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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 6, Problem 1 
Why are cast metal sheet ingots hOHolled first instead of being cold-rolled? 

Chapter 6, Solution 1 
Hot rolling is applied first because it is more efficient in reducing ingot sheet thickness than cold working. 

Chapter 6, Problem 2 

What type of heat treatment is given to the rolled metal sheet after hot and "warm" rolling? What is its 
purpose? 

Chapter 6, Solution 2 

In most cases, the rolled metal slabs are reheated to a relatively high temperature which allows for further 
hot rolling without excessive oxidation of the metal. Once all hot and "warm" rolling is complete, the 
metal is reheated or annealed to remove cold-work induced through the hot-working. 

Chapter 6, Problem 3 

(a) How are metal alloys made by the casting process? (b) Distinguish between wrought alloy products and 
cast alloy products. 

Chapter 6, Solution 3 

Alloying elements are added to the molten (basic) metal and allowed to melt. The molten metal is 
subsequently mixed to achieve unifonnity and then cast into solid ingots or castings. (b) Wrought alloy 
products are produced using a working process such as rolling, extruding or forging. 

Chapter 6, Problem 4 

Describe the wire-drawing process. Why is it necessary 10 make sure the surface of the incoming wire is 
clean and lubricated? 

Chapter 6, Solution 4 

In the wire drawing process a starting rod or wire is drawn through one or more tapered dies to reduce the 
cross section of the wire. It is important to have the wire surface clean so that defects are not introduced 
into the wirc. Lubrication is also necessary to prevent tearing of the metal being drawn through the die and 
to reduce friction. 
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Chapter 6, Problem 5 

Describe and illustrate the following types of extrusion processes: (a) direct extrusion and (b) indirect 
extrusion. What is an advantage of each process? 

Chapter 6, Solution 5 

The direct and indirect extrusion processes are shown below in Fig. (a) and (b) respectively. 
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(II) 
(a) In direct extrusion, the billet is forced directly through the die of the extrusion press by a solid ram. 
(b) Whereas, in an indirect extrusion process, a hollow ram holds the die and forces it against the billet. 

Higher loads can be applied with the direct process while advantages associated with the indirect 
process include lower frictional forces and lower power requirements. 

Chapter 6, Problem 6 
Describe the forging process. What is the difference between hammer and press forging? 

Chapter 6, Solution 6 
In the forging process metal is hammered or pressed into the desired shape. In hammer forging a hammer 
repeatedly strikes the work piece to shape it. In press forging, a slow compressive force is used to shape 
the metal. 

Chapter 6, Problem 7 

What is the difference between open-die and closed-die forging? Illustrate. Give an example of a metal 
product produced by each process. 

Chapter 6, Solution 7 

Open die forging is carried out with two flat dies or with two dies of simple shapes. Closed die forging is 
accomplished with a single or multiple impression set of dies with the shaped metal being entirely 
surrounded by the die. Examples oflhese die types are shown below schematically. 
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An example of a forging made by the open-die process is a long shaft for turbomachinery applications such 
as a turbine. An automobile connecting rod is an example of a closed die forging. 

Chapter 6, Problem 8 
Distinguish between elastic and plastic deformation (use schematics). 

Chapter 6, Solution 8 
Elastic deformation of metal takes place when the metal is able to return to its original dimensions once the 
deforming force is removed. Plastic deformation takes place if the metal does not fully recover its original 
dimensions after the defonning force is removed. 

Chapter 6, Problem 9 

Define (a) engineering stress and strain, and (b) true stress and strain, (c) What are the U.S. customary and 
Sf units for stress and strain? (d) Distinguish between tensile/compressive stress (also called normal stress) 
and shear stress. (e) Distinguish between tensile/compressive strain (also called normal strain) and shear 
strain. 

Chapter 6, Solution 9 
(a) Engineering stress = s = applied normal (uniaxial) force I original cross·sectional area 

Engineering strain = e = change in gage length/original gage length (If -10)/10 

(b) True stress'" Sc = applied normal (uniaxial) force I instantaneous cross· sectional area 

True strain = el = In ( instantaneous length I original length ) 

(c) where the units are expressed as: 

Stress (both normal and shear): Ib/in2 or psi U. S. Customary 
N/m2 (newtons per square meter) SI 

Normal strain: dimensionless (in/in, mlIn, etc ... ) 
Shear strain: radians 
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(d) s is designated as "normal" stress produced as a result of the application of a force that is 
perpendicular to a known surface. If the applied force is in tension, the normal stresses 
produced will also be in tension. If Ihe applied force is in compression, the normal stresses 
produced will be in compression. The shearing stresses, I, on the other hand are produced as a 
result of the application of a force that is parallel to a known surface (shear force). Thus s and 
t must be treated differently (are not additive). 

(e) Normal stresses produce normal strains. Tensile normal stresses produce tensile normal 
strains and compressive stresses produce compressive nonnal strains. Normal strains 
represent a change in length. On the other hand, shearing stresses produce shearing strains. 
Shearing strains represent the distortional changes or the changes in the angles with respect to 
the original. Thus normal and shearing strains must also be treated differently. 

Chapter 6, Problem 10 

(a) Define the hardness of a metal. (b) How is the hardness of a material determined by a hardness testing 
machine? 

Chapter 6, Solution 10 

(a) Hardness is a measure o f  the resistance o f  a metal to permanent deformation. (b) Hardness i s  measured 
by forcing an indenter into the metal surface. The hardness measurement is made either from the depth of 
penetration of the indenter or by the size of the indentation. 

Chapter 6, Problem 11 

What are the load used in (a) Rockwell B hardness tes!, and (b) Rockwell C hardness test? 

Chapter 6, Solution 1 1  

(a) The load of Rockwell B hardness test is 100 kg. 
(a) The load of Rockwell C hardness test is 150 kg. 

Chapter 6, Problem 12 

What is the difference between Vickers and Knoop hardness tests? 

Chapter 6, Solution 12 

The difference between the Vickers and the Knoop hardness tests is simply the shape of the diamond pryamid 
indenter.The Vickers test uses a square pyramidal indenter. The Knoop test using a rhombic-based pyramidal 
indenter was developed which produces longer but shallower indentations. 

Chapter 6, Problem 13 

Describe the slip mechanism that enables a metal to b e  plastically defonned without fracture. 

Chapter 6, Solution 13 

In the metal slip mechanism, dislocations move through the metal crystals like wave fronls, allowing 
metallic atoms to slide over each other under low shear stress. The metal can thus defonn without fracture. 
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Chapter 6, Problem 14 
(a) Why does slip in metals usually take place on the densest-packed planes? 
(b) Why does slip in metals usually take place in the closest-packed directions? 

Chapter 6, Solution 14 
(a) Slip usually takes place on  the �st densely packed planes because the atoms on these planes are in 
close proximity and hence require less shear energy for displacement. 
(b) Slip typically occurs along the closest-packed directions because minimal energy is required to force the 
atoms to change positions. 

Chapter 6, Problem 15 
(a) What are the principal slip planes and slip directions for FCC metals? (b) What are the principal slip 
planes and slip directions for Bec metals? (c) What are the principal slip planes and slip directions for 
HCP metals? 

Chapter 6. Solution 15 

(a) The principal slip planes and slip directions for FCC metals are {Ill} and (110). respectively. (b) 

The principal slip planes and slip directions for Bee metals are {II O} and (111). respectively. (c) The 

principal slip planes and directions for HCP metals are (0001) and (1120). 
Chapter 6, Problem 16 
Describe the deformation twinning process that occurs in some metals when they are plastically deformed. 

Chapter 6, Solution 16 
In the deformation twinning process, a part of  the atomic lattice is deformed such that i t  forms a mirror 
image of the adjacent undefonned lattice. 

Chapter 6, Problem 17 

What is the difference between the slip and twinning mechanisms of  plastic deformation of  metals? 

Chapter 6, Solution 17 

The slip mechanism causes all atoms on one side of  the slip plane to move equal distances, such that a 
series of slip steps are formed. Whereas in twinning, atoms only move distances that are proportional to 
their respective distances from the twinning plane, and thus produce a well defined region of deformation. 

Chapter 6, Problem 18 
What other types of slip planes are important other than the basal planes for HCP metals with low cia 
ratios? 

Chapter 6, Solution 18 

The prism planes, { I 0 1 O} ( II 2" 0) , and the pyramidal planes, { 1 OIl} (11 2" 0) , are also important 

planes having low c/a ratios. 
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Chapter 6, Problem 19 

What important role does twinning play in the plastic defonnation of metals with regard to deformation of 
metals by slip? 

Chapter 6, Solution 19 

During twining deformation, the lattice orientations change in such a marmer that new slip systems may 
become favorable for further slip. 

Chapter 6, Problem 20 
Define the critical resolved shear stress for a pure metal single crystal? What happens to the metal from the 
macroscale point of view and behavior point of view once critical resolved shear stress is exceeded? 

Chapter 6, Solution 20 

The critical resolve.fl shear stress, To, for a single crystal is the minimum shear stress required to initiate the. 
slip process. This minima is essentially the yield stress of a single crystal. Once the critical stress level is 
reached on a specific plane, the top half plane will slip on the bottom half plane in the direction of slip 
direction vector. Excessive slip will eventually result in fracture along the slip plane. 

Chapter 6, Problem 21 
By what mechanism do grain boundaries strengthen metals? 

Chapter 6, Solution 21 
Grain boundaries strengthen metals by acting as barriers to dislocation movement. 

Chapter 6, Problem 22 
(a) What is solid-solution strengthening? Describe the two main types. (b) What are two important factors 
that affect solid-solution hardening? 

Chapter 6, Solution 22 
(a) Solid-solution strengthening is a method of increasing a metal's strength. By adding one or more 
elements, dislocation movement is impeded due to lattice distortions and the introduction of different 
bonding structures. 

The two primary types of solid-solution strengthening are substitutional and interstitial. 

(b) Two important factors that affect solid-solution hardening are; the relative size of the atoms of the 
elements in the solid solution and; short-range ordering of the atoms of different atoms into clusters. 

Chapter 6, Problem 23 
What experimental evidence shows that grain boundaries arrest slip in polycrystalline metals? 

Chapter 6, Solution 23 
Slip bands in polycrystalline metals are observed to be parallel within a grain but discontinuous at grain 
boundaries. 
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Chapter 6, Problem 24 
(a) Describe the grain shape changes that occur when a sheet of alloyed copper with an original equiaxed 
grain structure is cold-rolled with 30 and 50 percent cold reductions. (b) What happens to the dislocation 
substructure? 

Chapter 6, Solution 24 
(a) When an alloyed sheet of copper with an equiaxed grain structure is cold rolled to 30-50 percent 
reduction, the grains are elongated in the direction of rolling. 

For unalloyed copper. as plastic deformation is increased to 
30%. dislocation density increases and dislocations begin to tangle and form network of 
dislocations resulting in a cellular structure in which high density dislocation tangles 
form the walls of the cell. As plastic deformation is increased to 50%, the cell size 
decreases and the cell structure becomes denser. (see Fi

,
gure 6.44) 

Chapter 6, Problem 25 
How is the ductility of a metal nonnally affected.by cold working? Why? 

Chapter 6, Solution 25 
Cold rolling normally decreases the ductility of metals because the dislocation density of the metal is 
increased and thus further slip by dislocation movement is inhibited. 

Chapter 6, Problem 26 
What are the three main metallurgical stages that a sheet of cold-worked metal such as aluminum or copper 
goes through as it is heated from room temperature to an elevated temperature just below its melting point? 

Chapter 6, Solution 26 
The three main stages are recovery, recrystallization and grain growth. 

Chapter 6, Problem 27 
When a cold-worked metal is heated into the temperature range where recrystallization takes place, how are 
the following affected: (a) internal residual stresses, (b) strength, (e) ductility, and (d) hardness? 

Chapter 6, Solution 27 
(a) Any internal stresses are relieved. 
(b) The metal tensile strength is significantly reduced. 
(c) The ductility of the metal is greatly increased 
(d) The hardness of the metal is substantially �duced. 

Chapter 6, Problem 28 
When a cold-worked metal is heated into the temperature range where recovery takes place, how are the 
following affected: (a) internal residual stresses, (b) strength, (c) ductility, and (d) hardness? 

Chapter 6, Solution 28 
(a) Internal stresses are greatly reduced. 
(b) The metal strength is only slightly reduced. 
(c) The metal ductility is usually significantly increased. 
(d) The hardness of the metal is slightly reduced. 
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Chapter 6, Problem 29 
Describe the microsrructure of a heavily cold-worked metal of an AI-0.8% Mg aHoy as observerd with an 
optical microscope al 100x (see Fig. 6.46a). Describe the microsrruCfUre of the same material at 20,ooox 
(see Fig. 6.47a). 

Figure 6.46(a) (a) 

Figure 6.47(a) (a) 
Chapter 6, Solution 29 
At loox, one observes a highly elongated grain structure. Whereas at 20,ooox, dislocation tangles and 
banded cells or subgrains, produced by extensive cold work, are evident within the microstructure. 
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Chapter 6, Problem 30 
Describe what occurs microscopically when a cold-worked sheet of metal such as aluminum undergoes a 
recovery heat treatment. 

Chapter 6, Solution 30 
When a cold-worked sheet of metal such as aluminum is subjected to a recovery heat treatment, many 
dislocations are destroyed or move into lower energy configurations through the polygonization process. In 
this process, low-angle grain boundaries are formed and the metal ductility is significantly increased while 
the strength is only slightly reduced. 

Chapter 6, Problem 31 
Describe what occurs microscopically when a cold-worked sheet of metal such as aluminum undergoes a 
recrystallization heat treatment. 

Chapter 6, Solution 31 
Dwing a recrystallization heat treatment, new strain-free grains are nucleated. and after sufficient time, 
grow until the grain structure is completely recrystallized. 

Chapter 6, Problem 32 
What generalizations can be made about the recrystallization temperature with respect to (a) the degree of 
defonnation, (b) the temperature, (c) the time of heating at temperature, (d) the final grain size, and (e) the 
purity of the metal? 

Chapter 6, Solution 32 
(a) In order for recrystallization to occur, the metal must possess a minimum degree of deformation. The 

greater the extent of deformation above this required minima, the lower the temperature required for 
recrystallization. 

(b) Increasing the temperature decreases the time required for complete recrystallization. 
(c) Increasing the rate of heating raises the recrystallization temperature. 
(d) The fmal grain size depends primarily upon the original extent of deformation; the greater the degree 

of deformation, the lower the annealing temperature required for recrystallization. 
(e) With decreasing metal purity, the recrystallization temperarure rises. Thus. solid-solution alloying 

additions increase the recrystallization temperature. 

Chapter 6, Problem 33 
Describe two principal mechanisms whereby primary recrystallization can occur. 

Chapter 6, Solution 33 
The two principal mechanisms of primary recrystallization are: the expansion of an isolated nucleus with a 
defonned grain; the migration of a high-angle grain boundary into a more highly deformed region of the 
metal. 
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Chapter 6, Problem 34 
What are five important factors that affect the recrystallization process iltmetals? 

Chapter 6, Solution 34 
Five important factors affecting the metal recrystallization process are: 

1. the extent of deformation of the metal prior to recrystallization; 
2. the temperature used for the recrystallization process; 
3. the length of time of the recrystallization process; 
4. the initial grain size of the metal; 
5. the composition of the metal. in teons of metal purity. 

Chapter 6, Problem 35 
Define superplasticity and list the conditions under which superplasticity can be achieved. Why is this an 
important behavior? 

Chapter 6, Solution 3S 
Superplasticity is the ability of a material to sustain plastic deformation levels exceeding 1000% without 
fracture. This occurs in certain metals at specific elevated temperatures and under controlled and slow 
loading rates. This is an important behavior because we can take advantage of it to produce complex shapes 
that require heavy deformation out of metals. )fwe can produce heavy plastic deformation without fracture 
of metal we can produce complex shapes with a small number of operations and more economically. 

Chapter 6, Problem 36 
Discuss the major deformation mechanism Ihal resulls in extensive plastic deformation in superplasticity. 

Chapter 6, Solution 36 
The deformation mechanism in superplasticity is nol predominantly dislocations and their movements but 
rather mostly grain boundary sliding (grams slide on top of each oilier along the boundary) and grain 
boundary diffusion in which atoms from one grain diffuse across the grain boundary to the surrounding 
grains (see Figure 6.53). 

Chapter 6. Problem 37 
Why are nanocrystalline materials stronger? Answer based on dislocation activity. 

Chapter 6, Solution 37 
As grain size decreases, grain boundary density increases which can prevents slip and the ability of the 
metal to resist movement of dislocations increases. Any produced dislocations will quickly pile up at the 
boundaries and create dislocation entanglement resulting in increased strength of the metal. 
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Chapter 6, Problem 38 

A 70% Cu-30% Zn brass sheet is 0.12 cm thick and is cold-rolled with a 20 percent reduction in 
thickness. What must be the finallhickness of the sheet? 

Chapter 6, Solution 38 [I -I ] % cold reduction = � x I 00% 

[ 0.12 em - If ] 
0.20 = --;:-:-::-----'- x 100% 

0.12 em 'f = 0.096 em 

Chapter 6, Problem 39 
A 12.8-mm-diameler rod of an aluminum alloy is pulled to failure in a tension lest. If the final diameter of 
the rod allhe fractured surface is 10.8 mm, what is the percent reduction in area of the sample due to the 
test? 

Chapter 6, Solution 39 

[ initial area - fmal area ] 
% cold reduction = x 100% 

Chapter 6, Problem 40 

initial area 

[(n/4)(12.8 mm)'- (n/4)(lO.8 mm)' ] 
= x 100% = 28.8% 

(n/4)(12.8 mm)' 

Calculate the percent cold reduction when an aluminum wire is cold-drawn from a diameter of6.50 mm to 
a diameter of 4.25 mm. 

Chapter 6, Solution 40 

"' Id d '  
[ initial area -final area ] 100"' 10 co re uctlOn = x 10 

initial area 

Chapter 6, Problem 41 

= [(,,/4)(6.50 mm)' - ("/4)(4.25 mm)' ]x 100% = 57.2% 
(lTi4)(6.50 mm)' 

What is the relationship between engineering strain and percent elongation? 

Chapter 6, Solution 41 
Engineering strain and percent elongation are related as, 

% engineering strain = engineering strain x 100% = % elongation 
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Chapter 6, Problem 42 
A sheet of aluminum alloy is cold-rolled 25 percent to a thickness of 0.2 em. If the sheet is then 
cold-rolled to a final thickness of 0.16 em, what is the total percent cold work done? 

Chapter 6, Solution 42 

%COld reducrion�[to�tr }IOO % 

0 .2 5= [ to -�;2 cm ]XIOO % to = 0 .267 cm 

The total cold work is therefore, 

total % cold work = x 1 00 %  = 40.1 % [0.267 cm - 0 .16 cm] 
0. 267 cm 

Chapter 6, Problem 43 
A tensile specimen of cartridge brass sheet has a cross section of 10.0 mm x 4.0 mm and a gage length of 5 1  
mm. Calculate the engineering strain that occurred during a test if the distance between gage markings is 63 
mm after the test. 

Chapter 6, Solution 43 
. .  . 1-/0 63 mm - 51 mm engmeenng stram & =-- = 0.235 

Chapter 6, Problem 44 

10 5 1  mm 

A brass wire is cold-drawn 30 percent to a diametcr of 0.90 mm. It is then further cold-drawn to 0.70 mm. 
What is the total percent cold reduction? 

Chapter 6, Solution 44 

% cold reduction �[ AO�oAr ]x 100 % ["-do' - .':(0.90 mm)' ] 
Initial reduction 30 .0 � 4 4 x I 00 % 

" ( do)' 
4 [ " (1.076 mm)' - " (0.70 mm)' 

total % cold reduction = 4 4 

" ( I  .076 mm)' 
4 

do � 1 .076 mm 

]XIOO %� 57.7% 
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Chapter 6, Problem 45 
The following engineering stress-strain data were obtained for a metal. (0) Plot the engineering stress-strain 
curve. (b) Detennine the ultimate tensile strength of the alloy. (c) Detennine the percent elongation at 
fracture. 

Engillecrillg Engineerillg Engillecring Engilleerillg 
stress stnlin stress slnlill 
(MI>ll) (mm/mm) (1\'11'11) (mm/mm) 

0 0 76 0.08 
30 0.001 75 0.10 
55 0.002 73 0.12 
60 0.005 69 0.14 
68 om 65 0.16 
72 0.Q2 56 0.18 
74 0.04 51 (Fracture) 0.19 
75 0.06 

Chapter 6, Solution 45 

Engineering Engineering 

Prob. 6.45: Stress vs. StraIn Stress Strain 

80 
70 (MPa) (mm/mm 

60 0 0 �50 30 0.001 � ;;;40 
• 55 0.002 
� 30 60 0.005 20 68 0.010 10 72 0.020 

0 74 0.040 0.00 0.05 0.10 0.15 0.20 75 0.060 
Strain (mmlmm) 

(a) See stress-strain plot above. 
(b) The ultimate tensile strength, based on the stress-strain curve, is 76 MPa 
(c) % elongation = engineering strain x 100% = 0.19x 100% = 19%. 

Engineering Engineering 
Stress Strain 

(MPa (mm/mm) 

76 0.08 
75 0.10 
73 0.12 
69 0.14 
65 0.16 
56 0.18 
51 0.19 
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Chapter 6, Problem 46 
From the data of Prob. 6.45, estimate the yield strength of the metal. 

Chapter 6, Solution 46 

The yield strength is about 65 MPa. 
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Chapter 6, Problem 47 

The following engineering stress-strain data were obtained at the beginning of a tensile test for a metal. (a) 
Plot the engineering stress-strain curve for these data.(b) Detennine the 0.2 percent offset yield stress for this 
steel. (c) Detennine the tensile elastic modulus of this steel. (Note that these data only give the beginning part 
of the stress-strain curve.) 

Engineering Engineering 
stress strain 
(MPa) (mm/mm) 

0 0 
15 0.0005 
30 0.001 
40 0.0015 
50 0.0020 

Chapter 6, Solution 47 

(a) 

Engineering 
stress 

(l\1Pa) 
60 
66 
70 
72 

Prob. 6.47(a}: Stress vs. Strain 

8° lliilii!!l!!l1I1I1! 
70 
60 

� 50 
::; � 40 
� 

20 
10 

Engineering 
strain 

(mm/mm) 
0.0035 
0.004 
0.006 
0.008 

Engineering 
Stress 

(MPa) 

0 
15 
30 
40 
50 

o 
0.000 0.004 0.008 0.012 

Strain (mm/mm) 

Engineering 
Strain 

(mm/mm) 

0 
0.0005 
0.0010 
0.0015 
0.0020 

The 0.02 % offset yield stress was found graphically as 66 MPa. 

Engineering 
Stress 

(MPa) 

60 
66 
70 
72 

(b) (e) The modulus of elasticity is found from the slope of the 0.2% offset curve as 

a 50 - 12 E = - = --:--::c:-::--:-'::-:-:-:-- = 25.3 G Pa 
E 0.002 -0.0005 

Engineering 
Strain 

(mm/mm) 

0.0035 
0.0040 
0.0060 
0.0080 
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Chapter 6, Problem 48 
The following engineering stress-strain data were obtained at the beginning of a tensile test for a 0.2% C plain 
carbon steel. (a) Plot the engineering stress-strain curve for these data. (b) Determine the 0.2 percent offset 
yield stress for this steel. (c) Detennine the tensile elastic modulus of this steel. (Note that these data only give 
the beginning part of the stress-strain curve.) 

Chapter 6, Solution 48 

Engineering Engineering Engineering Engineering 
Prob. 6.48: Stress VS. Strain Stress Strain Stress Strain 

600 .. -.-. . .-
. (MPa) (mm1mm) (MPa) (mmlmm) 

500 ... -. . 
.. -- . 
---- 0 0 413.4 

m 400 , 103.4 0.0005 454.7 
a. ::E 206.7 0.0010 482.3 

275.6 0.0015 496.1 -; 300 . . . 344.5 0.0020 � 
� '" rn 

, 

200· 
. 

100 
. 

0 , 
0.000 0.004 0.008 0.012 

Strain (mmlmm) 

(b) The 0.02 % offset yield stress was found graphically as approximately 450 MPa. 
(c) The modulus of elasticity is found from the slope of the 0.2% offset curve as: 

E= a 
= 

(4 50 xl0 ')- (0 .0) =180,000MPa=180GPa 
c 0.002 5 -0 .0 

Chapter 6, Problem 49 

A tensile specimen of aluminum alloy is tested to fracture. At the fracture point, it has an engineering stress 
180 MPa and engineering strain 34%. Calculate (a) the true stress at fracture. and (b) the true strain at fracture. 

Chapter 6. Solution 49 

(a) True stress aT: 
aT -a(l+e)-180(1+0.34)=241.2 MPa 

(b) True stress eT: 
eT -In( I +e) - [n(l +0.34) = 0.293 = 29.3% 

0.0035 
0.0040 
0.0060 
0.0080 
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Chapter 6, Problem 50 

A stress of 55 MPa is applied in the [001] direction of a BCC single crystal. Calculate (a) the resolved 

shear stress acting on the (10 I) [T 11] system and (b) the resolved shear stress acting on the (110) 

[ 111] system. 

Chapter 6, Solution 50 

(a) First, the direction normal to the (101) plane is shown below in Fig. (a) to be tbe (10 I] direction. 

From Fig. (b), the value of angle>., between the applied stress direction [0 0 1] and the [ 1 11] slip 

direction, is dictated by the geometry of rectangle ABeD: 

(a) 

cos A. = cos a I[ fja ] = 0.5774, A. = 54.7°. Finally, the angle ¢ lies between the 

[001 J stress direction and the [101) normal and is thus equal to 45". Substituting into 

Eq. (5.15), r, =(SS MPa)(cosS4.7")(cos4S·) = 22.5 MPa. 

(b) [OOIJ 

A 
[OOIJ 

' •• 10 •• e,O " • coQ �,,,.,,, 
, ., •••• c.o" .e,"""'·'" 

[101J £ Jla 
Normal B 

D .fia 

(e) [IOIJ 

x 

B 

C 

[OOIJ 

E 

(101) 
Slip Plane 

a ¢=4S' 

[ 111 J 
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(d) 

x 

-
(b) The direction normal to the (110) slip plane, [I 1 0] • and the [ I I 1] slip direction are 

shown below in Fig. (d). From Fig. (e), the value of angle Ais calculated as: 

cos A = cos a I[ J3a ] = 0.5774, A = 54.7°, Finally, the angle ¢I lies between the 

[0 0 I] stress direction and the [I I 0] nonnal, and is thus equal to 90". Substituting into 

Eq. (5.15), T, = (55 MPa)(cos54.T)( cos 90°) = o. 

[OOIJ 
, 

A �=----+--# 

[1101 Normal 

[ I II J 
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Chapter 6, Problem 51 
-

A stress of 4.75 MPa is applied in the [00 1]  direction ofa unit cell of an FCC copper single crystal. 
-

Calculate the resolved shear stress on the (11 1) plane in the following directions: (a) [ 1  0 I], (b) 

[01 1]. (oj [1 1 0]. 

Chapter 6, Solution 51 
(a) For slip system (II 1) [ I 0 1], ¢ can be calculated based upon the geometry depicted within 

rectangle ABCD of Fig. (b): COS¢=COS al[../3a ] =0.5774, ¢=54.7°. From the (001) 

plane indicated in Fig. (c) as square ADEF. }.. is equal to 45°. Thus. the resolved shear stress is: 

<, = <1COSACOS¢ = (4.75 MPa)( cos45')(cos54.7') = 1.94 MPa 

(aJ (bJ [00 1] 

, A 
A 

[1 0 I] 

Slip Direction 
, (11 1 J ¢ .j)a 

\8 Slip Plane a F i D .fia >- D " Y 
, , (oj , , , , 

E , [ 1 0 1] 
x , 

[ 0 0  1] [Ill] F 

Normal 

a 

B 

c 
[I ll] 

[ 0 0  1] 

A 
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(b) For slip system (11 I) [0  I I 1, ¢ can be calculated based on the geometry depicted below in Fig. 

(e): cos</J = cos a I[ Jja ] = 0.5774, ¢ = 54.7°. Referring to Fig. (t), by geometry X is equal 

to 45'. Thus, T, = o-cos.l.cos¢ = (4.75 MPa)( cos45')(cos54.n = 1.94 MP •. 

(c) For slip system (Ill) [I  I 0], ¢ can be calculated based on the geometry depicted below in Fig. 

(h): cos¢ = cos a I [ .J3a ] = 0.5774, ¢ = 54.7°. Referring to Fig. (i), by geometry X is equal 

to 90". Thus, T, =o-cos.l.cos¢ = (4.75 MPa)(cos90')(cos54.T) = 0. 

(d) (e) 

[0 I I J 
A B , Slip Direction 

( II I) A 
Slip Plane .J3a 

C D .J2a 
E 

y [00 IJ 

(Q 
I J [ 0 0  I J 

x , 
• A F 

[00 I J [I I  I J 

Normal 

a [0 I I A 

t D a --. E 

[ I I  I J 
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Chapter 6, Problem 52 
A 20-cm-long rod with a diameter of 0.250 cm is loaded with a 5000 N weight. If the diameter decreases to 
0.210 cm, determine (a) the engineering stress and strain at this load and (b) the true stress and strain al this 
load. 

Chapter 6, Solution 52 

1fd2 1f Area at start A, � __ 0 � -( 0.25 em)' � 0. 049 09 em' � 4.9 09 x 1 0-6 m' 
4 4 

1fd.2 1f Area under load A; � --' � -( 0.21 em)' � 0. 034 64 em' � 3.4 64 x 1 0-6 m' 
4 4 

Assuming 4io = �l; or Ii /10 = Ao / Ai' 

A Engineering stress 

B Engineering strain 

True stress 

True strain 

�_
F � 5 000N �1019xl06Pa�1019MPa A, 4.9 09 x  1 0-6 m' 

� E� I i  -/0 � A, _I � 4 .9 09 xI0"" 
m '  _I � 1 .417-1 �0.417 10 

A; 
3.4 64 xl0-6 m' 

F 5 000 N �(fT� - � 
6 

,�1443xI06Pa�1443 MPa A; 3 .4 64xlO - m 
Ii A, [ 0. 049 09 em' ] 

� ET � In-� In-� In , � In(1 .41 8) � 0.349 
10 A; 0.034 62 em 
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Chapter 6, Problem 53 

A stress of75 MPa is applied in the (001] direction on an FCC single crystal. Calculate (a) the resolved 

shear stress acting on the (111) [ 1 0 1] slip system, and (b) the resolved shear stress acting on the (111) 

[ 1 I 0 J slip system. 

Chapter 6, Solution 53 

The resolved shear stress is calculated as: T r = (j cos A cos ¢ = 75 cos A cos ¢. We must therefore 

determine the values of the angles for A and ¢. 

(a) The slip plane and direction of the (111) [ 1 01] slip system are shown on the next page in Figures (a) 

through (c). Specifically, Fig. (a) illustrates the (Ill ) slip plane, A. the angle between the [ 1 01 J slip 

direction and the applied axial stress direction, [001 J .  Referring to Fig. (b), the (001) plane is 

bisected by line AE and thus, A = 0 EAD = 45° . 

Since we are concerned with the cubic crystal system, the direction normal 10 the slip plane is simply 
the Miller indices of that plane. For the present case, the direction normal to the (III ) is thus 
(111]. Referring to Fig. (c), rectangle ABCD shows ¢ between the [ 111] normal and the applied 

axial stress direction, [0 0 1]. By geometry, 

� 
a 1 � .  cos� � J3a � J3 � 0.5774, � � 54.7 

" � (75 MPa)( cos45·)(cos54.7·) � 30.6 MPa 
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-
[101] Slip Direction [001] 

[1 0 I] 
[III] No"",,1 ). 
to Slip Plane F A 

a 45" 

1 
y E a -+jD 

(b) Xon (001) Plane 
E C 

[001] x 
[ III] 

(a) Slip Syslem A B 

Jla 

(e) ¢ on (110) Plane 
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(b) Referring to Fig. (d), the slip plane and direction of the (111) [I  I 0] slip system are shown. As 

depicted by this sketch, the direction indices of the direction normal to the (I l l) plane are [Ill]. 
and the angle � is 90°, The angle ¢ is shown below in Fig. (e) to lie between the axial [00 1] 
direction and the normal to the slip plane, !IKtIrl{'I1�. From rectangle ABeD, this angle is calculated as: 

cos�=a/[ fJa ]=l/fJ =0.5774, 

[ 1 1 0] Thus, T, =(75 MPa)(cos90")(cos54.7')=O. 

[00 I] Axial 

Stress Direction 

z 

(III) 
Slip Plane 

x 

[001] Slip ':J''--I--::��=::::=-' Direclion 

y 

c 
(d) Slip System 

[001] 

A B 

:.tJa 

(e) ¢ on (110) Plane 

[III] 
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Chapter 6, Problem 54 

A stress of 85 MPa is applied in the [00 I] direction of a WIit cell of a BCC iron single crystal. Calculate the 
- -

resolved shear stress for the following slip systems: (a) (0 II) [1 11]. (b) (110) [ 111]. and (e) 
(011)[111). 

Chapter 6, Solution 54 
-

(a) For slip system (011) [1 1 11, X can be calculated based upon the geometry depicted within 

rectangle ABCD of Fig. (b): COS A. = cos a I[ .fja ] = 0.5774, A. = 54.7°. From the geometry 

depicted in Fig. (c) as square ABFE, if; is equal 10 45°. Thus, the resolved shear stress is: 

(a) 

r, = O'COSACOS¢ = (85 MPa)(cos54.7°)( COS 45°) = 34.7 MPa 

x c _ Jt' 

[001] 
, 

-

A 
[0 II] 

Nonnal 

B y 

(011) 
Slip Plane 

(b) 
[I I I] D 

a J3a 

(e) [001] 

[001] 

A 

[0 I 1] 

A 

(b) For slip system (I 10) [I I I], Xis calculated based on the geometry of rectangle EFGH in Fig. (e): 

[0 1 1] = 0.5774, A. = 54.7°. From the geometry of square ABCD in Fig. (f), 
¢ equals 90°. Thus. r, = 0' cos A cos¢ = (85 MPa)(cos 54.7")( cos 90°) = O. 

(c) For slip system (0 I 1)[111 J, Xis calculated based on the geometry of rectangle ABCD in Fig. (h): 

cos A. = cos a I[ .fia ] = 0.5774, A. = 54.7°. From the geometry of square AEFD in Fig. (i), 

¢ equals 45°. Thus, [ I  1 I J 
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(g) (h) (0 II) 
A B [III J 

[0 I IJ [OO IJ 

Normal � 'Jja , 

A D Jia _c 
[ I I IJ 

B (i) 
[0 I IJ 

[OO IJ 

D £ Y 

(011) 
Slip Plane 

C ¢ =45 

x 

a - F 
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b) 

Chapter 6, Problem 55 

The average grain diameter of an aluminum alloy is 14 11m with a strength of 185 MPa. The same alloy 
with an average grain diameter of 50 11m has a strength of 140 MPa. (a) Detennine the constants for the 
Hall-Petch equation for this alloy. (b) How much more should you reduce the grain size if you desired a 
strength of 220 MPa? 

Chapter 6, Solution 55 

o 

@ lifO t Two 

r:;.-","", """Ivqf;o '" 1/ Cfo � ISS � 

/1'1--':106 (5.J.. 

I 'to Ig5" - l<- I< 
- - T (s;o-'<t06 y l4-x/o6 

't5 - f;l.6k =? }<=- 0·36 

IK5 = Uo 
0·36 -:::b 6;; "- 89 1'1 Po, T if I ... " 106 

I, 
� MP", '69 M Po. 0·36 (Vl PO'- ' W\ :L 

- + 
Va 

.1ft I/;, 0·36 f"�'''' .' .oo).r.:;,. 
/3/ t;YfA 

a d :- o· OO;J-T 

. 
' "  2-) 
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Chapter 6, Problem 56 
An oxygen-free copper rod must have a tensile strength of345 MPa (50 ksi) and a final diameter of 6.35 mm 
(0.250 in.) (a) What amount of cold work must the rod undergo (see Fig. 6.43)? (b) What must the initial 
diameter of the rod be? 

60 
(414) -

� ----� 
;;: 50 
:::- (345) 6 

Tensile s� 
;:.-� 

� 40 

� (276) 
'" 
� 30 � (207) 
" 

� 20 '" = ( 138) � 
-" 1 0  < = (69) � 

/ 
V 

.u /Yield strength 

/' 

",/ 
II'" '- Elongation 

...... ----
0 0 1 0  20 30 

I 
40 

Percent cold work 

Figure 6.43 

Chapter 6, Solution 56 

50 

60 C " � 
� 

40 c .2 " 
'" c 
0 

20 iii 

60 

(a) From Fig. 6.43, 10 attain a tcnsile strength of345 MPa (50 ksi), the amount of cold work must be 40 
percent. 

(b) The initial diameter, based on 40 percent cold work is: 

" d,' -" (6.35 mm)' 
OAO= 4 4 

" d' 
4 ' 

d,' - OAOdi = 40.3225 mm', d, = 8.20 mm 
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t· H . -

Chapter 6, Problem 57 
A specimen of commercially pure titanium has a strength of 140 MPa. Estimate its average grain diameter 
using the Hall�Petch equation. 

Chapter 6, Solution 57 

Go + 

lifo M P", = 

. • ,/ , Il.... I,/. U 0 - 4- 0 /VWo - tv' 
=- 0 - 00 66 "" 2-

6 0  � 
- 5  =7> d. = I-f .  If J( I 0 "., 
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Chapter 6, Problem 58 
Compare the strength of a copper specimen with an average grain diameter of 0.8 11m with another copper 
specimen with an average grain diameter of80 nm using the Hall·Pelch equation. 

Chapter 6, Solution 58 

Q "  ;;..S (r1 pdl '( (�.1.-.",) 

u � /1-t7--1 
1' t "�"" ) 

J.S " = 
y (,I..) 

-t O- J /  

[V1 Pt\ 

1'11"" -t 

6' - fll'f f-/I e '" '(llo,�-

0 - 1 1  MP" - M  �:>... 
.; 150 X 10-"! '" 

r 
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Chapter 6, Problem 59 

Ifit takes 1 15  h to SO percent recrystallize an 1100-H18 alwninum alloy sheet at 250°C and 10 h at 285°C, 
calculate the activation energy in kilojoules per mole for this process. Assume an Arrhenius-type rate 
behavior. 

Chapter 6, Solution 59 

Assuming an Arrhenius-type rate behavior, t = CeQI RI , a system ofrwo equations can be used 10 find the 

actuation energy: 

I - c QIRT, 
, - e 

12 = CeQ1R7; 

where I, = 115 h = 6900 min; Ii = 250'C = 523 K 

where I, = 10 h = 600 min; T, = 285'C = 558 K 

Dividing these equations, term by lenn, 

� = exp{Q [� _ _ 
1 ]} 12 R Ii T2 

6900 min { Q [ I = exp --
600 min 8.3 14 J/mol ·K 523K 

1 1.5 = exp 1 (1.443 x W-')Ql 
In(l l .5) Q = , = 169,255 Jlmol = 169.3 kJ/mol 

1.443x l0 

Chapter 6, Problem 60 

If it takes 12.0 min 10 SO percenl recrystallize a piece of high-purity copper sheet al 140°C and 200 min at 
88°C, how many minutes are required to recrystallize the sheet SO percent at 100°C? Assume an Arrhenius­
type rate behavior. 

Chapter 6, Solution 60 

Since all tluee cases pertain to SO percent recrystallization, the case data can be used to assess the time 
required for lOO"C. First, Q must be calculated for the given data: 

II = 12 min = CeQI RT, = CeQI( 4t3 K)R] 

12 = 200 min = CeQIRTI = CeQI( 361 K)R1 

Dividing, 
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12 min = exp{ Q [ I  
200 min 8.314 J/mol · K 4 13K 

In(0.06) = [(-4. 195 x l O-')Q ] 
Q= -2.81 3 =67,056 J/mol 

-4.195 x I O ' mollJ 

Q may now be used to determine the time required at lOO"C (373 K): 

12 min { 67,056 J/mOI [ I I ]} 
I, 

= exp 8.314 J/mol .K 413 K - 373 K 
12 min . 

'2 = e 2.094 = 97.4 mID 
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Chapter 6, Problem 61 
A 70% Cu-30% Zn brass wire is cold-drawn 20 percent to a diameter of 2.80 nun. The wire is then further 
cold-drawn to a diameter of 2.45 nun. (a) Calculate the total percent cold work that the wire undergoes. (b) 
Estimate the wire's tensile and yield strengths and elongation from Fig. 6.44. 

120 
(828) 

" 70% CU�30% Zn 
"-6 100 

., (690) 
'" -
� 80 

c 
(552) � • 

." 
" 60 
." (414) ." c • 
� 40 '" c (276) � • 
-" 20 ., c (138) � 

Tensile strengtlY / 

� / 
V 

0 / 
,/ Yield strength 

/ � 
II �'iO" 

60 E 0 2 0 0. 
40 c 0 

.g " c 0 
20 iii 

10 20 30 40 50 60 
Percent cold work 

Figure 6.44 

Chapter 6, Solution 61 
(a) To calculate the total percent cold work, the initial wire diameter must be determined: 

" di - " (2.80 mm)' 
0.20 = 4 4 

" d' 
4 ' 

d,' - 0.20d,' = 7.84 mm' , d, = 3. 1 3 mm 

The total cold work is thus, 

1 "  Id k (3. 1 3 mm)' - (2.45 mm)' 
100" 9.797 - 6.003 100" tota 10 CO wor = x 10 = X 10 

(3.13 rrun)' 9.797 
=38.7 % 

(b) From Fig. 6.44, for percent cold work of approximately 39%, read: 

Ultimate Tensile Strength ",,518 MPa; Yield Strength =428 MPa; and Elongation ""S %. 
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Chapter 6, Problem 62 
A 70% Cu-30% Zn brass sheet is to be cold-rolled from 1.78 to 1.02 mm. (a) Calculate the 
percent cold work,and (b) estimate the tensile strength,yield strength,and elongation from Fig. 6.44. 

Chapter 6, Solution 62 

" Id k 1.78 mm - 1.02 mm 
100" 42 9" (a) 10 co wor = x 10 = . 10 

1.78 mm 
(b) From Fig. 6.44, for percent cold work of approximately 43%, read: 

Ultimate Tensile Strength =::551 MPa (80 ksi); Yield Strength =::441 MPa (64 ksi); and Elongation =::5 %. 
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Chapter 6, Problem 63 
If it takes 80 h to completely recrystallize an aluminum sheet at 250°C and 6 h at 300°C, calculate the 
activation energy in kilojoules per mole for this process. Assume an An:henius-type rate behavior. 

Chapter 6, Solution 63 
Assuming Arrhenius-type behavior, 

(I = 80 h = CeQ1 RT, = CeQf( S23 K)RI 

12 = 6 h = CeQ1 RT, 
= CeQf( S73 K)R] 

Dividing, 

80 h { Q [ I  
6h = exp 8.314 J/mol· K 523 K 

In(13.33) = {(2.007 x IO-')Q) 
Q = 

2.59
, = 129.048 J/mol=129 kJ/mol 

2.007 x 1 0 moVJ 
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Chapter 6, Problem 64 
If you were to make only two units ofa cenain component with a complicated 
geometry, what manufacturing process would you use? 

&e�m(['1 S'!,�a.lci..,, ) f"'" 5?" c1 ct l i"1:-<' cl  �pl\"-4-h'GMS, 
CJ f  (,'-"t iW #: "f  C&rYJ poYleY/+ pf,''f-I" cd,.,n21 .. 1>< 5",,,,...., e+ry, 
u..sti"j (iJdv'ld be. 0J1 o...pprol" ...... q./.e. p -rOlRSS . (fi?� 6 ·.)..) 

Fi>(5i-:J caPl Hot �{tJJWfS he v.&ed fo LY� � Cdt"1f l.ox 
ftl" t:s etZ:Jl?tJ"'1iurlly ' u",pl� tll.-1d "�fl01.JjV( cl.t' .. .s 

Wlv.S f- he. I' yvdVLeJ. . 
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W n>berfic. �('1>1 t'..t<'p\ I'c«-hdrl�, +0 c....vC!;  d e larlit. 
dqofY" a. -fo'd <1 0+ j{ � tl,.-1>1 ,  a... V"10\ -Ie n aJ w; 'U-, 
(/�'J J" '3 h s7rrfnt.ss (/'I'11)dv/v5 0+ c= fwf-iCif-tr) 

MV.s: 1- be vSed . LD..u del'/s/1 wcNlcL q{.s o 
k>� l"1fO(.(...",Yl-f +0 \ce@ p i-f"e ""r_lj h +  (&vJ · 

.If- �r�h+ 
.kst yY/� W 
s/-u l [titT) 

,s, /'Io f CO�/'J"recJ t(<; 01.. cy;h..--, 'IJ.Y1/ #l� 
,'.-'/ F'6Vf'e 6 · 2-3 uJovrcL b e... StI-€ /3/fO 

siY)ce. If- �IA.S tile h'c,4t's+ ,.,.cdul,,::, 
of- e tt..Yh-ci� C �O+� 'tt1tit 
'fI"e !>/?l'�.s+- sid (Ie ) .  
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6 ·6 6 

Chapter 6, Problem 66 
How would you manufacture large propellers for large ships? What factors would 
influence the selection of material for this application? 

0-) ceu-h· ... J wdl/ld. be tL 50ad o.pprOfACh fOr- tkic:cfs. 'U,qt 
�r� liI.'(I(' "'li d have: CA. ep"'lplex c�..,-6vy-: b) Tt;� 
m"d·c.r;� .s;:frwl J.. be tL£'l� -fo hl!ll1d.le M Q """'� 
et1 VI'YOr1Wl€>1 -r l�aJf- w ... kr) �"d ShdvJ Y1!�/'5 .kV1 { e.. 
k tOrrOs iOn . f\-ISD Sh4vld hav<: Bood .?'<-h's ve... 0ilv><­
f/:.S i.s k'1 te. Ov1 d_ t,.''tj h.  .f�V\j 'Itt. �ce. C/(Al i � 
(A>-\c!. har"d I'l<!SS I S  als o I "'1po r �/1t- +0 �\/o;d 
Wc.o.r. 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

39

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 6, Problem 67 
If �u were to make a large number of components from gold, silver, or other 
precIOus metals, what metal forming process would use and why? 

7h � mtMy, iJ.S V � /YI prDckc--htfyt � +- c () /'vIs fn7«1 
p rcc/ovs hi ", .frJ's. I /.5 +0 n');"l ,'1"1 i u m (J.:l-er,·uJ f)/flJ�. 
t!Kn If � M i",Ae .. c(11'I4'A,A' O f- M o.t.kYl-J I '� 
vJltJf.c.d I 1/ 0... ((),":J� I1(M·d,� r Of ca iY1 s,  a v-e.  

proclvced / this. Cd.,Ac1 1,0. v� eo..,.>; J..Y"Ib/� f,�o.V II·U>-( 
{O!.S . 7J.e .>�� iv. d)�nvfOl!..fv.Tij pn:c ,w� 1>1�k1 

or-e. : 
+0 f 0.,....,., � ba.r 

mlltel 10 H.� 
3 - ftivV/d d ,'>c..s o..re.. pmJvcec! C/5i� 'H. t!. 

bb.., b"'j prd L "' SS  

4- - TIle. S""fAc e I� ro l ished 
s� 1h<! po li.r he d  d ,'c.s o.te.. c..o ro'lpnJs e d  

be-fween -k,;tJ d,� (c.. ... lltd.. �UJiY)"-::f') w; -u, 
'H.e J. sl'red f4.lIern i r1 Y>1�'2'J 5 tn, bo.s 

r "1pot'te.,,+ PO 1'1+ , 10 aV(Jici ma.fc.n'otf NlU'kl �.ff.er 
Ca.ch co /., ,s stJ"Vc. I:./ '/-he dkJ a .-.:: c.lea.nal 
W relYl"ve pn::. Ct 'ClvS ""� f<J >"as) \ c.l v� .  
1/:: ... .s / �e.. I"""� J v c.. f.,'C/V1 1OYl' L.'" .5!.$ IS "" vc.h 
#ta.t" %� Cd'o1 W"-{,'c)""J co ,,,, ''''j fY-d c..e� 
�e W\ iv1t. 

, 
IV\, 
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(. (, 1 

Chapter 6, Problem 68 
Consider the casting of a thick cylindrical shell made of cast iron. If the casting 
process is controlled such that solidification takes place from the inner walls of the 
tube outward, as the outer layers solidify they shrink and compress the inner 
layers, what would be the advantage of developed compressive stresses? 

<Q.C.IA /0.'1 ey- �ol,.,}if''eJ 
� iJvqQ slnSSd aYe.. 

�.., J S'J"Y'"'� /cr/ �r>'/pr�gS,ve 
frodvcecl . ft!r 1101��N'e/ 

( \ 
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, 
/ 

Cd. S;rltr fOI"1 t 
5 h-e SJe.!' .. 

A 

If f'ntr",o.i \""Ji'J 
� 

" 

) 

I 
""'" 

'- 6:  0 A , 
� -� 

-6,.,j"Vlh� 

c. Ye,," hs � fotsilc.. s-),r,.l:5.. 0.(- 00/ 
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1kc -+OW Jks5 oJ tt.� 
po i.., t f.. IAi.! \  6 �  -r e rCl 

o 
A 
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c'lI iViJ� y "Z3a.i>1 t i-t.vt.si a n . 
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Chapter 6, Problem 69 
Co�sider casting a cube and a sphere on the same volume from the same metal 
WhIch one would solidify faster? Why? 

. 

R : 0 · 6.2 
t? 

�divS O f-
1/,..(. Sf h e rt. 

Cuk>e. /r)t!S a. {et 3 ci svr.p.I.'P a.Y1:<:V\. , w ; 1 ( 

10$(. � f fYl o l't'  rClfi'r:J IJ tV')d. Wi I (  

�O ( f-o'S�r: 
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Chapter 6, Problem 70 

r:>esi.gn a process that produces long bars with an "H" cross-section from stccl 
(mdlcate hot or cold if applicable). Draw schematics 10 show your procedure. 

Ii 'I 
H fZ.o/liJ �Y) pnJvc.e.. o. n  

Ct +- /.\ i � h 1-t.M. (/(no:-NvP � L 1--0 t- yt) \ �; 1-\ j ) . 
Q--

,..11 (- I 

\ 
�t vitw s,·de. vi� fA) 

�()J rvt,;% 'j tI. � () "Y 
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Chapter 6, Problem 71 

(�) �aw a generic engineering stress-strain diagram for a ductile metal and 
hlghhght the ke.y strength points (yield, ultimate, and fracture strength) on the 
cu�e. Sche�atlcally, show what happens if you load the specimen just below its 
ultImate �enslle str�ngth point �nd t�en unload to zero. (b) Will the specimen 
behave differently If you load It agam? Explain. 

1-> vI") 16#..JeJ tAt- -kv- 'f-l..(. y ield 
poi., + /lid!.> .1,.",'1 pGlJsedj ih� lft1 /0 e(d ('l1j pt(� 
1iJ; J / b� rvro..1 el. fr, 'fhe I IVle a y- y� idfl . �c.. 

CuNe eJj I I  I1 Di ,reWrYJ -/-a -r-e YtJ  and VI.-

SI3n l'fi Ct\V] f- po,-h r/." (')+ s.t.-OI in tAJ ;  I I VUY1./lI.!'Y1 
Ut� f/rl11 0+ p /�.shL �efdy?Yl "- tid f) ,  

, 
1 "'1  

i IY)rOy/-e...,,-t 'i-d y\DfL %«.+ 51)«1e s� iV') tAl i I I 
be.. r-c.c.ovedd dv,i'2j vl1 /OtAj i'j l e i&j he.. �ki"l )' 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

45

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

6·7 1 cOY/+ 
�e s�l" jv.J b� ¥re vl1 l,,�Ji� 

=- €..p-t t;e. � C.hW 
A-fhr tI'l id<'l.dl'j CC- Is, ,....� cClve.-ecl IA!1 d. ail \, 
Gf f'e.M a.. I Yl.s . lhe. f'�r"rv101.l1eV\+- �il'\ i s.  �l/e... 

-h:J brc�lcl""j of bOf),u be--b-J eeY\ �+t;vY\$ dllV1'V15 
'fk ,d , p pro (e �S . 

, , , b) I+- �e v.,I"", d"J \olAd� Spe CloMt'1'\ 1.5- "d C{1"'j 
d 'f-fe .... e .rr- � 'l-/Ae. 6-£ c.uNe 

{J"' 

Vl� '" u'f 

vJ ;  I I  
,.. 

be 
.. '" e "-' "'" 

or;gi"'� c..Clrv-c.. 

I , 
or5i�tJ <?"-\ 

I I 
I 

! . J. bk: 
o"f 

C--!- {,f 6-

p>IID"'s : 

1 - 1ti� yidJ ..s'fT"."'31h w: / I  0c. hi:' �".--
). - lh� u !i-iWlOlfe �h"j� w; I! b" s II�"'-H':J ! c\�ey--
3 - �e. f-�e..k G�i", wi ll  h l o wer-. 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

46

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

6-7 1 CDYl+ 
n.:;v>; ru "'- yesv/t Of '/-i,e oyt'� i Y]� (MJ;� CAJ1L 
()I1 ld�j�� ) �e 1'11� krl-J L.� U'VleJ .s.iYcJ"j eY 
U�IVJ h�y'dtI'1J ) awL rYJdte briff{e. - TIt ,'s, I 'S 
dv€.. -i-o d�lo(a. ·ho Y\ +0 y M a. 1-\' d (\ -

1"1 pir'f.o.'1 t po iV1+ : %e Mod II Ls Of .e I CJ.J -h'ci{y 
'(e.Wlo... l V1 �  UY1 c..�t\.Y\3e.J .  S11H\'\dS i �  I'1llt o...ff(c..�J 
s'JY\ \fiCOJ1t\� '61 tu."",,,,-hd>,"\ 0+ d is 10 Cqf,'d ".,.g. 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

47

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

b) 

Chapter 6, Problem 72 
(a) State the assumption behind the development orEq. 6.14. (b) Is Eq. 6.14 (or its 
underlying assumption) valid throughout the engineering stress-strain curve? 

The.. a....sSI/fY1 y;rA 0(\ 15. 'fI"q t #.� vol vWle 0 f 
'l-/....e. 3�C- - kr1j'J-l., r-c.M41Y).$ c o >'IJ  �V) t; TI;v So 

G'\.J 'f-I.,e. 1�Y75 -1?, Of cY/;Yldev( c.J s � c-n'uV) 
('nc-re(;(. � e..S.l %� dJo1YJe1er dl(lcY'(?-6()eS', 

.1 '» 0 =;? A < Ao L -k-VlSI'<1y\ ') 
-R <)0 -=t> A >- Ao 

(ec.",rCsi&1) 

n.\U .Jo A" =- � A 
'ltc. �v." ��'o n Of- CdY\$ kN1 0+ Vel! VWle 
I S  vo..lid UVJ+-i I fJ.<-Y1e.c'= i� .of- 'U..� Sf'("Q (vY'C'1 
is i 11 i .f,a-kJ. once... �<" � ("c; »1 e l"1  p!YI'l1j, 

Q.. Y\cc � / iJ., ,'0; O\J�W"1rn-"" I' S. ylO / o ",,j� 
yo.. I ,'J (-Po Ao -F J. tt) cvd e..q vccl-r;" r\ 6.1 � 

CaY] md be IJSe d ' 

( k-f<>'- '" 
I"ec: k.. 

i � f<ir�«!. ) 

L �f-ter '" 
'" <C /:. ,. S 
f-"v;., .d ) 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

48

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

0..) 

Chapter 6, Problem 73 
Draw a generic engineering stresNtrain diagram for a ductile metal and 
highlight the key strength points (yield, ultimate, and fracture strength) on the 
curve. (a) Schematically, show what happens if you load the specimcnjust 
below its yield point and then unload to zero. (b) Will the specimen behave 
differently if you load il again? Explain. 
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Chapter 6, Problem 74 

In the rolling process, the selection of the roll 
. .  . .  

of both hot and cold rolling, what pronPT'ties ;;at
'
'''
d 

'
h
i lS cntlcal. B� on your knowledge 

1"'" S ou t e roller malenal have? 
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Chapter 6, Problem 75 

When man�facturing c?mplex shapes using cold forging or shape rolling operations, 
t�e mechanical propertIes such as yield strength, tensile strength, and ductility measure 
differently dependent on the location and direction on the manufactured part. (0) How 
do you explain this from a micro point of view? (b) Wil1 lhis happen during hot 
forging or rolling? Explain your answer. 

6'75 
0..) Dvn'v:J ril e  +a4 f"'Vh1i� proce.c.!e..s; sv<-h a. $ LtJ>/d 

Y"b1 l1'U O Y  j41rjiY1:) / 'K1e gr� iYls s t.e -kh 
1'Y1 'ftte. cJ "�c. hvn Il./- f bw C h'<]vre 6 crt ). As 
o.. r-<%VI+ " tk.. (cJMfone"t becorTl t:'.5' siod"j-(.r 
IVI 'ft.. .. s d ivcc-h'dn Uiyec.+iuY' o-f e lcll"'y,'+rCl<'1 of. 
(l Yo\. i \0.$ ) .  1" t:1\ d ir-c c.. ii d ,., 1-ro.I'\Jv"t',....r e.. +0 
+k. d iY"<: C.�·d '" Of f-la..J / 'i-tt( r'Y11M.�r/J ,J; I f  
.k.. I ��5 � 'j '  111 is is CV\ ��t\ WI rtf <!) t-. 
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5 i"" i la.r c ha.Y1�CS occvr ) j"  nO\,..dY1�l!<)/ yie l d  
5 �"j 'fh "'->1 J d"c..fi I;, . 
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.b) VI/Vi') hot �'111 r'''Ij fnJt� .sre� {}l-S q ra t'n.$ 
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6·7-6 

0..) 

b) 

Chapter 6, Problem 76* 

(a) Derive the relationship between true strain and engineering strain. (Hint: Star1 
with expression for engineering strain.) (b) Derive a relationship between true 
stress and true strain. (Hint: Start with at = F/Ai= (FlAo)(AoIAi).) 

c =  J.:. 10_ = 

-1'. 
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6· ::n· 

Chapter 6, Problem 77 
Th� engineering yield strength of a copper alloy is 165 MPa and the modulus of elastic it is 1 10 GPa 
Estu�ate the eng�neering strain just before yield. (b) What is the corresponding true strai�? A 

. (a) 
surpnsed? Explain. 

. re you 

IA) .Tv�t bef1rl' yie id, '\1.., Spe c ifVIU'I ; 5.  IY'I -t/., e \�t,·c. n>.J�' 
U",t.tJr re-(aI,C/Y'.Jh,-p tJ- fPJ,e� : 

b )  

o C =- - -E 
16 S'WlPa 
1 10 (7Pa 

0 · /90 1  

= 0 ·00 I 
Co · ,  %) 
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Chapter 6, Problem 78 
For the alloy in problem 6.77, the engineering ultimate tensile strength is 267 MPa where the corresponding 
engineering strain 0.18.  The reduction in area just before fracture is measured to be 34%. Determine (a) the 
true stress corresponding to the engineering ultimate tensile strength, and (b) the true strain 
just before fracture. 

�) � o.61Mr,,".)(O . { g-r i) 
=. 315Mr"l � » o 

b) et : (r\(�) � 1" (CJ.�6) = � · tt-I ('+1 % ) 
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6· 1,,/ 

Chapter 6, Problem 79 

The material for a rod of cross-sectional area 1742 mm2 and length 1905 mm must be selected such that 
under an axial load of 533,333 N, it will not yield and the elongation in the bar will remain below 2.67 
mm. (a) Provide a list of at leastlhree different metals that would satisfy these conditions. (b) Narrow the 
list down if cost is an issue. (c) Narrow the list down if corrosion is an issue. Use Appendix I for properties 
and cost of common alloys only. 

0. ) SiYlt.-t. 'ft.� nJd ,':s. -10 rem t1 ir1 e (t1s+i c.. I HooWs. {ttu.) 
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.b ) 10"; CAfbo1'\ skc.1 <>..1 1 0'( 5.,  {t illY /006/ 10 2--0 a.re.. 

iY1 �xfM.sive .  f.cJ.. 1ll"1,i CoP"" .... ",-Ilois, o.,-c M OY"< e'(p< n � I'V". 
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Chapter 6, Problem 83 
(a) Show, using the definition of the Poisson's ratio, that it would be impossible to have a negative Poisson's 
ratio for isotropic materials. (b) What would it mean for a material to have a negative Poisson's ratio? 

"V =- -
) 

if )) i s  r.e.j o..-t ive j %e n 6o'ttl fx, 
� is '/;.  \V')v.d be posif-; v e  OI Y\ c. e  ik �  
e� vC\. hon  h V\.S  0.. y\�4-\-ive ::; '3 r) 1-0 b�i'1 

tAl ; � " to.,... b D'l-0 b X a.1\ d. c-c -l--e 10 c:. 
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nV1S lof1 \ -1 '!{( "l -d.;,(? C 11 'd"l / %e. 
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flDt i!>owr" '( morter.-J!) . 
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Chapter 6, Problem 84 
A 25.4 mm cube of tempered stainless steel (alloy 3 1 6) is loaded along its zdireclion under a tensile stress of 
413 MPa. (a) Draw a schematic of the cube before and after loading showing the changes in dimension. (b) 
Repeat the problem assuming the cube is made of tempered aluminum (alloy 2024). Use Fig. 6.15b and 
Appendix 1 for relevant data. 
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-Po;! � :2.5.ct-61 mm 



PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, lnc. All rights reserved. No part of this Manual may be 
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond 
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student 
using this Manual, you are using it without permission.

62

Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering 5/e

Chapter 6, Problem 85 

A 25.4-mm cube tempered stainless steel (alloy 316) is loaded on the same face with a shear stress of 413 
MPa. Draw a schematic of the cube before and after loading showing any changes in the shape. (0=75.86 
OPa; use Fig. 6.17c) 
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6-ZG 
0-) 

h )  

Chapter 6, Problem 86· 
Three different metal alloys are tested for their hardness using the Rockwell scale. Metal I was rated at 60 RB, 
metal 2 at 60 Re. and metal 3 al 60 RF. What do these ratings tell about these metals? Give an example of a 
component that is made of a metal that has a hardness of around 60Rc. 

7fe. ",M wi � Go I?c.. hClr'd II( S S 
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Chapter 6, Problem 87 
A fellow student asks you "Whal is the modulus of elasticity of plain carbon steel?" Can you answer this 
question? Explain. 

yes/ W !.  Can &{nSwtY 'f{"a.f 6fvest,·(/Yl. The >-<=... "1re 
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Chapter 6, Problem 88 
A fellow student asks you " What is the yield strength of titanium?" Can you answer this question? Explain. 
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Chapter 6, Problem 90 
Why do BCC metals in general require a higher value oftethan FCC metals when they both have the same 
number of slip systems? 
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Chapter 6, Problem 93 
(0) In loading of a single crystal, how would you orient the crystal with respect to the loading axis to cause a 
resolved shear stress ofzero? (b) What is the physical significance of Ihis, i.e., under these conditions, what 
happens to the crystal as (f increases? 
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Chapter 6, Problem 94 

Starting with a 51-mm (2") diameter rod of brass, we would like to process 5. I-mm (0.2") diameter rods that 
possess minimum yield strength of276 MPa (40 ksi) and a minimum elongation to fracture of 40%, (see Fig. 
6.44). Design aprocess that achieves that. HintReduction ofthc diameter directly from 51 mm (2") to 5.1 mm 
(0.2") is not possible, why? 

A<.w('dinj -h, h:5vre. b·lf-It ) t-o Q.c:.hieve a. yield sln.�k, 
Of ;tt6 Mt>"" L/H) �si) and 'io e{0(!f-hot1 -I-e fi"ae1vre Of 
40'/(, -rk (  CJJdfl.:. p ie ce (Y)v.d be eK-frvd! d o r  

d r(1. W n +0 flO (Y) o ,-e  'M()..V) /2-"/0 (J1J .  

l-IotJJ�verJ 'Hte pro b/em n:'''! r//'.--e$ '/11dl +- we /"'Cd vee 

Ue d,�me-l-cv- r«l 5Immd') +-0 5, lmmcO.;{') . 
:> :> o� CuJ =- 51 - 5,1 � 0,'1'1 qq /0 (, W. 1(.. 51i 

C.1�fl'll d- is not poss.i ble +0 ",-c.hieve q� '/0 CCJJ 
{ill Q Yl e.  pIA-So<' / 4.S tt.� meW b� C"'1".s ve.ty 
bri f-t k  IJIY'dr/VlJ So +0 60% CuJ L�<"<" FI�,,-e -6 'Cf�) , 

{)Je fI'lvsT rccJVtC: 'i-t.e dio.mef-c.r 1, 3 0  t-o crolo/ CVlVle� 
f-o .s-Of-/eTl the meM/ ClYlJ 'the." JrdV'U' o;j "-..i,,! , (rtPl!lff) 

Tk fiV/o.J fillt.s ;111 redvc- f,oV) Of 'l-&e d" o..r>1l"fer 
shovld I�J(' Slfc..t-, U,4T we. d£n ,'er/e.. A-- (:2 % cw .  
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o .  \ 2. -
, ;1.. >. d - 5. 1 

d 4.. 
9 o · \ �J2.. _ d2.= - 5.1>' 

d l..;c :2.6.0 1 -= :2.'1.56 o.� g  
=P d ,... 5.ltlfmm (diawte+er beprc iJ.,e... 

f(,\,$t rdvc. -hdn) 
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Chapter 6, Problem 97 
The cupro-nickel substitutional solid solution alloys Cu-40 wf'1o Ni and Ni-IO wt% eu have similar tensile 
strengths. For a given application that only tensile strength is imponant, which one would you select? 

6 -11 
If- tJ,� fwo <>' /(0,/ J, iAl1.ve siWl ,' I�Y- �"'e,,'J �5 o..,J 
sh-�.5+h \� "tl.c rYlO-IV'l c.rr+o-1�) o ne. u.Jovld  
W M t- to (Y1 i('Ii«l\� co.>:-t- . 'tk cttus e N i  
1 <;  !:'31\\'flCCln+('j vY1 ll re. eJc�en giv e.. '\-t.<\Y'I GA ,  
O f'\t' sl-16v'IJ s:e l " ct % �  CI /(0'-l IA.J;� II'S$ /oJ ; .  
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Chapter 6, Problem 98 

Without rderring to tensile strength data or tables, which of the following substitutional solid solutions would 
you select if higher tensile strength was the selection criterion: Cu-30 wt% Zinc or Cu-30 wl% Ni? Hint: 
Compare melt temperatures ofCu, Ni, and Zn. 

The- meN te"1pera:fvre. �f /'l ic.jed. ,� J fl.D_a C. �Y).L 
�+- (J+ �iYlC ,- s tfJqOc . Ihls ""' e ", ,,, � 'f-tlc 
�tre"j+A of th� bO;')ds beiweel'l � I  e(tolYli , .:5  

5 15'1\ 1t,=-ICll"l-+ l 'j It! r5�ev- '\-kYl -c �  q �«lS . "Tl1v.$/ 
i t- wI ! !  be Ylwdev- +0 Ioct""Ii<:- N i 100>1d s _  

M. 0.. re.5v/+) 't-h � a.({o, 'l-iAdtf CdY1�"'1 fJ i oJ;  1/ 
be 5 fyCiY1J�f' {v-cco.// �Y>'1 chc<p�'� HlOl.T 
tJ ,· �.5 0.. M tJefvre (!)f vY\�+dlic. AVl ci U'V"I/f'o1t bo,.,J.s). 


