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We may now evaluate the stresses using the Airy stress function rela-

tions:
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In an analogous way to the mode I problem, we de�ne A2 = KII=
p
2�,

so that
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Unfortunately, we are not done yet. To make the formulas look nicer

(and allow us to compare with the book), we should eliminate the terms

involving cos 3�=2 and sin 3�=2 by replacing them with terms involving

cos �=2 and sin �=2. Using the trigonometric double angle formulas you

can show that:
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Substitute these back into above expressions for the stresses and sim-

plify (you can simplify in di�erent ways; it helped me to take a look

at the expressions in the book to make sure I was heading in the right

direction)
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Which agrees with the expressions in the book.

3. The stress intensity factor for this crack con�guration is given by

K =
1:12p
Q
�
p
�a

We approximate the cylinder as a thin-walled pressure vessel (90 mm

inner diameter and a 110 mm outer diameter) so in this case the ap-

propriate stress is the hoop stress, ��� = Pr=t = 4:5P . The factor Q is

given in section A.7 as (include the plasticity correction)

Q � 	2 � 0:212
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And we know that
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When the values a = 1:5 mm and c = 2:25 mm are substituted in. So

the expression for K becomes:

K =
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p
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To �nd the value when the crack can grow by fast fracture, setK = KIc.

Plugging in the values �y = 550 MPa, KIc = 30 MPa
p
m and a = 1:5

mm, and performing some simpli�cations �nd that
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Use the above equation to solve for �=�y. I found that �=�y = 0:912

or � = 502 MPa and thus P = �=4:5 = 111 MPa. Thus the pressure

reached a value more than double the maximum intended pressure.

4. (a) For the test to be a valid measurement all the dimensions must

be at least 25 times larger that the size of the plastic zone, or

a; (W � a); B � 25� rp = 25� 1
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These conditions come from the fact that in order for our K �eld

to be valid, which is an elasticity solution, the extent of plasticity

must be small compared to the in-plane dimensions of the sam-

ple, and in order for the problem to be one of plane strain the

dimension B must be signi�cantly larger than the plastic zone.

Substitute in the given values of �y and KIc we �nd that 25�rp =
5.97 cm. Since we are given that a=W = 0:45, setting a = 5:97

cm ensures that W � a satis�es the above condition. So we have

that a = B = 5.97 cm, W = 13.27 cm.

(b) Now calculate the volume and mass of each sample type. For

the compact specimen the volume of the sample is approximately

given by 1:2W�1:2W�B = 1:44BW 2 and thus the mass (assume

the density of steel is 7.8 g/cm3) is 11.8 kg or � 25 lbs. For the

bend specimen the volume is B �W � 4W , and thus the mass is

33.1 kg, or � 72 lbs. In both cases we neglect the weight lost due

to the starter notch, and the weight lost due to the load pin holes

for the compact specimen.

(c) Calculate the loads from the expressions given in the appendix for

these geometries, i.e. for the compact specimen we have

KI =
P

BW 1=2
f(
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W
)
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