Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 7, Problem 1
What are the characteristics of the surface of a brittle fracture of a metal?

Chapter 7, Solution 1
A brittle fracture surface typically appears shiny with flat facets which are created during cleavage fracture.

Chapter 7, Problem 2
Describe the three stages in the brittle fracture of a metal.

Chapter 7, Solution 2
The three stages of brittle fracture are:

1. As aresult of plastic deformation, dislocations become concentrated along slip planes;

2. Shear stresses increase in areas where dislocations are impeded from movement. As a result,
microcracks are nucleated.

3. Microcracks propagate as a result of further increases in shear stress. Stored elastic strain energy
can also contribute to the propagation.

Chapter 7, Problem 3
Describe the three stages in the ductile fracture of a metal.

Chapter 7, Solution 3
The three stages consist of:

1. The specimen elongates, forming a necked region in which cavities form.
The cavities coalesce in the neck center, forming a crack which propagates toward the specimen
surface in a direction perpendicular to the applied stress.

3. As the crack approaches the surface, its growth direction shifts to 45° with respect to the tension
axis. This redirection allows for the formation of the cup-and-cone configuration and facilitates
fracture.

Chapter 7, Problem 4
What are the characteristics of the surface of a ductile fracture of a metal?

Chapter 7, Solution 4

A ductile fracture surface has a dull, fibrous appearance and often resembles a “cup-and-cone”
configuration.

Chapter 7, Problem 5
What does the fracture toughness mean?

Chapter 7, Solution 5

The critical value of the stress-intensity factor that causes failure of the plate is called the fracture
toughness of the material.
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Chapter 7, Problem 6
Why are ductile fractures less frequent in practice than brittle fractures?

Chapter 7, Solution 6

Ductile fracture is less frequent because it is accompanied with excessive plastic deformation.
Plastic deformation could easily be picked up through inspection and the part could be changed
before complete failure.

Chapter 7, Problem 7
Differentiate between transgranular and intergranular fractures.

Chapter 7, Solution 7

In the intergranular type of fracture, the crack propagates along the grain boundary due to
embrittlement through segregation of impurities. On the contrary, transgranular fracture refers to
a situation where the crack propagates through the matrix of the grain (most brittle fractures are
of this form).

Chapter 7, Problem 8
What is the ductile to brittle transition temperature?

Chapter 7, Solution 8

From the result of impact testing of metals, the transition temperature from ductile to brittle behavior is
called a ductile to brittle transition temperature.

Chapter 7, Problem 9
How does the carbon content of a plain-carbon steel affect the ductile-brittle transition temperature range?

Chapter 7, Solution 9

As the carbon content of the steel increases, the ductile-brittle transition temperature range increases in
terms of both the width of the range and the temperature values.

Chapter 7, Problem 10

Describe the mechanism for the formation of slipband extrusions and intrusions.

Chapter 7, Solution 10

Plastic deformation in one direction and then in the reverse direction causes surface ridges and grooves called
slipbands extrusions and slipband intrusions to be created on the surface of the metal specimen as well as
damage within the metal along persistent slipbands.

Chapter 7, Problem 11
What two distinct types of surface areas are usually recognized on a fatigue failure surface?

Chapter 7, Solution 11

The two distinct types of surface areas typically observed on a fatigue failure surface are: a smooth region
of “beach” marks created by rubbing action between the crack surface areas; and a rough region which is
formed through the fracture process.
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Chapter 7, Problem 12
Where do fatigue failures usually originate on a metal section?

Chapter 7, Solution 12
Fatigue failures typically originate at a point of high stress concentration, such as a sharp corner or notch.

Chapter 7, Problem 13
Describe the four major factors that affect the fatigue strength of a metal.

Chapter 7, Solution 13

The four primary factors which affect the fatigue strength of a metal are: stress concentration, surface
roughness, surface condition and environment,

Chapter 7, Problem 14

Describe the four basic structural changes that take place when a homogeneous ductile metal is caused to
fail by fatigue under cyclic stresses.

Chapter 7, Solution 14
For a homogeneous ductile metal subjected to fatigue, four stages of structural changes are observed:

1. Crack initiation: Plastic deformation causes the onset and early development of fatigue damage.

2. Slipband crack growth (Stage I): Slipband intrusions and extrusions are created on the surface of
the metal while damage along persistent slipbands occurs within the sample. As a result, cracks
form at or near the surface and propagate along planes subjected to high shear stresses.

3. Crack growth on planes of high tensile stress (Stage 1I): The slow crack growth of Stage I is
replaced by rapid crack propagation as the crack direction shifts to a direction perpendicular to the
direction of maximum tensile stress. During this stage, striations are formed.

4. Ultimate ductile failure: The crack achieves an area sufficient to cause the rupture of the sample
by ductile fracture.

Chapter 7, Problem 15
What is a fatigue test SN curve, and how are the data for the SN curve obtained?

Chapter 7, Solution 15

A fatigue test SN curve is a plot of the fatigue stress to which a specimen is subjected versus the
corresponding cycles, or stress reversals, up to and including the point of failure. The number of cycles is
plotted on a logarithmic scale while the fatigue strength is plotted on either a linear or logarithmic scale,
depending on the data. The SN data is typically obtained by repeatedly subjecting a rotating specimen to
reverse or fluctuating bending while counting the cycles until destruction occurs. However, specimens may
also be subjected to reversed or fluctuating axial stresses, torsional stresses, or combined stresses in testing.

Chapter 7, Problem 16
What is metal creep?

Chapter 7, Solution 16

Creep of a metal refers to the slow, progressive plastic deformation of a metal subjected to a constant load
or stress. Thus creep is the time dependent strain of a metal.
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Chapter 7, Problem 17
How does the SN curve of a carbon steel differ from that of a high-strength aluminum alloy?

Chapter 7, Solution 17

In an SN curve for a carbon steel, the stress at failure levels off as the number of cycles exceeds the metal’s
endurance limit of approximately 10° cycles. Whereas the SN curve for a high strength aluminum alloy
continues to gradually decrease as the number of cycles is increased above 10°.

Chapter 7, Problem 18
For which environmental conditions is the creep of metals especially important industrially?

Chapter 7, Solution 18

Creep is of particular importance to industrial applications involving high stress and high temperature
environments,

Chapter 7, Problem 19

Draw a typical creep curve for a metal under constant load and at a relatively high temperature, and
indicate on it all three stages of creep.

Chapter 7, Solution 19
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Chapter 7, Problem 20
Determine the critical crack length for a through crack contained within a thick plate of 7075-T751

aluminum alloy that is under uniaxial tension. For this alloy K,- = 24 MPay/m and o = 560 MPa.
Assume ¥ =~/7 .

Chapter 7, Solution 20
Kic=YoNma

2 J— 2
a=t| Kic | _1|24MPavm | _ 000186 m = 0.186 mm
w|Yo, | m|N7(560 MPa)

For an internal through crack, the critical length is a. = 2a = 0.381 mm

Chapter 7, Problem 21
Determine the critical crack length for a through crack in a thick plate of 7150-T651 aluminum alloy that is

in uniaxial tension. For this alloy K. =25.5 MPax/E and oy=400 MPa. Assume Y = \/; .
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Chapter 7, Solution 21

K,C=Ycrf\/7ra

2 2
L1 K | 1 25.5 MPavm A 135l

7| Yo, | x| Jx(400.0 MPa)

For an internal through crack, the critical length is a, = 2a = 8.24 x10™* m = 0.824 mm.

Chapter 7, Problem 22

The critical stress intensity (Kjc) for a material for a component of a design is 25 MPa+/ m . What is the

applied stress that will cause fracture if the component contains an internal crack 3.3 m long? Assume ¥ =
1:

Chapter 7, Solution 22

The applicable crack length is @ = %2 a, = (3.3 m)/2 = 0.00165 mm. Substituting,

Ke _ 25MPavm

- . = 347.2 MPa
7 ydra  (1)\x(0.00165 mm)

Chapter 7, Problem 23

What is the largest size (mm) internal through crack that a thick plate of aluminum alloy 7075-T651 can
support at an applied stress of () three-quarters of the yield strength and (b) one-half of the yield strength?
Assume Y=1.
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Chapter 7, Solution 23

What is the largest size (mm) internal through crack that a thick plate of aluminum alloy 7075-T651 can
support at an applied stress of (a) three-quarters of the yield strength and (b) one-half of the yield strength?
Assume Y=1.

From Table 7.1, for 7075-T651, K = 24.2 MPa+/m and oy =495 MPa.

(a) Given 0/ =%O‘m, we calculate, o, = %(495 MPa) = 371.25 MPa. Assuming Y

= 1, the crack length is,

b Yo‘J'r pi4

2
1 K | 1| 242MPavm
(1)(371.25 MPa)

2
] =1.35x10" m=1.35mm

Thus, for an internal through crack, a. = 2a = 2.70 mm

(b) Given O, =%O'YS =%(49S MPa)=247.5 MPa, and assuming ¥ =1,

2
_ 1| K | 1] 242 MPaym
| Yo, T

2
— =3.04x10> m=3.04 mm
(1)(247.5 MPa)

Thus, for an internal through crack, a. = 2a = 6.08 mm.

Chapter 7, Problem 24
Determine the critical crack length (mm) for a through crack in a thick 2024-T6 alloy plate that has a

fracture toughness K. = 25.1 MPa\/E and is under a stress of 250 MPa. Assume Y= 1.

Chapter 7, Solution 24

K;c=Yo,na

2
1| Kpe _1[25.1MPa\/5

7| (1)(250.0 MPa)

2
=3.20x10"> m=3.20 mm
T Ycrf T

For an internal through crack, the critical length is a. = 2a = 6.40 mm.
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Chapter 7, Problem 25
A Ti-6Al-4V alloy plate contains an internal through crack of 1.20 mm. What is the highest stress (MPa)

that this material can withstand without catastrophic failure? Assume Y= \/77 .

Chapter 7, Solution 25
The applicable crack length is a = % a. = (1.20 mm)/2 = 0.6 mm. And from Table 7.1,

K- =55.0 MPa\ﬁ;, Substituting,

o - Kic__ 550 MPa+/m
" ¥ra zf(6x10%m)

=714.7 MPa

Chapter 7, Problem 26

Using the equation K. =0 f\/ 7a , plot the fracture stress (MPa) for aluminum alloy 7075-T651 versus

surface crack size @ (mm) for @ values from 0.2 mm to 2.0 mm. What is the minimum size surface crack
that will cause catastrophic failure?

Chapter 7, Solution 26

In order to generate the required plot, we must first calculate the fracture stress for values of a ranging from
0.2 mm to 2.0 mm using the given relation:

K
o= I whereK c =242 MPa\/E based on Table 7.1. Substituting,
wa

242 MPavm _ 13.6534 MPavm

T Jra G
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This relation is used to calculate and plot the following values of fracture stress versus crack size.

Fracture Stress (MPa)

Problem 7.26: Crack Fracture
Fracture Stress vs. Surface Crack Length Length,a | Stress, ¢ f
(mm) (MPa)
1000
0.2 965.4
0.4 682.7
800 0.6 557.4
0.8 482.7
1.0 431.8
1.4 364.9
600 1.8 3218
2.0 305.3
400
200
0.0 0.5 1.0 15 2.0
Surface Crack Length, a (mm)

The minimum surface crack length, for catastrophic failure, would correspond to a fracture stress
equal to the material’s yield stress value. Thus, from Table 7.1, Oyg = 495 MPa. Substituting,

[k, T 1[242MpPavm |
—_|2c | = e VI ANTIL =0.76><10_3 m= 0.76 mm

7| o 7| 495.0 MPa

This point has been included in the plot generated for fracture stress vs. surface crack size. One
may deduce that for crack lengths above the minima of 0.76 mm, the alloy will fracture
catastrophically. Whereas, for values of @ less than 0.76 mm, the alloy will yield and fracture at
495 MPa in the normal manner.
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Chapter 7, Problem 27
A fatigue test is made with a maximum stress of 172 MPa and a minimum stress of —-27.6 MPa. Calculate
(a) the stress range, (b) the stress amplitude, (c) the mean stress, and (d) the stress ratio.

Chapter 7, Solution 27

(a) The range of stressis 0, = -0, = 172 MPa - (-27.6 MPa) = 199.8 MPa

max
o
(b) The stress amplitude is 0, =——= 99.9 MPa.

... +o... 172 MPa-27.6 MP
(c) The meanstressis 0, =—">—0 = 7 a-276 a

= 72.3 MPa.

() The stress ratio is R = —Mi = ~='2V"8 _ 4 46
& nax 172 MPa

Chapter 7, Problem 28

A fatigue test is made with a mean stress of 120 MPa and a stress amplitude of 165 MPa. Calculate
(a) the maximum and minimum stresses, (b) the stress ratio, and (c) the stress range.

Chapter 7, Solution 28
Given T, = 120 MPa and o,= 165 MPa,

(a) 20, =2(120 MPa) =0, +On
240 MPa=o0,, +0
20, =2(165 MPa) =0, —Opin
330 MPa=o0,,, —0O,

min
Adding these two equations and solving,

Omax = 285.9MPa, o, =-44.8MPa

_ Omin _ ~44.8 MPa

(b) e
Omax  285.9 MPa

=-0.157

(©) 0, =0, —O, =285.9 MPa—(-44.8 MPa) = 330.7 MPa
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Chapter 7, Problem 29

A large flat plate is subjected to constant-amplitude uniaxial cyclic tensile and compressive stresses of 120
and 35 MPa, respectively. If before testing the largest surface crack is 1.00 mm and the plain-strain fracture

toughness of the plate is 35 MPa\/E , estimate the fatigue life of the plate in cycles to failure. For the
plate, m = 3.5 and 4 = 5.0 x 10"'? in MPa and meter units. Assume Y= 1.3.

Chapter 7, Solution 29
The final crack length, from the fracture toughness equation, is:

2
1K 1{ 35 MPam
= ==

2
el (68 =0.01602 m= 16.02 mm
(1.3)(120 MPa)}

b4 Ycrf T

The fatigue life in cycles, Ny, is then,
=(m/2)+l _ _—(m/2)+] ~1.75+1 ~1.75+1
N ? a _ (0.0160 m) — (0.001 m)
T [~m12) +1]do™ 7" ?Y™  [-1.75+1](5.0x1072)(120 MPa)**7' 7*(1.3)**

=1.18x10° cycles

Chapter 7, Problem 30

Refer to Prob. 7.29: If the initial and critical crack lengths are 1.25 and 12 mm, respectively, in the plate
and the fatigue life is 2.0 x 10° cycles, calculate the maximum tensile stress in MPa that will produce this
life. Assume m =3.0 and 4 = 6.0 x 10" in MPa and m units. Assume ¥ = 1.20.

Chapter 7, Solution 30
The maximum tensile stress is calculated as:

a}(m!2}+l _ aa{mi2)+l

on = [Em12) +1] 4",

3 3
——)] —tl
0.012 2 —(0.00125 2
o = 3( m * - m) =3.318x10°
[—5 +1] (6.0x107)(7"%)(1.2)*(2.0x10°%)
o =149 MPa
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Chapter 7, Problem 31

Refer to Prob. 7.29: Compute the final critical surface crack length if the fatigue life must be a minimum of
7.0 x 10° cycles. Assume the initial maximum edge surface crack length of 1.80 mm and a maximum
tensile stress of 160 MPa. Assume m = 1.8 and 4 = 7.5 x 10"* in MPa and meter units. Assume ¥ = 1.25.

Chapter 7, Solution 31
The final critical crack length can be using the equation for fatigue life,

a}(mfz)ﬂ _aa(mIZ)H

N,=
T [~m12)+1] ds™ 2™ 2™

1.8 1.8
[y | ——l
o a;* -(0.0018m) 2
 [-(1.8/2)+1](7.5x107)(160 MPa)*z'#/2(1.25)"®
7 10° ay'-0.5315
x10° =———
2.913x107°
0.5336 = a%!

a, = 0.00187 m=1.87 mm

Chapter 7, Problem 32

Refer to Prob. 7.29: Compute the critical surface edge crack if the fatigue life must be 8.0 x10° cycles and
maximum tensile stress is 144.7 MPa. m =1.8 and 4=7.5x107"% in MPa and meter units. Initial crack (edge)
is 3.05 mm Y=1.25.

Chapter 7, Solution 32
a}(ﬂ‘lr’2)+l _ag(mf2}+l

N, =
T [~m/2)+1] 4o z™2Y™
1.8 1.8

+1 —+
2 o (0.00305 m) 2

a
8x10% = A
[~(1.8/2)+1](7.5x1072)(144.7 MPa) " *z"#/?(1.25)' ®
8 10° a;"' -0.5603
b4 —
2.4309x10~°

a,= (0.5797)"%" =4.2893x10m = 4.28 mm
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Chapter 7, Problem 33

The following creep data were obtained for a titanium alloy at 345 MPa and 400°C. Plot the creep strain
versus time (hours), and determine the steady-state creep rate for these test conditions.

Strain (mm/mm) Time (h) |Strain (mm/mm) Time (h)

0.010 X 1072 2 0.075 X 1072 80
0.030 X 1072 18 0.090 X 1072 120
0.050 X 1072 40 0.11 X 1072 160

Chapter 7, Solution 33

Prob. 7.33: Rate of Creep Strain
1.2E-03 1,
E
E
£
E
£
£
7]
0'0E+00 :1| S e i i L1 L 5 2 R 1 138 e 3 2
0 25 5 75 100 125 150 175
Time (h)
=3y _ -3
CreepRate= 22 = L1X107)=(0.76x107) _ 53,166 mm/mm/h
At 160h—-85h
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Chapter 7, Problem 34

If DS CM 247 LC alloy (middle graph of Fig. 7.31) is subjected to a temperature of 960°C for 3 years,

what is the maximum stress that it can support without rupturing?

690 N [ | |
\\ DS MAR-M 247 longitudinal MFB,
552 \ N 1221°C/2 WGFO, 982°C/5 WAC,
\ 871°C/20 h/AC, 1.8 mm diameter
\ production data
DS CM 247 LC, longitudinal,
1232°C/2 h +1260°C/20 h/AC
982°C/5 WAC, 871°C/20 WAC
3.2 and 4.1 mm diameter specimens
~ 276 / %
£ N "
= Equiaxed MAR-M 247 MFB,
= 982°C/5 h/AC + 871°C/20 WAC
% 207 |— and 871°C/20 W/AC only, O
o 1.8 mm diameter specimens
138 DS CM 247 LC longitudinal, =] \ L
1232°C/2 h + 1260°C/2 WAC,
1079°C/4 WAC, 871°C/20 h/AC
and 1232°C/ 2 h + 1260°C/20 WAC,
1050°C/16 h /AC, 871°C/20 W/AC,
3.2 and 4.1 mm diameter specimens \
69 \
40 42 44 46 48 50 52 54 56
(222) (233) (244) (255 (267) (27.8) (28.9) (30) (31.1)
Larsen-Miller parameter, P = [T (°F) + 460] [20 + log(1)] X 1073
[P = [T(°C) + 273] [20 + log(r)] X 1073]
Figure 7.31

Chapter 7, Solution 34
Given ¢, =3 yr=26,280 hand 7=960°C + 273=1233 K,

P =1233(log 26,280 +20) = 30,109

From Fig. 7.31, for P = 30.1 x 10°, the stress is approximately 96 MPa.
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Chapter 7, Problem 35

Equiaxed MAR-M 247 alloy is to support a stress of 276 MPa (Fig. 7.31). Determine the time to stress
rupture at 850°C.

690 [ < 1 1
DS MAR-M 247 longitudinal MFB,
\ N 1221°C/2 W/GFO, 982°C/5 h/AC,

552 AN 871°C/20 WAC, 1.8 mm diameter
\ production data
414 -
DS CM 247 LC, longitudinal,
1232°C/2 h +1260°C/20 h/AC
982°C/5 h/AC, 871°C/20 WAC
3.2 and 4.1 mm diameter specimens
— 276 - k 20 e
g / N /
= Equiaxed MAR-M 247 MFB,
ol 982°C/5 WAC + 871°C/20 h/AC
% 207 |—and 871°C/20 W/AC only, a
o 1.8 mm diameter specimens
. DS CM 247 LC longitudinal, =] \ X
1232°C/2 h + 1260°C/2 WAC,
1079°C/4 h/AC, 871°C/20 WAC
and 1232°C/ 2 h + 1260°C/20 WAC,
1050°C/16 h /AC, 871°C/20 WAC,
3.2 and 4.1 mm diameter specimens \
69 \

40 42 4t 46 48 50 52 54 56
(22.2) (23.3) (244) (255) (2677) (27.8) (28.9) (30) (31.1)

Larsen-Miller parameter, P = [T (°F) + 460] [20 + log(f)] X 1073
[P = [T(°C) + 273] [20 + log(] X 1073
Figure 7.31

Chapter 7, Solution 35

From Fig. 7.31, for a stress of 276 MPa, the L.M. parameter value for Equiaxed MAR-M 247 is 26 x 10°
K-h. Thus,

P=T(K)20+logt,), T=850°C+273=1123K
26,000 = (1123 K)(20+log t,)

log 1, =3.152
t, =1419h
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Chapter 7, Problem 36

DS MAR-M 247 alloy (Fig. 7.31) is used to support a stress of 414 MPa. At what temperature (°C), will the

stress rupture lifetime be 210 h?

690
\ DS MAR-M 247 longitudinal MFB,
5 \ Ny 1221°C/2 h/GFO, 982°C/5 h/AC,
35 AN \ 871°C/20 h/AC, 1.8 mm diameter
\ production data
414 ™
DS CM 247 LC, longitudinal,
1232°C/2 h +1260°C/20 WAC
\ 982°C/5 WAC, 871°C/20 h/AC
576 ) k 32and 4.1 glm diameter specimens
g A X
= Equiaxed MAR-M 247 MFB,
b 982°C/5 h/AC + 871°C/20 /AC \
£ 207 [— and 871°C/20 WAC only, O
o 1.8 mm diameter specimens
138 DS CM 247 LC longitudinal, 7
1232°C/2 h + 1260°C/2 WAC,
1079°C/4 h/AC, 871°C/20 WAC
and 1232°C/ 2 h + 1260°C/20 h/AC,
1050°C/16 h /AC, 871°C/20 WAC,
3.2 and 4.1 mm diameter specimens \
69
40 42 44 46 48 50 52 54 56
(22.2) (233) (244 (25.5) (26.7) (27.8) (28.9) (30) (31.1)

Larsen-Miller parameter, P

Figure /.31

Chapter 7, Solution 36

From Fig. 7.31, for a stress of 414 MPa, the L.M. parameter value for DS MAR-M 247 alloy is 25.5 % 10°

K-h. Thus,

= [T (°F) + 460] [20 + log(H] X 1073

[P = [T(°C) + 273] [20 + log(n)] X 1073

P=T(K)(20+log t,)
25,500 = [T(K)](20 +log (210 h))

T(K)

25,500

=1142K =869°C

22.32
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Chapter 7, Problem 39

A Charpy V-notch specimen is tested by the impact-testing machine in Fig. 7.9. In the test, the 15 kg
hammer of arm-length 120 cm (measured from the fulcrum to the point of impact) is raised to 90° and then
released. (@) What is the potential energy stored in the mass at this point? (b) After fracture of the
specimen, the hammer swings to 45°. What is the potential energy at this point? (¢) How much energy was
expended in the fracture of the specimen? Hint: potential energy = mass X g X height.

\ 20 own

Datvm —
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A cter .Impqr_’f A =4s°

Vyoss = mgh’

W= h - Leosas =120 ((-coc %)

Vhoss %5 “J>@'g'f§) (0'5;9
s =339 7

Eneg\’ ,J.S% cjun‘n ;'quc'f‘-_-_ 1766 - 33 q = 62.?’_7
(-fz-@énc;s ot syec:‘mm)
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Chapter 7, Problem 40

Assuming that the maximum angle the pendulum in problem 39 can rise to is 120° and if the V-notch
specimen requires 220 J of energy for fracture, will the above system have sufficient capacity to achieve
the fracture of the specimen? How much will the pendulum rise if it achieves fracture of the specimen?

|
)
|
|
\
i
hq-ﬁ!r :'M'mc:f—’w - ) ,L .
o h & -{:“:%_ /1 & Dd'h-f w‘ﬁ——
\._ -~
V=rmgh = (S %)63-31)(%%6—&)
- 2649J
V= (1S kes) (93] m)(f m)=2
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b) The PO‘!UFF:J ene or 26433 IS
97 fere
jfcﬂkf wdm 220J reqt/{ch for £+t ‘

Specinen il Lyeale -

(1—) AV= 26¢.3—220 = 44370

zyp§= 9N = (s k) (a-8)(h)

G.3J
= == —— = 03 = 300m.
EHEIES
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Chapter 7, Problem 41*

The circumferential stress, o, (also called hoop stress) in a pressurized cylindrical vessel is calculated by the
equation o=Pr/t, where P is the internal pressure, r is radius of the vessel, and t its thickness. For a vessel of
91.44-cm diameter, 6.35-mm thickness and an internal pressure of 34.5 MPa, what would be the critical
crack length if the vessel were made of (a) Al 7178-T651, (b) alloy steel (17-7pH)?

What is your conclusion? Use Table 7.1 for properties. (Use Y=1.0 and assume center crack geometry.)

%
K7\ s [ef .
YARGEY

- [ (3%5MPa) (0.9148/5 M) = 2484 MPa
Tt 0.00638™ M

Cnofe a pressure of abaut USMPa crates a lwge hoop s'bn-.s)

(a) rJC. made of AL s

Kre = 163 VT Klc = 23.06 MPadm for Aézvz

23.06 MPpaltm = (1-0)(248% MPa.) J’I’Ta\

= (Ta = 0.00%8 => Q& = 0,0000274 M = 0.627 mm

Crock LuJH"—?- 2a =o0.0854mm
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(L) Ip made of [3-3 PH  alloysteel:
Kic = Y63 Vna k1e = 76.86MPy
26,84 MPaTi = (1+0) (2484 MPa )N TIA
= Ta = 0039 = & =0000305m = 0.305mm

Crack /wd‘ﬁ =2A& = 04/ mm

Conelvsion l/.sf:y IF+=2PH a”’y stet will allow
vs "'O ‘f‘D{EV‘a‘KL 5‘—9nff;'(q.q+‘j Iﬂ.gc{' cracks.
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Chapter 7, Problem 42

For the vessel in problem 7.41, consider that it is made of Titanium alloy (Ti-6Al-4V). (a) If cracks of length
a=0.127 mm are detected in the vessel, what should the safe operating pressure be? What if cracks of length
a=5.08 mm are detected, what should the safe operating pressure be? Use Y 1.0 and assume center crack

NP

Krc = £4.9 MPadn

(a) A = O./37MM= 0,000/27M Ca I's haff'_ Gack fenjﬂ,)

k.ZC. = de‘ {E‘\ == SLIMPadm = UsO) 6—\/ R(O.oooj.qs

= = _SUIMPadm 465 MPa

ﬁ [0.0:;0}.\75_(;

—t - 0.4572

=> P = 3818 MPa CMM!'mvw\ qoem%b ,arcsswc)

G Pr o p=Ct- (2748.5) (0.00635)

(b

A = s.08mm=o0.00808m (e (s halg waek ’ngﬂ)

- =¥ = 434 6 MPa

VT (0.0050%)

ct _ (434.6) (000t35) _ 6.1 MPa
r (04s12)

= P=

Naf& MAX (M d‘aekd‘r{'l‘s:rj pregyre a’ﬂ)ﬂﬁ si‘gwﬁp'mnﬂj

u.‘ﬂ] Increase i Crock !cnjfh.
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Chapter 7, Problem 43*

An ultrasonic crack detection equipment used by Company A can find cracks of length a = 5.08 mm and
longer. A lightweight component is to be designed and manufactured and then inspected for cracks using the
above machine. The maximum uniaxial stress applied to the component will be 413 MPa. Your choices of
metals for the component are Al 7178 T651, Ti-6Al-4V, or 4340 steel as listed in Table 7.1. () Which metal

would you select to make the component from? () Which metal would you choose when considering both
safety and weight? (Use Y= 1.0 and assume center crack geometry.)

T3
Cracks of & =S$08mm can Le datecked  (halg cracke length)

0= 4/3MPa
AL w15 T6S5| ke = 23.06MPa

T —ép{-4)/ [€1c = $4,.90 MPa
LL3 40 5ho( Erc = 40.39MPa

a) Al 23,06 = (lo)(¥3)\VTa = o = 0ggmn

Ti: sugo = (Lod(%3)VTa = &= é3mm
Steel :  40.39= c1o)(INTa = a = 6.8/ mm

The criticad ormeck length for aleminem s muel
smaller Yhan whdl Yhe machive can déted (la‘cc‘f Hhe
Gllvlnfo/-ﬂ 0\”07 as a cheice.

The crvitical cvack fcn5M for both ¢ d §+¢¢{a“07$
arc fﬁﬁcif ‘e [cnj”/\ that e machine cowr detect.
gn.\%er a”oy Jill be acc-e;afque Ln/'t_ 5]"@@} (s
50«{—6!’.
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—

[dﬂ.flro!er'f‘nj bo'th S'A{COZ'-/ GM(/ é'/“—'f'j[l?{, n a”a7

s ‘the Lcs’,’ choite _cimce it has & lower elmﬁc'(wl.
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Chapter 7, Problem 44
In problem 7.43, if you did not consider the existence of cracks at all and only considered yielding under
uniaxial stress as a failure criterion, (a) which metal would you select to avoid yielding? (b) Which metal

would you select to avoid yielding and have the lightest component? (Use data in Table 7.1)? Is it a safe
design practice to assume that no initial cracks exist? Explain.

:_?;(_f.(.f'—-—- =44 M

T —65'1"" &V 6'7 = [035 MPa
Lr3yo sheel ay =1518 MPa

a) The dPP/f\t'C‘f L/m‘am'q/;t,res! ’s lower

VHw e ‘rf't/cf Sﬁfm\jf“h o al meﬁJS-

_l-h_"-g/ any  of Ve Yhyee ME)LD\j.S wav/i work.

b) Al a”ay wold be  a 3aod alley since s ‘{if”i
Shength 15 comsiderably higher i the
m'ow“er_l _s'L*es_s Lot has a lower denSH'*/
‘Mom .s'{"cel.

) Iq problem 7 43, we shoul thal Hhe aliminm

N a”ay u/”/ ﬂ()TL bd agaod CAO:‘LE f.p \/au’

onsider pre—-ezl'.ﬂéfﬂﬁ craefes . Uﬁé- t'{‘ N nal

A Safe pfac'(T(_Q +o assume Yhat no cracks
exist  in the materiad. Tf will afumys be |
safer v assvme cracks of cerhf'n ffff_ﬂ# f“lﬂL-
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Chapter 7, Problem 45

It is a common practice in inspection of bridges (and other structures) that if a crack is found in the steel,
the engineers will drill a small hole just ahead of the crack tip. How will this help?

GG 56

/”///JJ 51,1’ /O
Y So . ’a
an'jf'nﬂj cracle crack witha hle
drilled ot its +ip
The tip of the crack s very share- The
shrecses at e sharp Hp become amp\!‘{-ifé

+o lcsz mamj timec (argc( tHhan ‘H’C Iﬁay-—{!‘fﬁ
Shess . _r&t'_g will cavse  ‘Hae ootk o prdp%q'lt.

7435 460 fﬂ;_f

Iﬁa hole (¢ dri({ec( od’ ”ch Cnu:/c ‘HP, ‘tHais wi{/

redvce e shampness of Ve Tip and wil|

fochr ‘Hfuc S*‘a'}‘& d,‘L S't\rtsS- The. f/r;‘s*lLl'V‘:ﬂ
C‘VbLC!f w(!/ V)a"f prd}oa\j«'f‘ﬁ-

I+ s impor bt do note Vel  ¢racks of-
certain  length  (below cvitical 16,13#,) are
'f'ofera!o{twf% appraph'o\'LQ feu::[dr af 5a{ci7-
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Chapter 7, Problem 46

An alloy steel plate is subjected to a tensile stress of 120 MPa. The fracture toughness of the materials is
given to be 45 MPa \V/m. (a) Determine the critical crack length to assure the plate will not fail under the
static loading conditions (assume Y = 1). (b) Consider the same plate under the action of cyclic
tensile/compressive stresses of 120 MPa and 30 MPa respectively. Under the cyclic conditions, a crack
length reaching 50% of the critical crack length under static conditions (part a) would be considered
unacceptable. If the component is to remain safe for 3 million cycles, what is largest allowable initial crack

length?

A ) 6
4-5)”0 Pd‘mé; () (120x10 /”Pa)vr(o\

éﬂ“—--o_%,gm = 3.5 om

A MUS"’ be less ‘anq D- O3S £or
Cd'ﬂpone/l‘f' To be Saf-t at the jfven
Shres lcz/e_ﬁ.

(follow example ) .
O = Fival crack leagth = 0.5 [0.035) = 0-0/8 ™M

~("%)+1 ~(Ma)+]
N:I_ = ?__’L e m # 2
[- () +1 A1V ™
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6
a} = 003 m Qo= 7 Ny = 3x10 cycles

s

dssume. A =2.0x10 m=3 v=|

@:_ |20~ O Ccampregsive 5(’1"25{:5 are f:gndrt’cl)

“Cotl - (B)+
3X|06= 0018 — Qo

[- (%4 )+1] ox IER)Z(B/‘-’ 212°>3(!) =

6 —Ja b
Ay = — (3x0 )C-—a~§)(._z-ox;o )R/ch_oxloJ a)
~0
+ o0.01% 5
l _ = N a
=200 I o= 2 X100 m 6r 2.4Xx0" e
{ao

If Ml"’lﬂg CkaS art fOY\jef’ %a"\ 2-4&'{5%%/

Hie camponen'f' will have q(:}ce shorter
than  3x0° <yecles,
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Chapter 7, Problem 47

A cylindrical rod made of directionally solidified alloy CM 247 is to carry a 10,000 N load at a temperature
0f 900° C and for a period of 300 hours. Using the Larson-Miller plot in Fig. 7.31, design the appropriate
dimensions for the cross section.

TP  Larsen- Miller  Purome fes

[P=TrI)(20 4109 tr)

T°K = 900¢t 273 = 1173 "k
"E.r::. 300 }\rs

P'—‘- ”-’}3 CQ—O"' /05 300)"—'26365

-3
Pxlo = 2 £..3

Feper +o Frowe 7.3/, uppf/my—f‘,-ardph

Enter with PAIEa Of 262 (fop axn‘s)
&Vld ]Cl.no’ ‘HAC Cdrresponéc‘g ag.

v 350 MR
-5 2
d= £ A=E = 10,000 N~ 2-8x10
F o 3spx10® &

2
A=0.-28 cm

—— .lg
@

r=0-30m
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Chapter 7, Problem 48

In the manufacturing of connecting rods, 4340 alloy steel heat treatable to 1790 MPa may be used. There are
two options for the manufacturing of the component, (7) heat treat the component and use, and (ii) heat treat
and ground the surface. Which option would you use and why?

743
The mmpaneﬂ'f st have an exce((m'lL

fa'ﬁ‘ﬁve (:']cc. A ﬁaﬁurs to :‘mprz;t/&
]Lot’f-r‘gw }l}C( rm/sf L)t tonS)dered .
I the Suvpace (s ,'mprdtfeci %mt/jh
grme’r}g process (e meolth cwace),
the fa?‘:‘gw /I}Lf’ will  (mprove.
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Chapter 7, Problem 49
Examine the fracture surface of a fractured steel tube. How would you classify this fracture? Can you tell
where the fracture started from? How?

+49
Tﬁ{g fmc“'we (£ a L:r;’HLP_ {—yac‘fUre f,orme.-l

dve to existence of a depec'f at Hhe

bolHom o ‘the tube. The chewron PQ‘(‘((FV?)
r‘&(lia‘}fnj frdn’\ Hae o’c{:ec.’f aré sijha"n/rc
2 britlle 4«{pc Fra(:(urrs. These pa‘f-(fm}

poin‘f '+o“'l'ﬁ€ orijm of .Froc’,w'—uwe.

Nz

The c]e.p:c‘f could L{ an fhclvs;'on’ ;)0(09!.{‘!1 / ‘Hnu' cracks, efe..
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Chapter 7, Problem 50

If you had a choice between an aluminum alloy, stainless steel, a plain low carbon steel alloy, and a plain
high carbon steel alloy (all of which offer appropriate strength for the application) for a structural
application in the Arctic regions which would you choose? Why? (Cost is not an issue.)

750

7Zc. ma#m‘aj S’e(:::?LCCI Slﬂddfr.! ’rwu/& A Dvo‘fr’/t—'/-o-
Briflle (08T) Transitiom ff—mpfm'/vr& Yaat s
ngh'}iCanfl7 lower Yhen \qqe apem'ﬁy)\oj }emp
NO‘f—uJ!'%S“ﬂ#e’fcj fac.\(tﬂ’_(' sveh as ch-/- #rz»a%mrﬂ’f‘

and processing, e CO"’?POS-(.'#T'O)‘? ond sb’VL*CV"f-

arc f“ﬂpt’fﬁmf C-@'\S’l.(lfm'h‘(/ni ) (S'{"N-g“/l (S no'f'M:S-Wﬂ)

Fec metals do not f/n({t:-rjo DBT. Hiue aluminum
allys are good candidates . (Frgvre 7.10)

Ht‘q,’l CcVLaOn can“‘(‘m'f‘ will thercase DRT and
e s Aanéeruu’g- ((—'.‘gvr«e_ Z1)

Stainlese 5'(2&,0/ dve fFo is low carbor Cdﬂ‘llwt
will also be a Jaod chorce.
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Chapter 7, Problem 51

In aircraft applications, aluminum panels are riveted together through holes drilled in the sheets. It is the
industry practice to plastically expand the holes to the desired diameter at room temperature (this
introduces compressive stresses on the circumference of the hole). (@) Explain why this process is done and
how it benefits the structure. (b) Design a system that would accomplish the cold expansion process
effectively and cheaply. (¢) What are some precautions that must be taken during the cold expansion
process?

+-51
A) Lo Mcfucr'fj Cdmprvcffve VES'I‘Q/VJ .sJYe.c_ceg

arovnd o hode will Im prove /s )ca(fr"gt/d
performance by redc/a}fj ehresc .

o Qllume o CcompressSive eless 0 4
100 MPe, arownd ‘the nsle

- N [ _
G - 100 MPa g.__;l/ log MPy

o Pl o it Yhe extermly

€X|¢9Mclecl fr\oﬂe atypffeol 55?95 0f 100 MPax

. " . Yre m’*md"en
fn tencion.  (dgnore shress anetad

. The Poi.ﬁ argnd the hole
wil be Stwegs (re€.

Iﬁ‘fﬁcm’ IS no itied CompresSive 5d¥tss, Ve
stress avovad e hWole will be 100 MPa “h:ns]lg.
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w

b) d J dm =dmdndr@e
s mandr
dm dh :d hele CIM>AL‘

L

%
h Force a mandre o| d.‘ame'(‘cr’ dm \Hﬂmﬁlﬁ

the hode o diameter dn-
Since dM>Q“q} the hole wil expcmo]-

C) (ove ML/STL be faken not Yo ouerdo ‘e

Cold exp angion. Thic covld cause micro vadks

‘H/&ﬂl wo'ufd ée ofc_'f‘}/('wlf’WM.
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Chapter 7, Problem 52

What factors would you consider in selecting materials for coins? Suggest materials for this application.

12— , The metals S'Aaufd have the Cb(padr“(—(/ +o be
]Carmed ith intriate pattens at room

‘;Cmpt’}"‘od:/yd (C.oih'mJ Pr‘()ce.S‘.C)
e metads should have yeasonable sﬁﬂ"ng%

amo/ CJVVZIIOKII.\I*./.
. The metols shovld pesicT — corvoston.

‘o Yhe corn

. [he amdm'/‘ a{ me"{*aj u.Sﬂo!
slnavld be less in valve than dhe valve ol

Yhe coin i'('SeLf.

Penm{ v 3% Copper, 9?’% €inC

Nideel © 954 copper; 257 Nickek

Dime: A% Lopper, 4% N ke

QVar'ILC’V: 9% Caoppey q 7 NILEVX

Deollar foin) 1 38% copecr, 6% Manganese, 3% Zing,
and BZ Nicke { .
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 7, Problem 53

Examine the fracture surfaces below and discuss the differences in surface features. Can you identify the
type and nature of the fracture?

453

Figure PHS3 o shows equiaxed dimpled surgace
Similar to Yt cn Fgue 2. This s 36"0’“‘(‘1
fﬂe'r‘cq'lll‘ve ot ductile fmc'fvre-

%Urt P:}S}L show¢ bn“H,c C[cavaﬂt

fradwc in whicl Smiﬂ {_md-wa Q(C’:‘j
Spc’Cr‘ff'C sffp p/am‘f. (5:]»4; (ar -/-o F@W’C ?‘;)
The fracture is Tronggranviar.

Fowe PRs3c  shows tergrany b~
b‘n‘ﬁ{e }me‘/‘(/r‘e, . Note Lhat ‘Hhe 9ram,¢
ar? c[cau’/j J:;n‘r‘njw‘shq_/o/c and p]cu'/‘lt
dtfd/rﬂix‘lwbn is not obserned.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 7, Problem 54

The components in Fig. P7.54 is high strength steel racecar transmission shaft, which is cyclically loaded in
torsion and some bending. The one at the bottom of Fig. P7.54a is fractured. Figure P7.54b shows a higher
magnification image of the fracture path around the shaft. Figure P7.54¢ shows that cross-section of the
fractured shaft. Based on this visual evidence speculate as much as possible about what happened to this
shaft and where did the fracture start from. Especially, list your observations of Fig. P7.54¢

?"Sq' Cxaminatien of Fyore PTstb shows that

Fhe chart  was indented 1o place Yhe date
of manu\c_ac_ﬁ/n‘cﬂ on it I{'_ you loole
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rung ‘Hordug h the ' ﬁ” p rint-.
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crace progayxtie Lae,lﬂmlfks
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Tt\e_ C:e.ac.lq man&' S are cfca,r(j ala;weé l."lé“c‘&'i"iﬁ
5*‘(9-—&1?&6 Crack prOgM-%a\'_Lidn.

Once the crack prepagates To a Sqnigican T
graction of the area, ‘the remaiiu‘cj intaet
Seetion jcmc‘fures catastrophially ( einad ruptwe).
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/N 1&5( crack dve Yo cyclic torsion and éeﬂcj{@.
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