CHAPTER 2 MATERIALS

SOLUTION (2.1)

A, =%(05)? = 19635 10°)in?, A, =Z( 05 000024 =

We haveg, = 12(10') =1500u, ¢ —w 480u
Thus
_ P _  410) _ .
S _%_19635(103 =2037ks
P — g — &
E=2=200=-135910) psi, v=2= 032

Also
%elongation =24° (100) = 015

% reduction in area = 1%£31%18100) = Q097

196 16 1Qin 2

SOLUTION (2.2)

Normal stress is

4
This is below the yleld strength of 50 ksi (TaBl4).

We have
& :% :18—5<12_ 0.00135F 13511
Hence
— o — 40,744 _ :
E=¢=rrie;=30x10 ps

SOLUTION (2.3)

The cross-sectional are& = w,t, =0.5(0.25)= 0.125n°,
(a) Axial strain and axial stress are
£, = 000331— 0.01324= 1324u

o, = B =525-=38.4ksi
Becaused, < Sy (See Table B.1), Hooke's Law is valid.
(b) Modulus of elasticity,
=% = 340 —29x1(F ps

£ 1324(10°)

(c) Decrease in the width and thickness
Aw=vw, =0.3(0.5)= 0.18n

At =vt, =0.3(0.24)= 0.072n
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SOLUTION (2.4)

Assume Hooke's Law applies. We have
£ =-2=-300u

5
%:—ﬂ:SZZ/j

&, =~ 0.34

Thus,

o =Eeg, =(105x 10 )(82% 10 ¥ 92.6MPa

Since 0O< Sy , our assumption is valid.

So
P=0A=(92.61)¢7/ 4)(5§ = 1.81&N <
SOLUTION (2.5)
We obtain
Ly = Lgy =V15° +15 = 2121Imm
g === BAH= -1886
g, =4 = AR 471y
6
(a) E=% =—uo+ =53GPa <
&,
(b) v=2=|44=025 <
(c) G=mozm =212GPa <
SOLUTION (2.6)
Use generalized Hooke’s law:
g te te, =2 (0 +0,+0,) 1)
For a constant triaxial state of stress:
=& == 0,=0,=0,=0
Then, Eq. (1) becomes= 52 g . Sinced and & must have identical signs:
1-2v=0 o v=3% <
SOLUTION (2.7)
We haved, =219 = 16,67 ks
(CONT.)
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2.7 (CONT.)

(a) & =%2=2000y, & =-°%=_500u

y

<
— |2000| 025
(b) E =% =122119 =833510) ps )
- _ - _ 1667(10°) _
(c) & =—2& 0258335(106 -500u .
Aa =-50000"°)3=-150107°)in; a'=30-0.0015=2.9885in.
(d) G=2421) - 333416) ps «
SOLUTION (2.8)
We have
- = —_2510°) _
Ey—EZ—O Jx—m—125MPa
Thus
g, =0=¢[o, -Uo, +7,)] @)
£,=0=¢[o, -0, +0,)] ¥y
& =elo, ~Uo, +0,)] ©)
Equations (1) and (2) become
g, - Vo, = Vo, 1)
g, -vo, =vo, (2)
Adding :V/(0, + 0,) = ZVZO'X/(l— V). Then, Eq. (3):
g =2 <
Substituting the data:
£, = 050100 — 1357 <
SOLUTION (2.9)
Hooke's LawWe haveg, =0 and
f=-E-%
wld, 1% -1(80)-0-0.3(140)F 0.000528 528
wld, 29 -1-0.3(80)+ O0- 0.3(140)k - 91
72de,[—O 3(80)—- O+ 140F 161
(CONT.)

18



2.9 (CONT.)

(a) Changeinlength AL,; =&,a,
AL, = (528x 10° )(320F 0.169nm

<
(b) Change in thickness
At = EL= (-917x 10° )(15F - 0.014m <
(c) Change in volume,
e=& +E tE, = 528- 917+ 161% 1.22
AV =eV, =1.222(32x 3268 15F 1.87im’ <
SOLUTION (.10)
By assumptions, rubber in triaxial stress:
g,=0,=-p, g, :—”sz/“:—“_F2
Stains areg, =&, =0. Hooke's law gives 1 g,
£.=0=¢[o,-v(o,+0,)] |
or
— AF D -1 O
0= p v md?(1-v) /
Solving, g,
p= —nd‘;if_v) Q.E.D. l <
Substitute the data:
_ 4(05)(x18) _ ;
T n(25f(1-05) 407.4ps (C) b
SOLUTION @.11)
Hooke’s law gives
90 MPa — 1 _ —_ 10 920\ —
yql0mn | - & = € (0, —v0,) = 1505, (150+ 7)) = 18004
— : B £, =1(0, ~v0,) = 11 (~90- 1) = ~1400 4
v - ¢ -
\«-100 mmJ £, =—£(0, +0,) = ~ 1o (150~ 90 = - 200y
Thus
AL =1800x(100 = 180um
Aa =-1400u(5Q = - 70um
Ab=-2004(10 = -2um
and
L'=100018mm, a'= 49993ntm, b'= 99998m <
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SOLUTION (2.12)

We have
g, =0,=0,=—-p

X y z

Gen. Hooke's law:
& :syzsz———(l V) =-
Thus
AL =-4004(10Q = - 40um
Aa =-400u(50 = - 20um
Ab=-4004(10 =-4um

12010°) 1 _ _
100(10°) 3 400/’[

and

L'=9996mm, a'= 4998mm, b'= 9996nm

SOLUTION (2.13)

We have
g,=0,=0,=—p.The volume is

V, =4mr®=42(5)°=523.6in°’

(a) &, =—tlo-v(o+0o)]=-<2(1-2v)

_248) q _ —_
= Z i (1-0.5)= - 1200y

Change in diameter,

Ad =¢&,d =-1200(10° )10=- 0.012n

Decrease in circumference:

7i(Ad) = -0.0127= - 0.038n

(b) AV =eV, =(1-V)eV,
= (0.5)(-1200x 10° )(523.65 - 0.31i4°

SOLUTION (2.14)

From Fig.2.3b and Eq.2.20:
U, =52 =258440027)= 93MPa

We havel, =50+ 50 027 = 6351m

Using Eq.(2.1):% elongation = %3%°(100) = 27 %
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SOLUTION (2.15)

Table B.1: S, =260 MPa, E = 70GPa
We have

V = AL =Z(0.0059°(3= 58% 10 m®

U, =5 = 229" = 4829k)/n?

U,, =UV =4829x 16(58% 10)= 2844
ForU,, =9 J:

n=2%=316

SOLUTION (2.16)

(a) ASTM-A242. E =200GPa and g, =345MPa
U =5 @507 _Hgg10

2E 2(200¢16 )

= 2% =43.2in ~Ib/in?

6.895

(b) Stainless (302)E =190 GPa and Sy =520 MPa
U =5 620907 79510

2E 2(200¢16 )

=22 =103in.~1b/in?

6.895

SOLUTION (2.17)

(a) Aluminum 2014-T6.E =72 GPa ando, =410 MPa
U = S? _ (41016 ¥

2E 2(72x10 )

=11674 = 1% = 169in ~Ib/in®

~6.895

(b) Annealed yellow bras€€ =105 GPa and Sy =105MPa

U =5 =006} _g5 500

2E 2010510 )

=228 =7 61in ~Ib/in?

SOLUTION (2.18)

Referring to Fig. P.2.18E =240 =6x 1 psi, S, = 27.5ksl

0.0025

(a) U, =3 = @197 — g3 02in ~Ib

2(6x10 )
(b) Total area undeg — & diagram:

U, =37.5(16 )(0.176¥ 6.6n =kip/in®
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SOLUTION (2.19)

(a) V =50x% 50x 1500= 376 17 mm?

SZ
Thus nU =5V

or S, =%
_ 12x200x18x 15 4093 _
= [WT =253 MPa <
_ S _ (25318)® _
(b) U, =5 = 2% =160 kPa <

SOLUTION (2.20)

Table B.1: S, =36 ks, E=29%x 10 ps
We have
U=nU,, =5150 = 750inlb

U, =5 = 99 = 5534inlb/in?

2029x16)

Therefore
V :U% :%: 3357in3
Also V= AL: 3357=%d?*(8x 1)

or

d = 0.667in. <

SOLUTION (2.22)

Refer to Fig. P2.21. We have
E='20%=-190GPa, S,= 245MPa

0.001

(a) U, =50 =80) =158k

2E 2(190¢168 )

=258 =22 9in ~Ib/in? b
(b) Total area undeg — & diagram:
U, =350x 10 (0.28F 98:'1—§
=8 =14.2in ~kip/in® <
SOLUTION @2.22)
V =(0.05)(0.05)(1.2¥F 0.0087 and Sy = Sp
(a) Nl =, SRERL S
Substituting the data given,
(CONT.)
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1.22 (CONT.)

S 2 _ 1.8(150)(x 218 1% — 37.8x 165

b 0.003
or

S, =194.4MPa

(b) U =S — 378465 =90 K
0o 2B 2(21x16 ) m®

SOLUTION (2.23)

Applying Eg. (2.22), we find

S, =500H, psi = 500(149F 74.%ks
Equation (2.24):

S, =525(149)- 30006 48.22Ksi

SOLUTION (2.24)

Using Eq. (2.22),

S, =500H; psi = 500(179F 89.ks
Formula (2.24):

Sy =525(179) 30,006 63.97ks

SOLUTION (2.25)

Formula (2.22),

S, =500H, psi = 500(156F 7&s
Equation (2.24):

S, =525(156)- 30,008 51.8s

SOLUTION (2.26)

Equation (2.22) gives

S, =500H, ps = 500(293F 146.5s
Formula (2.24):

Sy =525(293)- 30,006 123.82%si

End of Chapter 2
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