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THRESIS



PREGSURE OF GRANULAR SuBSTANCES IN LONG TUBES.

The question of the pres-ures exerted by granular
substances, especially grain and ccal, is one of great im-
portance to the engincer, as it should be the basis cf corm—
putation in <ecisning ¢rain elevators, and the coal bins
which rmust ecesserily forn « pert of every large storn
plant. The froouent failure of these structures has Zed to
a rreat deal of speculation as to the nrohable pressures,
put to very little of actual experiment. Consequently,
there is very little engineering litoerature upron the strains
in such structures that is of practical value to the enginecer.

The failure of a large coal bin at Paterson, N. J., in
the year ol 1897 led to numerous diséussions in the IEngineer-
irg News by engineers all over the country, and it was with
& view to try to discover something in regard to some of the
theories suggested by them that these experinents were cor-
ducted. Thec results obtaincd related particularly to the
prescures exerted on the bottoﬁ and on the sides.

If grain, or any granular substance, be
poured in a stream in one place it will rorm
A »C a core. Suppose this process he continued in
a grain bin until the ba~e of the cone just reaches tre lower
odge of the vertical walleg., The cntire weight of the sub-
stanec is held by the bottor, and no pressure whatever ig
exerted on the sides. Suppose the process to be continued;

the cubstancc will contimue to form in the shape of & cone
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and a pressure rust necessarily be exerted on the sides.
conzequently, a vortion of the weight will be taken off the
bottor:. The experinments tried were to determine, if possible,
how rmuen of this weight was held by friction on the cices,
anéd if there was any heighth at whieh the addition oi mattcz
on the top brought no adiditional weight on the bottor.

The experiments were tried with the following apparatus
A tube sixtcen fcet long, squere in section and six inches
on each side, was constructed of pine luwiber. This was
rigidly suvported in a vertical position, with the lover end
about eight inchen ircu tiie floor. The tube was supnorted
by a Iframe, to whizh were bolted soveral pulleys runiing a

ivin-
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drill; consequently, it wvas subjected to 2 slight jar,
nearly the same corditions as are usually founs in an cleva-
tor. Over the lower erd of trec tube was »laced & box about

[od

pair of scales, and the scales

10 by 12 inches, resting on a
clevated so that the inside of the tottom of thc box was
about two inches from the lower end of the tube.

Under these conditions, enouph of the material to be
tested was poured in to seal the bottom of the tube, and the
welpght on the scales notcd. Known amounts of grain were then
poured in at the top, and the reading nroted éach tinnc on th
scales below. Had therce Leen no friection on sides, or if
the entire weight had becen held by the botton, since there
was no connecticn between tne scales and the vertical tube,
the weight on the scales below would have been equal to the
weight of grain put in at the top. The differcrnce betiween
the two is the grount Meld vy the sidec, end it was Tcund
in every casc that after a certain swonortionate heiglrt the

addition of more material at the top breught no 22cditicnal






veignt on the vottom.

The first cubstance tried was oats, and the result was
not very satisfactory, Lecausc the size of the tube was
evidently too gnall for a gorain having so great a2 {riction.
The weight of the box &nd the grain neces.ary to seal the
end of the tube was 7.8 pounds, and roiloving was the experi-
nent. The experinent was verified, giving same resulis on

gecond and third trials.

Grain put in at the ton. Total weight on bvotton,

ineluding the 7.6 :*

9.25 8.8 s
0.25 9.6
10 0.7
10 9.7
Totzl 38.E0 9.7 Pinal

The experiments with wheat were as follows, and perhons
are rore satisfactory than those with oats, bLecause of the
less Triction.

Arount necessary to seal the bottom of the tube 11.5 1.,

Grain at Top Total weight on totton.
0 11.5
12 16
10 17
10 18
The tube was raised slightly and it was 14
10 15.6
10 13.56
10 18.56

Total 72 'inal 18.6



Experinent 2 with vwhea

Grain at Top Vieight at vottomn.

0 10 necescary to seal bottom of tube
13 15
13 16
13 16.5
13 7
13 17
Total 656 Final 17

tinnc wes 1ade unl. smeller.,

In the next

experinent with wheat the amnount put in each

This would tend to »roducc more

of a layer effezt; reduce the conc forned and riore weight

would come on the botton.

cep
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Tre experiment verified thigc fact.

t. o Groin at Top Total weight on bottom.

0 10 neecessary to seal bottorm of tube
4.5 12.5
4.6 14
4.5 15
4.5 16.5
4.8 18.5
4.5 17
4.0 17.26
4.5 7.6
.5 13
4.5 13
4.5 19
4.5 «0
.5 £J.8
£.b 20.5
Total 83 Final 20.5

A2citional weipght drousht no inerease on wvottor.



-- 3 va e vl 4 .
Esserinment 4 with theat.

Veight of ¢rain at top Veight on botton

0] 10
4.b N
t.EB 1l4.86
4.5 14.56
+.0 16.56
4.5 18.5
4.5 17.5
4.5 18.56
1.5 19
1.0 19
.5 19
4.b 15.5
4.5 20
1.5 20.5
4.b £0.5
4.5 20.6
t. b5 20.0
:. 5 20.5

Total 86 rinal 20.0

After trco experinents with theat similar ones werce tric?

wivh bears.

Vieight at ton Totcl on Hotton
C.8F 8.6
2.25 9.0
10 0.7
10 0.7

Total 38.E 'inal 0.7



In cach cace the pressure on the tottor, 2t the tire

vhen additional weipght at the top Lrought no increcsc of

-

pressure on the bottor:, wac about orni—third of the weight

of the natecrial alreacdy inn the tube. It would scern that,
alfter the tube was filled, a jar would scitle the grain end
bring inereased weight on the bottom, but expecrirent did
not vear out this sunrosition, as a jar of the tube made no
dirfference, sceming to indieate that the grain acted like a
continuously drive wedge, and the inerease from the jer
probavly being vorne vy tre sides. As an ineidence of the
pressure on the walls, a ceseription in the Argincerirg licus
for Jan., 27tr., 1998, tells of an elevator in which the bins
80 f£t. high having its sides so compressed that the walls
were one oot lower vwhen filled with grain than when crpty.
The same issue contains some intercsting discussions of

cxperinents in regard to pressure of stored grain. In thos

e}

experinents in no case did the pressure on thc botton exceed
seven and one-half pounds. The fact that in our experinents
the pressure went as high as 20 1/2 1is probably accounted
for by the fret that in their e;periments the tube uscd was
4 in. square,and in ours 8 in: square.

Another very interesting feature of the cxperinments
desceribed in Engineering News is the following forrmula:

P=ACDV=1,02 A. D. V.

%'—2 copw =1.03 DVW in whienh P is ire
prescure in pounds on thc bottom, A is arca of bottonm in
square feet, L. the dAianmeter of inscribed 2irele, ¢ a con-
stant foun? to be 1.03 c21l " the weight of a cubic foct ol
wheat. Or, expressed in words, the naxirmm pressure that

-

can cozc wwon tre bottorn of a2 bin of wheat is equal to the
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weirnt of a prism; of vheat with a bhasce equal to the botton
of the bin, and altitude equal to thc diamcter of the in-
seribed cirele.

e think the pressure on the sides, and the angle at
which it iz cxerted, will depend largely on the angle orf
reposc of the substance. t would be interesting to discover
the »oint of naximmm »reccsure on the side, and & few observa-
tions indicate that it is 1/3 of tho distance from the botiomn,
but observations crc too few to lead to a definite conclucio:n.

Interesting articlos rclating to this problen nay be
Tfound in Enginecering iews of Jan. 27th., 1893, iov. 4th.,

1
1897, Mareh 3rd., 1898, ¢opt. 23rd., 1897, Junc 19th. and
29th., 1836, Van Nosotrend Seience feriec lo. 3, Eenjemin
Baker's book on Actual Lateral Pressure of Fartrworke,
Annals <Jes Ponts ct Chnucgcees April, 1387, Report of British
sgoclation Tor the Advancemnent of Secience 1882 and from the

cxperinments of on Englishman by the name of Robverts.
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