reliable.

values of MK were selecfea such that Janssen's equation would give
a theoretical curve that would approximate the experimental curves. These

theoretical curves are superimposed upom the experimental curves.
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Effect of Wal} Reughness

Figure 12 éhows the pressure distributien curve for the bin wﬁich had
its inner surfa?e covered with sandpaper to Increase the roughness.

Thé dimeﬁsiéms of this bin were 7.54 x 4.93 jnches, which is very.
s%milar in éross section fo the 4.98 x 7.57 inch bin. Using wheat, a
value of M%'K of approklmaTely 0.240 yieids a curve using Janssen's
equation, which shows close -agreement with the experimental curve. The
4,98 x 7.57 inch bin, which had ne covering on its inner guﬁfacé,'required'
a value of A¢'K of approximately 0.146 in Janssen's eﬁdaT{on-for The ex-
perimental and theeretical curves to belin agreement,

For this bin, @ < ¢°B} therefore, it would be classified as & rough

bin, and the effective 4¢' value equals tan @.




'Y 'S 'n NI 3OVAW HONI d3d 02X 0¢
00 N3IOZ13ld 3INION3 H3advVd M-dVvHO N3IO9Z1310 0c¢ ove ON



4] -

PREDICTION OF K VALUES

Prediction of K values were made by the method suggested by Professor

Al fred Scheer in his paper, "Bin Theory and §eil Méchanicé."(26)*

Wheat
¢ = 28.0° - : P'g £ @. 2, Smeoth Bin
@'y = 21.7° o : ¢' = 0'g
Cos et + tan @' siner = fan ¢!
sin @
Qoso¢ + 0.398 sin ¢ = 0.398
0.469
et = 59.5°
KHA = l
I + 2 tan ¢ tan @'
- K'A = " l B
"1 + 2 tan 59.5° tan 2].7°
K'p = 0.425
K'g = 1~ sln2 @'
| + sinZ @'
K'g = | - sin? 21.7°, = 0.759
| + sin2 21.7°
K' = L (K'p + K'B)
2 ' ) y
K' = 0.592

¥Bibliography Reference Number Page 77.




|/2 Bia. Marbles "~

@ =
@'g

1

KI

H

K' =

12.5°

19,25°

| - sin2@ -

| + sin2 @

sin2 12.5° . 0.910

4 11

sinZ 12.5°

AP Microbeads

@
@'y

It

i

KV

[}

KI

25.0°

25.9°

| - sinZ2 @

i + sin2 @

|- sin? 25.0° _ .99

| + sin2 25.0°

PM_Microbeads

@ =

@lyB =

Cos et + tan 25.20 sin e

25.9°

25,2°

I + 2 tan 38° tan 25.2°

4.9

@'g> @ .. Roigh Bin
0 =@ |

@'s » @ .5 Rough Bin
gy = @

@'s £ @,, Smooth Bin

0 = O

= tan 25.2°
sin 25.,9°




K

K

]

t

\ = 0.576

B

= | - sin? 25.2°

| + sinZ 25,2°

0.692

H

1/2 (0

0.634 .

It

MS-ML Microbeads

K.I

Kl

o

27.0°

24..8°

+ tan 24

576 + 0.692)

.8° sinet = tan 24.8°
sin 27.0°
'o(=47'°

"1 4+ 2 tan 47° +an 24.8°

i}

il

0.425

1 - sin? 24,8°

| + sin2 24.8° -

0,700

1/2 (0.425 + 0.700)

0.562

P'g < @ 2, Smooth Bin
¢l = QIB




Sand Eaper Lined Bin

Ma+erié!: Wheat
@'g> @ o= Rough Bin

K' = | - sin2 28°

| + sinZ 28°
K' = 0.640

.

Bin:

g-l

The calculations are summarized in Table |11.

4.93 x 7.54

. B




Wheat

_6.00 X 6.00
11.48 x 4.07
4.98 x 7.57

4,93 x 7.54
{sandpaper |ined)

Bin: 4.98 x 7.57

Material
/2 Marbles
AP |
PM

ME - ML

45~

TABLE 11

(LM 'K) Fitted __M
0.146 .398
0.146 .398

 0.146 .398
0.240 A69%
( M'K) Fitted M
0.105 .222%
0.157 A66%
0.204 A7
0.167 460

*¥Rough bin (All others smooth bin).

@< @'g; therefore M= tan @

366

.566
.566

512

473
337
433

.363

Klcal a= k/K'
0.592 619
0.592 .619
0.592" .619
0.640. ..800
K'cal a = k/K'
910 .520
.699 .482
634 684
562 646
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Erqfessqr Scheer in his paper, "Bin Theory and Soil.Mechamics,"

suggests a value of 0.7 for "a". The pfedicTed values of K for "a" of

0.7 are compared with the observed values of K in Table 1V.

. TABLE 1V
Comparison of Observed With Predicted Values of K

Material ‘ Bin : Obs K | Predicted K |

Wheat 1 4.98 x 7.57 0.366 0.414

Wheat 6.00 x 6.00 | ‘ 0.366 0.414

Wheat . 4.07 x 11.48 0.366 0.414

Wheat 4,93 x 7.54 0.512 " 0.448
(sandpaper |ined)

Wheat | 6.00 in. dia. | 0.302 6,414
(circular)

|/2 Marbles | 4.98 x 7,57 - 0.473 0.636

AP . .| 4.98 x 7.57 I 0.337 ‘®.488

PM o] 4.98 x 7.57 0.433 3 ©.443

MS ML 4.98 x 7.57  0.363 0.393
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DISCUSSION AND RECOMMENDAT!ONS

Considerable cautiom must be used in relating model bina resu{Ts #q_fgllu
size bins. The greater depths ih‘full size bins ‘causes mﬁch larger péessﬁres
which result in greater consol i dation 6f the. fill material. From similitude
comsiderations, possibly a fluffy compressible méTerial like mica chips or
rubber.chips should be uéed‘in model binsv+o get eqmivaleM'comsolida.ﬁan°
However, | 1terature répor+s, Though meager, generally furn{sh evidence
that K values for model bins may be applied to full size bins with confi-
aence.

All Yests, with all material, except for tests numbered 3,54; 6, 7, and
8, were conducted with the beam in thé lower poesition and the base of the
bih resting on the scale's platform. This method Is believed to give re-
sults that are more nearly representative of conditions in full-sgized bins
where consolidation Is mere pronbunced than it is in model bins. [n full
size bins, consolidation causes considerable downward movement of the fill
relative to the bin walls. When the beam is balanced under the above
conditlions, the base has a slight deflection away from the fill material.
This deflection increases the movement of the fill relative to the bin walls.

Excel lent correlation, relative to bin shape, was obtained for the
three rectangular bins tested. Whem a value of gg'K of 0.146 is used in
Janssen'’s equation, the pressure d}sfribufioh curve obtained closely approxi-
mated the experimental curves for each-of the rectangular bins. 1In
Janssen's equation, - the sole geqmeTrlc property of the bin's cross section
is the hydraulic radius,’ The resﬁlfs obtained s+romg]y support Janssen's

theory. Even the circular bin, when viewed in The |ight of its crude work-
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manghip, which ylelded a /J'K value of 0.120, shoWed fa[riy'goqd”09tre—
lation with Tﬁe other bins. However, to obtain é more complete under-
standing of the effect of bia cross section on base preésure, it would
be necessary to perform a series of tests on circular bins, rectangular
bins, and bins of other shapes, perhaps including an equilateral +riangle,
all built of the saﬁe material .

It was impossible to arrive at a conclusion regarding the effect of
particle size on base pressure. |t was originally hoped that the use of
Thé glaés marbles, and the various sizes of glass microbeads, would
effectively isolate particle size as the primary physical variable. How~-
ever, these materials had different fricTionél characteristics which were
undoubtediy attributable, partly at Ieés+,,+o factors ofher'TBan particle
slze. The percentage of true spheres was variable, and fhe ﬁiérobeads were
not uniform in size. This latter factor could have been partially
corrected through selective sieving, bgf.if was not felt fto be warranted
in view of the uncertainties which would still remain. The large size
gap, between the marbles and the largest beads, was also a serious
obstacle. |

It 1s sugges+ed that future researchers seriously consider using a
single size material in bins of different size, fo determine whe+her.+he
ratio of particle size to bin dlameter affects press;re, {f diffgfen+‘fill
méferials are used, they should be more caréfyliy controlled, as To size
and shape, thamn was done here,

Except for an outline of Airy's solution in the appendix, very little

else has been mentiened of It in this thesis. ©Of the two mathematical
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approaches, Janssen's is the more rafional and The more widely useq by_
éngine;rs, and therefore was used To.aid in analyzing The data throughout
this Investigation. Airy, In his solution, takes a one foot wide sectien
out of the bin and fails completely +Q relate Bin shape fo pressure.
Furthermore, he includes the forces om only one side of this section,
where it bears against the wall, and neglepfs the -forces on the opposite
side,

in general, the pressure distribution curves did not flatten oﬁf‘és
rapidly as the THeoreTical Janssen's curves do. This +trend éQﬁears to be
definite eneugh and important enough teo warrant further invésf?gafion. It
is possible That slightly different values of f4‘K would have been selected
to fit The experimental curves if the bims.had been deeper. It is
recommended that future tests be perfoémed on relatively deeper bins fo
find the depth at which +hé base pressure does become éssen#Ially constant.

. The observed value of K for wheat in The‘reCTangu!ar biné was 0.366.

Milo Ketchum reported a value of K for a wood rectangular bin of 0.4, while
Pleissner obseryed values>from similar bing of 0.3 to 0.5, using a fill
material of wheat. Janssen and Jamieson, using wheat in woed bins, re-
ported higher values for K;‘Their values were 0.67 and 0,596, respect-
ively. Considerable variation in the repbrfed values of K could be ex-
pected because of The variation in the frictional characteristics of
wheat and The differemf frictional charac+eris+ios of bins of the samé Type.

When the bin walls were éovered by emery paper, the angle of friction
@'g of the wﬁéaT on the wall was iméreased until it had exceeded the angle

of repose, @, The effective coefficient of friction was then equa] to the
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tangent of @, This Increase in. roughness resuffed in an .increase in K
for wheat of from 0.366 o 0.512.

‘ Prediéfion of K values were then made by the method presented by Pro-
fessor Alfred.O, Scheer° The predicted values shown in Téble IV, Page 46,
gave a fair estimate of the observed K values. His use 6f a=0.71s, of
course, nothing mere than an esTlha+e, because "a" could not possibly be
a universal comstant. The results do give ﬁope, however, that K may

ultimately be accurately predicted if a refined method of es+ima+img‘"a”

is devised.
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CONCLUS | ONS -
I. From Figure 3, it Is concluded That a movement of the bagg of
1T 0.0020 inches will result in a variation in the base load of Iesg than
f 104 for wheat in a bin of this size énd type. This varia}iom\is
relatively small, and-Theréfore’imspireé conffdence in the plaffo;m-scale
method of measuring base loads.

" 2. The near identical-nature of Figures 9, 10, and |1, conclusively
demonstrates that varying The'ra+io of the sldes of a rectangular bin did
po+ cause any significant variation im the average base pressure of wheat .

3, kn Investigating the effect of parTféle size, exfremelylg¢¢se
control must be exercised over THe'size and shape of the particles, 1f a.
significanfﬁconc]usion is tfo be reached. The control was insufficient in
This project. |

4, :IT is conecluded that a significant variation in wall roughness,
which causes a change from the smooth bim case to the rough bin casé, may
be expected to cause a significant change in K.. When emery paper was glued:
+o the walls of a rectamgular wood bjm, the observed value of K for wheat
in this bin inereaséed from 0.366 To 0.512.

5. To obtain the observed K's, using Scheer's K predictien equaTions,

it would be necessary te use values of "a" that lie between 0.5 and 0.8.
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DERIVATION OF JANSSEN'S EQUATION

T
. V Il
L 6 X I [

T

L dy L

t
t: ' TT -TT

V+dV

NOMENCLATURE

0’ Angle of friction of the grain on the bin walls.

JH" = Tan 0' = Coefficient of friction of grain on the bin walls,
w = Weight of grain in Ibs. per cu. ft.

V = Vertical pressure in Ibs. per sq. ft.

L = Lateral pressure in Ibs. per sqg. ft.

A = Area of bin in sqg. ft.

(@
1

Circumference of bin in ft.

R =A= Hydraulic radius in ft.
U

Y = Depth from top of bin to point where pressure is desired in ft.

~
1

Ratio of lateral to vertical pressure.
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gl
<<
il
(]

(V + dV) A + }4' LydY = VA - wAdY = O
VA + AdY + }4' LbdY - VA - wAdY = O

dv

il

wdf - gy 'L U dY
A.

R =A U=A
U R

) Théré{oﬁé

dv = wdy - _AM'L dY

Selving for dY

dy = dy

wo- ML
R
L. = KV Lateral preséure is equal to vertical pressure times a.cons+an+,
dY = dv ‘
) W MKV
S e
. R ™~

el

Integrating we;QeT :

Y =~_R_log (w- M 'K V) + constant
MK R

AAY=0 V=0

Selving for @ gives

C. =__R logw
M 'K
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- MIKYZlog(w- H'KV) - logw
R R

-~ AM'K Y = w o~ MIKV
R R
w

- vk Y '
e R = w- MKV

=

W

Solving for V
- MK Y
we R = W - 'KV
R
~-MIKY
V= __R W -we R
M 'K .

-HMOK Y

V= Rw I'-e R~} Vertical pressure at depth Y.
MK -
L = KV
Therefore _
[ - AKY |

L = 1--e R Lateral pressure at depth Y.

Rw
M
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AIRY'S SOLUTION

Weight of AEDCA one foot thick.

Pressure against side AC.

Coefficient of friction between the grain and the wall.
Coefficient of friction of grain on grain,

Breadth of the bin.

The depth of the grain,

Weight of grain Ibs. per cu. ft.
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Deep Bin One in whigh The'blame of rupture AE meets thé opposite side

of the bin within the mass of grain.’

Summation of Forces.in Direction of AE

MR + Peos X + g44'Pgjn x ~ Wgjn x = O

MR+ Pcos x = (W- 'P) sln x

Summation of Forces Perpéndicular to AE

R+ 44'Peos x ~ Psin x = Weos x =.0

R = Pgin x = (W = 41'P) cos x

Solving for P

A - (W - A "P) sin, - P cosy

(W~ 4 'P) cosx + P sin x

’L{ (W - /a{ 'P) cosSx + Pgin x\ = (W - MWP) s‘inx~' PCOS X
jL{(W “/qu) +P'|’am X = (W-M'P) Tan'X:"P
P (M tan x + }4' tan x - MM+ 1) = W (tan X =4)

P=W tan x ~ M
1 -MM' +(H'-FM') tan x

However

W

I

w (Area AEDCA) = w {CD) G\c + DE> '
2

4

wd (2h - d tan x)
S .




~-58-
Therefore

P=wd (2h -~ d tan x) tan x - A
2 b~y p' + (gt gy') tan x

or

o

P=wd 2h tan x - A —,d['l'anzx—,qfanx
2 I—MH'+(M+M') tan x Q—MH'+(M+M‘) tan x ‘

To find x which makes Pmaximum set dP = O
dx

'_d_gzw‘_q iR N N Gy 7 VAR B I Cf + pq') tan x
dx 2{ l:coszx M Z 7% MTH :

cos
- I (M.+M9)‘+amx+ I ,M(M“"M')"

cos“* x . cos4 X

- d 2 tan x ___| - | eyt gty ) tan x
l:( X cosZ x Mcosz x) { .MH MM }

- (A+M')(+an2x—M+én;[_

cosZ x : ' —_

ALl divided by 4 1 = g i + (y + ') tan >} 2

$o that - - : |
2h ¢|+M2j—d{+an2x G+ p' )+ 2 tan x “‘HM”“‘M“"HM'} _o

Which gives ’

tan x = 2h (I +Af2) + (I +,(42)' | ~HH' ‘-I —HH'
d 4+ 'H+M| MM H.,_M-
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Therefore

[r———

2|l ‘
P =1 wd l"\l@_(M+M')+I-MM'_— Ni vy 2
2 d )

AT

To deTerminaTe unit pressuyre L at depth ¥

' Differentiate P with respecT to depTh,

L= §I+M2
H H l_ '\lzth N"*‘“MN
VYertical pressure at any point

V=

xir
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"EXPERIMENTAL DATA

Test #I
Bin: 4.98 x 7.57 Material: Wheat

Method of Loading: Preleoad on base, arm in lower position.

Run | ncrement Base Pressure Wt. of_Grain Deflection
l [ | 40.42 psft 27.26 lbs 5.25/10000
2 ! 44 .66 27.20 33,0 ’

3 | 40 .46 27 .42. 7.25
4 l 41,03 27 .47 7.0
5 ! 40.65 | 27.41 1.0
6 ! 38,93 27.02 9.25
7 P 37.41 27.40 11.25

8 I 41.41 - 27 .43 10.0
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Test #2
Bin: 4.98 x 7.57 - ) Material: Wheat

- Method of Leading: Preload on base, arm in lower positien.

Rum  Increment Base Pressure = Wt. of Grain Deflection
I I 17.94 pst 5.73 Ibs 8.0/10000
2 27.10 117.46 5.0
3 33.78 17.19 0.0
4 39.32 22.92 - 3.0
5 41.41 27 .47 - 5.25
2 P 17.75 5.73 9.25
2 25.57 ‘ I'1.46 14.0
3 31.87 17.19 15.5
4 37,22 22.92 16.0
5 4}.99 27 .30 16.5
3 I 16.79 - b3 6.75
2 . 26.53 I'l.46 7.0
-3 33.01 17.19 5.75
4 38.93 22,92 4.25
5. 42.18 - 27 .25 2.5
4 I 18.70 5.73 8.0
2 26.15 - Il.46 ©13.0
3 32.64 17.19 14,25
4 37.02 22.92 15.0
5 42.18 27 .3l 15.5
5 I 15.08 5.73 7.0
2 25.38 : I1.46 2.0
3 29.58 17.19 1.5
4 34.93 ©22.92 0.5
5 40.65 27 .41 8.5
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Test #3
Bin: 4.98 x 7.57 ‘ . Material: Wheat

‘Method of Loading?' Prelgad on base, arm in upper positien.

Run Inerement Base Pressure Wt., of Grain Deflection
| | 43,90 psf 27.37 lbs 0.0/10000
2 | 42,94 27 .44 4.5
3 ) 43,32 27.37 14.25
4 | - 17.18 5.73 12.5

2 26.15 11 .46 19.0
3 54,16 17.19 23.0
4 40,08 22.92 26 .0
5 44,28 27 .43 ° 27.0
5 | 17.17 5.73 8.75
2 26 .34 : 1l .46 14.0
3 34,35 . 17.19 17.0
4 40,84 22,92 . 20,0
B 44,85 27 .42 20.25
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Test #4 .
Bin: 4.98 x 7.57 . Material: Wheat

Method of Loading: No preload on base, arm in upper posifion.

Run | ncrement Base Pressure Wi. of Brain Deflection
| | 43.70 pst  27.39 Ibs  28.0/10000
2 q 46.95 27.36 36.5
3 | ' 43,32 27 .31 36.5
4 | 18.89 : 5,73 18.0

2 27.29 11.46 - 23.75
3 34 .54 : 17.19 31.75
4 41.80 22.92 38.0
5 43.70 . 27.26 37.0
5 1 17.37 5,73 12.5
2 27.10 11.46 19.0
3 36,26 17.19 25.0
4 42,56 - 22.92 29.0
5 46.76 27.34 32.0
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Test #5
Bin: 4.98 x 7.57 ) Material: Wheat

Method of Leoading: No preload on base, arm in lower positien.

Run I ncrement Base Pressure - Wt. ef Grain Deflection
| | 39.51 psf 27 .46 Ibs 3] .5/10000
2 | 41.41 27.53 33,5
3 | 41 .80 , " 27.36 3475
4 1 42.75 27.38 43.5
5 I 41 .80 ' 27 .40 34,0
6 ] 17.94 - 5.73 15.5

2 26.34 Il.46 23.5

3 32.25 17.19 27.25

4 39.51 : 22.92 32.25

5 4| ,03 27 .38 33.0
7 | 18.32 5.73 21 .25
: 2 27.29 1l.46 28,25
3 33.78 17.19 32.0

4 38.93 22.92 33.0

5 43,1% . 27 .36 35,25
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. Test #6

Bin: 4.98 x 7.57 Material: Wheat
Method of Loeading: No preload, arm In lower position. §Slides

supported om platform of scale, blocks supporting base- at the
" extreme ends of base.

Run | ncrement Base Pressure Wt. of Grain PDeflection

! 1 46.07 pst 27.37 Ibs 9.75/10000
2. 42.64 27 .37 4.0
3 . | 47 .64 27 .43 8.75
4 | 19.39 5.73 9.75
2 29.05 [}.46 9.5
3 37.37 , 17.19 7.5
4 43.78 22.92 6.5
| 46.30 27.18 4.0
5 | 18.63 5.73 1.5
2 29,24 Il .46 17.75
3 36.41 [7.19 17.75
4 4111 . 22.92 16.75
) 47.98 27.27 4.0
Test #7
Bin: 4.98 x 7.57 Material: Wheat

Method of Loading: No preload, arm in lower position. Sides supported
on platform of scale, blocks supporting base moved i-n along-base nearer
To scale. '

Run increment Base Pressure Wi. of Grain Beflection

I ‘ I . 49.70 psf 27.37 lbs - 18.0/10000
2 IR 36 TR 27.40 - 27.0

5 | 52.48 27.45 - 18.5.

4 L 51.07 27.53 - 24.0

5 | 48 .86 - 27.45 - 18.5
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Test #8
Bin: 4.98 x 7.57 ' Material: Wheat

Methed of Loading: Base of bin fixed in pesition, sides suppoerted
on platform of scales, preload on scale, arm in lower position.

Run | ncrement Base Pressure Wt. of Grain Deflection
| ! 46.83 psft 27.42 \bs ~ 3.0/10000
2 ! 47.03 27.42 - 0.75
3 | 48.06 ° 27.34 - 2.5
4 | 48.17 - 27.47 - 3.0

Test #9

Bim: 4.98 x 7.57 ’ Material: . Wheat -

Methed of Loading: Preload on base, arm in lower position..

Run | ncrement .Base Pressure Wt. of'Graim Deflection
| t | 45.23 pst 27.29 Ibs _ 13.5/16000
2 | 43.51 27.38 13.5
3 | | 44,09 27.44 14.25
4, | 47.33 ‘ 27.40 1.5
5 o 46.19 | 2731 135
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Test #10
Bin: 4.98'x 7.57 Material: Glass Marbles (/2" Dia.)

Method of Loading: Preload on platform, arm in lower position.

Run’ Increment - Base Pressure . Wt. of Marbles
| % ] 84 .74 psf . 47.37 lbs
2 - 81 .87 47.8|
3 1 79.0I , 47 .90
4 ! 76.91 47,77
5 . 34.75 9.98.

2 59,35 19.96
3 68.13 ' 29 .94
4 81,11 39.92
! 87 .60 _ 47 .54
6 I 34,35 9.98
2 57 .06 9.98
3 68 .71 . 9.98
4 79.20 39,92
| 82.07 37.57

#Funnel was not properly adjusted.
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Test #l| Material: MNo. AP Class ||
Bin: 4.98 x 7.57

Method of Leading: Preload on platform, arm is lower pesition.

- Run | ncrement Base Pressure Wt. of Material
! | 67.75 psf 50.01 Ibs
2 ' ] _ ' 68.7! 50.,00
3 | 69.85 - 50.07
4 } : 69 .66 50.60
5 | 26.72 10.50
' 2 48.29. . 21.00

3 57 .64 31.50°

4 66.61 _ 42.00

! 71.57 . 49,62
6 | 27.10 10.50

2 45 .61 21,00

3 58.97 v 31,50 -

4 -67.18 42,00

| 68.52 49.70
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Test #12
Bin: 4.98 x 7.57 Material: No. PM Class 11

Methed of Loading: Preload on platform, arm in lower position.

Run | ncrement Base Pressure Wi. of Ma+eriaf
] / | 53.25 psf " 47 .44 |bs
2 | . 54.58 47 .39
3 | 52.10 47.51
4 ' I 5] .34 _ 47 .41
8 ] . 26.15 9.9l

2 38 .55 19.82
3 48 .86 29.73
4 52.10 39.64
- 55.92 47 .29
6 o 25.76 9.9l
2 38.93 9,82
37 49,43 29,73
4 51,15 39.64
i

54.96 47 .45
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Test #13
Bin: 4.98 x 7.57 Material: No. MS8-ML Class 111

Methed of Loading: Preload on platform, arm in lower position.

“Run | ncrementt ‘Base Pressure Wt. of Material
| | 6] .64 pst 45,54 |bs
2 | 60.88 : 45 .26
3 | .. 55.35  15.10
4 | 65.27 45.16
5 I 25 .00 9.46
2 37.22 18.92
3 46,38 28,38
4 56,49 37.84
| ' 59.16 45.76

6 | 24,24 9.46
2 37,98 18,92
3 50.96 28.38
4 57.83 37.84
] .

" 60.50 45,70




Test #14

Bin:

6.00 x 6.00

Method of Loading:

Run

2

| ncrement

- BN -

Preload on

-7 -

Material: Wheat

platform, arm in lower position.

Base Pressure Weight of Wheat

. 56.40 psf 25.65 lbs

©41.80 25.62
39.40 . 25.73
40.40 ’ 25.73
16.40 5.38
28.00 10.76
32.40 _ 16.14
36,20 21 .52
41.80 25.75
16.80  5.38
28.60 10.76
33,80 16.14
39,80 - 21 .52
4“2.

40- 25.71




Test #15

Bin: I|1.48 x 4.07

-72-

Material: Wheat

Method of Loading: Preload on base, arm in lower position.

Run
N
2

3

. Increment

|

—BwN -

—rwN—

Base Pressure

36,83 psf
37.60
38.06 .

. 8.83

16.49
25.12
32.42
38.68
4| .92

15.41
.23.73
32.67
38.68
40.68

Weight of Wheat
33.00 Ibs
32.96 -
33,02
33.11

6.85
13.70
20.55
27 .40
33.13

6.85
20,55
27 .40

+ 33.05
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Test #!6
Bin: Circular, 6 in. Dfa: Material: Wheat

Method of Loading: Preload on platform, arm in lewer position.

Run | ncrement .Base Préssure Welght of Wheat
[ |- 42,02 psf 20.97 lbs.
2 I 45,84 - 20,98
3 o 43,29 . 21 .01
4 ' | 57.55 . 20.95
5 - 16.81 4 .36
2 27.50 8.72
3 35 .65 13,08
4 43,29 17.44
5 49.66 . 20.55

6 | 15.79 4.36
2 28 .27 8,72
3 35.91 . 13,08
4 42,02 17.44
l

45 .58 ' . 20.67




Test Sandpaper-Lined Bin

Bln:

4.93 x 7.54

=74

Material: Wheat

Method of Loading: Preload on base, arm in lower position.

Run

2

| ncrement

U bR —

U LN -

Base Pressure. Weight of Grain

26.74 psf 27.17 Ibs

25 .58 27.14
26.16 27.15
25 .58 27.15
17.05 5.73
21 .71, : 1l .46
24,42 , 17.19
25 .58 22.92
27.13 27.29
15.12 5.73
20,54 . 1l .46
23,64 17.19
24 .8 22.92

25.58 27.3]
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TYPIGCAL SI1ZE DISTRIBUTION
) Class 11 '
Minimum of 75% true spheres

Percent Passing W. S. Sleves

Catalog | ' T ‘ _
Number 20 30 50 70,:’ 80 ‘ 100 140 230 325
AP | 95-100 0-15 L
PM 100 | 85-100) e 0-10
TYPICAL $1ZE DISTRIBUTION )
| Class |11
Minimum of 85% true spheres
Percent P;ssing w.s; Sieves
Cafalég ' : | ‘
Number 60 70 100 ] 140 200 270 325 400
MS -ML, 20-100 0-10 '
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