Homework #3 Problem 6-30 is out of order and is the last problem in this solution guide.
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from Table 3.3 for Al

Utlizing the valuss of E_ypq. and E_q ;.

1 1
|27 Gra TeaGPa

Thus, E q 10, = 726 GPa, which s the value given in the table.

For Cu,

LI E ) . E——
“®7GPa | |G67GPa 1911GPa

Eano

mwhich E_; g, =130.3 GPa, which s the value given in the table.

Sirmilay, for Fe

1 1

1 1
T50GPa 2727 GPa

E . 125006Pa

- (0.75)

andE_ o =210.5 GPa, which s also the valus given in the table.
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[image: image4.png]which may be computed

In order to dstermine the longitudinal strain e, we ne:

using Equation (8.9); solving for v yields
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Now e, may be computed from Equation (6.8) as
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[image: image5.png]6.23 This problem asks that we assess the four alloys relative to the two criteria presented. The first
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teton is that the material not experiei

ce plastic deformation when the tensie load of 5
applied; this means that the stress

responding to this load not ex:
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Of the alloys lsted inthe table, the Al, Ti and steel alloys have yield strengths greater than 2

Relative to the second criterion, it is n o caloulate the

ange in diameter Ad for

these two alloys. From Equation (6.)
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ing for Ad from ths expression

For the aluminum alloy

_ (0.33)200 MPa)(15 mm)
70x 10° MPa

ad = = —141x10% mm

Therefore, the Al alloy is not a candidate.

For the steel alloy

_ (027)(200 MPa)(t5 mi
205 x 10° WPa

ad = ~ 040 x10 mm

Thersfare, the steel is a candidate.
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ctional arsas. Thus,
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[image: image9.png]While, for percent elongation, Equation (6.11) is used as.
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6.44 This problem asks that we determine the value of ep f necking assuming that necking
begins when

Let us take the derivativ

e from the
resuling expression. Thus
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when substituted into the above expression.

yields
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Now sching for e from this equation leads to
ep=n
as the value of the tue strain at the onset of necking




[image: image11.png]647 (a) We ar asked to dstermine both the elastic and plastic strains when a tensile force of 110,000 N
(25,000 Iby) is applied to the steel specimen and then released. First it becomes necessary to

determine the applied stress using Equation (6.1); thus

b and d are cross-sectional width and depth (19 mm and 3.2 mm, respe

ively). Thus

110,000 N
m)(3.2 x10m)

1810 x 10% N/m? = 1810 MPa (265,000 psi)
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[image: image12.png]From Figure 6.24, this point is in the plastic region so there will be both elastic and plastic strains
present.” The total strain at this point, e is about 0.020. We ar able to estimate the amount of

permanent stain recovery e, from Hooke's law, Equation (6.5) as
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And, since E = 207 GPa for steel (Table 6.1)
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(b) Ifthe iniial length is 610 mm (24.0 in.) then the final speci srmined fro

men length |; may be det
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Equation (6.2) using the plastic strain value a
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601 For this problem the working stress is computed using Equat
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[image: image15.png]6D4 (a) This portion of the problem asks for us to determine which of the materials listed in the

database of Appendix B (or contained indices

the CD-ROM) have torsional strength performar

greater than 125 (in SI units) and, in addition, shear strengths g

ater that 300 MPa. To begin, itis

noted in Section .13 that the shear yield strength, ©, = 0.60,. O this basis, and given that
2/
P VT [Equation (6.33) in the textbook], it follows that
213
(050, ]

Thus, the minimum value of the performance index in terms of yield strength value is (12.5)(0.62%
205
k

Y

1757, When a ratio L using a minimum value of

query is performed on the CD-ROM

17.

7. ten metal al

s are found to satisfy this citerion; these are listed in the table below
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4340 Steel QT 315°C 17.57 1620
4404 Stainless QT 315°C 17.90 1650
2024 Al T2 243
7075 Al Te 505
7075 Al Test 505
AZ31B Mg Rolled 220
AZ31B Mg Extruded 200
TisAI2.58n Annealed 780
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[image: image18.png]Now, the second criterion calls for the material to have a shear strength greater than 300
WPa. Again, since G = /0.8, the minimum yield sirengih required is 0y = 300 MPa/0.6

y =Ty
500 MPa. Values of 6 from the databass are also given in his table. It is noted that the 2024 Al

and both magnesium alloys are eliminated on the basis of this sscond criterion





[image: image19.png](b) This portion of the problem calls for us to conduct
alloys. B

a

analysis for these seven remaining

Il
(060,

w s giv

n a tabulation of values for - relative cost § (as taken from

Appendix C

and the product of these two parameters. (It should be noted that no values of T are

given for four of these materialz) The thre

remaining materials are ranked on the basis of cost,

n lzast to most expensive.

Alloy Condiion — @ —
(080, ) (060, |
7075 Al T 134 0832
TiGAV  Annealed 132 931
TisAl258n  Annealed 157 1187
TisA4V  Aged E -
4340Steel QT 915°C - -
440AStain. QT 315°C - -
7075 Al Test - -

Thus, the 7075-Té aluminum alloy is the overshelming che
data are

of the th:
iven since it has the lowest value forthe (€) p /(0. s«ny 3| produ

materials for which cost





[image: image20.png]6D7 (a) This portion of the problem asks that we derive strength and stffness performanc

s (6.33) and (6.35) for a bar specimen having a square

expressions analogous to Equatic

on that is puled in uniaxial tension along it longitudinal axis.

For stiffiess, we begin by consideration of the elongation, Al, in Equation (6.2) whers the
inital length 1, i replaced by L. Thus, Equation (6.2) may now be wiitien as

Le (6.014)

€ s the engineering strain. Furthermore, assuming that the deformation is entirely elastic,

in whicl
Hooke's law, Equation (.5), is obeyed by this material (L., o = Ee), where o is the engineering

stress. Thus

M=l ©D015)

And, since @ is defined by Equati

(©1)





[image: image21.png]or

©D18)
Substitution for ¢ into Equation (6.016) yields
A Léim‘ (©D19)
And solving for the mass.
(®020)

Thue, the best materials to be used for a light bar that is pulled in tension when stffness is a
consideration are thoss having low piE ratios. The stfiness performance index, Py, s the reciprocal

of this ratio

P=

s E (6.021)
=

Now we will consider rod strength. The stress ¢ imposed on this beam by F may be

determined using Equation (5.1); that is

£ (®022)
z
In the stifiness treatment [(Equation (6.018)] it was shown that ¢2 = m/pL, and thus
jan) (®023)
™
Now, salving for the mass, m, leadk to
m=FyLl (6.024)
¢

Andreplacement of stress with ield strength, 6y, vided by a factor of safety, N
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Her

the best materials to be used fo
nsideration are those having low pioy ra

a light bar that is pulled in tension when strength is a
and the strength performance index, P, is just the

reciprocal of this ratio, or

(6.025)

(b) Here w

e are asked to select those metal alloys in the database that have stffness perfo
ces [, Efp ratio

mance
indi

Equation (6.D21)] areater than 26.3 (in S units). (Note: for this performance.
index of 26.3, density has been taken in terms of g/em® rather than in the S1 units of ky/m®) Twenty

n metal alloys satisfy this criterion. Al

the twenty-one plain carbon and low alloy stesls

ntained in the database fall into this roup, and, in addition several other lloys. These E/p ratios

are listed below, and are ranked from highest

west value. (Al of the t

nty one steel alloys

have the same Efp ratio, and therefore are

ntered as a single item in the table.) These materials
are ranked from highest to lowest ratio

Aloy(s) Gondiion %
Molybdenum Shestirod st
3560 Al s cast,high prod) 261
3560 Al As cast, cust 261
3560 Al To 261
17.7PH stinless  Plate, CR 2067
17.7PH stainless  Ppin. hardened 2667
Phain carbon/low

alloy stesls Various 247

(6) We are now asked to do a cost analysis on the above alloys. Below are tabulated the pE ratio

the relative material cost (¢}, and the product of these two parameters; only those alloys in the




[image: image23.png]previous table fo

expensive.

Alloy Condition 102 % 3

1020steel  Plate, HR 08 303
Agssteel  Plate, HR 10 379
1040 steel  Plate, HR a79 11 a7
Asesteel  Angle bar, HA a79 16 605
1020steel  Plate, CR 16 605
1040 steel  Plate, CR 19 720
4140steel  Bar, normalized a79 25 0.85
4340steel  Bar, annealed a79 a5 133
4140H steel  Round, nomalized a79 4z 159
4340steel  Bar, normalized a79 a7 78
3560A1  Cast,high prod a72 79 204
177PHSS  Plate, CR a75 12 450
3560A Cast,custom a72 157 584
30A To a72 186 518
Wolybdenum  Sheetiod 319 143 456

Itis up to the studnt to sel

siffness-ps

-mass basis, including the element of cost and o

[c]

e are now asked to sslect those metal al

ys in the database that have strength performance

indices greater than 100 (in Sl units). (Note: for this performance indsx of 100, density has been
taken in terms of giem® rather than in the SI units of kyim®.

they and their 0,/p ratios [per Equation (6.026)] are listed bel

Eighteen alloys satisfy this criterion
w: here the ranking is from highest to

lowest ratio valle.




[image: image24.png]Aloy Condition
ToAl4V Soln. reatediaged 249
4404 stainless o, 515 212
4340 stesl o, 515

4140 stes! QT 315G

ToAl4V Annealed

7075 Al e 180
7075 Al Test 180
17-7PH stainless Pptn. hardensd 171
TesAl2.58n Annealed 170
17-7PH stainless Plate, CR 156
17200 Cu n. treated/aged 132
2024 Al 125
AZ31B Mg Sheet, rolled 124
2024 Al Tas1 17
AZ31B Mg Sheet, extruded 13
4340 stesl Normalized @870 110
6051 Al e 102
6051 Al Test 102

() We are now asked to do a

values, the relative material

whi

analysis on the

8 (). and the product

alloys. Below ars tabulated the pioy,

thess two parameters; also those alloys for

st data are provided are ranked, from least to most expensive.

Alloy Condiion

4340steel  Nommalized @ 670°C 209 a7 43
6051 Al T 980 76 74
7075 Al T 556 134 75

165




[image: image25.png]177PHSS  Plate, CR 633 120 76
6051 Al Test 980 87 85
AZ31B Mg Sheet, extruded 885 126 112
2024 Al T 800 13
AZ31BMg  Shest,rolled 805 127
2024 Al Tast 855 139
7200 Cu  Soln. treated/aged 758 390
TiSA4V  Soln. treated/aged 402 531
TiGAV  Annealed 535 132 706
TisAl258n  Annealed 588 157 %23
440ASS Q15 472 - -
4340steel QT 315 485 - -
4dosteel QT 315 500 - -
7075 Al Test 556 - -
177PHSS Pyt hardened 585 - -

Itis up to the student

select the best metal alloy to be used for this bar pulled in ten

ona

strength-per-mass basis, including the slement of cost and other relevant considerations.

(f) The student should use his or her own discretion in the sel

application when stiffness- and strength-per-mass, as
Furthermore, the student shoy

Id be able to justify the decisi

n





[image: image26.png]630 This problem calls for us to make a stress-strain plot for a magnesium, given its tensile load-length

data, and then to determine some of its mechanical characteristics.

(a) The data are plotted below on two plots: the first corresponds to the entire stress-strain curve

while for the second, the curve

extends just beyond the elast

2gion of deformation

200

100

Stress (MPa)

o
000 002 004 006 008 010 012
Strain




[image: image27.png]200

4
£ 100
&
@
o
0000 0002 0004 0006 0008 0010 0012
Strain
(b) The elastic modulus is the slape in the linsar elastic region as
- 50MPa _0MPa _ 55, 463 \pa = 50 GPa (7.2 108 pei]
ET 0.001- 0

(¢} For the yield strength, the 0.002 strain offzet line is drawn dashed. It intersects the stress-strain

urve at approximately 150 MPa (21,750 psi).

(d) The tensile strength is approximately 240 MPa (34,800 psi), cormesponding to the maximum

stress on the complete stress-strain plot

(2) From Equation (6.14), the moduus of resilience s just

whict

using dat

computed in the problem, yields a value of

(150 x 10° N/m?
U= ——————=225x10% Jim® (3261n.-Ib/in 3|
(2)(50 x 10% N/m?|

() The duciity, in percent elongation, is ust the plastic strain at fracture, muiplied by one-hundred.

train (which is about 0.003)

The total fracture stiain at fracture is 0.110; subtracting out the elast
leaves a plastic strain of 0.107. Thus, the duetiity is about 10.79:EL




-0.0141mm














