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    When we were investigating some vacuum phenomena, the glass fioor

of the vacuum vessel was broken by chance. By improving the vacuum

apparatus, we have found a convenient method to stucly the cracking of a

                                                 'thin elastic plate bent by uniform pressure.

    It may be considered that the cracl< begins from the point of the

greatest stress, but the crack tigure depends not ouly upon the boundary

conditions, but also upon the rate of increasing pressure. Among many

experiments which we have carried out, we are going to describe the craclc

of a thin glass plate clamped at the edge aiid bent by uniform pressure

when the rate of increasing pressure is infinitely slow, since these experi-

ments can be done very easily without any incertitude of the boundary

                                               'conditions. ･ ･
    The object of this essay is to show that

    i. by using this apparatus, we can easily study the cracl< figure of

the plate clamped at the edge in an arbitrary fbrm,

    2. we can obtain the point of the greatest'stress without anycalcula--

tion of the elastic theory. ' .
Indeed we can calculate the defiection and stress distribution in some simple

cases, but in general they can not be ascertained exactly. In order to show
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                          Fig, I.

               W: heavy weight,

               Gi: thick plate glass,

               V : vacuum vessel,

               G : thin glass plate,

               P : thin hard porous paper,

               G2: thicl< plate glass,

               M: Manometer.

use those vacuum vessels which have

i, circular edge with diameter 2r= 2i cm.,

2, elliptic edge with radii a==i2.4, b=:g.7 cm･,

3, square edge with sides 2a==i8.6 cm,,

4, rectangular edge with sides 2a=i3,2, 2b=24.2 cm.,

s, rectangular edge with sides 2a=3o, 2b= So cm.,

6, combined edge of the above two rectangles.
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                          Expeyimenit.

    On a thick plate glass was placed a thin hard porous paper, which

allows the air to go in very slowly. To fu1fi1thecondition ofthe clamping

a heavy weight was set on the vacuum vessei. By means of a manometer,

the pressure inside of the vacuum vessel was measured. The difference of

the atmospheric pressure is the cause of the bending ofthe thin glass plate.

The experiment is so simple that we need not describe the details. But

it is only necessary to note that the pressure of the vacuum vessel should

diminish very slowly. The cracl< occurs some minutes (frequently io or Is

minutes) after the pump is stopped. As soon as the sou.nd of cracl<ing

was heard, the air cock was opened and the pressure difference reduced in

order to diminish the secondary effZ]cts of the first crack.

                   Result of the experiments.

    As it was desired to study the relation between the point ofthe greatest

stress and the crack figure, cornmercial window glass was used as specimen.

Indeed the brealdng strength is very variable, but the cracl< figure is nearly

the same, so !ong as the edge is the same, as is shown in the fo!lowing

photographs,
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                    Discussiome of the resuks.
                                                      '
    Cracl<s can be considered to be due to the stress, but they depend

also upon clefects in the material. Though the elastic theory can not hold

strictly in the breal<ing phenomena, the stress may be estimated approximately

fi'om the elastic theory. Any material clefect, however, is difficult to detect

before the experiment.

    Suppose that there is a point ofgreatest bending stress in one direction

and there is another point in which the stress is smaller than that of the

first point, but the amount of stress is equal in all directions around that

point. From which point does the crack begin under these conditions?

    We must consider the ratio of the stress amounts and the probability

with which the weak point in the material happens to exist in the neighbour-

hood of the points in question. These circumstances occur in the case of
 'square edge, since the stress is the same in all directions at the middle

point of the plane, while the greatest stress is at the middle point of the

10ngelil Sig:.rcaunladr Cerda.gle<. MUSt Occur only parallel to that side.

s6iri, eTBioeingtreoaftetShteSgrdegSeS.OCCUrs at the edge･') Indeed the crack begins fi-om

       tt    If the materiai is exactly uniform and homogeneous, the cracl< begins

at all points of the edge at the sarne time, and after the cracklng the

stress distribution wM be the same as that of the case where the edge is

supported, for some duration of time in which the pressure I<eeps constant.

 ･ Then the stress at the center increases very rapidiy. This' can not

pccur exactly in nature, but imperfectly. We may conclude from the

photographs that the cracl< begins at some point at the edge and in

consequence of this crack, the stress at the center increases so rapicliy that

some radial cracl<s occur just after the first cracl<. ,

    II. EIIipticedge. .

    Sitnilar to the circJe. The calculation is well I<nown.2)

   I) Love, The mathematical theory of elasticity, p. 484, Morley, Strength of materials,

P, 43o,

   2) Love, 1,c, p. 484. Morley, 1.c, p･ 44o,
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       IIL Square edge. ･
       In the fburth edition of Love, nif2ztheneatzlral 7heqir of .EIZasticz'ijfi) there

  is a section upon this problem. We calculate the stress after that method.

  The greatest stress occurs at the middle point of the longer side. The

  ratio between that and the stress at the middle point of the plate is about

  2.4, but the cracl< occurs from the center, Sometimes, though very rarely,

  it occurs as in Fig. io. If the crack begins from only one side then the

  boundary condition will become diflerent and a seconclary cracl< will occur

  as is shown in Fig. 8.

       IV. Rectangular edge.

       Similar to the square. '
       It is remarl<able that in Fig. is the cracl< at the edge begins nearly

  at the same time as the crack from the middle point of the rectangles,

' Cracl<s from the middle point of the rectangie are transversed by the cracl<

  from the edge, but one cracl< from the edge on the opposite side,is trans-

  'versed by a cracl< from the middle point of the rectangle.

       V. Clamped at the edge and at the middle point of the plate.

       The cracl< begins from the middle point of the plate, In the case of

  square edge the cracl< is parallel to one of the sides, and in the case of

  rectangle it is parallel to the･shorter side. The pressure clifflirence is nearly

  the same as the case where it is not clamped at the middie point of the

  plate.

       VI. Combined edge ofthe rectangles. '
       As is shown in Fig. i6, the craclc occurs from the convex corner of

  inside rectangle. Therefore we made the corner round in order to remove

  the convex corner effl2ct. Comparing Ng. i6 with Fig. i7 we can conclude

  that the former cracks are the cracl<s of the latter case plus the effl]ct of

  th    e corner.
      '
       VII. Other conditions.

     ･ If we use a light weight insteacl of a heavy one, the boundary will be

   clamped imperfectly. If we diminish the pressure of the vessel very quickly,

i) Love, l･c･ p･ 494･

'
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