MECHANICS OF MATERIALS, 6th Edition

RILEY, STURGES AND MORRIS

4-5 30
4, =7(0.25) /4=0.04909 in /ﬁm_
A4, =7(0.212)° /4=0.03530 in v — :
From the o — & diagram: g 40— ’_"I: _j:’ — Lower scale
2 4 ;" s ,.a . sl o

@ E=8%. 3570 o 00ksi. I W . -

Ae  0.00125-0 b S

™ 5 Iy | ’ | i

(b) O-PL = 36 kSl ......................................................... Ans. U[)_{)O L (]_.04 e (].-!2 (I.Ifﬁ 1].1{2 )[})2(;
© (O = T3S oy COw oo om0 o oo omk
(d) O, (0.05%) S A3 KST oo Ans
(e) O (0.20%) S A3 KST oot Ans.
63) O, =05 KST oo Ans

P o.4 65(0.04909
(8) Uﬁ=—f= 70 ( )=90ksi ..................................................................... Ans.

A, A 003530
(h) E = e Ans

Ag 0.06-0.03
G E =29 2300 00 ki e Ans.

Ae  0.04
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4-6
A, =7(5.64)" [4=24.98 mm’ W | |
=24.98(10°) m’ il | -~
g .
A/, = 7[(475)2 /4 2 300: ::; -;-’__ :!_;_ _l‘.nu\-ur scuk‘- n
=17.72 mm’* =17.72(10°) m® Y e T
From the 0 — & diagram: g k"'f 'f: = i | N
! ') |
6 o I 7 o6 20 24
w  poAc (257010 R T
Ag 0.0012 _0 Strain, m/m
E =187(10°) N/M® =187 GPA ..ottt Ans
(b) Opp 270 MPa e Ans
(©) O, S510 MPa o Ans
(d) 0, (0.05%) Z 305 MPQ ..occcccooooresceeseesessees e Ans
(© 0, (0.20%) =328 MPA ..ottt Ans
63 O, ZA50 MPa ... Ans
P, o,A4, 450(24.98)
) Op=—"= = =034 MPa ..o Ans
A, 4, 17.72
460—410)(10°
w B =29 ( )(19') =2.50(10°) N/M? = 2.50 GPA v Ans
A 0.04—0.02
440-0)(10°
i B = ag . ( )(10') =14.67(10°) N/m* =14.67 GPa ....oocoooriri Ans
Ag 0.03
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4-8 550
A, =7 (11.28)° /4=99.93 mm’ ] =
2 2 ~ 400 300
A4, =7(9.50) [4=70.88 mm g sol/
300+ c Socant /" 0:2% oftet
First calculate stresses and strains from the given T‘g’ 250 s f:g e
data and draw the 0 — & diagram (next page). Then, o 200+ g o~ g
from the o —¢& diagram: Z 133 50 s
50 0,000 xo.o'o1 o‘o"'oz 0.003 0.004 0.005
222-0)(10° . Strain (mmmm) |
(a) g=A%. ( )( ) 000 005 070 015 020
Ag 0.0012-0 Strain (mm/mm)
E=185(10") N/M® =185 GPa ..o Ans.
(b) Opp 270 MPA o Ans.
(c) O 510 MPa e Ans.
() 0,(0.05%) =305 MPa ..oooccoeeeee e Ans.
©  0,(0.20%) =328 MPa ..ooocoee e Ans.
63) O, ZA50 MPa ... Ans.
P, 0,4, 450(99.93)
) Op=—-= = =034 MPa ..o Ans.
A, A, 70.88
80(10°
0 K _Ag (—) =16.7(10°) N/m* =16.7 GPA ..ccoocoroitcscici Ans.
Age  0.0048
315(10°
0 E=22= (1) =109(10") N/m® =109 GPa .....oooooitcr Ans.

' Ag  0.0029
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4-16*
The given values are E =73 GPa v=0.33
g, =&, =875 ym/m &, = &y = 7100 m/m &, = &g =—650 ym/m
g, =&,cos" O+ sin’ @+y, sinfcosd
&, =(875)cos’ (120°) + ¢, sin” (120°) + y,, sin (120°) cos (120°) = 700
&, =(875)cos’ (60°)+ &, sin’ (60°)+y,, sin (60°) cos (60°) = —650
0.75000&, —0.43301y,, =481.25
0.75000¢, +0.43301y,, =-868.75
g, =—258.33 um/m y, =—1558.85 yrad
3
o, =$(gx +ve,) :%[(SBH0.33(—258.33)](106)
O, =+64.7 MPa = 64.7 MPa (T) ...coeevririiininenseeseese e Ans.
3
o, =$(gy +ve, ) :%[(—25833)+0.33(875)](106)
G, = +2.49 MPa = 2.49 MP2 (T) o i
¢= 2(1E+v) B 2(133.33) = 27444 Gha
7, =Gy, =(27.444x107)(~1558.85x10° ) = ~42.8 MPa .....ooooeomrrice Ans.
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f‘1"-}1263g1V6n values are E =10,600 ksi v=0.33
g, =&, =875 pin./in. &, = &35 = 100 pin./in. E. =& 35 =—350 pin./in.
£, =¢&,c08" O+ sin’ @+y, sindcosd
&, = (875)(:0s2 (135°)+ g, sin’ (135°)+ Vs sin(135°)cos(135°) =700
&, =(875)cos’ (~135°) + ¢, sin* (~135°) + y, sin(—135°)cos (—135°) = =350
0.50002, —0.50007,, =262.5
0.50002, +0.50007,, =—787.5
&, =-525.00 yin./in.
7, =—1050.00 prad
@ 0 tant Lo Lo 1050 ense 75650

) g—&, 2 (875)—(-525)
When 0, = ~18.435°
£, =¢€,c08" O+ sin’ @+y, sinfcosd
=(875)cos” @, +(—525)sin> @, +(-1050)sin &, cosd,
=1050.00 pin./in.= ¢,

£, =& +&,—¢&, =-700.00 uin./in.

P
&, =1050 win./in. R 18.43% e Ans.
€,y = =700 £N./iN. & T1.5T% oo Ans.
= -0.33 .
£, = é(gx + ey) =033 [(875)+(~=525)|=—172.4 prin./in. .....coccocccc Ans.
Yax =Vp = Epr —€pa = 1750 LTAQ oo Ans.
E 10,600 -
® o= (¢, +ve,,) =W[(1050)+0.33(—700)](10 °)
0,1 =+9.7423 KS1 2 9.74 KSI (T) oo Ans.
E 10,600 B
Cp =T (¢,,+ve, )= W[(JOONO.B(IOSO)](]O °)
Gy = —4.2050 KSi 2 .21 KSH (C) o Ans
0 3 = 0 KST oo Ans
Toax = Tp = (apl -0, )/2 =0.97 KST s Ans
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4-32

5:8L:£+aATL
AE

8, =0+(22.5x10°)(75)(300) = 0.50625 mm

8, =0+(11.9x10°)(75)(300) = 0.26775 mm = b

15=2Y05 - 5)=22(0.50625-0.26775)
25 ) 25
A=2.12 MM € oo Ans
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4-49

E =29,000 ksi G =11,000 ksi E=2(1+V)G
29,00022(1+V)(11,000) v=0.31818
6-0.31818c

o0 =¢ L = 2)=—-—-—2(2

xa gxa xXa gxa ( ) 29’ 000 ( )

5

o0,=¢,L, = 3)=——(3

w = Eawnlo 5xb() 295000()

But 6, =0, therefore

12-0.636360, =15
o, = B T L KST ottt t et et en st et e e e nene Ans.
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4-51*
Assume series of rails all initially separated by 0.125 in.
When heated, rails expand from center in both directions.

(@  6=0125=aATL=(6.6x10")(AT)(55x12)

AT =28.7 °F

Rails touch when 7' =60+28.7 =88.7 °F ....ccccoviiirsnceeeeeces Ans.
b)  5=(6.6x10")(=50)(55x12)=-0.21780 in.

gap =0.125+0.2178 = 0.3428 in. = 0.343 iN. oot Ans.
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