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For this situation, the stress-strain pairs are:
(01 =2, £1=0); (0 = -50MPa, £2=7); (63=?, £5=0); (13=0, Yp3=7); (13=0, Y13=2); (112=0, ¥12=7)
The stress-strain relations in terms of the compliances, eq. 2.45, become,

0 S11 S12 S13) (G|

&y = [S12 S22 S5/ |0,

Y3 = 830 =0 Y3 =3530=0 Yig =5120=0
Solving the first and third equations for o3 and o3 results in

t 523513‘5125330 _ 313512"5115230_
1 81183351385 2 $11833 = 81383 2

(o

The interaction between stresses is clearly demonstrated with these relations, and they are some-
what more complicated than egs. 2.75 and 2.83, cases with a single constraint on deformations.
Substituting for 6y and o3,

11523523 + 833512815 — 281,515555
&= |S2- 511553518 %2
11533 = 813813

The combination of compliances is a reduced compliance and is more complicated than egs. 2.76
and 2.84 because there are two constraints on deformations.
a) - Numerically, using the compliances for graphite-reinforced material,

g, = 64.5x107%g,

So the change in length in the 2 direction is

BA, = Aje, = A,64.5x10"%0, = (50)64.5x1072 (=50x10%) = —0.1612mm

b) - The reduced compliance for this case, 64.5 (TPa)l, is only slightly less than the reduced com-
pliance for the case with a constraint only in the 3 direction (fig. 2.11c, the second equation of eq.
2.76, and the 65.3 ('I'Pa)’l of the second equation €q. 2.78) and considerable less than the case
with a constraint only in the 1 direction (fig. 2.11d, the first equation of eq.2.84, and the 82.2
(TPa)™! of the second equation of eq. 2.86)

¢) - Using the expressions for 61 and o3 from above,

6, =-1817MPa o, = -23.3MPa

The stress ©) is larger than the stress required for the case of no contraint in the 3 direction, (-12.4
MPa of eq. 2.87)
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Exercise for Section 2.7 (p. 77)
For this situation, the stress-strain pairs are:
(01 =0, &1=7); (02 =2, £,=0); (05=0, £3=2); (123=0, 123=7); (%13=0, Y13=7; (£12=0, Y1o=7)

The stress-strain relations, including free thermal strain effects, in terms of the stiffnesses, eq.
2.108, become,

0 Ci Cpa Cpaf (&~ ;A

0=Cuyy 0= Ci3Yys 0 =Cpr,

Clearly, the shear strains are zero for this case. For ease of notation, define stress-like terms due to

free thermal strain effects (see eq. 2.118) to be

07 = (C1y0 + Cpty + Cp0,) AT

63 = (C130 + Cpy0t, + Cy0,) AT

Solving the first and third equations for £; and €3 , and then the second equation for o, leads to

~ T T T T
e - _C1917C130; SR G111 955 G130
1 €1Cy3-C3Cy5 3 €3C;—-C3Cpy

5. = {€12C=CCp) 07+ (C15C13— Cy,C33) 07+ (Cyy Cpy — €1, Cyy) oF
2 C11Cy3—Cp3Cy5

It is important to note that even though the total strain in the 2 direction is zero, i.e., g9 = 0, the
free thermal strain in the 2 direction, &%AT, has an impact on the problem. The interaction
between stresses and the effects of free thermal strains is demonstrated with these relations.

Using the stiffnesses and coefficients of thermal expansion for graphite-reinforced material,
numerical values can be obtained. Specifically,

of = 271000AT  of = 55000AT  oF = 552000AT

e e M et ™ e R

s reret et e,
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% a) - From eq. 2.103, the changes in dimensijons dueto AT = +50° are

04, = Aje = (50) (22.6x1075) = 0.001131mm
8A2 = A2£2 = (50) (0) = Omm
843 = Aje, = (50) (1771x107%) = 0.0886mm

b) - The stress to restrain the'deformations in the 2 direction is

G, = -14.70MPa

epech=g 0, AT =226x106— (~0.018x107%) 50 = 22,6106 . 0.9x1076 = 23 5p¢ :
gyehzg, 04T =0~ (24.3x107%) 50 = 0-1215x1076 = ~1215pe
grech =g, - AT = 1771x1075 - (24.3x107%) 50 = 17711075 _ 121521076 = 556p¢

The 1st and 3rd mechanical Strains are quite different than for the fully restrained case, eq. 2.117,
the second term in the above calculations, _

e B
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Exercises for Section 2.8, Exercise 1 (p. 81)
For this situation, the stress-strain pairs are:
(61 =, £1=0); (03 =?, £,=0); (63=0, £3=7); (123=0, Yp3=7); (713=0, 113="); (212=0, ¥12=7)

The stress-strain relations, including free moisture strain effects, in terms of the stiffnesses, eq.
2.125 with AT =0, become,

6l |[Cy Cip Cp3||0-B,AM
0 Cy3 Cp3 Cys|le5 - B,AM

0 = Cp¥yy 0 = Ci3Yy4 0=CpY,

Clearly, the shear strains are zero for this case. For ease of notation, define stress-like terms due to
free moisture strain effects (see eq. 2.128) to be

off = (Cp1By +CpBy+ Ci3By) AM
03/ = (CizB, + CpB, + C3By) AM
03’ = (C13B, + CpB, + Ca3B;) AM

Solving the third stress-strain relation for €3, and then the first and second relations for 01 and 0y
leads to

C23
& =¢- Oy =¢-0)-o¥ °2='(;-;°'§{‘°'3{

It is important to note that even though the total strains in the 1 and 2 directions are zero, i.e.,
€1 =€p= 0, the free moisture strains in those directions, $;AM and B,AM, have an impact on the
problem. The interaction between stresses and the effects of free moisture strains is demonstrated

in this problem.
Using the stiffnesses and coefficients of thermal expansion for graphite-reinforced material,
g, = 0.00704AM o, = -37.1AMMPa 0, = —58.4AMMPa

Using AM = 1.5%

g = 10560pe o, = -557MPa o, = —87.7MPa
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