MASSACHUSETTS INSTITUTE OF TECHNOLOGY
DEPARTMENT OF MATERIALS SCIENCE AND ENGINEERING
CAMBRIDGE, MASSACHUSETTS 02139
3.22 MECHANICAL PROPERTIES OF MATERIALS

PROBLEM SET 10
Due in 5 days from its assigned date

1. Starting with the unsymmetric part of the Airy stress function, Eq.9.30 from the

class handout, where 5
y=rplr.@)+qlr.0)

and assuming y is separable, i.e. y=R(r)s@(8) . derive the leading term of

the asymptotic singular solution for mode Il

Hr.l =i

o, = g, 8),

T 7 O

following the procedure discussed in Section 9.3.2 of the handout (and in class) for
Mode |. Write complete expressions for the different components of the stress field
and compare your results with Eq. 9.47.

2. A piston (89 mm in diameter) is designed to increase the intemal préssure in a
cylinder from O to 55 MPa. The cylinder (closed at the other end!) is 200 mm long
with internal diameter = 90 mm, outer diameter=110 mm, and made of 7075-T6511
aluminum alloy (extruded bar with yield strength = 550 MPa , and K, =30MPa-
m®3). On one occasion, a malfunction in the system caused an unanticipated
failure and the cylinder burst. Examination of the fracture surface revealed a
metallurgical defect in the form of an elliptical flaw 4.5 mm long at the inner wall,
1.5 mm deep, and oriented normal 1o the hoop stress in the eylinder. Compute the
magnitude of the pressure at which failure took place. (For the purpose of this
problem assume that the stress intensity factor for the elliptical flaw is

K=[jr'§f1-n.-’5

where o is the appropriate normal stress and Q is a shape factor. The calibration
for (1 as a function of the aspect ratio of the flaw is given in A7 of the Appendix
section.
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3. A steel used for an engineering application has a specified yield strength of 1000 MPa
and a plane strain fracture toughness of 150 MPam .

(a) Calculate the minimum dimensions required to carry out a ‘valid’ plane strain fracture
toughness test.

(b) Estimate the weight of the single edge cracked bend specimen and of the compact
specimen of this steel which would have sufficient dimensions to provide valid plane
strain fracture toughness. (See the Appendix section for K calibrations for different
specimen geometries.) Assume that a/W=0.45.

(c) Estimate the load capacity of the mechanical testing machine you would need to carry
out the fracture test.

(d) If the available testing machine has a load capacity of 200 kN, do you need to alter
the dimensions of the specimens to obtain a valid K, ? If so, what will you do?
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