pobL

width = b



Try

_ 2 3
Gxx T C1y+C2X y+C3y
O = CyX+CsXy’

3
o, =C+CYy+CYy

To satisfy equilibrium:

oo, 00,
X+ =0
OX @y |:‘>
0o, . oo, 0
OX oy



o, =CYy+3CXy+C,Yy’
O, = C;X—3CyXy’

o, =Cs—C,y+Cy°
To satisfy compatibility
2 —
V4 (Uxx +ny) -0 [ 12¢,+6¢c,=0

o, =CY+3CXy—2¢c,Yy°
O,y = C,X—3Cy Xy’

3
O, =Cs—C,Y +Cyy



To make them simpler, write the stresses as

o, =ay+3bx’y - 2by’
o,, = Cx—3bxy”

o, =d —cy +by®

Now, we need to apply the boundary conditions to
solve for a, b, c, d



Boundary Conditions

O-yy(x’h):_po (I)

( o, (x,h)=0 (1)

ty
L
(e
L o, (x—h)=0 (I
o, (X,—h)=0 (V)




(V) At y=th o,=0 ) c=3pi

(1, 11):
Aty=h oy == —p,=d-2bh’
y=-h o,=0 0=d + 2bh’

d=-p,/2

b= p /4 and c=3p,/4h
= Po

SO



which gives

3po 2 Py

—a — 03
T =W T Qe * Y7o Y
3Py, 3P,
Ty = an T ane Y
__p0_3po Do
%= "an Y an )

All the constants except a are now known.

We still have to address the boundary conditions at
the ends of the beam



Xy
o X R
Gy
L M
PobL pobL

(d) [ o,bdy=—pgbL
() [o,bdy=0

(0 [ o,ybdy=0



(a) :

(b) :

(c) :

3p.L (. V?
1= Y v = pbl
4h Jh[ nZ |7 = Po

satisfied identically

satisfied automatically

h (o, I1sodd iny)

+h 2
3 3L

bdy=0 —=> a-= —
_jh%y ! po(mh 4h3j

(d), (e), (f) are all also satisfied with these same constants



Final solution:

(Sy 3L2yj 3py 2
= Py -

10h  4h® 4h®
3p, 3Py . 2
“Foy _2Toy
A TNRTRR
_—P; 3P, y+ﬁy3

O —
Y2  4h 4h®

y_

Po

2h°

y3



Strength of materials solution interms of xX'=x+ L

PobL A

Po
> M(X')
V(X)
5
Ow = — M()I(’)y
5 = V(X)) T+
» | b
o, =0

M(X’): Pob| Lx" - (




Our present solution:

’ 3
~ :_'V'(X)y+po[3y_ y j

XX I 10h 2h°
V(R 1,

Ox Ib
=—p 1.3y y’
o\ 27 an " ane

2
strength 3 Py L

Ol = e At x = L (center of beam)
add [y add
Xx‘max _E Oy max Po
add 5 add )
— XX‘max _ 4 h Oy max _4h
‘strength o 15 L2 o ‘strength o 3 L2
XX Imax XX Imax



The additional flexure stress T
(self equilibrated: P = M =0) Po

y/h

-0.2

0.4}

-0.6 -

-0.8 -

1

6y

y

3

0.8

0.6 -

0.4+

0.2+

Ot

-1

B—

\

S

\

+

T

B—

-0.2

-0.15

-0.1 -0.05 0 0.05 0.1

additional stress

0.15

0.2

:(20h_2h3

|



The additional stress — = 5 an an’

0

3
Ty _(1+3y y

0.8

0.6 -

0.4~

0.2+

y/h
o

-0.2

0.4+

-0.6 -

-0.8 -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
lo /Py



