3.11 Problem Set 2 Solution

1.
(a) Taver = v/ A//

In the case of the upper or the lower plate, V =P/2 and A, = length * width
In the case of the middle plate, V=P and A, =2 * (length * width) (double shear)

Toer = V/ Ay = 15,000 N /(2 * 200 mm * 150 mm) = 0.25 MPa
Taver = G * Yaver = Yaver = Taver / G = 0.25 MPa / 0.83MPa = 0.301 (radians)

(b) tan Yayer = ~ Yaver (for small angles) =06/t
=> 0= Yaver ¥ t=0.301 * 12 mm = 3.6 mm

| Ve Ve TVp O
Ve Ve Ve O
s | Ve )50

|
0 0 0 0 G

0 0 0 0 o%;_

S O O O
S O O o O

yE —% —% 0 0 0 o/
Det.S..:A:_% _%5’ yE 0 0 0 :/—z/E —1? /E
v 0 0 0 %; 0 0 G oE oE oE
0 o o o L o0 o o o

0 0 0 0 0 %;

0

G
0

S O o O



Ve Ve U O

-0 1 0 %E _%E _%E
AV R N AT N

et é“ Vel Ve i
T ]
(1) x Cv) (/ é)

:%3 _/_/_/_/_/]13(1;]5320

_ 1- 21))(1 +o)

G3E?

TN\ . o . A q

JE E E_° v ©

Ve Y2 v o0 0 0

Ve vy oo 0 0

) 0 0 lG 0 0

) 0 0 0 IG /3/E —%
s ) 0 0 0 0 %; Glun b
11— A A

Lon) [25) w

A ((1—21))(1+1))2 J_ (1-20)1+0)

GE?

oS o o P
S o O P

o
—
o

Ve "k
Ve )k

0 oGl %}3

Sy = (_ I)HZ G




(] (e

GE?

A ((1 —20)1+0) ] (1-20)1+0)

Ve Ve TV 00
Ve e TV 00
H——t— —" V. -uL -ug
0 0 0 .o %}2—% A
4= A = A
((1—20)(1“))2 )
G’E’
_{(120)(1+D)2J_
Ter
Doing the same thing for the other terms in the matrix finds that
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D;; = (S’ij)T = (S’;j) because the matrix is symmetric.
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3. In this problem, there are no shear strains involved, so we can use just the upper-left
quadrant of the compliance matrix.
plane stress problem => 6, =0
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&x=0/E-o,(VE)y=2>o,=E*g+o,*v (1)
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(1) into (2) D &, = -V * & - 6, * V//E + 6,/E
ey+v ex—cy*(lv)/E
=E*(g,tv* &) / (1-v?)
—200GPa*(85+03*350)*106/(1 0.3%)
=0.0418 GPa=41.8 MPa

=E*eg+oy,*v
—200GPa*350* 10° +0.0418 GPa * 0.30
=(.0825 GPa = 82.5 MPa

(3) > &, = (-0.3/200,000 MPa) (82.5 MPa + 41.8 MPa) = At/t
Att=-1.86x 10"
At=10 mm * (-1.86 x 10*) =- 1.86 x 10° mm

4. Since this is a case where the cube is immersed in water, we have a hydrostatic stress,
where the normal stresses are the same, in compression, and the shear stresses are zero.
From Appendix H-2 (p.899), E =70 GPa and v = 0.33.
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Ox = Oy = 0, =0 = - 40 MPa
e, =¢,=¢,=06*(1-2V)/E=-40MPa (1 - 2%¥0.33) / 70,000 MPa =-1.943 x 10™

V=(L+L*¢e)’ =(1m-1.943x 10" m)’ = 0.9994 m’



