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94 Hot-rolled and normalized AISI 1045 steel can be assumed to have an S-N curve of the
form of Eq. 9.6. Some test data for unnotched specimens under axial stress with zero mean
are given in Table P9.4.

(a) Plot these data on log-log coordinates and use the graph to obtain approximate values
for the constants A and B.

(b) Obtain refined values for A and B using a linear least-squares fit to log N; versus log o,.

(¢) Calculate corresponding values of oji and b for Eq. 9.7 from one of your results above,
preferably from (b).

(20 pts)
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9.8 Describe the likely sources of cyclic loading for a sailboat rudder. Consider static
loads, working loads, vibratory loads and accidental loads.

(10 pts)
See Figure 9.9 for examples of these types of loads for an aircraft.

For the rudder, static loads could be the weight and bouyancy of the rudder itself.
Working loads could arise from turns associated with tacking. Vibratory loads come
from high speed sailing and interactions with the waves. Accidental loads could come
from sudden hard over or strking the bottom.



10.1 Define the following terms in your own words: a) elastic stress concentration factor,
kt; b) stress intensity factor, K; c) fatigue notch factor, kf. and d) notch sensitivity factor,
g. You may use equations to supplement but not replace your word definitions.

(10 pts)
a) elastic stress concentration factor is the ratio of the local stress to the remote stress

b) stress intensity factor is stress/geometry based term that uniquely defines the stress
state at a crack tip.

c) fatigue notch factor is ratio of the endurance limit for an unnotched test piece and the
endurance limit for a notched test piece of the same material

d) the notch sensitivity factor is a combination of material properties and geometry



10.5 A shaft with a step-down in diameter has dimensions, as defined in Fig. A.9(b), of d; = 50,
d, =55, and p = 1.3 mm. The shaft is subjected to bending and is made of a quenched
and tempered low-alloy steel having an ultimate tensile strength of 1100 MPa. This steel
has a completely reversed (o,, = 0), smooth specimen, fatigue limit of 6, = 500 MPa.

(a) Determine k, and then estimate k. ‘
(b) What completely reversed bending moment amplitude M, can be applied to the notched
shaft for 10° cycles before fatigue failure is expected? A safety factor of 1.8 ons
is required.

(20 pts)
10.5  Shaft with driameter step, im bemd/mg.
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11.20 A center-cracked plate made of 2024-T3 aluminum has dimensions, as defined in Fig. 8.1
of b = 50, 1 = 4 mm, and large A, and an initial crack length of ¢; = 2 mm. How ma
cycles of loading in tension between Py, = 18 and Ppax = 60 kN are required to grow t
crack to failure by either fully plastic yielding or brittle fracture? '

(20 pts)
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15.2 A 40% tin, 60% lead alloy solder wire of diameter 3.15 mm is subjected to creep by hanging
weights from lengths of the wire. Length changes measured over a 254 mm gage length
after various elapsed times are given in Table P15.2 for three different weights.

(a) Plot the family of strain vs. time curves that results.

(b) Characterize the behavior. Is it dominated by either transient or steady-state creep, or
do significant amounts of both occur?

(¢) Determine steady-state creep rates, &, for each value of weight and plot these on
log-log coordinates versus the corresponding stresses. Does a straight line provide a
reasonable fit to the data? If so, find values of constants B and m for the relationship
£ = Bo™.

TABLE P15.2

Length change, mm

Time, min  454kg 6.80 kg 9.07 kg

0 0 0 0
0.25 0.28 0.46 0.69
0.5 0.36 0.66 0.94
1 048 0.91 1.45
2 0.71 1.40 2.36
4 1.09 2.24 4.09
6 1.47 3.00 5.72
8 1.83 3.38 7.26
12 2.54 4.90 1041
16 3.23 6.38 13.64
20 3.91 7.82 16.74

(20pts)



15.2 s,ldey wrire, d=3/15mm, with Lo ‘254
) Flot £ uvs. T, amd (b) comment.

c= OL c=P g _(mrg)4307 %
Lo A T4 7 (315 mm)= /4
N

o, N =1255m =571, 956, |1.4] MPa
mm

t, Mmim

£ = AL/LO, \O_aw -‘Z

o=5,7) g5¢ /0.4 MFa
025 O 10 O.191 0.272
oS 0.142 0.260 0.370
I 0.189 0.35% .57
2 0.2%20 0.55) 0.929
4 0.429 0,882 1L 610
b 0.579 1281 2.25
2 0.720 1.331 2.%6
| 2 . 000 1.929 4,10
A |,.272 2.51 5,37
20 1.539 3,08 659
o The behavror is

prioarsily sfteady-
State creep,




(15.2,p.2)

(b) Evaluate the €g., amd fit £,=Bc™
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