
Title Sand pressure on a hole in a vessel

Author(s) Yoneta, Katuhiko

Citation Memoirs of the Faculty of Engineering, Hokkaido Imperial University, 4, 255-263

Issue Date 1938

Doc URL https://hdl.handle.net/2115/37715

Type departmental bulletin paper

File Information 4_255-264.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



Sand Pifesstwe gsc a Hoge iff a Vesse;,

                             By.

                      I<atuhiko YoNETA.

              The Meehod of the Experiment.

   Apparatus to measure the sand pressure is the same as that by
which Mr. K, TfxKAHAsi(i) carried out his experiment on sai}d pressure.

'I)he apparatus is shosvn in Fig.I and the iinethod of the measure-

ment inay be briefly described as fol}ows. The granular material is
Iilled in the cylindrieal vessel, whose base has a cireular hole cut at

the center. [1]he upper end of another cylindrieal vessel of smaller

diameter than the former one is placed just in contact with the base of

the fonner eylinder.- 'I]he vessels

are plaeed perpendicularly on one

pan of the balance. However,
the upper eylinder is independent-

ly supported so as to be connected

with the system of the balanee
only by the ageney of the granular

material fiIled in the same cylin-

der. At first a pretty heavy
}veight is placed on the oeher

pan of the balance, The wejght
     ,of the balance is gradually deereased
eritieal weight of balance is

a･cts on the circular hole of the

    Shot of 1.5mm.

through the whole experiment. The
material was 6.65,

il u

                          Fig. 1.

               as the granules run out and this
      considered as the pressure(2) of grains which

           bottom in the vessel.

diameter wa･s generally used as the granular materia]

                apparent specifie gravity of this,

.

   (1) [I]AKAHAsi, Experimental Investigation on the Veloeity of I,)Mux o£ Granula;
Mass. Sc. Pap. I.P.C.R. No. 540, Vol. 26. 1935. p. 11.

   (2) The pressure in this paper means the active pressure in the theory of the earth

pressure.
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The Experimental Results.

          1. Effects on the size and form of the hole.

   In cases when various siztts and forms of the hole are used, the

pressure exerted on the hole opened at the eentral part ol the bottom
ot' the cylindrieal vessel, js measured by iueans of the balallee and tl)e

results are inbulated in Table1. As is evident from t,hjs table, tlie

pressure depQnds upon the lengtli of the hole. The reiatjon between

?v and L･ is shown in B"ig. 2,

100
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            50 ''                       5 tO Ib
                --b-ept L in c,rae

                           Fig. 2.

   iXs the pressuye in the ease wlien tl)e s]]ai.)e of t]ie

tts shown in No. 1 of ll."able 1 is exactly plaeed on tlie

the ideal value ot' w corresponding to the zero length

easily obtained.

                          Tablel. ･

ho]e js

 cltvve
of hole

t･apeved

･zv-L
     '
can be

No. Form oil the hole
Gndicated in em.)

Tota･l pressure

  w ln gr.

Pressure in the ease when
 the granules fiIled the
  hole on]y (w) in gr.

-

1

2

l
g
I
F

I
I

   I-alF---s.o-di-l L--ocm

     k3.i aj

55.8･

j

i

l

I
l
I
I

38.5

              L= O.3 cm
     F 2.9N

= =li-O.3
I

i
60.6

1

"
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Table 1-(Con'tin?eecl),

No.

/3

i

l

    Forrn of the hole
     (indicated in cm.)

'-" ""'-""""mm"""""" E'['1''ll'lllTi'1'fiI'"l''

                       ! `F3･oH i          -Trv 1,4sjsi]
/

Tota･l Pressure

  ?.v ln gr.

85.0

Pressnre} in tl'ie. case ivhen

 the granules filled the
  hole only (?v) in gr.

4

t-
)

(;

l
i

60.0

7

1

1

i

:

t

       1,1
       F/N

= ==tu O.95
   ' bdaj-3.o-ri

I
I
I

I
[
I

!
l
I

l

l

l
i
l
i
j

I
I
l

28.5 i
1
1

l

L

I

26.0

     le,3.0 ag

= =} O.95
       H
       1.1

     k ,.,-

   ke 5.0 el

2,3 2.5

     F 3.o -epi

=w rrr-

152,O leo.6

81.0 60.0

2. Effect on the length of the hole.

   In order to irnake a more detailed study how the length of the
hole inay exert infiuence on the pressure, the foIIowing pietured vessel

js Rsed. A hollow eircular brass cylinder of large diameter Iias attael)e(1

to its bottom a siinall cylinder which ean be easily exchanged for other

cyljnders of the same diameter with the various lengths L.

The pressure in the ease when the granules fi11ed.the cylinder of
small diameter is indieatea by (w) and that in. the ease when the
granules filled both the large and small diameter cylinders by w.

'I)1}e axes of the eylinders have to be kept always perpendieular. The

pressures o.f w an(l (?v) are measured by the former method and the
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L

                    Cv,) w
                            Fig. 3.

results are plotted against L in Fig. 4. VVithin the range of small
yalue of L, ?v is directiy inereased wit)h L wl}ich faet .is already shown

]n the       preeeding paragraph. II[owever ･tv seems to approaeh tl)e
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                           10                 o                   --.- L Sn cm,

                            Fig. 4.

saturation value with inerease of .Z;.

part of the granular mass seems t'o
Fig, 5.

eo

 From these
be the blael<

euvves
parts as

the plastie

 shown in

s
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   Three
as shown

cases
in Fig

             Fig. 5,

when the granules fi11ed the

, 6, are respeet,ively shown as

;･

･liiill".[[[,i.

/r･-':'

 tt

vessel

 2v) (2e

with
) and
tapered
2Vr.

hole

w

' (2V)

,

1>>at ?.vt

                    ba
                            Fig. 6.

   Eaeh black part at the Ieft side indieates the plastic part

granu]ar mass of the right side.
'

The pressure of w is eonsidered as the sum of the pressures
and tw'. [I]herefore 2v =(?,v)+w'. Such goocl examples ean be

reduced from the table above described.

           For D(dia. of hole) =1.lem.

           - 2V4--(w4)==28.5-26.0
                             -- 2.5 gr.

                  Itt

of t})e

of (w)

easily



260

Nvl'ierea,s

･t'heret'ore

For

K. YoReta.

2vfi ==･ 2,t3 gr.

IV4 -(?,V4) ::-=i- ?･Vs

     D =:: 3,Oem.

7V6w (w6) == 51.4 gr.

     ttvi = 5t".8 gi',

QVG-
(W6) i-=l, ZVI

              3. Eflk)ct on the wall of 'the vessel.

   [l)he granular material aTe plled up in a eylinder which is ex-

ehanged for other cylinders of various diameters which are in t,urn

put on the plate having a eircular hole of t5 cm, diameter, and the

pressures are measure(l by the !nethod above deseribed. [I]his apparatus
is shown ii]. IJiig, '-t'.

                       so

d

 l
3cm

ao

o

vo-

.

ts

c
･H 60
p

i

Fig

Fig. 7.

The values
, 8.

thus obtained

  ptd in cm,

          Fig. 8.

are tabulated in 1)able 2 and plot,ted in

,

:
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Table 2,

in a Vessel, 26 11

cl .Illell]. 2V
illg'ILi' el .IllCl'n. w ill g1'.

3.0 300 5.7 65

3.2 85 i 7.0 63.5

4.0 72 8.0 62

4.5 70 10.3 e}o.c)

5.0 67
･t

    Froin
supposed

 this eurve the
and scherr}atically

    From this series

wall approaehes
becomes.

               4.

    Using grains
are found and tl}e

    CVhe data thus
Tak'ahasi's paper(i)

         plastic part

          shown in

             Fig. 9.

 ' of diagrams it is

the hole, the hjgher

   Effect on the form

of the various kinds,

 results are compared

  obtained are

 in the following

 of
the

 the granu]ar mat,erial are

black part of Fig. 9.

      iiillli.liililili,i,ii･iiiiliil'iill･liillllili･Illlliliil･iil.ili･･11ii-･l.11111,iii,･l,1..

      ,l･.ill.'ll-.Llli･i-'ilil'i･11illliiilllil,iii'l･"il･"'i'ii'l'ili`,l;i.i･ill･il.l･ill･i,1.Ii-l.illll

     elear that ehe more ciose the
     the plastie part above the hole

                   '      of the grain.

     tl}e variations of the l}ressure

      with that of shot.

stimmarized with ones taken from
  table.

                    '

  "Iaterials

Lyeopodium
 Shot

 Shot
"'Iron Sand

e"ITon Sand

twa,iver Sand

 Soda Laim

 Small nails

 Hydroquinon

D (dia,. of hole)

   lll elX).

    3.0

    3.1

    1.1

    4.0

    1.88

    L99
    3,O

    3.0

    3.0

I

I E

n'c in gr.

  3.0
  55.8

   2-.5

   2I:

   2.0
l

P gr./em.3

  O.346

  6.65

  6.65

  2,74

  2.74

  IAI
  O.725

  l.9

  O.526

I
l
E

i
1

V in ce.

 8.7
 814

 O.38

 21.9

 2.37

 2.48

 3.9

 2.1

 3.8

 v-13-

.........  ....-.t

2.05

2.02

O.725

2.8

l.33

1.36

1.26

1.22

l,56

::: denotes Tal{ahasi's data.

e
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    [I]he voluiiRe of the plastie part in the sand iinass is obtained from

w divided by p. If the plastic part for the various diameters of the
hole is similar in various eases, the relatioB between D and vg will

be sl]own by a straight line through the origin. IJ'rom the data
in the above table, tlie linear relation bet"'een D and vg is shown in

the straight line of Fig. 10 except when the form of the grain is
very needlelike. Therefore, the form of the grain ean be qualitatively

de,fined b>T the deviation from this straigl)t line in Ii'ig. 10.

                                  The dotted line in ]]'ig. 10 shows

                              the volume of the eone whose base

       . eoineides with the diameter of the   3
         ･ ,,' ])oleandwhoseheightisequalto
                 i/ the diameter of the hole. There-
                '   2 ,/ t'ore,thevoluineoftheplasticpart
            ,/g- Hydroquinon diffei's froiin t]ie eone of the same

           ,t's.-twSodaLaim ba,se.
          i' Xts'･Na,i]s
"kuN ,i' ' S.Thevariationbythe
 T 77 watercoxxtent.
    O 1 2 3 4 5 6 ' Cl)he variation of the pressure

      aj.L)ineill. is much aflfki}cted by the water
           Fig. lo. content in the sand mass. By the
                              same method above described t]his
variation was measurec{ by Mr. M. AllA"iArrA who usedL (luartz sand

as the granular mass in liis experii:nent. [l]he total pressure js plotted

             k ls

             /L io. /
             :k

             1 io is

               ptVoXu;ae Batto ot sand to watep
                                  ln percenC

                            Fig. 11.

against the pereentage o.f the water content in the saiid mass and the

result is shown ip the lower eutrve of "'ig.11. As 'is evident from

                                                '               '
                 q
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this curve, the pressure t･akes negative sign wit･hin some range of t,he

water eolltellt,

                                                   .   rl)his is expeeted from the assuinption of the existenee of the
a(Ihesion of contact surfaees between sand mass and vessel under t,he

hole. As the measured pressure of the sand mass in this state js
eonsidered to be equal to the sum of the real pressure and the adhe-

sion, the real pressure must be obtained by subtracting adhesion froni

the measured pressure. If the adhesion is nearly eonstantin this ex-
periment, the rear pressure will be bodily changed with the percent･age

of the water eontent as shown in the upper eurve of Iiiig. 11.

                         Summary.

   The pressure exerte(l on the 1}ole of the vessel has been quantita-

tively con{'irmed to be reinarkably aff'eeted by the 'following eon(litions

or states.

   1. The size and form of the hole.

   2. The length of the hole.

   :'). [l]he distance to the hole from the wa,11 of the vessel.

   4, ']]he form 'of the grains whiel} are fi11ed into the vessel.

   5. The water content of the sand mass.

In eonelusioTi, the writer wishes to express ])is eordial thanks to

Professor Y. Ii<}eDA for his valuable suggestion and eontinuous

encouragement.

   Iuastly thanks are also due to Nippon-Gakuzyutu-Sink6kai for the
grant xvhieh inade it possible to earry out these expe}'imen,t･s.
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