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Department of Mining and Materials Engmeermg ‘
| " Faculty of Engmeermg
Prince of Songkla University

Mid-term Examination for Semester: 1 Academic Year: 2012
Date: August 1,2012 Time: 09.00-12.00
Subject 237-407 Failure Mechamcs and Analysis = - "Room: R201 A
Instructions

1. There are 4 problem sets. Please do all of them. Write youi answers in the space
provided.

2. Dictionary and calculator are allowed.

3. Text books and coursé notes are not allowed.

4. This mid-term exam is accounted for 25 % of total grade.

- Asst. Prof. Dr. Thawatchai Plookphol

Problem no. Full score Student’s score
1 20
3 20
4 40
Total 100
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Problem 1 (20 points)
Explain the following terms: (please give example and/or draw picture, diagram to support

your answer)
1.1 Cleavage (2 points)
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1.6 Fracture toughness (Energy release rate), Gc (2 points)
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1.7 Fracture toughness, Kic (2 points)
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1.8 Mode I loading (2 points)
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1.9M ading (2 points)

Mode I loading (2 points)
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Problem 2 (20 points)

In a plate of aluminum alloy 7075 a through crack is present with a total length of 3 mm.
9 1 Calculate the critical stress for fracture using the Griffith criterion. (8 points)
1.2 Calculate the critical stress for fracture using the Kyc. (8 points)

2.3 Explain possible differences. (4 points)

0]

2a

Given: Surface tension y =1.14 J/m®
Young’s modulus E = 70 GPa
Fracture toughness Kjc = 32.9 MPaVvm
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Problem 3 (20 points)
A large sheet containing a 50 mm long crack fractures when loaded to 500 MPa.
3.1 Calculate the fracture toughness Kic of the sheet material. (10 points)

3.2 Determine the fracture stress orof a similar sheet with a 100 mm crack. (10 points)
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Problem 4 (40 points) ‘ _ 7 _ _ _

A pipeiiné fo'r"trah:sp‘ovr‘tihgﬂ preASSUrizechi-. gas has been fabricated from 4340 steel ’having" an
elastic shear modulus G = 79 GPa, a tensile yield stress g, = 1,515 ‘MPa, and a plane strain
fracture toughness Kjc = 60.4 MPa-Vm. The pipeline has a circular cross-section with a mean
diameter d = 1.22 m and a wall thickness ¢ = 0.0119 m. Due to imperfect installatiori, the
pipe is twisted an_arnoun‘t_'qb = (.00145 rad/m. If the pipe is to carry gas at a pressure of 12
MPa, . ' ‘

4.1 Calculate hoop stress and longitudinal stress. (10 points)

4.9 Calculate shear stress due to twisting. (5 points) '

4.3 Draw a 2-D stress element to represent state of stress. (5 points)

4.4 Determine the principal stresses. (10 points)

4.5 What is the smallest internal edge crack that could cause the pipeline to fracture
according to Mode I LEFM (Linear Elastic Fracture Mechanics)? (8 points) B

" 4.6 What orientation - would such a critical .flaw have with respect to the axis of the

cylinder? (2 points) '
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Griffith’s equation:

Modified Griffith’s equation:

For a central crack:

For an edge crack:

At fracture:

Given Formula

o= 2Ey,
wa
2E(Ye+7p)
=,
na

K,=o~N7na

K, =1.120Jm

K;=Kic

For cylindrical thin-wall pressure vessel:

d
o, =24

2t
-

4t
r=0

where p is the internal pressure,
d is the diameter,

¢t is the thickness.

L Gd¢
Shear stress due to twisting, Ty = —_‘2

For 2-D state of stress, the principal stresses




