SEHR oISk e vV RO E— 2 v Mo T

E OB VHEHOWRAELATRKRITE—x b
DREIRE — 2 o P BRBEA N WD D BEREMT, R
R e O UI E X Z0EAOHEITE~ 2 2 b
% Dual OBDHERIZ L - THIRLICADTH %, 7
DFERE, HEBERe v ooBEIEEHTE— 2 2 M
Rt v FNEBBULIMOVIBIRLL Do
7o XZLNTEFOL L UORMETHIT=— 2 b
FIEAREREE 22D, Uh d BICERA L 55, BE
WIERTRE 2521 2RI OV CRER T & » T
BT E— 2 v SO R U,

1. ¥

SEAR DT ORRBRIREEIZ D0 TR PI D & O S H> Tk
fRE— 22 FPELHEDIEWD TR E 2N EWE
BE 2T BB ERIBRICE T T A L0 3 EENR
RErAE? FRE LTEASNAIZT T, BillEgEm o
L5 ARSI T A L LT T, FBEEOR
ERRELRLDFREDITS E DN TW A, EERIREM
ZONWTEERBARHITE— 2 MRIRE— X o N 2#]
BURNEVWSELE, BREABOT AT AL F—3
— Bl L TRIRY % &1 5 Huber, Hencky 7580
{RE? BEHZIEUTHOYLNTNE L9 Th b, LT
BERETE— 2 2 FEIT U0 EIROBR ©
UDET B LD YR EREE Lo RERe v
MEOMHEDHITE— 2 > MCED L D 25BN D B >
2R 5o

2. & Z
BARZ R EREHITE— 2 v MR E 5, T2 D

it

MM, (M,—M)*+~4M,," _,
I, My, My, 350 z, y AR E— 4 o MM,
1
H X
]
,,,,, _ ¢ | ¢ -
yield hinge d
‘\ o ' .
Fo o :
d
i

FER T SWIRARHE BATREE

[T B R

BARAUDE~2 b, My BERE—2 2 FTH B
B EONINE 2=0, y=0 TRREHITE — 2 > Fdf
My E—FTHEBWARDTETHAET H. ZOLD
WHEREE LT~ 2E U0 JUTZ OfERN
FIOBIMT L7295 o TERFEMIT & — 2 v oilEiR e —
2 b My 24 yENCOHTIZES 20 OREDIRORE
Re v opRETS L RREBEZEET 5. 253
PO 28 BEOEY 2¢, 24 12 5T/ &
, ZOEBIHIACEIERWEZEZILNE, 20 O
REIIE 2¢, 2d R BNTHYEOKREITRE-Th
JALT BN D TL DL & 3B TEIENICIEE T
bo Fir x=0 WE IR > M, ODANIRA = > 23
HHIERETS 5 EHET 5.

3. BEAMAARERNESEREMN

oM ToERBIFERNR DA Z w, HITRIMZ
N e

IN A2 = qo flay) coemerrmmmren e @D)
U g WEBERE, floy)  REOSHEI
o o?
:6—:674’—2@7 Thh,
N E =0 Lo (2)

EDITT w ZERIRe L OBRNWEEREITIEDII DA
T, WEHIOBEREF ZHETS 08 L, w?id
BRe L OB LAIbAZEDTIDET S, T
bbb

N Lw®=q.f(xy),

N AP D 20, oeneermeiiineneeinianeien
BROREIZL Y w® 3RS 2b ZaBRe v oy
T B IR OB E 05, AIHER: v o0 L 313k
BT w® OREIFOBAEZEL I SVEED b O
THHH, CHIHEDRBILE - Tk >d OB D
PABETLFoEansd, (DEA»s3TALLNT
BAZMRHET S LD T w® BERD LD,
2o wh ik =0 19 M, »

9D 20, (1)
M, = _1\,<_%+y%> ............... (5)

o THETE, B—2 (&) 0L5105%, HERE
DN L T M P OB (CHURREIR X » TIROE
REFTE—2 > FTH B My A NEERe
OB yENCEATIC 20 I FE LT £ OBITIE —EM
My &7z M, o0 B2 (b) QORABED LD IKE
635, EBOEMET MMV THEKTZEDOTH D05



10 tAZLHLE

® 78 % (FF.37.1)

M2 #msd iy E— X v b MO SRR
E—AVE M,

N F UTCERAT A w® R E LB Eh, MW
& M.® D& LTS DhE \\fs%@D?F/%Tb’CL\Z Zé&
IRy My @703 =0 TEFRETH 5 & UTHDR
WUSHED N T A DS |y [=b T M, B ED XS %

LT3 IO ThHo T, LDETAHTEREOITRMEL
5 xJ7AID slope WO THNE Lo TNHOT EN

25 w® T LT =0 T
5 @
= =0, iz, (6)
2 .,,(2) 92 w(®
My (2)“—*1\<6a7§2 %‘V*gzzz )':AMx(l)—Mjp
(=8, (7D

EVWHEBREMEVBEL LN D, B bke THa05H
EREID MW & | y|<b THBHBIHE AT L
DBTEBHPE M, OBKE»P M, L UT a=M,—
M, Euxgisl (7)) %

2
Meo=a-a(3), Yi=b,(8)

P CEHTE By YIT 2=0 TTHADLAKIIH
HROMTEED B MAZDT, b 5—DORFRM

G Frw®

e Tapagi 0 (9
PRSLT B o
oW OB
TR (4) o— R
w‘”:f:(AA—B:c e cos Ayd deererseares o
BERZLE (9) &b B=0 &igh, RIME 4 X (8),
(6) &ML
‘oo 2
7~;’\'(1—u)jQA 2 cosZde:ao—a1<%~> ,\
RYE<A
] A dcos Ayd 2=0 |y}gb,)
0

Wi A= y=nb, 2A=07F(p),
_N2b
\/) VTT Z\j(l~u)( [L1772)
EROT

cos(1y) = (Z > J_12(om)

5L EBEANEHER

ij@>Lm@mdp:mw,[ﬂg1]
0 Ve (12)
|7 >1 (

/

f:F@)J_uz(m)d p=0,
»7: B Zhd Dual OFESHEADT
2p 1/27_ : 1727 2N1/72

F(ﬂ)=<;) I_Jo(ﬂ)ﬁ)y 7AL—yD) g y)dy

1 1 i
~%pj W L=ty du | gy T ey |
0

.............................. 13

Cdh 506 ETHORRE
N(L—)2 A= <ao—f‘§%>J1(z; D ra, b
.............................. (14)

Uthse T 2=0 15 My® O
My®) oy = ~N(1—U)JwA 2cos(Ay)d2
0
:<a0—‘~‘2l>rJ1<b 2) cos (Ay)d 2
1]

+a1J‘:°(b DL D cos Q) d 2 -(15)

38t Weber Schatheitlin OFTARY L h RO &

KB,

lyl=b
M @) g = ¢ -+ (16)

=)

Y =t

L Bp =0 kit n M, OXHRIERE L EST
&H % &1& CR if‘l’\ﬂ:f:l y=+b TARE n)u’GﬂEBEUQ&/;
AT FDFRED0 L BRETH D, AT
a —“—21, oo ay=2ay=2(My— M) -eeer-- an
Utzhis T
i/ao <l"2%‘> ly \Sb
M= o (18)
i_ '\’yzA z_y 2 ! :
L B2 I.’yzl
ST '~ A4 v M2
‘M lyl<b
] x>x - 1‘4 (1)-—(;\4 ——u’V[p) ' . <19>
LD EDD, ﬁzxﬂﬂm‘fc X2 FOFEL TE DI

DIRRE L Bs D & B HIROREL ¢
M—3 x=0 (LT3 M> OF

T_‘T‘

0 ]
IS R—
b b

v U PRI




SEAR DB R e v P ERIOET E~ A Vv

HFERD CEDNNA D T LA L 25
KETE— 2 FORRIRE— 2 2 b BEET AN AD
V2b D&x, BY 200K v opETRI e Y
WMEOEHTE— 2 v POSTHRER E L HEET 5,
b U RO E — 2 v NOTHANESEDES b &
SO TRETALH BB R e o oB 23T h=4/2b
<

H<26 04

CAURRRER = o oS TED 25 T
URWHET, ay—a/2>0 &z b, M OTiE B4
(@ @& ice v OTHEHTIEDREEARDMT € — 2 » b
DT o
-4 ey oRH ek OBR. BT x=0 2B
3 M. 05 (h=+1b)

A

H=2b 0Bt CHET TR~ EE) £y i
Lo M, OfinERE 2 Y ZERETS 2.

H>2b@oHs Uk v D0 FED 26 &)
BARETLEET a—a)/2<C &2 b, M, O
H—4 () DXdite v ol TADRBROHT € —
A RDETL, ETE L oOBANY 2R T
HETIRE v UTOINER S « o UREHILT
VU OIEET S C L V2R OBESERY, RiTE
OEIRILITHA LY ET5E XE Y v TG
EHBSEIZBAE & e L POREZRZET L
%o

5. MEGERE D C—CLBAmETE— A
I

PR v o DI K BAIENT £~ 2 o MiE w®

2o i1
bt ans Y, ztyi=z EBTEROLISCERDS
h%o

B frp@
@ — NI o
M, A(ze '”ay2>

= —~N(—) J :A 2 e Fcos dyd 2

oo M= —Ri_z a, f j(b DT, e dx |

.............................. 16
My® = = M, oo an
A2.0,0(2)

M@ = "Ar(:l“y)gx.w@

~ ~N(1—u>J°°A e sin 2l yd 2
0

ﬂfx_y“)ll:ZaUJ N RPACH e~22dz] ------ asy
[

22U, R D, ID 1@ [ ] ROEEE B L OEE
WrFEDT,
& & AHs Hankel Lipschitz OFEARIT LD
-1 } (JF T2
jo TJZCb A)e sz,{:_l/zzb# ............ <19)
DEGEDH B0 H—8 O X5 BEES S
BE—5
yield hinge
—b 0 3 tb
NG
PN\
{ T2 T {Tl
(%2
%
My;®=-2a >—l—+r—2cos2ﬁ
* 12 8

_ 1 1
— g V77 cos| 05 (0,0 | |-+(20)
My = — Myt e @10

2
M, ®=—2 a()[g—zsin 249

- 1 17
" rrsin {a+~—<01+02>» (22

T P2 J
Ll a1 M- M, TEMEIEIC X A BT e~
— hOBERE — A PEBEETH %,

6. BfERIES

EBHIEOMENERIZENTNHEIR LT, fud
I EBINCTAT 2B DB T 5 & &8 Bach 72 F 0%
CRA TS, TRV o/d=4 OIGIEMYHD
SETENR DS sinusoidal load : ¢ cos w 2/2d-cos ® y/2 ¢ %57
oG, ddic@ERe L ods 0.5 ¢ (T Tyl
HUEE2ZEAL L. COHARKe v sORE 3 DE
AEAEURE SR DRL~OHEI IR TE 2
T EDRENITh A, (3DOFTER»S



# ¥ 785 (JE.57.1)

12 TARER S WX
”y
qcos——COS
o — 2d
NI(EY L F 2}2
: %251 "\Z¢
LTzhio T
dZ
15—
4 qd* c’ ny
M == T i COS g 0S g
b
dZ
p &
o dqd’ c? Tz zy
M, = p _’—__(1+£>2C052d cos 5=
CZ
4qd (l*/) d . = LTy
[ (U:_———.———- .
M,y o oSy esing

LZ

Ty

K7V vy 2 0.3 3T M OfE =1 (4 ‘Id2>
X E-1 DY Thbo MEHICE DRER "
ELUDEXE b=0.35c ThinbE M | 70
0.00 | 0.9024
Rz —x > MEET AR 0.10 | o0.8913
h= 4/2b=0.1768 (2¢) 0.1768 | 0.8661
07 0.20 | 0.8583
A 0.30 | 0.8041
aono*Mﬁziwx”))?fg 0.40 | 0.7301
MY = 0.50 | 0.6381
Ty S0. 1768 0.60 | 0.5304
tad 0.70 | 0.4097
% =0.03631. < g ) 0.80 | 0.2789
0.9 |0.1412
E2h. TOEBRATN (B0, (21, (32) o.10 | 0.0000
&7ﬁ/\9ﬂi%f}\t/‘/b>05cz’ E .
e XOMNIETE— 2 MEETY S, e
@@E@Evi
M,=0. 8661-4qd

MHERD BN D, TICAINENT E—~ 2 FOBEFITII
Y x==xd, y=0 DL AT
4qd

M, ® =0.00632-

LV BRERRL, —H COBATIZIEND MY Ok
2=20.9d, y=0 T

M, ® =0.1412- 4qd

AETH R, TERL T Me® OFH My
D 5% FRICEER, Fiho M, OFEAEZLTE
M, QBRI AEREZ LB LT TH S, LI
,@;OTC@EF;@ BRI B M, ORISIIERTY 5

BREME M. =0 PR INTVE AR UTE
L/SZAM\O ThAOEEBZINLYILIUNIBIO
Thbo

1733
[{&x e

My=M, D +M®, Myy=M,;,O+M,,*®
PHEUTRRe L oPELRNEE EEUIZE S0k
FE—22 bODHRHELIZEDIE B— TR
NTV D, MAPEBIIRIR v v oA UV EEIO
HOBEITIST AT E —~ 2 > FOBREBRRK P SBZ
BefRe o USE X 0.5 i THTIRICELTZE & D
REZRLU TV D, BTN E— 2 MAZ 1 ELT
W5, BB 1y<<0.84, 121<0.7d THr T Fghizih
Y 3T My 3R o opET B E v v OB
T3 T y B TR BN U 2 BT Tk Ed/D

XLEANE UL TREe v DI FILRRE — 2
FMIZIFWDBEDET A DT v SEETIRIZL, —20DM
Pl TIHRICHEAET B K Db D o My, 13K &
L UDRET AU x, y B ELT ERPS AN

r A0

(RS

(/,k

H-6 M, ZTHEE, =EEERe yy@m\igg<n§ﬁf—x vk M,,=3‘464~”T 1 t‘é‘é), HiglERe v 0B 28BS

oy Lo/ Ny
\

e — 0.3C 0.3C
e 2b —
=1 === T
— |
e e B R S L\§
= —
: e = & | o — '
- R N :f
- — . T
e /‘—;f_—i—_——:%:%—\:%:: SN
VAT 7f /@ld nge PN \ N \\1\\
\ = Tr //w |

__0.46




SEAR DEIRER b v PRI O B~ 2 Y M iTownT

13

2
1 M., SHRE, EREERE Y S oroBa(BRE- 2> b =340 —1 &35 | AREERE Y 505 588
; 0.3C f 0.3C |
26
/ ’ 7 1 | T 1 1 N
al v/ / ! f /' '\ ! l \ AN S 'r
» - T 7 AW Y
/ | ~l
7 TR NS
- | A | ~—] !
/ / l/ i | \\ ‘\[,\ \‘§ -
— ol ag i / ! \ \ . =
e y /! ! : \ ~ e - l;
f \ F
_\)// / [ ! | \[ \ \ - ‘
1 7
oo \\ // \ \\ / I' T\ // - 1
= I~ T \ 7 7 N s = :
SN/ Yield Hinge / ! Tt s i'
ooz~ \ \ AR ]
(L lel 7y O\ f ! | \ / \‘C\\u{
7 X 1 N 0 e S :
Rl e AN A NI
= 3 P ¥ I 7 == |
'0.;\0.2 \o l's 1o o [ ]
e S0 tn— —p A
(=21 EH N AL T s
3 7 ) ! 1 i 7 <
% o5gs s \ ‘\ ! ! / ! /“' A s
.~ T T\ f , 7 z
S ~ | | 1 . P
ECP \ ! ‘ A ! / g 4
o ¥ AN i IR i J | ¢ s
o A \ o ! ' ' / /

Wi T AN e URETIE 2=0 Jic s lh
= PBEUTYHIEERTA L5185, LU
Mo/ h 30

1. #&

U EETORE 2T OEERLR e v obBirRiCED
1BE, t o OOBREIEE SRS E2ED LS ZIE
FBMEHS 7 OFERIBITH LN B R BE Lok

(1) HEBEEML CERFEHTE — % » bW
My % a, 771 3BB L, Z OB LI = — % v M
YNtz LTV 20 oMtz otc & sk e v o0k
3 2bTrynE e v o b E — 2 v PO
HWEUNER E o e v O ERROERZET 5 C
& B ARHNTEEIR LTz,

(2) B IR e v oS AZEERT
IS BHEMBEDC ELDP oI

(3) WK e oo &ide v CREONERZE
CTHN E— 2 v b OATRIT, WEICEHE54 5 X

=)
==

Ak xR Iy Bbh b, OB,
Bk oo 3BT EERLS A CEEOEIOLD
AR e L o BN D T I U

B AT IER] 35 EESTHAERERNRED—RT
BY,EET R H . TERITERSE BE 3l
T Lot BRI SNBHEOED2 5107, L
WS OEPET 2UETD 50

# £ X B

1) PR SRS, 238 -

2) Prager, W. and Hodge, P.G.: Theory of Perfect
Plastic Solids, p. 36.

3) Sneddon, L.N. : Fourier Transforms, p. 65.

4) Watson, G.N.: A Treatise on the Theory of Bessel
Functions, p. 405.

5) Watson, G.N. : A Treatise on the Theory of Bessel
Functions, p. 384.

6) Bach, C. und Baumann, R.: Elastizitit und Festig-

keit, S. 625.
(ERZAT £ 1961.5.24)




14

ON BENDING MOMENT IN THE VICINITY OF INITIAL
YIELD HINGE IN THIN PLATE

By Dr. Eng., Sumio Nomachi, C.E. Member

Synopsis

Under the yield condition that the maxi-

mum principal moment cannot be excess over

the yield moment M, at each point of the plate,
ie.,

| Mo+ My O] A M,

P2 2 ]

< My (1)

the distributions of bending moments in the
vicinity of the initial yield hinge which may
occur in small straight line at the center of the
rectangular plate are considered.

The total deflection of the plate w is taken
in the form

o =01 4 gp(?
in which w® denotes the deflection of the plate
without yield hinge in it subjected by the pres-
cribed load, and w® denotes the deflection of
the plate caused only by the initial yield hinge.
It is also assumed that the influence of w' on
the boundary of the plate is so small that the
boundary conditions are not disturbed, because
the variation of w® promptly decreases accord-
ing to the increasing distance from the yield
hinge. The bending moment in x direction and
the shearing force in the same direction are
therefore written as
My=M,P+M,®, S;=8,D45,2 --(3)

The equations of equilibrium of forces are ex-

Yield Hinge

“ /2%
M
Ay
N
G M, \\

\
N
N

pressed by
7 AP =q,,, 820D =0 (4)

where w is chosen as a symmetrical form
with respect to two center lines =0 and y=0.

Let the principal moment along y=90, that
is M,, takes a muuximum value at x=0, and
let the initial yield hinge occur with the length
25 as shown in Fig. 1. Then S, should vanish
along y=0:

390D 370D
=5, W=0, o 22 L T ...
Se=5y 0, 72 +6x6y2 0 (5)

and M, cannot be excess over M, along the
yield hinge :

MO £ M® =0, (z=0, |yl<b) e 6
in which the distribution of M, along y=0
may usually be drawn with a continious smooth
curve, so it can be substituted by a parabolic
shape in the interval of 25, namely

MO =M, —ag(yjB)?, 13| < beereeersenners 7
Hence, the equation (6) yields

*z\]( 02702 s 020 (2)

CER + W)x:o =Mp—M,+a,(y/0)",

Next, the slope in x direction of the plate
should be continuous excluding along the yield

hinge, so by symmetrical deflection

8w — 1 Breenenraeeneninennes
< 9 x )x:o_o izt (9

Since the solution of w® can be obtained in

usual way, it is left here untreated, and the
analysis of w'® will first be proceeded.
The equation (4) and the condition (5)
yield
w® ;J Ae*cos Ly dy
0

in which the unknown wvalue A is found to

satisfy the conditions (8) and (9) as follows

N [mA(l—V)??cos 2yd 2= My My —as( /57,
Jo
lyi=b
JmA ecos Aydi=0C, y|=b
0

The above equation is a Dual’s integral equa-
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tion, from which

N(l—u)i.zA:<Mo— M, ~%—) 5D

A CESRNACES
Hence A, is written, when y=0, in the form
Mx(2)>x:o

( a, y°
/a(MrMp—g“},z) i< b

ﬂ) 1-— Y >_ao<’\/y2"'b2_y>2
2 Vi =B 2 b2

A=
in the second equation of which becomes infinite

(s

a ) : .
when M,— M, ﬁ;*z—", and is however continuous

<2

at that point when M,—M,= 5

Considering that the distributions of the
bending moments must be continuouso ver the
whole area of the plate even if there occur
plastic spots in it, it can be concluded that

a
MD—AMI,=E°.
state of the plate with initial yield hinge in it

In other words, the bending

becomes stable so long as the length of the ini-
tial vield hinge is 42 time longer than that of
the distributing width of M, along y=0 which
If not so, the
distribution of the bending moment along yield

is excess over the yield moment.

hinge is discontinuous at both ends of the hinge
and tends to infinite promptly at the same

points.






