Solutions to the written examination in Fatigue Design for:
* IMP in Automotive Engineering
* IMP in Naval Architecture
* M4 0722 MMA115 (Utmattningsdimensionering)

THEORETICAL PART (14 P)
Question 1 (4 p)

a) See Dowling p 422-423. The stress in a notched member decreases rapidly with increasing
distance from the notch. The material is not sensitive to peak stress, but rather to the average
stress that acts over a region of small but finite size, called the process zone 8. The stress that
controls the initiation of fatigue damage is the average out to x = 8. This average stress is then
expected to be the same as the smooth specimen fatigue limit oe. Hence

ke = (average oy outto x =06)/ S, =0, / S,

Oy
=+ —X . .
) Oy Figure 10.3 Interpretation of the
fatigue limit as the average stress over

a finite distance § ahead of the notch.

b) See Dowling p 423-424. The crack may start quickly in a sharply notched member during
cyclic loading so that the fatigue behaviour is dominated by crack growth. Consider cyclic
loading of a notched member under the nominal stress S. Then let a smooth member be cycled
under a stress oy that is the same as that at the notch in the notched member o= k; - S. Based on
the stress concentration one would expect the same fatigue life. However in the notched member
the crack is growing into a region of rapidly decreasing stress as seen in the Figure above. Hence
more cycles are required to grow the crack than in the smooth specimen which gives k¢ < k,

Question 2 (3 p)

See Dowling p 492-493. When K.« approaches Kjc crack growth is faster than given by Paris’
law, 1 e the final fracture occurs for fewer cycles than predicted. Hence the solution is non-
conservative.




Question 3 (3 p)

Rainflow count is described in Dowling p 404-406. For the sequence given one has
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Rainflow counting now gives the stress cycles C-D-F and A-B-E with ¢, =100, 250 and
o, =—100, 50, respectively.

Question 4 (4 p)

Fatigue of welded joints is described in Dowling p 458 — 459. Welds are sensitive to fatigue due
to
e There will be a strong geometric discontinuity at the weld and hence a high stress
concentration factor and fatigue notch factor. Investigations of, in particular, filled
welded joints show that macroscopic cracks, with length of 0.1 — 0.5 mm are found at
the weld toe.
¢ In the welding process, the material is rapidly heated to a high temperature followed by
rapid cooling leading to local yielding first in compression then during cooling in tension.
The material will therefore as a result contain (self-equilibring) residual stresses with
high tensile magnitudes at the weld balanced by compressive stresses away from the weld
region. The material at the weld toe (in a filled weld) will therefore be subject to the sum
of a cyclic external stress (with stress range AG) and a (high) tensile mean stress.
Conservatively, one may assume that the material at the weld toe is subject to a stress that
varies between oyieig and oyielq - AC irrespective of the stress ratio R of the external stress.
This high mean stress will reduce the fatigue life.



PROBLEM PAKT (36 P)
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Question 7 (12 p)

See the Course material on Multi-axial fatigue, p 12 -13 and 16-17. The Dang Van equivalent
stress Ogqpv and the criterion for initiation of fatigue damage is given as

O-EQDV = TTrescqa (t) + CDVO-h (t) > O-eDV

where oepy is the fatigue limit

Note that as discussed in the course material, a superposed hydrostatic stress will not influence
the Tresca shear stress.
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with residual stress o, = o, = -150 MPa
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