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        Stresses in Thin Plates of CantiXever Type Stretched

                   out around an Extermai Angle

                                  By

                                           '
                           Yoshizo DOBASHI

                         (Received January 21, 1960)

                             Introduction

    Although most problems of free edged rectangular plates have already been

solved, stresses of the plates in the title remain to be solved, which are im-

portant in the practical application for the cases of pent-roofs or canopies of

reinforced concrete. ･
    As there is no information on stresses in the cases above mentioned we

have no reliable methods of reinforcement of the concrete, hence sometimes

the risk of cracking or collapsing of cantilever plates cannot be avoided.

    The present paper discusses a solution for such plates subject to uniform

load using the method of finite differrences which was previously applied to

the solution of the cases of rectangular plates with a thin or open quadrangle

                                 tt

  1. Nomenclature and the SubdivisieR of the Surface of the Plates

    The following definitions are given here:

        lv= Eh3
              12 (1 - p2)

        T= Nw
              22

       SA =2A, SA ::: 2'A. (r == 1!Z')

          with N: Flexural rigidity of plate

                T: Deflection

                h: Thickness of plate

                A: Reaction
                 v: Poisson's ratio

              SA: Resultant reaction

              2, 2': Length of subdivision of plate
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    Each surface of the plates is subdivided into equal small squares with every

point of intersection numbered as shown in Fig. 1.
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  2. Setting Up the Equations

    The finite difference equations at all sueh points derived from the govern-

ing equations for rectangular p}ates with a thin quadrangle in the center are

shown in Table 1.

    At the same time the equation for Point 31 which may come into ques'

tion and the equation for determining the resultant reaction at the reentering

corner point are schematized in Figs. 2-1, 2-2 and 3.

    And further, these two equations are so simplified by substituting v=O,

2=2' and n= oo in them as shown in Fig. 4 and 5, respectively.

                             TABLE 1-A

Voj IYi3 W12 flS ]22 w,, qr" f3] V(3f qf#3 Uftl V!4J UfS3 WS2 V'Sl Y'6j '62 Gt

oi 3 -6 2 1 O.0277

B -5 ,5 L6 -d 3 as O.OS5S

;2 2 -l2 I8 4 -t6 2 2 l/li

?5 o.s -4 2 8 -6 1 -4 2 0.5 .esss6

?2 3 -8 -6 2t -8 2 -8 5 t almi
2t 2 2 --

l6 2 4 -t6 2 o.Iltll

5S o.s -4 2. s -6 l -4, 2 as aosss6

52 ' 2 -8 ? -6 l9 -8 2 t. 8 2 i OJlIti

3I 3 -8 t -8 225 2 -8 ' ailttl

s as -.4 2 8 -6 ' -4 2 as aesss6

42 1 2 -6 2 -6 t9 -6 2 -8 2 ' a/tttl

4f ' 2 -s J -8 2i 2 -8 t atllll

S3 O.5 -4 2 8.5 -6 l -4 2 O.OSSS6

52 t 2 -8 2 -6 20 -8 2 -8 2 O,SIXtl

S" i 2 -6 i -6 2? 2 -6 mt
63 t

- 4 8 -6 l O,OSSS6

62 2 4 ･r16 4 -6 t9 L OitllJ
6J 2 4 -f6 l -8 21･ atltli
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TABLE 1-B

ty03 Tt3 rt? V'2S 12
r21 f33 UrJl31 4j uf"? ,2i

sj S2 Vs, IY6j V67 V(6,

03 3 -6 2 t ao277s

13 -5 95 -6 -4 3 O,5 .05SS6

l2 2 -i2 t8 4 -i6 2 2 o.iftti

?3 as -4 2 8 -6 i -n 2 O.5 O,OSSS6

22 3 -8 -6 21 " 2 -8 3 , Ollllt

?J 2 2 -t6 20 4 -t6 2 atlltt

55 05 -n 2 8 -6 ' -4 2 os aosss6

]2 i 2 -6 2 -6 19 -8 2 -8 2 ' OINij
st 3 -8 f ` 2ZS 2 -s

'

f atttl

4S 05 -4 2 8 -6 ' -4 2 O,5 aosss6

42 1 2 -8 2 -6 l9 -8 2 -6 2 l Vlltl

ri1 1 2 -8 l -6 l?f 2 -8 l atlllt

,5S o,s -4 ･2 75 -6 1 -5 2 OSSS6

52 1 2 -8 2 -6 8 u 2 -6 2 O.t1lll
Sl r 2 u t -8 20 2 -6 O,ltltt

65 as -5 2 3 -3 O,5 O.0277
62 t 2 H6 2 -3 75 - apsss6
61 , 2 -6 e.s -4 8,5 OOSSS6

TABLE 1-C

ej lj UJ? 2S U?? 2t ss
lerJ2 W3i Uf45 IY42 ut

-L(sl YS2 oprsi

o.] 3 -6 2 1 O.02778

t3 -5 e.s -6 - 3 O.5 aosss6

t2 2 -t2 i8 4 -t6 2 2 O.ltltt

2J as -4 2 6 -6 l -4 2 ･as O,OSSS6

?2 3 -8 -6 21 -6 -2 -8 3 ' atliti

21 2 2 -t6 20 4 -l6 2 OJttll

js as -4 2 8 -- 6 ' --4 2 O,5 e,oSSs6

32 F 2 . 2 -6 t9 -8 2 -8 2 l Ollltl

jf 3 -6 r H8 225 2 -8 ' d/tlll

a3 O.5 -4 2 8 -6 t -4 2 aosss6

2 ' 2 -8 2 -6 19 -8 2 -'S 2 etiill

41 f 2 -5 ' -8 21 2 -8 ,ltttl

S5 as -4 2 8,S
--6 t desss6

S2 l 2 -6 2 -6 20 --8 etlllt
51 , 2 -8 ' -8 22 O,Mll

aa

bb

ab b bc

'

a pt o c c

da a
cd

dd

i- ,!t' j
i..L i,t

tt Zfl3ge'lbb

S4dfab -4(-]+foer/-, (2,ll,iff･-Yifu,,

tUraa'4(rH",'}<dfa (2(sMb4,tjl,)tza.,i･fJ9ds
--

fe(f+"t)tnlX'ptY･)j<eZc (t+i-Ztl/,ca?. t

f4traa -4Cr-'+IIC,i,)ifd [2+n2Z,=ti･'X]2fCYrLcC

r2ts,4erdd

Fig. Z-1.



IG6 YoShiZo DOBASHI

ab

bL

e bC

aa a o' c cc

da dc
dc<

a

'Jf,i]･calb

-jl,-yl,ib e4(fJ'f,s)ifb St's}Pze

tt

)`<baa '4(M'fJ"a (2(s)t,47+,,3i],)tS,iii'/2,L")9f, -46`ti)Y? r(
"?C

(2+22LtitXtIY)i2<-aOila -4<-,!･+,-i,)iZtt,/(f,t2tVh()g2i (2t>e,;ff-I)f,-va,(

lt+,,ft.,-JX,,dact

Fig. z-z.

tib

ab bK

aa ao
'

aa 1,ctc

tt

c cc

a

dd.

SA=

f

-iL,-ytbb

-'
S-ebfah (4ttiIT,2-I)f･en,1 ((2..;Ii-),Z,l?e,,,+Y]f,efri,d

-r9cEa
(7!2ts-v)2klfa' g(3r`l4,il,2tS,Y,Cu'{,fV2V7/Uca, ((s}t2+rftvJ2-jtN,,,(Jt)ev)vlfpt -(l+/Xii,v2)fva,

-(2'"7tl.i¥,)fca7dq a4t-r;I-tv)2Ii+;,f]'(tfFg')yf"1pt, --,i･cegeEa

-(tt;Il.if,lv2)-2ila1eeTla
+wprx

Fig. 3.

¢tlbb

2i2Z, -692b( 2da,

"aa J6"a 20･5e

2cada -6llal

el(dd

Fig. 4.

-nx -o
SA-

-q,,

rv
212a(b 2Jr"l{ 72"sc

-9ila Z5g)l,T

T292Lla

l,

Fig. S.

mm' tPN

'

1



Stresses in Thin Plates of Cantilever Type Stretehed out around, an External Angle 107
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  3. Solution of the Equations

    The equations are solved simultaneously by the method of elimination and

stresses are found as respectively shown in Tables 2-A, B, C.

  4. Stress Diagrarns

    The distributions of bending moments M. and M,, torsional moment M.,,

reaction A and principal stresses are diagramed below. (Figs. 6-1, 7-1, 8-1)
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show M. and M., Figs. 6-2, 7-2, 8-2 M., and A, Figs. 9-A, 9-B, 9-C
principal stress diagram of each plate, respectively,)
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    The results for each

follows :

Piate A: Bending moments
    at the reentering corner of the plates.

    the value for the

    total load is concentrated

Plate B: The effect of

    is made free is appreciable

    the reentering corner

    along such free edge

    cantilever.

      ix

   .t/(x ... .-.-MXLT
                            Fig.

         Conclusions

   plates are examined and respectively summarized as

      M., A4E, and reaction A are highly concentrated

                   Especially M. is larger than twice

corresponding cantilever and almost two thirds of the

       at that corner.

  the transition when the line of symmetry of Plate A

         by the fact that stresses are concentrated at

   slightly higher than in case of Plate A, so that Mi,

  is made rather smaller than that of the corresponding

.
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PIate C: Stress concentratlon at the corner is smaller than in case of Plate

    A or B since stresses are distributed along the side edge, induced by the

    transition from free (Plate B) to built-in edges. The characteristics of

    plate C are discriminated from those of Plate A or B by the fact that

    the distributions of the stresses in Plate C are considerably similar to those

    in a rectangular plate with two adjacent edges built in and the others free.

    Figs 10-1 and 10-2 explain the concentration of M., M, along the exten-

    sion line of the reenterlng built-in edges down the corner.
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    In Figs, 11-A, B and C is compared the bending mornent Mn (principal

bending moment) of each plate with that of the corresponding cantilever which

diagonally spans from its reenterlng corner to external corner.
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  p.s.

    Checl<ing the sum of the reactions proved the error in calcuiation within

the ratio of ca. O.OO02 to the unity of the total load.
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