ME - 331: Solid Mechanics — Institute of Mechanical Engineering
Series 9: April 15 2025

Exercise 1: Prove that when,

E
El =E2 and G12 =2(Tlv)
12

the material is isotropic.
Hind: Use the first relation in (D.36) and show that the modulus is independent of orientation.
Solution:

Consider the first relation (D.36),

1 Ly Lg odepe, b o
Ex El 2 1 12
E
Set f’:1 =E2 and G12 :2(1—1).
+V,
inc‘* +LS4 _2Vi62S2 + 2(1+V12)02S2
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With ¢=cosé, s =sind, and (c2+s2)=1, we get E, = E,.

We can repeat the same steps with E, to get E_= E, which proves that the material is isotropic.
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Exercise 2: Two specimens of an orthotropic material (unidirectional laminate) are subjected to

uniaxial traction, as shown in the figure, with ¢ =0, = ¢ . Calculate the resulting lateral strain.

y A X The material properties
i i are,
E, =145 GPa,
/,‘/’<\\ E2 — 10'4 GPa’
' —-> \\y P [
o, o, N > G,=7.6GPa
) RV 1 N ’
J v, =0.28
A = , 2
X X
Solution:

For the 45° case (see Figure D7), use (D.33) and (D.24) to obtain the transversal strain,

v
e =—2o =S 0

y X xy o x
X

Next take S, from (D.31) with ¢ =s= V2 /2and (D.21D) to relate,

1 1 1
Sl = S22=—,S12=—QS ==

1= 50 > P66
E1 Ez El G12

=S, =(8,, +8, - S )’s” + 5, (c* +5*) =8.10x10"* (GPa) !

vxy -12
= &,=——0 =S5 o =-8.10x10"“o
E X xy 7 x

For 0° we have from (D.21),

= g, = —‘g—za =-1.93x10 "

1

Thus, the lateral deformation is larger (absolute value) in the 45° case.
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Exercise 3: A uniaxial lamina is loaded in pure shear o, =7 at 45° with the principal material

system axes. Express the resulting strain components in terms of the orthotropic elastic constants
EE,,G,,v,(0orvy)).

A
y
_>Z'
z 1 6 = 45°
|\ .
«— X
T
Solution:

We use constitutive relation (D.33), with 0, =0, =0, o, =7,

i . vyx 775x gx = %T = SSXT (Ssx = st)
) E. E; C&V 0 Xy
x v 1 s
gy = -2 —_— nsy O or gy = ny r= SSyT (SS)’ = Sys)
, E, E; G%; . Gg
Xy
. :
T 77)" N 7xy =G_T=SSST (Ssy =SJ’S)
Ex Ey G“W v

Taking S.,,S ,,S,, from (D.31) at 45° and (D.21b) we obtain,

g — 77S)C

T =

1 . 1+V12+1+V2|
G E, E

2
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