Chapter 3

RC
M, =0 j
18R, —6(100) =0
R, =333 1bf Ans.
SF, =0 S

100 1bt
R, +R,~100=0 R, g
R, =66.71bf Ans. | | l%
R.=R,=3331bf Ans. iC ° s
) 6 In 12 1n
3-2
Body 4B:
SF =0 R, =R, st 7 .
SF, =0 R, =R, -
M, =0 R, (10)~R, (10)=0 )
RAx = RAy RAX ‘
R 100 1bf
Ay

Body OAC: ~ Ry l
XM, =0 R, (10)-100(30) =0 =R, 40— R, .

é] ¢
R, =300 1bf  Ans. ( Llo in Llo in Lm in J

SF.=0 R, =—R, =—3001Ibf Ans.

LF,=0 R, +R, -100=0
R,, =-200 Ibf  Ans.
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3-3

0.8

R, = =139kN  Ans.
tan 30°

R, = .0'8 =1.6 kKN Ans.
sin 30°

00"

60°

0.8 kN

3-4
Step 1: Find R4 & Re

h= 4.5 =7.794 m

~ tan30°
M, =0
9R, —7.794(400cos30%)
—4.5(400sin30°) =0
R, =400 N Ans.

D F.=0 R, +400c0s30"=0

R, =-3464N
> F,=0 R, +400-400sin30" =0
R, =-200N

R, =+/346.4> +200° =400N  Ans.

Step 2: Find components of Rc and Rp on link 4

> M.=0
400(4.5)—(7.794-1.9)R, =0
R, =3054N Ans.

Y F.=0 = (R,),=3054N

YF,=0 = (R,),=—400N

Shigley’s MED, 11" edition

.(:}4—4.5 m—l-{.

3
400N

Yim

i

R,

400 N
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(Re)s
Step 3: Find components of Rc on link 2

D F.=0
(R, ), +305.4-346.4=0
(R.),=41N

> F,=0

(R,),=200N

(Re)s

3464 N

200N

B

Ans.
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3-5
IM.=0
—1500R, +300(5)+1200(9) =0
R =82KkN Ans.
IF, =0

82-9-5+R, =0 R,=58kN  Ans.

M, =82(300)=2460 N-m  Ans.
M, =2460—-0.8(900) =1740 N -m
M, =1740-5.8(300)=0 checks!

Ans.

3-6
SF, =0
R, =500+40(6) =740 Ibf  Ans.
M, =0
M, =500(8)+40(6)(17) =8080 Ibf -in ~ Ans.
M, =—-8080+740(8) =—2160 Ibf -in  Ans.
M, =-2160+240(6) =720 Ibf -in  Ans.

M, =-720 +%(240)(6) =0 checks!

by 500 Ibf 40 Ibf'm
(O\ A e
ﬂ[O = 8m ! 6m - 6 inél

[0}

7 (Ibf)
740

0

M
(Ibt=in)

0

- 3080

Shigley’s MED, 11 edition
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3-7
M, =0
—22R +1(2)-1(4)=0 o

2EN 4 kN
1.2m l lm 7 1m l

R =—091kN Ans.
SF, =0 v (kN)
~0.91-2+R,—4=0

R,=691kN  Ans.

M, =-091(12)=-1.09 kN-m  Ans.

M,=-1.09-291(1)=—4kN-m Ans.
M,=-4+4(1)=0 checks!

X
A l e
Rl Rg

Break at the hinge at B 5 400 Ibf

Beam OB:

From symmetry, 0 B

R =V,=2001bf Ans. R,

Beam BD:
M, =0
200(12) - R,(10)+40(10)(5) =0
R, =440 Ibf  Ans.

SF, =0

—200+440-40(10)+R, =0
R, =160 Ibf  Ans.

Shigley’s MED, 11" edition

4 m 4in B 2 in 10 n

40 1bt/in

LI

R, R,

| O
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Hinge

Yo 400 Ibf 40 Ibf/in

M, =200(4)=800 Ibf-in  Ans.

M, =800-200(4) =0 checks at hinge o t < C 1 l l I l l l l l D

M, =800—200(6) = —400 Ibf-in  Ans. Ril [ ] % Rs
4m  4in 2 10m

M, =—400+ %(240)(6) =320 Ibf-in  Ans.

24

M, =320 —%(160)(4) =0 checks!

3-9
g =R {x)" =9(x=300)" —5(x~1200)" + R, (x~1500)"
V=R —9{x-300)" -5(x~1200)" +R, (x~1500)" (1)
M =Rx—9{x~300) ~5(x~1200) +R, (x—~1500)' )

Atx=1500" V'=M=0. Applying Egs. (1) and (2),
R -9-5+R,=0 = R+R, =14
1500R, —9(1500-300)-5(1500-1200) =0 = R =82kN Ans.

R,=14-82=58kN  Ans.

0<x<300: V=82kN, M =82xN-m
300<x<1200: ¥ =82-9=-0.8 kN

M =8.2x—9(x —300) = —0.8x +2700 N -m
1200 <x <1500: ¥V =8.2-9-5=-58 kN

M =8.2x—9(x —300) - 5(x —1200) = —5.8x + 8700 N -m

Plots of V and M are the same as in Prob. 3-5.
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3-10

q=Ry(x)" =M, (x)" —500{x~8)" ~40(x~14)" +40(x~20)"

V=R,—M,(x)" ~500{x~8)" —40(x~14)' +40(x~20)' (1)

M =R,x~M,~500{x~8) —20({x~14)" +20(x—20)’ 2)
atx=20"in, V=M =0, Egs. (1) and (2) give

R,—500-40(20-14)=0 = R, =740 Ibf Ans.

R,(20)— M, —500(20—8)—20(20—14> =0 = M, =8080 Ibf-in  Ans.

<x<8: V=7401bf, M =740x-8080 Ibf -in
8<x<14: ¥V =740-500=240 Ibf

M =7T740x—8080—500(x —8) = 240x —4080 Ibf -in
14<x<20: V' =740-500—-40(x —14) = —40x +800 Ibf

M =740x—8080 —500(x —8) —20(x —14)* = —20x> +800x —8000 Ibf -in

Plots of ¥ and M are the same as in Prob. 3-6.

3-11

g=R{x)" -2{x-12)" +R, (x-2.2)" —4(x-32)"
V=R -2(x-12)"+R,(x-22)" ~4(x-3.2)’ (1)

M =Rx-2(x—12)' + R, (x-22) —4(x-32)' )
atx=3.2", V=M=0. Applying Egs. (1) and (2),

R-2+R —4=0 = R +R,=6 3)
32R -2(Q)+R,(1)=0 = 32R+R,=4 ()

Solving Egs. (3) and (4) simultaneously,
R1=-091 kN, R2=6.91 kN Ans.

0<x<12: V=-091kN, M=-091x kN-m

12<x<22: V=-091-2=-291 kN
M=-091x-2(x-12)=-291x+2.4 kN-m

22<x<32: V=-091-2+691=4 kN
M=-091x-2(x-1.2)+6.91(x—2.2)=4x—-12.8 kN-m

Plots of V and M are the same as in Prob. 3-7.
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3-12
g=R (x)" —400(x—4)" +R,(x~10)"' ~40(x~10)" +40{x~20)" + R, (x~20)"
V=R -400(x—4)"+R,(x~10)" ~40(x~10)' +40({x~20)' + R, {x~20)’ (1)
M =Rx—400{x~4)" + R, (x~10)' =20(x~10)" +20({x~20)" + R, {x - 20)’ 2)
M=0atx=8in ..8R —-4008-4)=0 = R =200I1bf  Ans.

atx=20", V=M =0. Applying Egs. (1) and (2),

200-400+R, —40(10)+R, =0 = R, +R, =600

200(20)—400(16) + R,(10)—20(10)> =0 = R, =440 Ibf Ans.
R, =600-440=160 Ibf  Ans.

0<x<4: V =200Ibf, M =200x Ibf-in
4<x<10: V' =200-400=-200 Ibf,
M =200x—-400(x —4) =-200x+1600 Ibf -in
10<x<20: V=200-400+440—-40(x—10) =640 —40x Ibf
M =200x—-400(x —4) +440(x—-10)— 20()c—10)2 =—20x" +640x — 4800 Ibf -in
Plots of V" and M are the same as in Prob. 3-8.

3-13  Solution depends upon the beam selected.

3-14 (a) Moment at center,

.- (l—2a)
‘ 2
st (2] ()

M, |=wa’[2

At reaction,

a=2.25,1=101n, w =100 Ibf/in

M, :M(E_z.zsj ~125 Ibf -in
2 (4
100(2.25%) .
|M,=f=2531bf-m Ans.

(b) Optimal occurs when M = |Mr

Shigley’s MED, 11 edition Chapter 3 Solutions, Page 8/114



2
ﬂ(i—a]: wa =a’ +al-025/*=0
4 2

Taking the positive root

a=1{—1+,h2+4(a25ﬁ)}=1(J§—4)=02071 Ans.
2 2

for /=10 in, w = 100 Ibf, a = 0.207(10) = 2.07 in
M., =(100/2)2.07* =214 Ibf -in

3-15
(a)

c_20-10

5 kpsi
_20+10

CD =15 kpsi

R=~15"+8 =17 kpsi
o, =5+17 =22 kpsi
o, =5-17=-12 kpsi

2
7, =R =17 kpsi
¢, =45 —-14.04° =30.96" ccw

1. (8
=—tan | — |=14.04" cw
7 (15}

(b)

C- 9+16

=12.5 kpsi

CD =$= 3.5 kpsi

R =+/5"+3.5" =6.10 kpsi
0, =12.5+6.1=18.6 kpsi
o, =12.5-6.1=6.4 kpsi o
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1 (5

=—tan | — [=27.5" ccw
¢p 2 (3.5)

7, =R =6.10 kpsi

$ =45 275 =175 cw

(c)
c=22710 17 kpsi
CD = 24;10 =7 kpsi

R=~7"+6" =922 kpsi
o, =17+9.22=26.22 kpsi
o, =17-9.22="7.78 kpsi

) :l 90° +tan' (Zj =69.7° ccw
P 2 6

7, = R =9.22 kpsi

¢, =69.7" —45 =24.7" ccw

(d
C:—_12+22 =5 kpsi (=12, 12%%
cD=12722 _ 17 kpsi

R=+/17"+12* =20.81 kpsi
o, =5+20.81=25.81 kpsi
0, =5-20.81=-15.81 kpsi

4, =+ 90" + tan” (1—7) =72.39" cw
72 12

7, = R=20.81 kpsi

¢, =72.39-45=27.39" cw

Shigley’s MED, 11" edition
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3-16
(a)

C:—8+7

=-0.5 MPa

CD:¥:7.5 MPa

R=+7.5+6> =9.60 MPa
0, =9.60-0.5=9.10 MPa
o, =-0.5-9.6=-10.1 Mpa

1 7.5
=—|90°" +tan'| — || =70.67°
g 2{ ( 6 ﬂ

7, = R=9.60 MPa
¢ =70.67 —45 =25.67 cw

(b)
—6
c=2"_15MPa
2
CD:9L26=7.5 MP

R =+/7.5"+3* =8.078 MPa
0, =1.5+8.078 =9.58 MPa
o, =1.5-8.078 =—6.58 MPa

1. (3
=—tan | — |=10.9" cw
=g (75)
7, = R=8.078 MPa
¢, =45 -10.9" =34.1" ccw
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(©)
C=%=4MPa

1244

CD =8 MPa

R =+/8%+7? =10.63 MPa
0, =4+10.63=14.63 MPa
o, =4-10.63=-6.63 MPa

) 1 90" +tan ™' LA 69.4° ccw
P2 7

7, = R=10.63 MPa

¢, =69.4"-45 =244 ccw

(d)
C:izo.s MPa
2
CDz%:S.S MP

R=+5.5+8>=9.71 MPa
0,=0.5+9.71=10.21 MPa
0,=0.5-9.71=-9.21 MPa

1 o 8
=—tan | — |=27.75 ccw
¢p 2 (5.5}

r,=R=9.71 MPa
¢ =45 —27.75 =17.25 cw

24.4°

Shigley’s MED, 11" edition
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3-17
(a)

C:12+6

=9 kpsi

CD:?:Z% kpsi

R=+/3"+4 =5kpsi
o, =5+9=14 kpsi
0, =9-5=4kpsi

4, =45 -26.6'=18.4" cew

(b)
c=30710_ 19 kpsi
D =22719_ 50 kpsi

R =+/20%+10% =22.36 kpsi
o, =10+22.36 = 32.36 kpsi
o, =10-22.36 = -12.36 kpsi

1. (10
=—tan | — |=13.28" ccw
¢p 2 (20)

7, = R=22.36 kpsi
¢ =45 —-13.28 =31.72° cw

Shigley’s MED, 11" edition
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(c)

oo 10418

4 kpsi

cD = 10+18

=14 kpsi

R =+/14"+9% =16.64 kpsi
o, =4+16.64 =20.64 kpsi
0, =4-16.64 =-12.64 kpsi

4, = 90" +tan” (Ej =73.63" cw
P 2 9

7, = R=16.64 kpsi

@, =73.63—45=28.63 cw

(d)

9419

C =14 kpsi

CD=¥=5kpSi

R =5 +8% =9.434 kpsi
o, =14+9.43 =23.43 kpsi
o, =14-9.43=4.57 kpsi

1) :l 90° + tan ™' (Ej =61.0" cw
’ 2 8 14
7, = R =9.34 kpsi 5t

g, =61"-45 =16 cw ~ o
14

2343
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3-18
()

8030

C =-55 MPa

8030

CD =25 MPa

R =+/25"+20" =32.02 MPa

o, =0 MPa

0, =-55+32.02=-22.98 =-23.0 MPa
o, =-55-32.0=-87.0 MPa

23

Ty = 5 11.5MPa, 7,,=32.0 MPa,

(b)

C:30_60=-45Nma

60+30

CD =45 MPa

R =+/45>+30% =54.1 MPa

o, =-15+54.1=39.1 MPa

o, =0 MPa

o, =-15-54.1=-69.1 MPa
7y = 39.1+69.1 _ 541 MPa
Ty :%219.6 MPa

T3 =%=34.6 MPa

Shigley’s MED, 11" edition

(=80, 20°%)y

=y

87

o

(=30, 20°°%)

=43.5 MPa

(—60, 3097
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(©)

c=240 0 \pa

CD=#:2O MPa

R =~/20"+20" =28.3 MPa
o0, =20+283=48.3 MPa
o, =20-28.3=-8.3 MPa
o, =0, =-30 MPa

T3 = 48.3+30 =39.1MPa, 7, =283 MPa,
(d)
C= 50 =25 MPa
2
CD = % =25 MPa
R =+/25"+30> =39.1 MPa
0, =25+39.1=64.1 MPa
o, =25-39.1=-14.1 MPa
o, =0, =—20 MPa
T3 = 64.1+20 =42.1MPa, 7, =39.1 MPa,

Ty

(40, 20°%)

30-83

=10.9 MPa

T3

(50, 30°%)

Ty =

{0, 305y

_20 5 95 Mpa

3-19
(a)
Since there are no shear stresses on the
stress element, the stress element
already represents principal stresses.
o, =0, =10 kpsi
o, =0 kpsi

—4

= —4 kpsi
_10-(4)

Ty3 =

0,=0,

iry

=7 kpsi

Ty = ?0 =5 kpsi

_0-(4

Ty =

=2 kpsi

Shigley’s MED, 11" edition

= {fr,

Chapter 3 Solutions, Page 16/114



(b)
o 0+10

=5 kpsi

CD=$:5 kpsi

R=A~5"+4" =6.40 kpsi
0, =5+6.40=11.40 kpsi

o, =0kpsi, o,=5-6.40=-1.40 kpsi

11.4 .
Ty, = TO =5.70 kpsi,

7,3 = R =6.40 kpsi,

(©)
—2-8
C=""""=_5kpsi
5 p
8—2

CD =——=3 kpsi
5 p

R=+/3%+4% =5 kpsi

o, =-5+5=0 kpsi,
o, =—5-5=-10 kpsi

o, =0 kpsi

T3 = % =5 kpsi, 7, =0 kpsi,

(d)
C= 10;30 =-10 kpsi

10430

CD =20 kpsi

R =+/20%+10% =22.36 kpsi

o, =—10+22.36 =12.36 kpsi
o, =0 kpsi

o, =—10-22.36 = —32.36 kpsi

7,3 = 22.36 kpsi, 12.36

Ty = — " 6.18 kpsi,

2 circles

Cirele 1s a point

(10, 10%)

32.36 =16.18 kpsi

Ty =

Shigley’s MED, 11" edition
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3-20 From Eq. (3-15),

o = (~6+18-12)0” +| ~6(18) + (-6)(~12) +18(~12) -9’ = 6" —(~15)’ |&
[ -6(18)(~12) +2(9)(6)(~15) — (=6)(6)" ~18(~15)" —(~12)(9)" | =0

o’ =590 +3186=0
Roots are: 21.04, 5.67, -26.71 kpsi

7 = 21.042—5.67 —7.69 kpsi

5.67+26.71

Ty = =16.19 kpsi

21.04+26.71

[ T1/3 =

= 23.88 kpsi

Ans.

© (kpsi)

T3

-26.71

%
92104 -

3-21
From Eq. (3-15)

&* —(20+0+20)5> +[20(0) +20(20) +0(20) — 40 —(—20& )2 —02}0

- [20(0)(20) +2(40) (—20\5 ) (0)—20 (—20\5 )2 —0(0)? —20(40)?

o’ —400” =2 0000 + 48 000 =0

Roots are: 60, 20, —40 kpsi ~ Ans.

60-20

Ty = =20 kpsi

20+40

=30 kpsi

Ty =

00+490 =50 kpsi  Ans.

[ T1/3 =

7 (kpsi)

T3

=0

| |

T3

-40

60 o (kpsi)

y

Shigley’s MED, 11" edition
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3-22 From Eq. (3-15)

o — (10440 + 40)5 +[10(40)+10(40)+ 40(40) - 20° — (40’ —(—20)2}0

—[10(40)(40) +2(20)(—40)(—20) —10(-40)* — 40(-20)* — 40(20)2] =0

o’ -900”> =0
Roots are: 90, 0, 0 MPa Ans. H(ME3) o
Ty = 0
T3
Ty = T3 = Tona =% =45MPa Ans. olo T
3-23
= r = &02 =33 950 psi =34.0 kpsi  Ans.
4 (z/4)(0.75%)
5=t L _33950—2 __00679in dns.
A E 30(10°)
g _0_0061 _, 130(10°)=11304  Ans.
L 60

From Table A-5, v=0.292
&, = —ve, =—0.292(1130) = -330u  Ans.
Ad = £,d =-330(10°)(0.75) = -248(10°) in  Ans.

3-24
£ = LOZ =6790 psi =6.79 kpsi  Ans.
A4 (z/4)(0.75%)
s=tL_oL. 6790L6= 0.0392 in  Ans.
AE E 10.4(10°)
S5 0.0392

f— 76 f—
G=T= " " 653(10°)=653u  Ans.
From Table A-5, v=0.333
&, =—-vg =-0.333(653)=-217u  Ans.

Ad = £,d =-217(10°)(0.75) =—163(10*) in  Ans.

Shigley’s MED, 11" edition
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3-25

g, =24 000U _ 5 0001
d d
From Table A-5, v=0.326, E=119 GPa
6 200001 306.7(10°)
v 0.326
522 and azﬂ, SO
AE A

a=5TE = £,E£=306.7(10)(119)(10") =36.5 MPa

)7z(0.03)2

F=0cA4= 36.5(106 =25800 N =258 kN Ans.

Sy =70 MPa > o, so elastic deformation assumption is valid.

3-26
s=tL _ L _20000—2U2 __(185in  ans.
AE E 10.4(10")
3-27
s=tL _,L_ 140(106); =0.00586 m=5.86 mm  Ans.
AE E 71.7(109)
3-28
s=tL _ L _150001%02) _ 017300 s
AE E 10.4(10")
3-29

With o, =0, solve the first two equations of Eq. (3-19) simulatenously. Place E on the
left-hand side of both equations, and using Cramer’s rule,

Es —v
o - Ee 1 :ng+vEgy:E(gx+vgy)
¥ 1 —v 1-v? 1-v?
—v 1
Likewise,

Shigley’s MED, 11 edition Chapter 3 Solutions, Page 20/114



El\e, +ve,
= (ly—v2 )

From Table A-5, E =207 GPa and v=0.292. Thus,
E(g,+ve,) 207(107)[0.0019+0.292(~0.000 72) ]
TS T 1-0.292°
207(10”)[ -0.000 72+0.292(0.0019) |
%7 1-0.292°

(10-6) =382 MPa  Ans.

10°)=-37.4 MPa  Ans.
(107)

3-30
With o, =0, solve the first two equations of Eq. (3-19) simulatenously. Place E on the
left-hand side of both equations, and using Cramer’s rule,

Ee —v
o - Ee, 1 _ Ee, +VEg, _ E(€X+ng)
¥ 1 —v 1—v? 1-v?
-v 1
Likewise,
E(gy +v5x)
7= 1-v*

From Table A-5, E=71.7 GPa and v = 0.333. Thus,
E(e,+ve,) 71.7(10°)[0.0019+0.333(~0.000 72) ]

o = (10°)=134 MPa  Ans.
-2 1-0.333
9 —
. 71.7(10%)[ 0.(;0_0;323; 20.333(0.0019)] (104)=-7.04 MPa ns

3-31 For plane strain, g = 0. From the third equation of Eq. (3-19),
o, =v(0x+0'y) Ans.
First of Eq. (3-19),

gx:é{ax_v[ayw(axwy)}}

=— (l—v)ax—vay] Ans.

Similarly,
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£, =1+TV (l—v)ay—vax] Ans.
3-32
@) R :§F M_ =Ra —%F
2
= 61‘/5 =i2£ = F = obh’l Ans.
bh”  bh™ | 6ac
b, /b)(h, k) (L,/I 2
F (a,/a)(c,/c) (s)(s)
For equal stress, the model load varies by the square of the scale factor.
3-33
wl w I 1Y wrl’
@ Ry=—, max [y=1/2 _35(1_5J:?
2 2
G:6Z\{: 62wl :3le N W:iabh Ans
bh~ bh~ 8  4bh 3 1
2 2
(b) ﬂ — (O-m /O_)(bm /b)(hm /h) — l(s)(s) — S2 AI’lS.
/4 [ /1 s
2
—w’”l’” =5 = &:s_zs Ans.
wl w s
For equal stress, the model load w varies linearly with the scale factor.
3-34
(a) Can solve by iteration or derive W, W, Wy oo W, ool W,
equations for the general case. Find A 1 1 ", 1 B

maximum moment under wheel W,.

[eay;>]

le— d, —»'
R, D — 2

W, =ZW at centroid of W’s
[—x,—d

< X >

L,

R,= W, ! |
[
Under wheel 3,
(I-x,—d,)
M;=Rx;—Way,—W,ay, =———Wx; —Wa,; —W,a,,
For maximum, aM, =0= (l—d3 —2x3)¥ = X = %
X3

[~d,)
Substitute into M = M, :%WT -Wa,,—W,a,,
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This means the midpoint of d, intersects the midpoint of the beam.

—d, [-d) = &
For wheel i, x,:ﬂ, MiquT—ZW/aﬁ
2 4/ =
Note for wheel 1: ZW,a, =0

W, =104.4, W1:W2:W3=W4:#=26.1kips

476 _ (1200-238)

Wheel I d, ==_==238 in, M, 11200 (104.4) = 20 128 kip -in

Wheel 2: d, =238-84=154in

_ 2

)= (200=154) ;4 4y~ 26.1(84) = 21 605 kip-in = M__ Ans.
4(1200)

7 R i A

i LE A
Check if all of the wheels are on the rail. e e 15 S
o g o 0

A | T
* 'Tm.n. > |

b =600—-77 =523 1 Ans.
2 )) X nax n ns }47(-.{}[:" —_— 60" 4>|
C

See above sketch.
(d) Inner axles

3-35
(a) Let a = total area of entire envelope ) , b
Let b = area of side notch ¢c=375 &
A=a-2b=40(2)(37.5)-25(34) =2150 mm’ vy
A 1
1 ; 1 ; b b -
I=1,-21, =—(40)(75) ——(34)(25) c=375
12 12
6 4 X A
1=136(10°) mm*  Ans. — 40—
Dimensions in mm.
(b)
A, =0.375(1.875)=0.703 125 in? o —
A, =0.375(1.75) =0.656 25 in? 1.1-017”| ._ G, ”‘9?3"_0_0795,.”
A=2(0.703125)+0.656 25 =2.0625 in? R ' ’;’T"*T}ms" ¥ s
2 G,o—- bl
s - B 087"
|| _"L I
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2(0.703 125)(0.9375) +0.656 25(0.6875)

y= =0.858 in Ans.
2.0625
3
I - 0.375(1.875) 0206 in®
12
3
=109 9 e

I, =2[0.206+0.703 125(0.0795) |+[ 0.00769 +0.65625(0.1705)° | =0.448 in*  Ans.

(c) D

Use two negative areas.

A, =625 mm?, 4, =5625 mm?>, 4 =10000 mm®
A=10000-5625-625=3750 mm?;
y,=625mm,y, =50 mm,y =50 mm
__10000(50) —5625(50) —625(6.25)
a 3750

¢ =100-57.29=42.71 mm Ans.

_50(12.5)°
12

=5729 mm Ans.

1 =8138 mm*

a

3
1 =PI 2.637(106) mm*
b 12

3
; _100(100)

. =8.333(10° )in*

1,=[8.333(10°) +10000(7.29)" | -| 2.637(10°) +5625(7.29)" || 8138+625(57.29-6.25)’ |
[,=429(10°) in*  Ans.

(d)
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A,=4(0.875)=3.5in’

4, =2.5(0.875)=2.1875 in’

A=A, +4,=5.6875in’

2.9375(3.5)+1.25(2.1875)
5.6875

=2.2881in

J_7:

I= 5(4)(0.875)3 +3.5(2.9375-2.288)’ +E(0.875)(2.5)3 +2.1875(2.288~1.25)°

1=520in* Ans.

3-36 l4500 N
300 mm 150 mm

I= %(20)(40)3 =1.067(10°) mm* . r l

A= 20(40) =800 i’ 1500 N 3000 N

Mmax 1s at 4. At the bottom of the section, re

1500
O = Me _ MOO(%O) =843 MPa  Ans. 0 x
I 1.067(10°)
-3000
Due to V, Zmax is between 4 and B at y = 0.
M 450
T . _3V_3(3000 =5.63 MPa  Ans. o
24 2\ 800
1

3-37 I1=—(1)(2)’=0.6667 in* :

12 ) n 10016t 100 Ibflin
A=1(2)=2 in ol RERERE
M, =0 1200 Ibf

8R,—100(8)(12) =0 g 800

R, =1200 Ibf ) T~ \

R, =1200-100(8) =400 Ibf -400
M . 1s at A. At the top of the beam,

M
(Ibf-in)

Ohux = Me _ 320000.5) =2400 psi  Ans. \
1 0.6667 0

Dueto V, 7, isatA4,aty=0.

T =——=
max 2 A 2

_3V_3(800
2

—) =600 psi  Ans.
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3-38 I =%(0.75)(2)3 =0.51in* 3000 Ibf 1000 1bf

J— — o 2

A=(0.75)2)=1.51n ) 4 4 &
ZMAZO Sm] 151n 15m

I5R,; ~=1000(20) =0 2666.7 1bf 1333.3 Ibf

R, =1333.3 Ibf v )

R, =3000-1333.3+1000 =2666.7 Ibf 1000
M __is at B. At the top of the beam, g [ '

-3333
Ohux = Me _ 50000 =10000 psi  Ans.
1 0.5 i

Due to V, 7, is between B and C aty =0. (N'H;) \/

5000
T o= 3V _3(1000)_ 1000 psi  Ans.
24 2015
_xd*  x(50)* 3 4 6 kN/mm
339 =" - == =306796(10") mm NIXERXEEEEERRR:
A B
2 2
4o ﬂj _ 7(50) 1963 mm> 1350 kKN 450 kN
V(kN) 750
M, =0
6(300)(150)— 200R, =0 8 m\%
R,=1350 kN 206 350
R, = 6(300)—1350 = 450 kN . 16875
M, is at A. At the top, L ‘
¢ -30000

o= % = M =2.44 kN/mm?* =2.44 GPa  Ans.

R | 306796
Dueto V, r, isat 4, aty=0.

4V 4

[ gz = g(ﬂj =0.509 kI\I/l'nn'l2 =509 MPa Ans.

1963
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3-40

wl? wl’c 8o I
max:_:>o-max: : w:—2
8 81 cl
(a) =48 in; Table A-8, I =0.537 in*
8(12)(10°)(0.537
w= ( )( )( )=22.38 Ibf/in  Ans.
1(48%)
(b) 1=60in, I~(1/12)(2)(3*)-(1/12)(1.625)(2.625")=2.051 in*
8(12)(10%)(2.051
w= ( )( )( ) =36.51bf/in Ans.
(1.5)(607)
(¢) =060 in; Table A-6, [ =2(0.703)=1.406 in*
B : B . C Yoy
y=0.717 in, cmax = 1.783 in
8(12)(10%)(1.406) . [ {175
w= =21.01bf/in Ans.
1.783(60°)
(d) /=60 in, Table A-7, I =2.07 in*
8(12)(10%)(2.07
= ( )( )2( ) =36.8Ibf/in Ans.
1.5(60°)
3-41
T _ . T .
I= a(0.5“) =3.068(107) in*, 4= Z(0.52) =0.1963 in
Model (¢) 13333 Ibf/in
p =2000:9)  S0000.7572) _ 514 75 1 in , 05in ey
2 2 0.751in
_ Me  218.75(0.25)
T 3.068(10’3) 1000 Ibffin 1000 Ibffin
o =17 825 psi=17.8 kpsi  Ans. reh
4V 4 500
=22 =Z =3400 psi=3.4 kpsi  Ans.
T3 301963 P pet A ’ o
-500
M 218.75
(Ibfm)) 55 125
0 .
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Model (d)

M =500(0.625)=312.5 Ibf -in

Mc  312.5(0.25)
o=—=—-
)i 3.068(10‘3)

o =25 464 psi =25.5 kpsi
4V _4 500

T = =
™34 30.1963

Model (e)

M =500(0.4375) =218.75 Ibf -in

_ Mc  218.75(0.25)
1 3.068(107)
o =17 825 psi =17.8 kpsi
__4V _4 500
™34 30.1963

IIODO Ibf
& 0.625 in
1251in I
Ans 500 1bf 500 Ibf
7 (Ibf) 500
=3400 psi=3.4 kpsi  Ans.
(0] X
-500
M
(Ibf-in) 312.5
0 !
500 1bf 500 Ibf
0 08375 in ID'J?SiHI 048375 in
125in |
y 500 Ibf 500 Ibf
ns.
. . V (Ibf) 500
=3400 psi=3.4 kpsi  Ans.
0 X
-500
M 218.75
(Ibf-in)
0 b 4
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3-42

= %(124) ~1018 mm*, 4 :%(122)= 113.1 mm>

Model (¢)
M = 20020(6) + 200009) =15 000 N-mm
_ Mc _15000(6)
1 1018
o =88.4 N/mm” =88.4 MPa  Ans.
Tnax — L = i(_2000) =23.6 N/mm® =23.6 MPa  Ans.
34 3\113.1
Model (d)
M =2000(12) =24 000 N-mm
_ Mc _ 24 000(6)
1 1018
o =141.5 N/mm’ =141.5 MPa  Ans.
Tnax = r = i(_2000j =23.6 NNmm® =23.6 MPa  Ans.
34 3\113.1
Model (e)
M =2000(7.5)=15000 N - mm
_ Mc _15000(6)
1 1018
o =88.4 N/mm” =88.4 MPa  Ans.
T .= L = i(wj =23.6 NNmm® =23.6 MPa  Ans.
34 3\113.1

(N-mm)

222.2 N/mm

333.3 N'mm

¥V (N)

V(N)

(N-mm)

2000

18

3333 N/mm

12 mm

-2000

l 4000 N

2000 N

24 mm

2000

2000 N

2000

24000

2000 N 2000 N

Z:5

9

T

V(N)

2000 N
2000

24 mm

2000 N

M

15000

-2000
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M(d/2
3-43 (a) a:%: (4 ):32]\34
1 zd" 164  xd

d= i/32M L B2CI8TD) 6 r0in ans.
no (30 000)

,
b = —=
&) 7= =74

d= ‘/4—V = _4(300) =0.206 in  Ans.
T 7(15000)

© LAV _ 4 VO
34 3(7rd2/4)

d= \/i“_V = (2 A0 o380 dns.
3t 3 7(15000)

3-44 ! N
Y A

iy

q:—F<x>_l+pl (x—l>o—¥<x—l>l+terms forx>/+a

V=-F+p, (x—l}l—%@c—l}z + terms forx >/+a

M :—Fx+%<x—l>2 —M<x—l>3 + terms forx >/+a

6a
At x=(+a)", V=M =0, terms forx>/+a=0

ptp, 2F

FipatiPgo0 = pop=2E 0
2a a
2
Flvay+ B PEP g o gy SSEUED)
2 6a a
2F 2F
From (1) and (2) p=—0Bl+2a), p,=—(3l+a) 3)
a a
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From similar triangles i - ¢ = b= _aP, 4)
b, Dtp ptp,

Mmax occurs where V=10

M = —F(l+a—2b)+%(a—2b)2 —%(a—zbf
a

F

X, =l+a-2b

= —Fl-F(a —2b)+%(a —2b) —%(a %
a

The fractional increase in the magnitude is

_ F(a—2b)—(p,/2)(a—2b) +[(p, + p,)/6a |(a—2b)’
Fl

()

For example, consider F = 1500 Ibf, a=1.2in,/=1.5in

From (3) P = 2(1500)[315 +2(1.2) | =14 375 Ibf/in

P, = 2(1500) [3(1.5)+1.2]=11 875 Ibf/in

From (4) b=1.2(11875)/(14 375 + 11 875) = 0.5429 in

Substituting into (5) yields
A=0.036 89 or 3.7% higher than -F/
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3-45 1800 1bf 300 Ibf/in
R, =22050 +%1800 = 6900 Ibf l
- X
4 10in 48 30 in L C
R, =M—;—glsooz39oo Ibf Ry
3900 . . van| R0
a=——n=131n
300 ) ] \'
Mp=-1800(10) = —18 000 Ibf'in -1800
-3900
M, =27in = (1/2)3900(13) = 25 350 1bf-in ”
(Ibfin) i
_0.53)+2.503) .
y=———-"-H-+= 1.51n 0 X
I, = é(3)(l3) =0.25 in* -18000
1
I,=—1)(3’)=2.25in*
2=15 (H3")
Applying the parallel-axis theorem, 9 3 2.5in
1.=[025+3(1.5-0.5)" |+[2.25+3(2.5-1.5)° | =8.5 in* 1in} [0 ¥=15in
(a)
Atx=10in, y=-15in, o, = —%ﬁ”h —3176 psi
Atx=10in, y=25in, o, = —%:5294 psi
Atx=271n, y=-15in, o, = —%(5_1'5) = 4474 psi
Atx=27in, y=25in, o, = —%05(2'5) =—7456 psi
Max tension = 5294 psi Ans.
Max compression = —7456 psi Ans.

(b) The maximum shear stress due to V' is at B, at the neutral axis.
V. .. =5100 Ibf

0=y4'=1252.5)1)=3.125 in’

(fu) _Vo _5100(3.125)
B /. 8.5(1)

(c) There are three potentially critical locations for the maximum shear stress, all at

=1875 psi Ans.
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x =27 in: (1) at the top where the bending stress is maximum, (ii) at the neutral axis
where the transverse shear is maximum, or (iii) in the web just above the flange where
bending stress and shear stress are in their largest combination.
For (1):
The maximum bending stress was previously found to be —7456 psi, and the shear
stress is zero. From Mohr’s circle,

|Cue| 7456
Tmax = =
2
For (ii):
The bending stress is zero, and the transverse shear stress was found previously to be
1875 psi. Thus, Zmax = 1875 psi.

=3728 psi

For (iii):
The bending stress, at y = — 0.5 in, is
o, = ——_180(;05(_0'5) =-1059 psi

The transverse shear stress is
0=y4=1)3)1)=3.0 in’
= Q ~5100(3.0)

=1800 psi
1b 8.5(1)

From Mohr’s circle,

2
T = \/(g] +1800% =1876 psi

The critical location is at x =27 in, at the top surface, where zmax = 3728 psi. Ans.
3-46 2kN
- 100 mm 41
A
C —4—o
B 1 ¢
50 mm
50 mm [

Cross section at wall

(@)  I=bh/12="50(50%)/(12) = 520.83 (10*) mm*

Element 4:
-2000(200)(50/2
o= ( )(3 ) 192 MPa
)i 520.83(10 ) ns
z'A:@’ 0,=0 = 7,=0

1b
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Element B:

GBz—@, Y, =0 = 0,=0
0, =, 4’ =(25/2)25(50)=15.625(10° ) mm’

70, 2000(15.625)10°

- —~1.20 MP Ans.
L7 520.83(10°)50 : "
Element C:
~2000(200)(25/2)
L= . -9.60 MPa
520.83(10 )
0. :(25/2+25/4)(25/2)50=11.719(103) mm’®
2000(11.719)10°
T = ; =0.90 MPa Ans.
520.83(10 )50
(b) Point 4:

7 =—4=—""-=96 MPa Ans.
2 2

m Cﬁ ] -

Point B:
T

i
\ r =r,=120 MPa Ans.
or

Point C:

T\
| 5
N =)
| ’ 9.60Y’
| - (—j +0.9% =4.88 MPa Ans.
0,7 2

(¢) Point A is critical. Ans.
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(d) Transverse shear does not change with respect to the length of the beam.

(z,) :&:Mﬂ.zo = L[=250mm  Ans.
m T 2(520.83)10

3-47 1= (n/64)40* = 125.66(10°) mm*, J=2I »
(a) Point 4: |
50(10° )10(40/2
o, =i (0)1004972) 25 6 vipa a |76 s
1 125.66
Ans.
T, 800(10°)(40/2) — 637 MFa
== -~ =63.7 MPa
J 2(125.66)10

Point B: —

o,=0 l 5 I o

50(10° Ans.
34 37(40/2) |
2

Point C:

o.=0 — 1163 MFa

Ty Ans.
fe =7yt =53.1+63.7=116.8 MPa I c [ __x
B
(b) Point 4:
7 (MFPa)

//><.6,53.?

2
\O SR :\/(%j +63.7° =751 MPa  Ans.
0,627

Point B:

r (MF3)
0, 531

(Tmax)B = 53.1 MPa AI’lS.
| o (W &)

0,-53.1
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Point C:

T (MFa)
0, 1168
| & (MFa)
(Tmax)c = 116.8 MPa Ans.
0,-1162
(€) Tmax=116.8 MPa at point C Ans.
3-48 (a) L =10 in. Element 4: "
S My —(1000)(10)(9.5) (107) =101.9 kpsi % g
1 (7 /64)(1) : o4
N )___.__E__"'
TAZQ, 0=0 = 7,=0 vl / i
Ib
o, Y 101.9'’ Z
T = (—AJ +70 = (—j +(0)*> =509 kpsi ~ Ans.
2 2
Element B:
B:—&, y=0 = o0,=0 4
ar \( zrt) 41 4(0.5)3 i :*_ l
0=y'4'= (—j = = =1/12 in’ -1
3w 2 ) 6 S|
= yo _ 1000)(1/12) 12) (107°)=1.698 kpsi #
b (7/64)(1)* (1)
O 2
e = (Ej +1.698° =1.698 kpsi  Ans.
y
Element C: c
I-i'—'
_ | 0.
=My ~(1000)10)0.25) (107)=5093kpsi ~ <1} L=
1 (7 /64)(1) | X
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0= yad=[ y@xdy=| y(2\/r2 -’ )dy

r

For C, y1 =7 /2=0.25 in

0= %(0_52 ~025%)"" =0.05413 in®

b=2x=2r* -y} =205 —0.25* =0.866 in

_ _VO _ (1000)(0.05413)
T Ib (x/64)(1)*(0.866)

(10°)=1.273 kpsi

2
T o= \/(?j +(1.273)> =25.50 kpsi ~ Ans.

(b) Neglecting transverse shear stress:
Element 4: Since the transverse shear stress at point A4 is zero, there is no change.
7. =509 kpsi Ans.

% error =0% Ans.

Element B: Since the only stress at point B is transverse shear stress, neglecting
the transverse shear stress ignores the entire stress.

0y .
7 =.—| =0ps1 Ans.
max (2) p
1.698-0

% error:( 1698

j* (100) =100% Ans.
Element C:
2
Tome = (%j =25.47 kpsi  Ans.

25.50-25.47
25.50
(¢) Repeating the process with different beam lengths produces the results in the table.

% error :( J*(IOO) =0.12% Ans.
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Bending Transverse Max shear Max shear
stress,
stress, shear stress, stress, neglecting z % error
o (kpsi) 7 (kpsi) Tmax (kpsi) o (kpsi)’

L=10in

A 102 0 50.9 50.9 0

B 0 1.70 1.70 0 100

C 50.9 1.27 25.50 25.47 0.12
L=4in

A 40.7 0 20.4 20.4 0

B 0 1.70 1.70 0 100

C 20.4 1.27 10.26 10.19 0.77
L=1in

A 10.2 0 5.09 5.09 0

B 0 1.70 1.70 0 100

C 5.09 1.27 2.85 2.55 10.6
L =0.1in

A 1.02 0 0.509 0.509 0

B 0 1.70 1.70 0 100

C 0.509 1.27 1.30 0.255 80.4

Discussion:

The transverse shear stress is only significant in determining the critical stress element as
the length of the cantilever beam becomes smaller. As this length decreases, bending
stress reduces greatly and transverse shear stress stays the same. This causes the critical
element location to go from being at point 4, on the surface, to point B, in the center. The
maximum shear stress is on the outer surface at point 4 for all cases except L =0.1 in,
where it is at point B at the center. When the critical stress element is at point 4, there is
no error from neglecting transverse shear stress, since it is zero at that location.
Neglecting the transverse shear stress has extreme significance at the stress element at the
center at point B, but that location is probably only of practical significance for very short

beam lengths.
3-49
c
R=7F ) 1F
M:%Fx 0<x<a : . X
[

6M  6(c/l)Fx TR] TRw

U: 2 = 2 =~
bh bh

h= bFcx 0<x<a Ans.
Ibo
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3-50 From Problem 3-49, R, = %F =V, 0<x<a
maxzél:E(C/l)F h:i fe Ans.
2bh 2 bh 21br_,
From Problem 3-49, h(x)= 6Fcx e
Sub in x = e and equate to /4 above. C - %
quate to / above 5 X N
3 Fc _ |6Fce ¥ ~
2ibr. \lbo_ \ heo)
e= E Fco;max Ans.
8 bt
3-51 (a)
x-z plane
M, =0=1.5(0.5)+2(1.5)sin(30°)(2.25) - R,.(3)
R,  =1375kN Ans.
XF =0=R_—-1.5-2(1.5)sin(30")+1.375
R_.=1.625kN Ans.
x-y plane
IM, =0=-2(1.5)cos(30")(2.25)+ R, ,(3)
R, =1.949 kN  Ans.
LF,=0=R —2(1.5)cos(30°) +1.949
R, =0.6491kN  Ans.
(b)
. — 1.625 kN 1.375 kN
| Civiy, l
4 A —| I t I I I
0.6491 kN 1.949 kN “ 2sin(30°)
1.5kN
7 (kN) Yz (k) 1375
0.6491 ‘
e 0375 e ¢ -0.125 —1375—>
-1.625
-1.949 y
M, 0.9737 L (eNem)
(L(N.m) o] X
(0] X /
-0.8125 1
-0.9375 -0.9453
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(¢) The transverse shear and bending moments for most points of interest can readily be
taken straight from the diagrams. For 1.5 <x <3, the bending moment equations are
parabolic, and are obtained by integrating the linear expressions for shear. For
convenience, use a coordinate shift of x’ =x —1.5. Then, for 0 <x' <1.5,

V., =x"-0.125

N2
M, = [V.dx ) giaseec
2

Atx'=0,M =C=-09375 = M = 0.5()6’)2 —-0.125x"+0.9375

V = —%x'+0.6491 =-1.732x"+0.6491
1.125

M= —-1.732

z

(x') +0.6491x"+ C

Atx'=0,M_=C=09737 = M_=-0.8662(x")" —0.125x'~0.9375
By programming these bending moment equations, we can find M,, M-, and their vector
combination at any point along the beam. The maximum combined bending moment is

found to be at x = 1.79 m, where M = 1.433 kN-m. The table below shows values at key
locations on the shear and bending moment diagrams.

M, M- M
x(m) | V- (kN) | ¥, (kN) | 7 (kN) | (kN-m) | (kN-m) | (kN-m)
0 | -1.625] 0.6491 | 1.750 0 0 0
0.5- | -1.625 | 0.6491 | 1.750 |-0.8125] 0.3246 | 0.8749
1.5 |-0.1250| 0.6491 | 0.6610 | 0.9375 | 0.9737 | 1.352
1.625 0 | 04327 [ 04327 [-0.9453 ] 1.041 | 1.406
1.875 [ 02500 | 0 [ 0.2500 |-0.9141] 1.095 | 1.427
3 1375 | -1.949 | 2.385 0 0 0

(d) The bending stress is obtained from Eq. (3-27),
Gx — _szA + MyZA
I I,
The maximum tensile bending stress will be at point 4 in the cross section of Prob. 3-35
(a), where distances from the neutral axes for both bending moments will be maximum.
At A, for M., y4 =-37.5 mm, and for M,, z4 =20 mm.
7 40(75)° B 34(25)°
: 12 12
3 3
I =2 25(40) N 25(6)
g 12 12
It is apparent the maximum bending moment, and thus the maximum stress, will be in the

parabolic section of the bending moment diagrams. Programming Eq. (3-27) with the
bending moment equations previously derived, the maximum tensile bending stress is

=1.36(10°) mm* =1.36(10°) m*

=2.67(10°) mm* =2.67(107) m*
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found at x = 1.77 m, where M, =—0.9408 kN'-m, M. = 1.075 kN-m, and ox = 100.1 MPa.
Ans.

3-52
(a) x-z plane
M,=0 1000)(4 600 10)+ M
- —( @)= 10+ My,
M, =1842.6 Ibf-in  Ans.
SF.=0=R, — (1 000)+ 2%
N2}
R, =175.71bf Ans.
x-y plane
600
M, =0= ——(1000)(4) —T(IO) M,
M, =744251bf-in  Ans.
600
SF,=0=R,, - (1000) 5
R, =12243 lbf Ans.
(b)
800 Ibf 4243 bf 175.7 Tbf 4243 Ibf
y l |
7442.6 lr . 18426 x
Ibf-in \ ' ' Ibf-in
1224.3 Ibf z
600 1bf
¥, (Ibf) 1223 v, (Ibf) 4243
4243
0 L, 9, x
T757
M, M,
(Ibfin) (Ibfin)
0 x o i
-25454
7442 6 // _1842.6\/
25454
©

v =V, 7. ]
M) =[M () +M (]
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xm) | V.&kN) | 7 &N) | VEN) | M, (kKN-m)| M. (kN-m) | M (KN-m)
0 -175.7 | 12243 1237 | —1842.6 | —7442.6 | 7667
4 ~175.7 | 12243 1237 | 25454 | 25454 | 3600
10- 4243 424.3 600 0 0 0

(d) The maximum tensile bending stress will be at the outer corner of the cross section in
the positive y, negative z quadrant, where y = 1.5 in and z = -1 in.

I 2(3)°  (1.625)(2.625)°

Z =2.0511in*
12 12
3 3
; 232y (2.625)1.625) | oy in¢
v 12 12
Atx =0, using Eq. (3-27),
M
o =My M7
I I,
__(TAR65) | (126D _ (oo,
2.051 1.601

Check at x =4 in,
_ (—2545.4)(1.5) N (—2545.4)(-1)

* 2.051 1.601

=2706 psi

The critical location is at x = 0, where ox = 6594 psi.  Ans.
A
3-53 (a) Moments at A: M, =300(0.050) =15 N+m,
M:=200(0.055) =11 N+m, Torque at 4: T, =200(0.060) =12 N+m g
M= M2 + M2 =15 +11* =18.601 N-m 2
0 =tan" M. |- tan™' (E) =36.25° Critical Point A
M, 15 b
Critical point will be 90° from &, i.e. 126.25° from the vertical y axis.  Ans.
(b)
M|c 32|M| 32(18.601)
Opend = = = ~ 107 =109.6 MPa
[ zd z(0.012°)
F _4F  4(300)

o == - 10 =2.65 MPa
will g xd? 7[(0.0122)

. =109.6+2.65=112.3 MPa
167, 16(12)
T= = =
J nd’ 7[(0.0123)

Gtotal = Gbend +0

10° =35.4 MPa
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112.3 MFPa
- X
Ans.

— = 354 MPa

=
(c) T Pa)
Tm,ax
(12373 5)
b p s  (IdPa} Ans.
3 2 1
(0, - 35.4)
—

2
@ "2 oseoura w22 s <esawrg
0,=C+R=562+66.4=122.6 MPa, o, =0,
0,=C-R=562-66.4=-10.2 MPa Ans.
r =R=66.4 MPa

3-54

(a) Moments at 4: M, = — 200(0.060) = — 12 N+m, M. =300(0.095) =28.5 N*m
Torque at 4: Tx =—300(0.050) =— 15 N*m Y

— — 2 — Jil
[M|= M2+ M7 = |(-12)’ +28.5 =30.92 N-m f\
0 =tan"' M, = tan”' (ﬁjzllliﬁ‘) ‘
M, 12 )< 4
yl‘
Critical Foint

Critical point will be 90° from 6, i.e. 202.8° from the vertical y. axis. Ans. ©
M|c  32|M| 32(30.92)

Gbend = = 3 = 3
I zd 7(0.012°)

F 4F 4(200)
Gaxial == 2 = 2
A4 zd® 7(0.012%)
Ol = Ovend T Ot = 182.3+1.77 =184.1 MPa
Tc 16T,  16(15)

T = = =

J zd _7z(0.0123)

10° =182.3 MPa

10°=1.77 MPa

10° =44.2 MPa

Shigley’s MED, 11 edition Chapter 3 Solutions, Page 43/114



—= 442 MPa

1841 MPa
* Ans.

(© r (IMPa)

(0, 44.2) Ans.

(184.1,-44.2)

2
(d) Cz%z%.l MPa, R =\/(%j +44.2° =102.1 MPa
0,=C+R=92.1+102.1=194.2 MPa, o, =0,
0,=C—-R=92.1-102.1=~-10 MPa Ans.
7 .. =R=102.1 MPa

3-55 (a) Moments at 4: M, = 60(5) +200(5.5) = 1400 Ibf+in, r g
M.=—(300—75)5.5=— 1238 Ibf*in, g
Torque at 4: Tx =—75(5) =— 375 Ibf+in

M| = M2 + M7 = \[1400” +(~1238)" =1869 Ibf -in i /\y
taanl(MzJ nl(_1238 \J

—J =318.5=-41.5°
1400

Critical Point /-'—_ g

y
Critical point will be 90° from 6, i.e. 48.5° from the vertical y axis. Ans.
®) M|c  32|M| 32(1869) 107 2 45.13 kos
O, = = = = . S1
1 xd 2(075°) P

F_4F _ 4(60)

O . .AbhA=—= —

axial A 7Z'd2 7[(0752)
otal =45.126+0.136 =45.3 kpsi
Tc 16T, 16(375)

X

J  rzd 7(0.75%)

=136 psi

(o3 =Oenq T O,

axial

107 =4.53 kpsi

T =
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——— 453 kpsi s

45.3 kpsi
- T

(©)

Ans.

2
(d C= % =22.7kpsi, R= \/(%J +4.53% =23.1 kpsi
0,=C+R=227+23.1=45.8kpsi, o, =0,
o, =C—-R=22.7-23.1=-0.45 kpsi Ans.
7. =R=23.1kpsi

3-56 Given: b=3.61in,c=2.51n, and /=40 in.
From Table A-5, G = 11.5 Mpsi. From Table A-20, S, = 42 kpsi.
(a) For the table for Eq. (3-40), b/c =3.6/2.5=1.44

a ble_
0.208 1
a 1.44
0.231 1.5

0231-a 1.5-1.44
0.231-0.208 1.5-1
Equation (3-40):

T 30(10°) _ ,
Toax = > = ~=15850 psi=35.85 kpsi Ans.
abc®  0.228(3.6)2.5

(b) For the table for Eq. (3-41), b/c =3.6/2.5 = 1.44

=0.12 = a= 0.231—0.12(0.231—0.208) =0.228

g bl
0.141 1
B 1.44
0.196 1.5
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0.196-p4 1.5-1.44
0.196-0.141 1.5-1

=0.12 = ﬂ:0.196—0.12(0.196—0.141)=0.189

Equation (3-41):
71 30(10°)40
0= 34 3 6
Bbc’G  0.189(3.6)2.5° (11.5)10
(¢) S5y =0.5(42) =21 kpsi. Yield factor of safety,
S 21

n =—-—=—"-=3.59 Ans.
Toor 5.85

max

=9.815(10") rad =0.562°  Ans.

3-57 Given: 250 hp at 540 rev/min, zaow = 15 kpsi.
Eq. 3-42): T = 63025 03023, _ 29.178(10°) Ibf-in
n 540
Eq. (3-41) with table where for square cross-section, b/c =1

T 29.178(10°)

T = =
™ 0.208bc” 0.208b°
From Table A-17,use b = 2% in Ans.

=15(103) = b=2.107 in

3-58 Given: 7=50 kN-m. OD =300 mm, =2 mm, and /=2 m.
J = (1/32)(0.300* — 0.296*) = 4.157(10~°) m*. From Table A-5, G = 79.3 GPa.
(a) Eq. (3-37):
7 50(10°)0.15
T ==
"™J 0 4157(107)
(b) Eq. (3-45):

10°=180.4 MPa Ans.

T 50(10°)
T = =
"4, 2(x/4)0.2982(0.002)

Answer is 0.67 percent lower than part (a).
(¢) Eq. (3-35):

10°=179.2 MPa Ans.

g-1L _ 50(10°)2 =0.0303 rad =1.74° Ans.
JG 4.157(10-5)79.3(109)
(d) Eq. (3-46):
Ll 50(10°)7(0.298)2

=0.303 rad =1.74°  Ans.

L AGA4 4(793)10° [(7/4)0.208 T 0.002

Within the same accuracy, the answer is the same as part (c).
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3-59 Given: Rectangular tube with inner dimensions 1.5 in x 2.0 in, ¢ = % in, 1035 CD steel,

n = 540 rev/min, and Sy, =0.5 S,.
(a) Table A-20, S, = 67 kpsi. Factor of safety against yield, n, = 2. For the table for Eq.
(3-40), with b/c = 2/1.5 = 1.333,

_a bk
0.20 1

a 1.333
0.231 1.5

0231-a  1.5-1.333
0.231-0.208 1.5-1

=0.3333 = a:0.231—0.3333(0.231—0.208)=0.2233

Eq. (3-40):
T T 0.55, 0.5(67)10° .
T =—— = = (67) = T=16.83(10°) Ibf-in
abc®  0.2233(2)1.5 n,
Eq. (3-42):
16.83(10°)540
__ T _168300°) ~ 144 hp Ans.
63 025 63 025
(b) Eq. (3-45):
058, T
Tmax = =7
n, 24t
0.5(67)10° T

2 of(15+1)(20+ )] = T=14.46(10°) Ibf in
14.46(10)540
H=
63 025

=124 hp Ans.

3-60 Outer dimensions 20 x 30 mm, =1 mm, /=1 m, 1018 CD steel, S5, =0.5 S,.
Table A-20, S, =370 MPa. S;,=0.5(370) = 185 MPa. Table A-5, G =79.3 GPa.
(a) 4»=19(29) =551 mm?.

Eq, (3-45):
TZ%”JZISS(lOé) = T=2(551)10°(0.001)185(10°)=204 N-m  Ans.
(b) Eq. (3-46):
-3
0= 0=t = o L) - TREEIO L, 75 e s
4GA’t 180/ 4(79.3)10°(551)"107"%(0.001)
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3-61 (a) The area within the wall median line, 4, is
Square: A, =(b—1)*. From Eq. 3-45) [ ommmemit

Ty = 24,17 = 2(b—1) 17y
Round: A, =z(b-1)*/4
Ty=2n(b—1)tr, /4

_____________

Ratio of Torques = b

T, 20—t
S X 2) T2 107 ans.
Ly #mb-t)try/2 =

(b) Twist per unit length from Eq. (3-46) is

TLm _ 2Izlmtz-alle _ Tall Lm _ Lm

0 = = = Zall Zm _
' 4GAt 4G4t 2G A, A

m

Square:
4(b—t
b =C ( 2)
(b-1)
Round:

9d=C

z(b—t) 4(b—1)
=C
x(b—1*/4  (b—1)

¥ —1. Twists are the same. Ans.

rd

3-62 (a) The area enclosed by the section median line is 4, = (1 — 0.0625)* = 0.8789 in? and
the length of the section median line is L, = 4(1 — 0.0625) = 3.75 in. From Eq. (3-45),

T =24, 1t = 2(0.8789)(0.0625)(12 000) =1318 Ibf -in  Ans.

From Eq. (3-46),
TL,l (1318)(3.75)(36)

= = - > =0.0801rad =4.59° Ans.
4GA2t 4(11.5)(10 )(0.8789) (0.0625)

¥

(b) The radius at the median line is 7, = 0.125 + (0.5) (0.0625) = 0.15625 in. The area enclosed
by the section median line is 4, = (1 — 0.0625)? — 4(0.15625)% + 4(xr /4) (0.15625)*> = 0.8579
in?. The length of the section median line is L, = 4[1 — 0.0625 — 2(0.15625)] + 27 (0.15625) =
3.482 in.
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From Eq. (3-45),
T =24,tr =2(0.8579)(0.0625)(12 000) =1287 Ibf -in  Ans.
From Eq. (3-46),

TL 1287)(3.482)(36
0=61= ”’2] = ( c X )(2 ) =0.0762 rad =4.37" Ans.
4Gd,r - 4(11.5)(10°)(0.8579)% (0.0625)
3-63
3T, 6,GLc;
01 — i 5 — Tz — 1 iCi
GL.c; 3
3
T=T+T,+T, =%2L,.c§ Ans.
i=1
From Eq. (3-47), 7= Géc
G and 6 are constant, therefore the largest shear stress occurs when ¢ is a maximum.
Toax = GO Cax ~ Ans.
3-64

(b) Solve part (b) first since the angle of twist per unit length is needed for part (a).
T . =T =12(6.89):82.7 MPa

max allow
82.7 (1 0° )

g = —max__ : =0.348 rad/m  Ans.
G 79.3(107)(0.003)
(a)
3 0.348(79.3)(10° ) (0.020)(0.002°
- _60La (79.3)(10° ) 0.020x a7 Nm dns
3 3
S 0.348(79.3)(10°)(0.030)(0.003°
T2:92G3L262: (19:3)(10") 0.030x ) _745N-m dns
3 0.348(79.3)(10° ) (0)(0°
T3:t93G3L3c3 _ 0.348( >3( )(0X( )0 tns

I'=T+T,+T,=147+745+0=892 N-m Ans.
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3-65
(b) Solve part (b) first since the angle of twist per unit length is needed for part (a).

g = —max 12000 =835(107) rad/in  Ans.

G 11.5(10°)(0.125)

(a)
-3 6 3
- glgilcg _ (8.35)(10 )(11.5)(;0 )(0.75)(0.0625 )=5.86 b s
-3 6 3
- 6’2G3L2C§’ _(833)(10 )(11‘53)(10 J(1)(0-125 ):62.52 Ibf-in  Ans.
-3 [3 3
T, = ‘93G§3033 - (8'35)(10 )(11'5)(130 )(0'625)(0'0625 ):4.88 Ibf-in Ans.

T=T+T,+T,=586+62.52+4.88=733Ibf-in Ans.

3-66
(b) Solve part (b) first since the angle of twist per unit length is needed for part (a).
Toax = Tatow = 12(6.89) =82.7 MPa

max — “allow
; 82.7(10°)

6 =—"8-= =0.348 rad/m  Ans.
GCpax 79.3(109)(0.003)
(a)
3 0.348(79.3)(10”)(0.020)(0.002°
- 06k (79:3(10") 0.020) ) 147 Nem ans
3 3
3 0.348(79.3)(10%)(0.030)(0.003°
_6.GLe; _ (79.3)(10)(0.030( ) o asNem s
3 3
3 0.348(79.3)(10°)(0.025)(0.002°
T3=‘93G3L3C3 _ 0348793 3)( JO02) _ sanem  ns
IT'=T+T,+T,=147+745+1.84=10.8 N-m  Ans.

3-67
(a) From Eq. (3-40), with two 2-mm strips,
6 2
bl (80)(10°)(0.030)(0.002° oSN
3+1.8/(b/c) 3+1.8/(0.030/0.002)

T,..=23.08)=6.16 N-m Ans.
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From the table for Eqgs. (3-40) and (3-41), with b/c =30/2 = 15, a = f and has a value between
0.313 and 0.333. From Eq. (3-40),

o~ ! =0.321
3+1.8/(30/2)

From Eq. (3-41),
Tl 3.08(0.3)
0= 30 3 9
pbc’G - 0.321(0.030)(0.002° )(79.3)(10)
T 616

k,=—=—-—=408N-m Ans.
6 0.151

=0.151rad Ans.

From Eq. (3-40), with a single 4-mm strip,
r b (80)(10°)(0.030)(0.0047)

ax =X = =11.9N-m Ans.
3+1.8/(b/c) 3+1.8/(0.030/0.004)

Interpolating from the table for Egs. (3-40) and (3-41), with b/c =30/4 =17.5,

B = 7; _66 (0.307-0.299) +0.299 = 0.305

From Eq. (3-41)
Tl 11.9(0.3)

o= BhG 0.305(0.030)(0.004° )(79.3)(10°)

r_ 19 =155N-m Ans.

‘"9 0.0769
(b) From Eq. (3-47), with two 2-mm strips,

=0.0769 rad  Ans.

. LC;T i (0.030)(0.00322)(80)(106) 0N

T =2(3.20)=640N-m Ans.
g 3T _ 3(3.20)(0.3)
T 30 3 9
Lc*G - (0.030)(0.002°)(79.3)(10°)
k =T/0=640/0.151=42.4N-m Ans.

=0.151rad Ans.

From Eq. (3-47), with a single 4-mm strip,

T = L't (0‘030)(0.0042)(80)(106)

X =128 N-m Ans.
3 3
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371 3(12.8)(0.3)
Le*G - (0.030)(0.004°)(79.3)(10°)
k =T/60=12.8/0.0757=169 N-m  Ans.

=0.0757 rad Ans.

The results for the spring constants when using Eq. (3-47) are slightly larger than when using
Eq. (3-40) and Eq. (3-41) because the strips are not infinitesimally thin (i.e. b/c does not equal
infinity). The spring constants when considering one solid strip are significantly larger (almost
four times larger) than when considering two thin strips because two thin strips would be able

to slip along the center plane.

3-68

(a) Obtain the torque from the given power and speed using Eq. (3-44).

T = 9.55£ =9.55 (40000) =1528 N'm
n

Tr 16T
Thax = 5 — 3
J  rzd?

1/3

1/3

d =( 1o7 J = 16(152‘8) =0.0223 m=223 mm Ans.
T max 72'(70)(106)

H (40000)

(b) T=9.55"-=9.55
n

=1528 N-m

1/3

d:w =0.0481 m=48.1mm Ans.

7(70)(10°)

3-69
(a) Obtain the torque from the given power and speed using Eq. (3-42).
7o 63025H _ 63025(50) 1261 Ibf -in

n 2500
Tr 16T

Thax =5 =3
J zd?

13 13
16(1261
dz( 167 j z{ ( )} =0.6851n Ans.

7T ax 7(20000)
(b) T= 03025H _ 63 02255550) =12610 Ibf -in

d:[16(12610)

/3
=148 in Ans.
7(20000)
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3-70

3 (50)(10°)7(0.03°
z-max=167; = T:Tmaxﬂ'd :( )( ) ( ):265 N-m
zd 16 16
Eq. (3-44), H =" =265(2000)=55.5(103) W =555 kW Ans.
9.55 955
3-71
PP =Z(110)(10°)(0.020°) =173 N-m
zd 16 16
0.020*)(79.3)(10%)[ 15-=-
TI 7d*Go d J(793)( )( 180)
O=—— = = =
JG 327 32(173)
[=1.89m Ans.
3-72
PR (A ) 000)(0.75% ) = 2485 Ibf -in
zd 16 16
_ I 324” = 32(5485)(24) —=0.167 rad =9.57°  Ans.
JG  7d'G  x(0.75*)(11.5)(10°)
3-73
JTmax T dj T max JTmax T (dj _di4 )z-max
(@) Toq = = 16d, Tholiow = p = 16d,
o 4 36"
%AT = M(IOO%) = d—’4(1 00%) = @(100%) =65.6%  Ans.
Tiotia d, (40 )
(b) Weotia = kdj ) Whotiow =k (doz _diz)
o 2 36°
%AW:M(100%)=‘1—’2(100%)=@(100%)=81.0% Ans.
W,ia d; (40%)
3-74
d* —(xd)*
JTmax ﬂd4z—max JTmax ﬂ[ _(x ) erax
(a) Tsolid = = 16d T, hollow — = 16d
_ 4
%AT:MUOO%): (xd) (100%) = x*(100%)  Ans.

4
solid d
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(b) Weyig = kd’ Whollow =k (dz - (Xd)z)

2

. d

Yor = sotia = Whotiow (1000 = ();2) (100%) = x*(100%)  Ans.
solid

Plot %AT and %AW versus x.

Percent Reduction in

Torque and Weight
100

80 /
/ /
60

40

/ 7/
cesee f..,
20 00 ® s 0._..

0 0.2 0.4 0.6 0.8 1

e \\eight

- = Torque

Percent Reduction

------ difference

The value of greatest difference in percent reduction of weight and torque is 25% and

occurs at x =\/§/2.

3-75

@) S LN 120(106): 4200(d/2) _ 2.81493(104)
J (7;/32)[d4 —(0.70d)4} d
A3
d= M :6.17(10‘2) m=61.7 mm

120(10%)

From Table A-17, the next preferred size is d =80 mm.  Ans.
di=0.7d =56 mm. The next preferred size smaller is di =50 mm  Auns.

(b)
o_Te_ 4200(d; /2) 4200(0.050/2)

I (w32)|d" = (4,)' | ) (7/32)] (0.080)" ~(0.050)' | —AMEe

Ans.
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3-76

T = 9.55£ =9.55 (1500)
n

=1433N-m
1/3

16T 167\" | 16(1433)

t=—5 = de=s|——| S| ———
rdg 7(80)(10°)

From Table A-17, select 50 mm.  Ans.

@ 16(2)(1433)

Pl A Sl

o 7(0.050)

=0.045 m =45 mm
T

:117(106) Pa=117 MPa  Ans.

(b) Design activity

3-77
63 025H 63 025(1)

n

3T 16(7880) 17
PRLLLI N dcz(m—Tj | 1607880) 1 54,
7d; T 7[(15 OOO)

T = 7880 Ibf -in

From Table A-17, select 1.40 in.  Ans.

3-78 For a square cross section with side length b, and a circular section with diameter d,

N

A =4 - =l = b=7”d

square circular

From Eq. (3-40) with b = c,

3
T 18 T(, 18) T( 2 T
r = 34— = 34— |= | == | (4.8)=6.896—
(P ) g bcz( b/cJ b3( 1} d{ ﬂj( ) &’

For the circular cross section,

16T T
(Tmax )circular = 7Z'd3 = 5093?
6.8961
(Tmax ) square d 3
== 7= 1.354
(Tmax )circular 5093 ?
The shear stress in the square cross section is 35.4% greater. Ans.
(b) For the square cross section, from the table for Eq. (3-41), f=0.141. From Eq. (3-41),
esquare = ,Ble3G = ﬂZZG = Tl 7 =11.50 djz:lG
c
0.141{\/;d } G
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For the circular cross section,

T Tl T
0y=——=—r—=1019——
GJ  G(xd*/32) d‘G
g 1150 fl
Jt=——0 1129
O 1019
d'G

The angle of twist in the square cross section is 12.9% greater.  Ans.

3-79 (a)
T, =0.157,

> T=0=(500-75)4)—(T, -T,)(5)=1700—(T, - 0.15T,)(5)
1700-4.257,=0 =  T,=400Ibf  Ans.
T, =0.15(400)=60 Ibf  Ans.
(b)
D M, =0=-575(10)+460(28) - R.(40)
R, =178.25 Ibf Ans.
D> F=0=R,+575-460+178.25
R, =-293.251bf  Ans.

(©
293251bf 575 1bf 460 Ibf 178.25 Ibf
o 10 in 18 in 12 in l

| A B &

7 (Ibf) 293.25

178.25
0 b :
-281.75
M 29325
(Ibfiin)
o \/ -
-2139

(d) The maximum bending moment is at x = 10 in, and is M =2932.5 Ibf*in. Since the
shaft rotates, each stress element will experience both positive and negative bending
stress as it moves from tension to compression. The torque transmitted through the shaft
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from A to Bis T = (500 — 75)(4) = 1700 Ibf-in. For a stress element on the outer surface
where the bending stress and the torsional stress are both maximum,

o _Mc _32M _ 32(2932.5)

1 rd’ 7(1.25)°

T_E_ 16T 16(1700)
J xd®  m(1.25)
)

2
o, o, 2 153
o0,, 0, = 5 * (2) +(Txy) :Ti\/(

o, =16.5 kpsi Ans.

= 4433 psi = 4.43 kpsi

o, =—1.19 kpsi Ans.

Ans.

=15294 psi=15.3 kpsi Ans.

o\ > [(153Y )
Tmax:\/( ij +(Txy) :\/(Tj +(4.43) =8.84 kpsi  Ans.

3-80 (a)
T, =0.15T,

> T =0=(1800-270)(200) +(T, - 7;)(125) = 306(10° ) +125(0.157, - T;)
=  T,=2880 N Ans.

306(10°)-106.257; =0

T, = 0.15(2880) =432 N Ans.

(b)

> M, =0=3312(230) + R.(510)—2070(810)

R.=1794 N Ans.

D> F, =0=R,+3312+1794-2070

R, =-3036 N Ans.
©

Shigley’s MED, 11" edition

|
230mm B 280mm €' 300mm A

X

Q
3036N 332N 179N 2070N
- 2070
276
0
3036
M
(N-m)
0
6983 621
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(d) The maximum bending moment is at x = 230 mm, and is M =—-698.3 N-m. Since the
shaft rotates, each stress element will experience both positive and negative bending
stress as it moves from tension to compression. The torque transmitted through the shaft
from A to Bis T = (1800 — 270)(0.200) =306 N-m. For a stress element on the outer
surface where the bending stress and the torsional stress are both maximum,

Mc _32M _32(698.3)
I xd®  (0.030)

poIr 16T _ 16(306) =57.7(10°) Pa= 57.7MPa  Ans.

J xd®  x(0.030)°
(e)

2 2
A O = e,

o, =275 MPa Ans.
o,=-12.1MPa  Ans.

’ » (263
rma,(:\/(azxj +(7,) =\/(7j +(57.7) =144 MPa  dns.

= 263(103) Pa =263 MPa Ans.

3-81

(a)
T,=0.15T

D T=0=(300-50)(4)+(7, - T;)(3) =1000+(0.157, - T;) (3)
1000-2.557, =0 = T =392.16 Ibf Ans.
T, =0.15(392.16) = 58.82 Ibf Ans.
(b)
D> M, =0=-450.98(16)— R (22)
R.. =-327.99 Ibf Ans.
D> F.=0=R,, +450.98-327.99
R, =—122.99 Ibf Ans.
> M, =0=350(8)+R.,(22)
R., =-127.27 Ibf Ans.
D> F,=0=R,, +350-127.27
Roy =-222.73 Ibf Ans.
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(©)

350 Ibf 122.99 Ibf 45098 Ibf 327.99 Ibf
v T T
; 8in 8in 6 in ; 8 in 8in 6 in .
o A B € - ¢ A B c
222.73 1bf 127.27 1bf
¥ (Ibf)
ol 127.27 122.99
| 0 X
0 x
22273 e
i M) M 1967.84
( (bfin)|  ge3 9y
0]
| ~763.65 0 x
-1781.84

(d) Combine the bending moments from both planes at 4 and B to find the critical

location.
M, = \/(983.92)2 +(—1781.84)> =2035 Ibf -in

M, =+/(1967.84)* +(~763.65)> =2111 Ibf -in

The critical location is at B. The torque transmitted through the shaft from 4 to Bis T =
(300 — 50)(4) = 1000 Ibf-in. For a stress element on the outer surface where the bending

stress and the torsional stress are both maximum,

oM _32M _32(2111)
1 rd’ (1)’

S Tr_1er _ 16(1000)
J #xd®  zQy

=5093 psi = 5.09 kpsi
()

=21502 psi=21.5 kpsi Ans.

Ans.

2 2
oy, 0, = 02" + (%j +(Txy)2 :&i\/(&zsj +(5.09)

o, =22.6 kpsi
o, =—1.14 kpsi

Ans.
Ans.

o\ > |(215Y 2
:\/( 2XJ +(z,) :\/(Tj +(5.09) =11.9kpsi  Ans.
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3-82 (a)
T,=0.15T

ZT:O:(300—45)(125)+(T2—Tl)(150):31875+(0.15T1—T1)(150)
31875-127.57T, =0 = 1, =250 N-mm Apns.
T, =0.15(250)=37.5 N-mm Ans.

(b)
> M,, =0=345sin45°(300) - 287.5(700) - R... (850)

R..=-150.7N  Ans.

D> F.=0=R,, —345c0s45° +287.5-150.7
R,,=107.2 N Ans.

D> M, =0=3455in45°(300)+ R (850)
R.,=-86.10 N Ans.

D> F,=0=R,, +345c0s45° —86.10

R,, =-1579 N Ans.

(©)
1072 N 2440N 2875N 150.7N
y
4 B ' . ‘l’ T )
o 300 mm 400 mm 150mm1 » o 300mm 4 400mm  p 150mm .
1579N 2440N 36.1 N
V(N) V()
86.1 136.8
0 I 0 X
“157.9 1072 -150.7
M M
(N-m) (N-m) 22.56
(@] (0] X
HF 37 -32.16

(d) From the bending moment diagrams, it is clear that the critical location is at 4 where
both planes have the maximum bending moment. Combining the bending moments from
the two planes,
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M =(~47.37)" +(-32.16)’ =57.26 N-m

The torque transmitted through the shaft from 4 to B is 7= (300 — 45)(0.125) = 31.88
N-m. For a stress element on the outer surface where the bending stress and the torsional
stress are both maximum,

Mce 32M _32(57.26)
I zd®  7(0.020)
__Tr_16T _16(3188)
J nd’ 7(0.020)

=72.9(10°) Pa =729 MPa  Ans.

= 20.3(106) Pa =203 MPa  Ans.

)
2 2
o o, 2 729 72.9 2
O 0y == + (2) +(rxy) :Ti\/(Tj +(20.3)

o\ : (729
X . 2
Z-max = \/( 2 j +(Txy) = \/(Tj +(203) = 417 MPa AI’IS.

3-83
(a)
Z T =0=-300(cos20°)(10) + F,(cos 20°)(4)

F, =750 1bf Ans.
(b)
D M, =0=300(cos20°)(16) — 750(sin 20°)(39) +R.., (30)
R., =183.1 Ibf Ans.
D F,=0=R,, +300(cos20°)+183.1-750(sin 20°)
R,, =-208.5Ibf Ans.
D> M,, =0=300(sin 20°)(16) - R...(30) — 750(cos 20° )(39)
R..=-861.5 Ibf Ans.
D F.=0=R, —300(sin 20°) - 861.5+750(cos 20°)
R,. =259.3 Ibf Ans.
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(©)

y

6.5 Ibf

o 16 in A4 14in C 9 B
208.51bf 281.91bf 183.11bf 25
V (Ibf) 256.5

73.4
0
-208.5

M
(Ibf-in)

0

-2308
-3336

2593 Ibf 102.6 Ibf 861.5 Ibf 704.8 1bf

Ol 16 in

14 in 9 in %
A C B
Z
704.8

V (Ibf)
0

X

—
2250 3 -156.7

M

(Ibf-in) X
0

-4149
-6343

(d) Combine the bending moments from both planes at 4 and C to find the critical

location.

M, = \/(—3336)2 +(—4149)> =5324 Ibf -in
M, =+J(-2308)* +(~6343)> =6750 Ibf -in

The critical location is at C. The torque transmitted through the shaft from A to B is
T =300c0s(20°)(10)=2819 Ibf -in. For a stress element on the outer surface where the

bending stress and the torsional stress are both maximum,

oo Me_32M _ 32(6750)

=35203 psi=35.2kpsi  Ans.
I zd  z(125) P P
TIEZ 16]; = 16(28193) =7351 psi = 7.35 kpsi Ans.
J #xd> 7m(1.25)
(e
2 2

o, o, 2 352 35.2 2
RN GRS B
o, =36.7 kpsi Ans.
o, =—1.47 kpsi Ans.

2 2
o, 2 35.2 2 .
r :\/( 2} +(7,,) :\/(Tj +(7.35)" =19.1kpsi  Ans.
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3-84
(a)
> T =0=-11000(cos 20°)(300) + F, (cos 25°)(150)

F,=22810N  Ans.

(b)
> M, =0=-11000(sin 20°)(400) — 22 810(sin 25°)(750) +R.., (1050)

R.,=8319N  Ans.

sz =0=R,, —11000(sin 20°) —22 810sin(25°) +8319

R,, =5083 N  Ans.

ZMOy =0=11000(cos 20°)(400)—22 810(cos 25°)(750) — R, (1050)
R.,=-10830 N Ans.

ZFZ =0=R,, —11000(cos20°)+22 810(cos 25°)—10 830

R, =494 N Ans.

(c)

494N 10337N 20673 N 10830N
3
(‘)l 400mm A 350 mm B 300 mm C g Ol An0 350 mm ¥ 300 mm

T l l ‘t A B C

E

5083 N 3762 N 9640 N 8319 N
V(N) 9843
V(N)
5083
— 11321 0 *
0 % -494
-10830
-8319 - 3249
M N-
Nm 2033 2496 (N-m)
o
X
O X
-198

(d) From the bending moment diagrames, it is clear that the critical location is at B where
both planes have the maximum bending moment. Combining the bending moments from
the two planes,
M =(2496)’ +(3249) =4097 N-m
The torque transmitted through the shaft from 4 to B is
T=11 000c0s(20°)(0.3) =310 N-m.

For a stress element on the outer surface where the bending stress and the torsional stress
are both maximum,
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Mc 32M _ 32(4097)
I xzd®  7(0.050)
__Tr_167 _ 16310D)
J  xd®  7(0.050)

(e

2 2
0, 0, = C; + (%} +(z,) :—3323'9i\/(—3323'9) +(126.3)’

o, =376 MPa Ans.
o,=-424MPa  Ans.

2 2
o, 2 [(333.9 :
. :\/( : J +(z,) :\/(Tj +(126.3)" =209 MPa  Ans.

- 333.9(106) Pa =333.9 MPa  Auns.

- 126.3(10") Pa=1263MPa  Ans.

3-85
(@
(ZMD )z =6.13C_—3.8(92.8)-3.88(362.8) =0 : \ 808 Ibf

C.=28721bf Ans. \l £l
(EM.) =6.13D, +2.33(92.8)~3.88(362.8) = 0
D, =19441bf  Ans.

02.8 Ibf 362.8 Ibf

C; 362.8 Ibf

(EM,) =0 = C, :%(808) =500.9 Ibf  Ans.

(M) =0 = Dzz%(sos):wmuaf Ans.

(b) For DQC, let x’; y’, z’correspond to the original — y, x, z axes.
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808 Ibf 500.9 Ibf

‘-‘-.’
| . 362.8 Ibf 307.L11bf
194.4 Ibf l
92.8 Ibf ,
X' v
D 0 CT | D 0 C
287.2 Ibf
v, vz 307.1
0 o 0 x'
1944
20872 -500.9
M,
z M, 307.1(3.8) = 1167 Ibf-in
287.2(2.33) = 669.2 Ibf-in
0 |\ 5! 0 5

-194.4(3.8) = -738.7 Ibf-in

(¢) The critical stress element is just to the right of O, where the bending moment in both
planes is a maximum, and where the torsional and axial loads exist.

T =808(3.88) =3135 Ibf -in
M =+/669.2> +1167> =1345 Ibf -in
T= 167; = 16(3135) =11070 psi  Ans.
rd z(1.133)
o,=% 32]\34 == 32(1 34? =+9495 psi  Ans.
rd ﬂ(1.13 )
F 3628 =-362 psi  Ans.

o =—=——-""""
o4 (m/e(113)
(d) The critical stress element will be where the bending stress and axial stress are both in

compression.
o, =—9495-362 =-9857 psi

2
\/(—9857J +11070* =12118 psi=12.1 kpsi  Ans.

max

2
—9857i\/(—9857J 070"
2 2

o, =7189 psi=7.19 kpsi  Ans.
0, =—17046 psi=—17.0 kpsi  Ans.

0,,0, =
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3-86
(a) & 406 Ibf
(EM)), =0 | |

6.13C_—3.8(46.6)—-3.88(140)=0
C.=11751bf Ans.

(EM), =0
—6.13D_—2.33(46.6)+3.88(140) =0
D_=709 1bf Ans.

(EM,) =0 = C, =%(406) =251.7 Ibf  Ans.

(IM.) =0 = D, :%(406) =1543 1bf  Ans.

(b) For DQC, let x’, y’, z’correspond to the original — y, x, z axes.

b | ¥ 154.3 Ibf 406 Ibf 251.7 lbf
140 Ibf
170.9 Ibf I ;
46.6 1bf 7
" wt D Q C
D 0 c T
) 117.5 1bf v, s
y' 1}
() % 0 ¥
-70.9 |
1175 2517
M, M, 154.3(3.8) = 586.3 Ibf- in
117.5(2.33) =273.8 Ibf-in
I\ , O .T’
0 x

-70.9(3.8) =-269.4 Ibf-in
(c) The critical stress element is just to the right of O, where the bending moment in both
planes is a maximum, and where the torsional and axial loads exist.
T =406(3.88)=1575 1bf -in

M =+J273.8* +586.3% =647.1 Ibf -in
__ 16T _16(1575)

=8021 psi  Ans.

T
o, =% 32]\34 == 32(6437'1) =16591 psi  Ans.
T
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o =—£= ¢:—178.3psi Ans.

«T Y _(7r/4)(12)

(d) The critical stress element will be where the bending stress and axial stress are both in
compression.

o, =—6591-178.3=-6769 psi

2
T = \/( _6;69j +8021% =8706 psi =8.71 kpsi ~ Ans.

2
0,,0, = 6769, \/( _6769j +80212
2 2

o0, =5321psi=5.32kpsi  Ans.
o, =—12090 psi=—12.1kpsi  Ans.

3-87

92.8 Ibf

92.8 Ibf T 808 1bf
362.8 Ibf

(ZMB )z =-5.62(362.8) +1.3(92.8) +34, =0
A4, =639.4 1bf Ans.
(ZMA )z =-2.62(362.8)+1.3(92.8) +3B, =0
B, =276.6 Ibf Ans.

(ZM;) =0 = AZ:¥(8O8):1513.7 Ibf  Ans.

y

(zM,) =0 = B =202 808)=705.7 Ibf  Ans.
4/)y z 3
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(b)

639.4 Ibf - 1513.7 Ibf
¥
92.8 Ibf ; 1 s
P| 2.621in — 02 8 |bf B — 2.62 1n 4—92.-8 Ib{ B
: X P A 3in
362.8 Ibf 4 3in T ,
705.7 Ibf
¥ (1b)
¥ (Ibf) 362.8 &
(9] x
X
-276.6 IR
M (Ibf-in) 2L
829.8 M (Ibf-in
M (Ibf-in)
0 % o X
12067

(¢) The critical stress element is just to the left of 4, where the bending moment in both
planes is a maximum, and where the torsional and axial loads exist.

T =808(1.3) =1050 Ibf -in

16(1050)
T=—n —

7(0.88°)
M =4(829.8) +(2117)> =2274 Ibf -in
32]‘34 == 32(227?) =+433990 psi  Ans.
zd®  7(0.88)

o, = e —Lz =—153 psi  Ans.

A4 (z/4)(0.88 )

(d) The critical stress will occur when the bending stress and axial stress are both in
compression.

=7847 psi  Ans.

o, =%

O, =—33990-153 =-34143 psi

max

2
T = \/( _342143] +7847% =18 789 psi=18.8 kpsi  Ans.

2
01,0, = i\/(_34143] +7847>
2 2

o, =1717 psi=1.72 kpsi ~ Ans.
o, =—35860 psi=-35.9 kpsi  Ans.
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Gear F 100 N-m
3-88 r
F = T = 100 =1600 N

t_C/2_0.125/2_ ShzlftABCDl

F, =1600tan 20 =582.4 N >(My), =0
= F,(b/2)=1600(0.250/2) = 200 N-m 450R,, —582.4(325) —2667(75) = 0
Te 200 _ N Rp, =865.1N

“(a/2) (0.150)2)
Y(M,), =0=-450R, +1600325) = Rp, =1156N
> F,=0=R,, +865.1-582.4-2667 = R, =2384N

> F.=0=R, +1156-1600 = R, =444 N
AB The maximum bending moment will either be at B or C. If this is not obvious, sketch
the shear and bending moment diagrams. We will directly obtain the combined moments

from each plane.

My =AB /Rjy + R} =0.075V2384” +444> =181.9N-m
Mq=CD /Rf,y +Rp =0.125V865.1° +1156” =180.5 N-m

The stresses at B and C are almost identical, but the maximum stresses occur at B.  Ans.

_32Mp _ 32(1819) _ 68.6(10°) Pa = 68.6 MPa

U = =
B nd? ;z(o.o3o3)
7. =167 _ 16(200) =37.7(106)Pa=37.7 MPa
B 3 3
zd ;z(o.ozso )
2
Oy =2 S (ZBJ +75 = 26+\/{%6J +37.7* =853 MPa  Ans.

R
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Gear F 100 N-m
3-89 r
F T 100 1600 N

t:C/2:0.125/2: Shaft ABCD

Y | Fl!

F, =1600tan 20 = 582.4 N
T = F,(b/2) =1600(0.250/2) =200 N-m
T, 200

"= o102y N

> (M), =0=450R,, —582.4(325) = Rp, =420.6N
>(M A)y =0=-450R,, +1600(325)-2667(75) = R, =711.1N
> F,=0=R,, +420.6-582.4 = R,, =161.8N
> F =0=R, +711.1-1600+2667 = R, =-1778N

The maximum bending moment will either be at B or C. If this is not obvious, sketch
shear and bending moment diagrams. We will directly obtain the combined moments

from each plane.

My =AB\R} +R} = 0.075\/161.82 +(-1778)* =133.9N-m
M. =CD /R})y +R}, = 0.125v420.6% +711.12 =103.3 N-m

The maximum stresses occur at B.  Ans.
2M 2(133.
oy = 2= 32(133 93) =50.5(10°) Pa=50.5 MPa
zd ﬁ(o.ozso )
16T, 16(200)
’Z’B = 3 = 3
7d ﬁ(o.ozso )

=37.7(106) Pa=37.7 MPa
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2

o\ 50.5)
Tnax = (—BJ +75 = (—) +37.7*> =45.4 MPa  Ans.
2 2

2 2
. (U—BJ +72 =£+\/(%) +37.72 =70.6 MPa  Ans.

3-90

Gear F 900 Ibf.in
T 900 pa
c/2 10/2

F,=180tan20 = 65.5 Ibf el ABCD.\| Ny
T, = F,(b/2)=180(5/2) = 450 Ibf -in

Tc —ﬂzlso Ibf

(a/2) (6/2)

150 1bf

P=

450 Ibf+in

65.5 Ibf
450 Ibf-in

(M), =0=20Rp,, —65.5(14)-150(4) = Rj, =759 Ibf

>(M,), =0=-20Ry, +180(14) = R, =126 Ibf
S F,=0=R,, +75.9-655-150 = R,, =140 Ibf
Y F =0=R, +126-180 = R,. =540 Ibf

The maximum bending moment will either be at B or C. If this is not obvious, sketch
shear and bending moment diagrams. We will directly obtain the combined moments
from each plane.

My =E\/Rjy +R%, = 4140% + 54> = 600 Ibf -in

M, = C_D\/ng +RE = 6375.97 +1267 =883 Ibf -in

The maximum stresses occur at C.  Ans.

C32M. 32(883)
zd’ 72(1.3753)
16T, 16(450)

zd® 7(1375°) =882

=3460 psi
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2 2
o =2c, (G_ZCJ +7o =34260+\/(34260] +882% =3670 psi  Ans.

2 2
T = \/(%j +7l = \/{@] +8822 =1940 psi  Ans.

(a) Rod 4B experiences constant torsion throughout its length, and maximum bending
moment at the wall. Both torsional shear stress and bending stress will be a maximum on
the outer surface. The transverse shear will be very small compared to bending and
torsion, due to the reasonably high length to diameter ratio, so it will not dominate the
determination of the critical location. The critical stress element will be at the wall, at
either the top (compression) or the bottom (tension) on the y axis. We will select the
bottom element for this analysis.

(b) Transverse shear is zero at the critical stress elements on the top and bottom surfaces.

_Mc _M(d/2) 32M _ 32(8)(200)

Y1 xd'iea xd z(1)
_Tr T(d/2) 16T 16(5)(200)

: _ _Lor _ — 5093 psi = 5.09 kpsi
U TR R 2l A1) P P

3-91

=16 297 psi =16.3 kpsi

— T =5.09kpsi

X
J | o, = 16.3 kpsi

o o\ 2 16.3 16.3Y’ 2
O,, 0, = 2X + ( zxj +(’Z'XZ) :—2. + (—2 J +(509)

o, =17.8 kpsi Ans.
o, =—146kpsi  Ans.

o ) 163
r :\/( 2XJ +(z,. )2 :\/(Tj +(5.09)2 =9.61kpsi  Ans.
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3-92

(a) Rod 4B experiences constant torsion throughout its length, and maximum bending
moments at the wall in both planes of bending. Both torsional shear stress and bending
stress will be a maximum on the outer surface. The transverse shear will be very small
compared to bending and torsion, due to the reasonably high length to diameter ratio, so
it will not dominate the determination of the critical location. The critical stress element
will be on the outer surface at the wall, with its critical location determined by the plane

of the combined bending moments. ;

critical in

M, = — (100)(8) = — 800 Ibf-in compression

M. = (175)(8) = 1400 Ibf-in " /g\
Mtot: Mj+M22 Z_}M‘ 0

|
= /(~800)’ +1400” = 1612 Ibf -in 1 ¥ oitali
77777777 fension
Mror M,

y

f=tan ( K] =tan”' (ﬂj =29.7°
M 1400

The combined bending moment vector is at an angle of 29.7° CCW from the z axis. The

critical bending stress location, and thus the critical stress element, will be £90° from this

vector, as shown. There are two equally critical stress elements, one in tension (119.7°

CCW from the z axis) and the other in compression (60.3° CW from the z axis). We’ll

continue the analysis with the element in tension.

(b) Transverse shear is zero at the critical stress elements on the outer surfaces.

o, = M}Otc - M““Ed/z) _ M _ 32(16132) — 16420 psi = 16.4 kpsi
nd" /64 d z(1)
__Tr_ T(d/2) 16T 16(5)(175)

— - = = 4456 psi = 4.46 kpsi
J xd*/32 xd’ 7;(1)3 P P

z

———

X
J | g, = 16.4 kpsi

—~— 7= 4.46 kpsi

(©)

2 2
o, oz=02"i (sz +72 =%i\/(%j +(4.46)

o, =-1.13kpsi  Ans.

o\ 16.4Y
T = \/(7) +77 = \/(Tj +(4.46) =933 kpsi  Ans.
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3-93
(a) Rod 4B experiences constant torsion and constant axial tension throughout its length,
and maximum bending moments at the wall from both planes of bending. Both torsional
shear stress and bending stress will be maximum on the outer surface. The transverse
shear will be very small compared to bending and torsion, due to the reasonably high
length to diameter ratio, so it will not dominate the determination of the critical location.
The critical stress element will be on the outer surface at the wall, with its critical
location determined by the plane of the combined bending moments.

¥

M, = — (100)(8) — (75)(5) = — 1175 Ibf-in

M. = (~200)(8) = —1600 Ibfin /‘Kitical

Mtot = M}z’ + M22 % }}I MZ
|
|
|

= J(~1175)’ +(~1600)’ =1985 Ibf -in

M A A
O=tan'| |—| |=tan™' (HjJ =36.3° M, Mror
M. 1600 :

The combined bending moment vector is at an angle of 36.3° CW from the negative z
axis. The critical bending stress location will be +£90° from this vector, as shown. Since
there is an axial stress in tension, the critical stress element will be where the bending is
also in tension. The critical stress element is therefore on the outer surface at the wall, at
an angle of 36.3° CW from the y axis.

(b) Transverse shear is zero at the critical stress element on the outer surface.

— Mtotc — Ml()t (d/z) — 32Mtot — 32(1985)

o = = =20220 psi =20.2 kpsi
x,bend [ ﬂ,'d4 /64 ﬂd3 7[(1)3 p p

O axial = L IZX = 73 =95.5 psi = 0.1 kpsi , which is essentially negligible
A nd° /4 ;;(1) /4

O, =0, siat T O pena = 20220+95.5=20316 psi = 20.3 kpsi

Ir 16T _ 16(5)(200)

J xd’ 7;(1)3

=5093 psi =5.09 kpsi

X
' | 0. = 20.3 kpsi

~— 7= 5.09 kpsi
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2 2
0, 0y = x4 (Gj 7 =—2(;3i\/(—2(;3J +(5.09)

o, =-120kpsi  Ans.

2 2
r= \/(%j + 72 :\/(%] +(5.09)2 =114 kpsi  Ans.

3-94
T=(2)(200) =400 Ibf*in
The maximum shear stress due to torsion occurs in the middle of the longest side of the
rectangular cross section. From the table for Eq. (3-40), with b/c = 1.5/0.25 =6, a=
0.299. From Eq. (3-40),
Toe = r == 400 >=14270 psi=14.3 kpsi  Ans.
abc®  (0.299)(1.5)(0.25)
3-95

(a) The cross section at 4 will experience bending, torsion, and transverse shear. Both
torsional shear stress and bending stress will be a maximum on the outer surface. The
transverse shear will be very small compared to bending and torsion, due to the
reasonably high length to diameter ratio, so it will not dominate the determination of the
critical location. The critical stress element will be at either the top (compression) or the
bottom (tension) on the y axis. We’ll select the bottom element for this analysis.

(b) Transverse shear is zero at the critical stress elements on the top and bottom surfaces.
Mc M(d/2) 32m 32(11)(250)

3

I zd*/64  xd’ (1)
_Tr T(d/2) 16T 16(12)(250)

T = = = =15279 psi =15.3 kpsi
== T d 32 xd (1) P P

=28011 psi = 28.0 kpsi

——

X
l | o, = 28.0 kpsi

e T,,—15.3 kpsi
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(c)
Y , 280 |(280Y
oE 02=02"i (Zj +(7.) ZTi\/( 5 J +(15.3)°

o, =34.7 kpsi Ans.
o, =—6.7kpst  Ans.

2 2
r = \/(Zj +(z.) = \/(%] +(15.3)° =20.7 kpsi ~ Ans.

(a) The cross section at 4 will experience bending, torsion, axial, and transverse shear.
Both torsional shear stress and bending stress will be a maximum on the outer surface.
The transverse shear will be very small compared to bending and torsion, due to the
reasonably high length to diameter ratio, so it will not dominate the determination of the
critical location. The critical stress element will be on the outer surface, with its critical
location determined by the plane of the combined bending moments.

3-96

M, = (300)(12) = 3600 Ibf-in y
M. = (250)(11) = 2750 Ibfin Mror e ———— 3

_ 2 2
M, = My +M:

= |/(3600)’ +(2750)" = 4530 Ibf -in

T
0=tan' M =tan' (—2750j =37.4° e
M 3600 critical

y
The combined bending moment vector is at an angle of 37.4° CCW from the y axis. The
critical bending stress location will be 90° CCW from this vector, where the tensile
bending stress is additive with the tensile axial stress. The critical stress element is
therefore on the outer surface, at an angle of 37.4° CCW from the z axis.

(b)
oo Mac Mu(d12) 32M, _32(4530) o1 a6 s
x,bend Ji rd® | 64 rd® 7[(1)

O axial — i = Fz; = 3020 =382 pSl =0.382 kpSl
“’ A nmd /4 ;;(1) /4

= O sl + O pens = 46142+ 382 = 46 524 psi = 46.5 kpsi
Tr 16T 16(12)(250)

p1r_1of ~ 15279 psi =15.3 kpsi
J o axd () P P

Z
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X
J | g, =46.5 kpsi

—~— 7 =153kpsi

(©)

2 2
. = \/(%j +7 = \/(%] +(15.3)" =27.8 kpsi  Ans.

3-97
(a) The cross section at 4 will experience bending, torsion, axial, and transverse shear.
Both torsional shear stress and bending stress will be a maximum on the outer surface.
The transverse shear will be very small compared to bending and torsion, due to the
reasonably high length to diameter ratio, so it will not dominate the determination of the
critical location. The critical stress element will be on the outer surface, with its critical
location determined by the plane of the combined bending moments.

M, = (300)(12) — (~100)(11) = 4700 Ibf-in
M. = (250)(11) = 2750 Ibf-in

_ 2 2
M, = My +M:

= J(4700) +(2750)" = 5445 Ibf -in

6=tan" M =tan"' (@j =30.3°
M 4700

The combined bending moment vector is at an angle of 30.3° CCW from the y axis. The
critical bending stress location will be 90° CCW from this vector, where the tensile
bending stress is additive with the tensile axial stress. The critical stress element is
therefore on the outer surface, at an angle of 30.3° CCW from the z axis.

(b)

Z

¥

c M, (d/2) _32M,, 32(5445)

M . .
O bend = ; . —/ =55462 psi = 55.5 kpsi
’ 1 nd" ] 64 d ;;(1)
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F F 300

O i =——=———= =382 psi=0.382 kpsi
x,axial A 7Z'd2/4 7[(1)2 /4 p p
O, =0, it T O pena =23 462 +382 =55844 psi=55.8 kpsi
16(12)(250
T:E:MY;: ( )(3 )=15279psi:15.3kpsi
J nd z(1)

X
J | o, = 55.8kpsi

—~— 7 =15.3kpsi
(©

2 2
o, 0'2:02X_ (ZJ +7° :%i\/{%} +(15.3)°

o, =59.7 kpsi Ans.
0, =-392kpsi  Ans.

2 2
T :\/((;Xj +7? :\/(%j +(15.3)2 =31.8kpsi  Ans.

3-98
(a) The cross section at 4 will experience bending, torsion, and transverse shear. Both
torsional shear stress and bending stress will be a maximum on the outer surface, where
the stress concentration will also be applicable. The transverse shear will be very small
compared to bending and torsion, due to the reasonably high length to diameter ratio, so
it will not dominate the determination of the critical location. The critical stress element
will be at either the top (compression) or the bottom (tension) on the y axis. We’ll select
the bottom element for this analysis.
(b) Transverse shear is zero at the critical stress elements on the top and bottom surfaces.

r/d=0.125/1=0.125

D/d=15/1=1.5

K, ouen =139 Fig. A-15-8
K =159  Fig A-15-9
11)(250
Gx_KtbendM —K,bm,%:(l.w) ( )(3 ) =44 538 psi =44.5 kpsi
1 wd 71'(1)
12)(250
£ = Ky = K, ST 130 U2)250) 3 i 212 ki
osion = Ponsion g 7(1)
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X
l | g, = 44.5 kpsi

(© T = 21 2 kpsi

2 2
LS G Z%J@) (2127

o, =53.0 kpsi Ans.
o, =—848 kpsi  Ans.

2 2
r :\/( O;J +(sz)2 :\/(#j +(21.2)2 =30.7 kpsi ~ Ans.

3-99
(a) The cross section at 4 will experience bending, torsion, axial, and transverse shear.
Both torsional shear stress and bending stress will be a maximum on the outer surface,
where the stress concentration will also be applicable. The transverse shear will be very
small compared to bending and torsion, due to the reasonably high length to diameter
ratio, so it will not dominate the determination of the critical location. The critical stress
element will be on the outer surface, with its critical location determined by the plane of
the combined bending moments.

M, = (300)(12) = 3600 Ibf*in WO |
M. = (250)(11) = 2750 Ibf*in e

_ 2 2
M, = My +M:

= |/(3600)’ +(2750)" = 4530 Ibf -in

M.
M (2750 o i
0= tan 1( v J =tan"' (ﬁj =374 critical

The combined bending moment vector is at an angle of 37.4° CCW from the y axis. The
critical bending stress location will be 90° CCW from this vector, where the tensile
bending stress is additive with the tensile axial stress. The critical stress element is
therefore on the outer surface, at an angle of 37.4° CCW from the z axis.
(b)

r/d=0.125/1=0.125

D/d=15/1=1.5

K =1.75 Fig. A-15-7

K,.. =139  Fig A-15-8

4

y

t,axial

t,torsion
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K e =159  Fig. A-15-9

32(4530

O vend = K, vend % =K, yend 32—2\34 = (1.59)(—3) =73 366 psi =73.4 kpsi

’ ’ 1 ’ zd 7;(1)
O, i =K, i L (1.75)% =668 psi = 0.668 kpsi

’ A z(1)" /4
O, =0 i + O s = 73 366+ 668 = 74 034 psi = 74.0 kpsi

16(12)(250
=K, i sion E =K, orsion 16—7; = (1.39)# =21238 psi =21.2 kpsi
' J ’ zd V4

X
J | o, = 74.0 kpsi

—p— =21 2 K8
(©)

2 2
o, o=t || o] 42 _740, 740 +(21.2)°
2 2 2 2

o, =79.6 kpsi Ans.
o, =-5.64kpsi  Ans.

2 2
Tmax :\/(zxj +’Z’2 :\/(?J +(21.2)2 :42.6 kpSl AI’IS.

3-100

(a) The cross section at 4 will experience bending, torsion, axial, and transverse shear.
Both torsional shear stress and bending stress will be a maximum on the outer surface,
where the stress concentration is also applicable. The transverse shear will be very small
compared to bending and torsion, due to the reasonably high length to diameter ratio, so
it will not dominate the determination of the critical location. The critical stress element
will be on the outer surface, with its critical location determined by the plane of the

combined bending moments.
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M, = (300)(12) — (~100)(11) = 4700 Ibf-in s "
M, = (250)(11) = 2750 Ibf-in - !

M, = Mj +M?

= \J(4700)" +(2750)° = 5445 Ibf -in

M (2750 . )
0= tan 1( Y, J =tan"’ (mj =30.3 critical

_y
The combined bending moment vector is at an angle of 30.3° CCW from the y axis. The
critical bending stress location will be 90° CCW from this vector, where the tensile
bending stress is additive with the tensile axial stress. The critical stress element is
therefore on the outer surface, at an angle of 30.3° CCW from the z axis.
(b)

r/d=0.125/1=0.125

D/d=15/1=1.5

K =1.75 Fig. A-15-7

K, won =139 Fig. A-15-8
K e =159  Fig. A-15-9

Z

t,axial

32(5445
O vend = K, bend Me =K, vena 32—]\;[ =(1 .59)(—3) = 88185 psi =88.2 kpsi
1 wd 7;(1)
O, i =K, i L (1.75)% =668 psi = 0.668 kpsi
’ A z(1)" /4
O, =0\ i + O s =88 185+ 668 =88 853 psi =88.9 kpsi
16(12)(250
=K, i sion Ir =K, rsion 167; = (1.39)% =21238 psi =21.2 kpsi
' J ’ d VA 1)

X
l | 0. = 88.9 kpsi

~e—— 7 =21.2 kpsi
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(©)

Q
Q9
Q
I+
=~
Q
~—
+
l\‘I\J
Il
o)

2
89i (88 9) (21 2)
2 2
o, =-4.80 kpsi  Ans.

o\ 88.9 )’
T :\/( 2«*) +7° :\/(T] +(212) =492 kpsi  Ans.

3-101 (a) (Eq. 3-42):

Tn _200(60) _
T 63025 63025

(b) The output torque 7, = (@i /@) T;. But wir1 = @, r2. Thus, T, = (r2/ r1) Ti. So,
=(2.5/1) 200 = 500 1bf+in Ans.

=0.1904 hp Ans.

(c) y
> M,=0, (Fgcos20°(1)-200=0
Fc=212.84 1bf

Z(MB)y 0, 2(FGcos 20°)—3.5R4:= 0
=2(212.84 cos 20°)/3.5 =114.29 Ibf /R

ZF 0 Rp-+114.29 —212.84 cos 20°=0 ~
Rp:=85.71 Ibf

Y (Mp):=0, 2(212.84 sin 20°) + 3.5 (F4), =0
R4y =—41.60 1bf

X F,=0, Rpy—41.60+212.84sin 20°=0 = Rp,=-31.19 Ibf

R, =R + R = \[(~41.60)’ +114.20* =121.6 Ibf Ans.
Ry =R +RE. =(-31.19) +85.71° =91.21 Ibf Ans.

(d)
3119 Ibf! 41.60 Ibf 95.71 Ibf 114.29 Ibf
', ' B
T | r
V., (Ibf) V. (Ibf)
31.19 ——— 11429
-41.60 -85.71
M (Ibf-in) M, (Ibf-in)

0 0
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(€) (My)max = 2(— 85.71) = — 171.42 Ibfrin, (M:)max = 2(- 31.19) = - 62.38 Ibf-in
M, =(-171.42) +(~62.38)" =182.42 Ibf-in

max

32M  32(182.42)
G = =

- —107 =14.87 kpsi Ans.
nd 7(0.5)
16(200
r=16]; L 3)10’3=8.15 kpsi Ans.
zd”  7(0.5)
®
2 2
0.0, =+ (Ej b2 1887, (14'87j +8.15°
2 2 2 2
=18.47,-3.60 kpsi Ans.

2 2
T = \/(%j ro? = \/(gj +8.15% =11.03 kpsi Ans.

3-102 (a) (Eq. 3-42):

_Tn 200(60)
© 63025 63025

=0.1904 hp Ans.

(b) The output torque 7, = (@i /@) T;. But wir1 = @, r2. Thus, T, = (r2/ r1) Ti. So,
T, =1(2.5/1) 200 = 500 Ibf+in Ans.
©

> My =0=(Fg cos 20°)(1) — 200
Fg=212.84 Ibf
S (Mg)y = 0 = — 2(Fg cos 20°) — 3.5Rc=
Re:=—2(212.84 cos 20°)/3.5 = — 114.29 Ibf
S F.=0=Rp:— 114.29 + 212.84 cos 20°
Rp.=—85.71 Ibf
S (Mg):=0=—2(212.84 sin 20°) + 3.5 Rey = Ry = 41.60 Ibf
S Fy=0=Rp, +41.60 —212.845in20° = Rp, = 31.19 Ibf

Re =[R2+ B2, = \[41.60° +(~114.29) =121.6 Ibf Ans.
Ry =R}, + RS, =[31.19° +(=85.71) =91.21 Ibf Ans.
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(d)

F
71.19 1bf| 41.60 Ibf 9571 Ihf 114.29 tbf
x x
! 2| [
v, (Ibf) v, (Ibf)
41.60 a5 71
rf R ——— - 114.29

My (of-m) 62.38 M, (Qbf-in) 171.42
U ‘ U ‘

) (My)max = 2(85.71) = 171.42 Ibf*in, (M:)max = 2(31.19) = 62.38 Ibf*in
—171.42> +62.38% =182.42 Ibf-in
32M _32(182.42)

- 107 =14.87 kpsi Ans.
 nd z(0.5)°
16(500
= 167; L 3)10*3 =20.37 kpsi Ans.
zd® 7(0.5)
®
2 2
al,azzgi (EJ +7° :14'87i (14'87J +20.377
2 2 2 2
=29.1,-14.2 kpsi Ans.
2
3 ﬂ} +20.37% =21.7 kpsi Ans.
2 2
3-103
(a)M=F(p/4) c=pl4 I=bh*/12, b=rndn, h=p/2
Mo [F9)e4)
o b /12 T16(zd,n)(p12) 112
o,=% oF Ans
md,n,p
W o=t Lt g

4 nd'l4  nd’
LI T(d,/2) 16T
v 7zd4 /32 ﬁdf

Ans.
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(¢) The bending stress causes compression in the x direction. The axial stress causes
compression in the y direction. The torsional stress shears across the y face in the negative z
direction.

o=

T

(d) Analyze the stress element from part (¢) using the equations developed in parts (a) and (b).
d=d-p=15-025=1251in

1
o, .=0,=— oF __ 6(1500) =—4584 psi = —4.584 kpsi
wd n,p 7z(1.25)(2)(0.25)
o, =0, = A 4(1500) = —1222 psi = —1.222 kpsi

PO (125
. __16T=_16(235)
DTN 2(129)

Use Eq. (3-15) for the three-dimensional stress element.

= —612.8 psi= —0.6128 kpsi

07 ~(~4.584-1222)0" +| (~4.584)(~1.222) - (-0.6128)" |~ (~4.584)(~0.6128)" | =0
o’ +5.8060" +5.2260-1.721=0
The roots are at 0.2543, — 4.584, and —1.476. Thus, the ordered principal stresses are

o1 =0.2543 kpsi, o» =—1.476 kpsi, and o3 =—4.584 kpsi.  Ans.

From Eq. (3-16), the principal shear stresses are
o,—-o, 0.2543-(-1.476)

Tip = y 2 =0.8652 kpsi  Ans.
- ~1.476)—(-4.584

Tyyy = 22 _ ) )=1.554 kpsi  Ans.
2 2
_o, 0.2543—(-4.584

Ty == ( )_ 2.419 kpsi  Ans.
2 2
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3-104 As shown in Fig. 3-32, the maximum stresses occur at the inside fiber where r = r;.
Therefore, from Eq. (3-50)

2
o =1
2 2
5 p; 7,
R o | _
Ormax = 5| 15 |=—p; Ans.
Yo =1 T

3-105 Ifp;=0, Eq. (3-49) becomes

2 2.2 2
_TDJ, T rop, ¥

o,

2 2
r, —h

2 2
_ poro l’;
=-| v
r, r r

The maximum tangential stress occurs at 7 = r;. So

2

2p,r.

j— o o
Ormx =—— 5 Ans.

v

o 1
For o, we have
2 2.2 2
__poro _’:' ropo/r
o, = 5
r —

o

2 2
__PS (i_lj
2 2 2
ro—ro\r

Sog-=0atr=r;. Thusatr=r,

2 2 2

_ P T |

O =75 > =-p, Ans.
ro—r

o 1

2
]’;.

3-106 The force due to the pressure on half of the sphere is resisted by the stress that is
distributed around the center plane of the sphere. All planes are the same, so

p(z/4)d’  pd,

o =0, =0, = = Ans.
(©)w=01=0, zdt 4t

The radial stress on the inner surface of the shell is, o3 =—p Ans.

3-107 o:> 01> o
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Tmax — (O'[ O'r)/z at r=r;

= p=o—lig _%(10 000)=1597 psi  Ans.

3-108 o;> 01> o

Tmax — (O'[_ O'r)/z atl’: 14

T :l ﬂ 1+i — }/;2])1, l_r_ — ’/;'zpi i — ruzpi
max 2 7"2—7'2 2 o 2 7; I"2 7'02 2

0

6
/ = D) /(25 4)10 17

t=r,—1r,=100-91.7=8.3 mm Ans.

3-109 ;> 0> 0
Tmax — (O'[ - O'r)/z at r=r;

1 2 2 2 2 2 2 2
I B TN 9 0 O | B N R 9 )
2 2 2 2 2 2 2 2 2 2 2
B ey P )or-r r; r=r’\r :

47(500)

:m: 4129 pSl Ans.

3-110 From Eq. (3-49) with p;=0,

2 2
rp r
—__olo i
O, === 2(H 2)

r, = r

2 2
Y 2
o 2 2 2

= r

g, > a,> o, and since oy and o, are negative,
Tmax = (O'r O't)/2 atr=r,

1" 3?-2.75°
= p, =2 .21 Tmax_T(lo 000) =1900 psi  Ans.
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3-111 From Eq. (3-49) with p;=0,

2 2

rp 7

_ o I” 0 i
o, =" 1+—2
v r

g, > a,> o, and since o; and o, are negative,
Tmax = (O'r O't)/2 atr=r,

t=r,—r,=100-92.8=7.2 mm Ans.

3-112 From Eq. (3-49) with p;=0,

2 2

rp r

- __02o0 J
o, =——%5 1+ >
v r

g, > a,> o, and since oy and o, are negative,
Tmax = (O'r - O't)/2 atr=r,

1 2 2 2 2 2 2 2
_ P, 1 Ti P, 7 _ Kb, | _ P,
T == -5 [+ 1+ || = - |=
21 rr=s? r? =t r? =\ r? =t
0 i 0 0 i 0 0 i 0 0 i

~3.75%(500)
4* -3.75

=3629 psi Ans.

3-113 From Table A-20, §,=490 MPa
From Eq. (3-49) with p;= 0,

2 2

rp 7

— ol 0 i
o, =——" 1+—2
ro—r r
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Maximum will occur at » = r;

2 2_ 2 0.8(—490)](25%> -19°
O max =~ er" Lo = p, ——a”“‘a"(r”z l )=—[ ( )](2 ) =82.8 MPa
’ v 2r; 2(25%)
3-114 From Table A-20, S,= 71 kpsi
From Eq. (3-49) with p;= 0,
rzp P’
o =——2fo |14
! ’”02 _’7—2 r

Maximum will occur at » = r;

272 o . \r=7 0.8(-71)](1* -0.75> )
== ;;;poz = P, _ b ( : ):_[ ](2 ):124kp51
o r 2(%)

3-115 From Table A-20, §,=490 MPa
From Eq. (3-50)
I’sz. 7"2
o =—"1+-2
t roz _riz p2
Maximum will occur at » = #;
£,max ruz _riz riz roz _riz
o (r*=r") [0.8(490)](25%* -19*
= ; = t,maxz( i 3 ! ) = [ ( Z]( > ) :105 MPa AnS.
ro+r (257 +19%)
3-116 From Table A-20, S,=71 MPa
From Eq. (3-50)
2
rp r
o, =——| 1+~
t 7”02 _rlz ( rzj
Maximum will occur at r = r;
2 2 2 2
np; r,|_pGy+r)
Otmax = 5 2 (1 +_2] = 2 2
v, = 5 r, —n
o >—r?) [0.8(7D)](1* -0.75
= p= w1y 1) _[08TDJC ) _15.9ksi Ans.

2 2
r,+r

(1 +0.75%)
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3-117 The longitudinal stress will be due to the weight of the vessel above the maximum stress
point. From Table A-5, the unit weight of steel is 5 = 0.282 Ibf/in’. The area of the wall

" Avan = (7/4)(360% — 358.5%) = 846. 5 in®

The volume of the wall and dome are
Viwall = Awant h = 846.5 (720) = 609.5 (10°) in’
Vdome = (27/3)(180° — 179.25%) = 152.0 (10%) in®

The weight of the structure on the wall area at the tank bottom is

W = % Vietal = 0.282(609.5 +152.0) (10%) = 214.7(10%) Ibf
woo 2147(10°)

o, =— = =-254 psi
A 846.5
The maximum pressure will occur at the bottom of the tank, p; = ¥yater . From Eq. (3-50)
with r=r,
o (L5 o+
Gt:l”z—Fz 1+7"—2 R 7’2—742
2 2 2
= | 62.4(55)| | |[ BB HAIT925 1 _ 570811 5710 psi ns.
144 in 1807 —179.25
¥’ p., r 1 ft?
0. =—=|1-=% |=—p, =—62.4(55 =-238psi  Ans.
i) L iz (55) VR p
Note: These stresses are very idealized as the floor of the tank will restrict the values
calculated.

Since o1 > o > 03, 01 = 0: = 5708 psi, o = 0, = — 24 psi ando3z = o7 = — 254 psi. From

Eq. (3-16),
Ty = w — 2981 ~ 2980 psi
7, =218 2% 9866~ 2870 psi Ans.
2
Ty :#:115 psi

3-118 Stresses from additional pressure are,
Eq. (3-52),
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50(179.25%)

o). =——— 2 =5963 psi
() )ars = Tg02 179257 P
()50 psi =— 50 psi
Eq. (3-50)
180% +179.25

o).  =50————""=11975 psi
(f)SOPSI 180° —179.25 P

Adding these to the stresses found in Prob. 3-117 gives

0:=5708 + 11 975 =17683 psi = 17.7 kpsi  Ans.
0,=—238-50=-73.8psi Ans.
o1 =—254+5963 =5709 psi  Ans.

Note: These stresses are very idealized as the floor of the tank will restrict the values
calculated.
From Eq. (3-16)

- 17 6832+73.8 _ 8879 psi
7 =w=5987 psi Ans.
- 5709;23.8 _ 2866 psi

3-119 (a) For shapes let pw (3 + v)/8=1, v=0.3, 7, =2, and r; = 1. Then,

+3v _143(03) o oo

3+v 3+0.3

Thus, Egs. (3-55) are

O't=1+4+i2—0.57587”2, O'r=1+4—iz—l"2
r r

These equations are plotted:

Rotating Ring
10

8

6

-——.— = = - . . —- .. —— o
- - - - e -
- S

1 1.2 1.4 1.6 1.8 2
tangential stress = = == radial stress

(b) The tangential stress, o; is maximum at » = r; and is given by
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2.2
( t) :pw2(3+vj ’§2+702+};’;0 _1+3Vri2
max 8 r; 3+V
3+v—(1+3
:pa)z(?"""j v ( V) P2 +2r
8 3+v
2
:pj) [(1—v)1;2+(3+v)r02] Ans.
or=0at r=r;and r = r,. (0)max Occurs where do; / dr = 0.
do L(3+v [ 207 4 22
L= pw | — —=2r|=0 = r'=rr, = r=4rr
dr P ( 8 )( e j b b
Thus,
3+v rir? 3+v 2
o = a)z( ] Pl il SR a)z( )r—r Ans.
( ”)max p 8 1 o },;ru o p 8 (U l)

3-120 Since o; and o, are both positive and o; > o
Tmax = (Gf)max /2

From Eq. (3-55), o7 is maximum at » = ;= 0.3125 in. The term

2
27(5000
pwz(3+Vj=:0282 7 (5000) (3+0292j=82421bﬂh1
8 ) 38| 60 3

(0.3 1252 )(2.752) 1+3(0.292)

(0,)  =82.4203125% +2.75% + (0.3125%)

0.3125° 3+0.292
=1260 psi
T nax _ 1260 630 psi  Ans.
2
Radial stress:
( 2,2
Grzkvinrroz_’”l ’2’0 er
r
Maxima:
do 7 .
dr =k|2 3 —2r|=0 = r=4rr, =40.3125(2.75) =0.927 in
r r

Shigley’s MED, 11 edition Chapter 3 Solutions, Page 92/114



0.31252 (2.752)

X ~0.927°

(o,) =82.42|0.3125"+2.75 -
max

=490 psi  Ans.

3-121 @ =27(2000)/60 = 209.4 rad/s, p = 332020 kg/m?, v=0.24, 7;=0.01 m, 7, = 0.125 m
Using Eq. (3-55)
o, =3320(209.4)° 3+0.24 (0.01)* +(0.125)% +(0.125)° —m(o.m)2 (10)
8 3+0.24
=1.85 MPa Auns.
3-122 Eq (3-55):

2.2 2 2.2

0',=K(rl.2+r02+r",;" _r_] (1), and 0',.=K(;;2+r02—’;’;” —rZJ (2)
r 2 r

Where K = po? 3+ v)/8and (1+3v)/(3+ v)=[1+3(02)]/(3+02)=1/2.

It can be seen that o is always positive. Check for maxima.

2.2
ddd, =K [_2 L ’;0 -r j =0 = r*=-2r"r’ No roots, no maxima. Check at extremes.
r r
}"2 r2
7”2 r2
Mrer (o) K[ Lok

Eq (3) > (4) Thus, (Gt)max = (O-t)z .
For Eq. (2), o =0 at r = r; and r = r,. Check for maxima.

2.2
dO'r:K(ZV’ZO—ZVJZO = = ,/;.ro (5)
dr 7
Substitute Eq. (5) into (2),

(O-”)max - K(’/;z +’:12 _’/;l/;] —}’;-VU) - K(rgz _21/1"’/0 +’/;2) :K(r() _r')z (6)

1

o Lo

2
Comparing Egs. (3) and (6) it is clear that K(er +%j > K(r2 +17=2rr ) Thus, the

maximum stress is given by Eq. (3) simplified as, o, = po’ (3;—6Vj(4rf + rl.z) Ans.

(b) Vol = (m/4)(5* - 0.75%)(1/16) = 1.1996 in’. & = 2r(12 000)/60 = 1256.6 rad’s.

5/16 4 2. 4
=210 _6749(107) Ibfs’/
¥~ 386(1.1996) (10°) Tofsin
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2
Eq. 3): (o,),,, =6.749(107)1256.6’ (“80'2){2(2.5)2 + 0‘3275 }:5 360 psi Ans.

The factor of safety corresponding to fracture is:

nzi:£=2.24 Ans.
o 5.36

max

3-123 @ =27(3500)/60 = 366.5 rad/s,
mass of blade = m = pV = (0.282 / 386) [1.25(30)(0.125)] = 3.425(10-3) Ibf:s¥/in

it

F =(m/2) o*r N\
= [3.425(107%)/2]( 366.52)(7.5) F <—5? 8 i
=1725 Ibf | 75" I

Anom = (1.25 — 0.5)(1/8) = 0.093 75 in?
Gnom = F/ Anom = 1725/0.093 75 = 18 400 psi  Ans.

Note: Stress concentration Fig. A-15-1 gives K; = 2.25 which increases omax and fatigue.

3-124 v=10.292, E=207 GPa, r;=0, R=25 mm, , = 50 mm
Eq. (3-57),
_207(10°)5 [ (0.05% —0.025%)(0.025% - 0)
2(0.025)° { (0.05% - 0)

where p is in MPa and Jis in mm.

}(10-9)=3.105(103)5 )

Maximum interference,

O =%[50.042—50.000] =0.021 mm Ans.

m

Minimum interference,

5. = %[50.026—50.025] =0.0005 mm  Ans.

From Eq. (1)
Pmax = 3.105(10%)(0.021) = 65.2 MPa  Ans.

Pmin = 3.105(10%)(0.0005) = 1.55 MPa  Ans.

3-125 v=0.292, E=30Mpsi, i=0,R=11in, r,=2 in
Eq. (3-57),
301098 [ (22 -1%)(1> -0)
21 { (22 -0)

}: 1.125(107)8 (1)
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where p is in psi and J1is in inches.

Maximum interference,

5. = %[2.0016 ~2.0000] =0.0008 in  Ans.

Minimum interference,

Oy = %[2.0010—2.0010] =0 Ans.
From Eq. (1),
Pmax = 1.125(107)(0.0008) =9 000 psi  Ans.

pmin = 1.125(10")(0) =0  Ans.

3-126 v=0.292, E=207 GPa, r;=0, R=25 mm, r, = 50 mm
Eq. (3-57),
207(10° 05> -0.025°)(0.025% -
_ 07(10 )35 (0.05°-0.0 52)(0 025°-0) (10_9)23'105(103)5 )
2(0.025) (0.05"-0)
where p is in MPa and Jis in mm.
Maximum interference,
O = %[50.059 —50.000]=0.0295 mm  Ans.
Minimum interference,
O = %[50.043 —50.025]=0.009 mm  Ans.
From Eq. (1)
Pmax = 3.105(10%)(0.0295) = 91.6 MPa  Ans.
Pmin = 3.105(10%)(0.009) =27.9 MPa  Ans.
3-127 v=0.292, E=30Mpsi, i=0,R=11in,r,=2 in

Eq. (3-57),
301098 [ (22 -1%)(1> -0)
21 (22 -0)

where p is in psi and J1is in inches.

}:1.125(107)5

Maximum interference,

0 25[2.0023—2.0000] =0.001151n  Ans.

m
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Minimum interference,

O =%[2.0017—2.0010] =0.00035  Ans.
From Eq. (1),
Pmax = 1.125(107)(0.00115) = 12940 psi ~ Ans.

Ppmin = 1.125(107)(0.00035) =3 938 Ans.

3-128 v=10.292, E=207 GPa, r;=0, R=25 mm, , = 50 mm
Eq. (3-57),
9 2 2 2
_ 207(10 )36 (0.05 0.0252 )(0.025° —-0) (10,9):3.105(103)5 )
2(0.025) (0.05°-0)
where p is in MPa and J'is in mm.
Maximum interference,
O = %[50.086 —50.000]=0.043 mm  Ans.
Minimum interference,
O = %[50.070—50.025] =0.0225 mm  Ans.
From Eq. (1)
Pmax = 3.105(10%)(0.043) = 134 MPa  Ans.
Pmin = 3.105(10%)(0.0225) = 69.9 MPa  Ans.
3-129 v=0.292, E=30Mpsi, 7i=0,R=11in,r,=2 in

Eq. (3-57),
_30(10°5 {(22 ~1)(1>-0)

A1) (22-0)

where p is in psi and J1is in inches.

}:1.125(107)5

Maximum interference,

5. = %[2.0034— 2.0000]=0.0017 in  Ans.

Minimum interference,

S =%[2.0028—2.0010] =0.0009  Ans.
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From Eq. (1),
Pmax = 1.125(107)(0.0017) =19 130 psi ~ Ans.

Pmin = 1.125(107)(0.0009) = 10 130 Ans.

3-130 From Table A-5, E; = E, =30 Mpsi, vi=Vv, =0.292. r,=0,R=11in,7r,=1.51n
The radial interference is o = %(2.002 - 2.000) =0.00lin  Ans.
Eq. (3-57),
Es| (7 -R)(R-r) | 30(10°)0.001 (1.5 -1*)(1*-0)
P=ops B — oY) (1.5 -0)
=8333 psi =8.33 kpsi Ans.
The tangential stresses at the interface for the inner and outer members are given by Egs.
(3-58) and (3-59), respectively
RZ 2
> +r —(8333) L' +0 =—-8333 psi=—8.33 kpsi  Ans.
R - -0’
rl+R’° 1. 5 +12
()] :pﬁ— (8333) R =21670 psi =21.7 kpsi  Ans.
- ra
3-131 From Table A-5, E; = 30 Mpsi, E, =14.5 Mpsi, v; =0.292, v, =0.211.

ri=0,R=11in,7,=1.51n
The radial interference is 6 = %(2.002 — 2.000) =0.001in Ans.

Eq. (3-56),
. 5
1 (7 +R 1 (R +7’
Rl S5 +V, [+ | 2~V
E N7 - R E\ R —r,

=4599 psi Ans.

p:
2 2 2 2
SR 1 S 1 )
14.5(10°)( 1.5° -1 30(10°)(1* -0

The tangential stresses at the interface for the inner and outer members are given by Egs.
(3-58) and (3-59), respectively.

2 2
(o] =- pI; —(4599)1 +8 = 4599 psi  Ans.

i
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1P+ R’ 5 +12

(0|, = P = (4599) 75— = 11960 psi  Ans.

o

3-132 From Table A-5, E; = E, = 30 Mpsi, vi=v, =0.292. r,=0,R=0.51n,7,=11n
The minimum and maximum radial interferences are
O = %(1 .002 —1.002) =0.000in  Ans.
8. = %(1.003 ~1.001)=0.001in  Ans.
Since the minimum interference is zero, the minimum pressure and tangential stresses are
zero.  Ans.
The maximum pressure is obtained from Eq. (3-57).
[ (2 -R)(R )
p 2R3 r02 _ ’/;2
30(10°)0.001| (1*-0.5%)(0.5* -0) .
p= 3 5 =22 500 pst Ans
2(0.5°) (1*-0)
The maximum tangential stresses at the interface for the inner and outer members are
given by Egs. (3-58) and (3-59), respectively.
2 2 2
pR AN Y 500)M — 22500 psi Ans.
R -7’ -0’
rP+ R 1’+0.5°
T =(22 500)— =37500 psi  Ans.
-R’ -0.5°
3-133 From Table A-5, E; = 10.4 Mpsi, E, =30 Mpsi, v; =0.333, v, =0.292.

=0,R=1in,r,=1.51n

The minimum and maximum radial interferences are
O = %[2.003 —2.002]=0.0005 in  Ans.

S5 :%[2.006—2.000]:0.003 in  Ans.

max

Eq. (3-56),
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p:
2 2 2 2
LI (e S 7 3 RS N [ ¥
30(10°)( 1.5 -1 10.4(10°) (17 -0

p=6229(10°)5psi  Ans.
Puin =6.229(10°)5,,,, =6.229(10°)(0.0005) =3114.6 psi=3.11kpsi ~ Ans.

min

Py =6.229(10°)6,,,, =6.229(10°)(0.003) =18 687 psi =18.7 kpsi ~ Ans.

max

The tangential stresses at the interface for the inner and outer members are given by Egs.
(3-58) and (3-59), respectively.
Minimum interference:

R +717 1> +0?
o)l =- =—(3.11 =-3.11kpsi Ans.
( t)z min pmm Rz—}’; ( ) O p
2 2
©),| =P "2+R = (3.1 1) ” _ =809 kpsi  Ans.
Maximum interference:
R 2
()i ax = P 2_+r —(18. 7)1 +0 —18.7 kpsi  Ans.
max R*— : 0
RZ 2
@) =p maff = (187); 1.5* +i —48.6 kpsi  Ans.

3-134 d=20mm, ,=37.5mm, 7, =57.5 mm
From Table 3-4, for R = 10 mm,
r,=37.5+10=47.5 mm
2
v, = 10 =46.96772 mm

2(47.5—\/47.52 —102)

e=r —r, =47.5-46.96772 = 0.53228 mm
¢, =r,—r =46.9677—-37.5=9.4677 mm
¢, =r —r, =57.5-46.9677 =10.5323 mm
A=rd*/4=m(20)°/4=314.16 mm’

M = Fr, =4000(47.5) =190 000 N -mm

Using Eq. (3-65) for the bending stress, and combining with the axial stress,
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o _F Mc _ 4000 190 000(9.4677)
A der 31416 ' 314.16(0.53228)(37.5)
_F_ Mc, 4000 190 000(10.5323)

T A Aer 31416 314.16(0.53228)(57.5)

=300 MPa  A4ns.

—195 MPa Ans.

o

3-135 4=0.75in,7 =1.25in,7, =2.0 in
From Table 3-4, for R = 0.375 in,
r,=125+0.375=1.625in
0.375°

r = ~1.60307 in
2(1.625 _J1.625* — 0375 )

e=r,—r,=1.625-1.60307 =0.02193 in
¢, =r,—1,=1.60307-1.25=0.35307 in
c,=r,—r,=2.0-1.60307 =0.39693 in
A=nd*/4=r(0.75)*/4=0.44179 in*
M =Fr, =750(1.625) =1218.8 Ibf -in

Using Eq. (3-65) for the bending stress, and combining with the axial stress,
o :£+ Me, _ 750 N 1218.8(0.35307)

" A Aer, 044179 0.44179(0.02193)(1.25)
o = F Mc, 750 1218.8(0.39693)

° A Aer, T 044179 0. 44179(0.02193)(2. 0)

=37230 psi=37.2 kpsi  Ans.

—23269 psi=-23.3 kpsi  Ans.

3-136 d =6 mm, 7, =10 mm, , =16 mm
From Table 3-4, for R = 3 mm,
r.=10+3=13 mm

3

r 2(13—M) 12.82456 mm
e=r —r, =13-12.82456 = 0.17544 mm
¢, =r —r. =12.82456—10 = 2.82456 mm
¢, =r —r, =16—12.82456 = 3.17544 mm
A=rd*/4=rm(6)*/4=28.2743 mm’

M = Fr. =300(13) =3900 N - mm

Using Eq. (3-65) for the bending stress, and combining with the axial stress,
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F Mc, 300 N 3900(2.82456)

o, + !

= - =233 MPa Ans.
A Aer, 28.2743 28.2743(0.17544)(10)

o =£_ Mec, _ 300 3 3900(3.17544) __145MPa  Ans.
A Aer, 282743 28.2743(0.17544)(16)

3-137 d=6mm,r, =10 mm, r, =16 mm
From Table 3-4, for R = 3 mm,
r,=10+3=13 mm
32
o= =12.82456 mm
2(13— 132—32)

e=r,—r =13-12.82456 =0.17544 mm
¢, =1,—1 =12.82456 -10 = 2.82456 mm
¢, =r,—r, =16-12.82456 =3.17544 mm
A=rnd* /4 =r(6)"/4=28.2743 mm*
The angle 6 of the line of radius centers is

0= sin”! R+d/2 _gin! 10+6/2 130
R+d+R 10+6+10

M =F(R+d/2)sin@=300(10+6/2)sin30" =1950 N-mm

Using Eq. (3-65) for the bending stress, and combining with the axial stress,

Gi:Fs1n0+Mci=300s1n30 L 1950(282456) oo
A Aer 282743  28.2743(0.17544)(10)

o = Fsind Mc, 300sin30°  1950(3.17544)

? A Aer, 28.2743  28.2743(0.17544)(16)
Note that the shear stress due to the shear force is zero at the surface.

=-72.7 MPa Ans.

3-138 d=0.25in,r=0.5in,7, =0.75 in
From Table 3-4, for R = 0.125 in,
r.=0.5+0.125=0.625 in
0.125

r = —0.618686 in
2(0.625 ~J0.6252—0.125° )

e=r —r =0.625-0.618686=0.006314 in
¢ =r —r =0618686—0.5=0.118686 in
¢, =r —r,=0.75-0.618686 =0.131314 in
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A=rd® /4 =r(0.25)>/4=0.049087 in>
M = Fr. =75(0.625) = 46.875 Ibf -in

Using Eq. (3-65) for the bending stress, and combining with the axial stress,

oL Mo 75 468T501186860) ;00 o374 kpsi s,
A Aer  0.049087  0.049087(0.006314)(0.5)
__F M, 75 46.875(0.131314)

= = - =-24952 psi=-25.0 kpsi  Ans.
A  Aer, 0.049087 0.049087(0.006314)(0.75)

3-139 d=025in,7,=0.5in,7,=0.75 in
From Table 3-4, for R = 0.125 in,
r.=0.5+0.125=0.625 in
0.125

r = —0.618686 in
2(0.625 ~J0.6252—0.125° )

e=r,—r, =0.625-0.618686 =0.006314 in

¢, =r,—r,=0.618686—-0.5=0.118686 in

¢, =r,—r,=0.75-0.618686=0.131314 in

A=rd* /4 =r(0.25)/4=0.049087 in*
The angle @ of the line of radius centers is

. R+d/2 . 4 0.5+0.25/2
0 =sin"' | ———— |=sin =30
R+d+R 0.5+0.25+0.5

M =F(R+d/2)sin8=75(0.5+0.25/2)sin30° =23.44 Ibf -in

Using Eq. (3-65) for the bending stress, and combining with the axial stress,
o = Fsinf N Mc, 75 sin30° N 23.44(0.118686)

1 A Aer. 0.049087 0.049087(0.006314)(0.5)
o = Fsin@ Mc, _75sin30" 23.44(0.131314)

? A Aer, ~0.049087 0.049087(0.006314)(0.75)
Note that the shear stress due to the shear force is zero at the surface.

=18716 psi=18.7 kpsi  Ans.

=—12478 psi=—12.5 kpsi  Ans.

3-140
3(4)][0.5(0.1094
@ oo BOI[050.1050)
I (0.75)(0.1094°) /12
(b) =0.125n,r,=r;+h=0.125+0.1094 = 0.2344 in

From Table 3-4,

=18021 psi ==£8.02 kpsi ~ Ans.
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7. =0.125+(0.5)(0.1094) = 0.1797 in
L 01094

" 1n(0.2344/0.125)
e=r.—r =0.1797—0.174006 = 0.005694 in
¢, =r. —r =0.174006—0.125 = 0.049006 in

n

¢, =r,—r,=0.2344-0.174006 = 0.060394 in

o

A=bh=0.75(0.1094) = 0.08205 in’
M =-3(4)=-12 Ibf -in

=0.174006 in

The negative sign on the bending moment is due to the sign convention shown in Fig. 3-35. Using

Eq. (3-65),
o =Ma_ Z12O00B006) 16070 psi=—10.1kpsi  Ans.
Aer;  0.08205(0.005694)(0.125)
o =M _ —12(0.060394) = 6618 psi=6.62 kpsi  Ans.

°" der,  0.08205(0.005694)(0.2344)

o

© K =201 156  ns.
o -8.02
=% _002_ 6805 ans.
o 8.02
3-141
3(4)][0.5(0.1406
(a) azi%:+ [ ( )][ ( )] = 14856 psi =+4.86 kpsi  Ans.

I (0.75)(0.1406") /12
(b) ri=0.125in, o =ri+ h=0.125 + 0.1406 = 0.2656 in

From Table 3-4,
r.=0.125+(0.5)(0.1406) = 0.1953 in
. 0.1406

" In(0.2656/0.125)
e=r,—r, =0.1953-0.186552 =0.008748 in

n

¢, =r —r,=0.186552-0.125=0.061552 in

¢, =1 —r, =0.2656—0.186552 = 0.079048 in

A=bh=0.75(0.1406) = 0.10545 in’
M =-3(4)=—12 Ibf -in

=0.186552 in

The negative sign on the bending moment is due to the sign convention shown in Fig. 3-35. Using
Eq. (3-65),
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Me, ~12(0.061552)

o, =—"= =—-6406 psi=—-6.41 kpsi  Ans.
Aer,  0.10545(0.008748)(0.125)
o =M, __ —12(0.079048) =3872 psi=3.87 kpsi  Ans.
Aer,  0.10545(0.008748)(0.2656)
© K=0-"0%_ 135 4
o -4.86
K =22-387 080 s,
o 486

3-142
(@) o =2 Me _ B®][050.1094)]
I 7(0.75)(0.1094°) /12

(b) r=0251in,ro=r;+h=0.25+0.1094 = 0.3594 in

From Table 3-4,
r.=0.25+(0.5)(0.1094) = 0.3047 in
. 0.1094

" In(0.3594/0.25)
e=r,—r, =0.3047-0.301398 = 0.003302 in

n

¢, =r,—1r =0.301398-0.25=0.051398 in

¢, =r, —r,=0.3594-0.301398 = 0.058002 in
A=bh=0.75(0.1094) = 0.08205 in’
M =-3(4)=-12 Ibf -in
The negative sign on the bending moment is due to the sign convention shown in Fig. 3-35. Using

=18021 psi ==£8.02 kpsi ~ Ans.

=0.301398 in

Eq. (3-65),

o =M 12005198 _ 4106 06— 9 11kpsi dns.

Aer,  0.08205(0.003302)(0.25)
o, =- Me, =— —12(0.058002) =7148 psi="7.15 kpsi  Ans.
Aer,  0.08205(0.003302)(0.3594)
© K== 4 s
o -8.02
k=211 489 s
o 8.02

3-143 7 =25mm, ro=ri+h=25+87=112 mm, r.=25+87/2=68.5 mm
The radius of the neutral axis is found from Eq. (3-63), given below.
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4

ro=a—
[(darr)

For a rectangular area with constant width b, the denominator is

J% (%j =blnle

7 r ]’;

Applying this equation over each of the four rectangular areas,

Aol )31 m222 131 m=2 |+ o[ n U2 ] 2163769
r 25 45 82.5 92
A4=2[20(9)+31(9.5)] = 949 mm’

4 949

= = =57.9475 mm
" [(d4a/r) 16.3769

e=r —r,=68.5-57.9475=10.5525 mm
¢, =r,—r.=57.9475-25=32.9475 mm
c,=r,—r =112-57.9475=54.0525 mm
M = 150F2 =150(3.2) = 480 kN-mm

We need to find the forces transmitted through the section in order to determine the axial
stress. It is not immediately obvious which plane should be used for resolving the axial
versus shear directions. It is convenient to use the plane containing the reaction force at
the bushing, which assumes its contribution resolves entirely into shear force. To find the
angle of this plane, find the resultant of F1 and F>.

F =F +F, =24c0s60°+3.2cos0" =4.40 kN

F =F, +F, =24sin60"+3.2sin0" =2.08 kN 480 KN-mm
/\§37 Ibt

1.97 bt~
4.87 Ibf

On the surface 25.3° from the horizontal, find the internal forces in the tangential and
normal directions. Resolving F into components,

25.3°
F=(4.40°+2.08%)" =487 kN

This is the pin force on the lever which acts in a direction

F
6 =tan™" Fy =tan™' % =25.3°

X

F,=2.4c0s(60"-25.3" ) =1.97 kN
F,=2.4sin(60"-253")=1.37 kN

The transverse shear stress is zero at the inner and outer surfaces. Using Eq. (3-65) for
the bending stress, and combining with the axial stress due to Fi,
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_F,, Mc, _1370 [(3200)(150)](32.9475)
"4 der 949 949(10.5525)(25)

F, Mec, 1370 [(3200)(150)](54.0525)
A Aer, 949 949(10 5525)(112)

(o

1

=64.6 MPa Ans.

O =

o

=-21.7 MPa Ans.

3-144 r;=2in, ro=ri+h=2+4=6in, r =2+0.5(4)=4 in
A=(6-2-0.75)(0.75) = 2.4375 in°

Similar to Prob. 3-143,

aa _ =0.75In 3:025 +0.75In 2 675 =0.682 920 in

7

peo A 28D 3560030
[(aasr) 0682920

r—r =4-3.56923=0.43077 in
— 7, =3.56923 -2 =1.56923 in

=7 —r, =6-3.56923 =2.43077 in
M= Frc = 6000(4) = 24 000 Ibf -in

e=
ci
c,

Using Eq. (3-65) for the bending stress, and combining with the axial stress,
_£+ Mc, 6000 N 24 000(1.56923)

o. =
"T A Ader 24375 2.4375(0.43077)(2)

L _F _Mec, _ 6000  24000(2:43077)
°" A Aer, 24375 2.4375(0.43077)(6)

=20396 psi =20.4 kpsi  Ans.

=—6799 psi=—6.80 kpsi  Ans.

3145  r=12in, ro=ri+h=12+3=15in, re=12+3/2=13.5in
I=%a3b=z(l.5 )(0.75) =1.988 in*

A=rab=(1.5)0.75)=3.534
M =20(3+1.5)=90 kip-in

Since the radius is large compared to the cross section, assume Eq. 3-67 is applicable for
the bending stress. Combining the bending stress and the axial stress,

o, =—
T4 I 3534 (1.988)(12)

o _F _Mer _ 20 90(15)13.5) _
T A4 Ir, 3534  1.988(15)

FoMen _ 20 900535 gy g

=-55.5kpsi  Ans.

3-146 ri=1251n, ro=ri+h=125+05+1+05=3251n
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re=it+ry)/2=(1.25+3.25)/2=225in  Ans.

For outer rectangle, ( I d—AJ =bln—+=
[

For circle, { =7rr

A —
J‘(dA/r)L ) 2(’2_1/’22_”2) O,
Dd—A} =27r(r, —W)

r

Combine the integrals subtracting the circle from the rectangle

j— =1.251n %—m(z 25-4/2.25°-0.5° ) =0.840904 in

A=1252)-7(0.5)=1.71460 in>  Ans.
4 1.71460

r = = =2.0390 in  Ans.
> [(a4/r) 0.840904

e=r—r =225-2.0390=02110in Ans.
¢ =7, —r =2.0390—125=0.7890 in

n

¢, =r,—r =3.25-2.0390=1.2110 in
M =2000(4.5+1.25+0.5+0.5) =13 500 Ibf -in
o =£+ Me, _ 2000 N 13500(0.7890)

" A Aer, 17146 1.7146(0.2110)(1.25)

o _F  Mc, ~ 2000 13500(1.2110)
A Aer, 1.7146 1.7146(0.2110)(3. 25)

=20720 psi =20.7 kpsi  Ans.

—12738 pst =—12.7 kpsi ~ Ans.

3-147 Table A-5: Glass: Eg=46.2 GPa, vg = 0.245, Steel: Es =207 GPa, vs=10.292

Eq. (3-68):
a_\/?’F( )/E+(l v)/E
8 1/d,+1/d,
) i/3(5) (1-0.245%) /] 46.2(10°) |+(1-0.2927) /[ 207(10°)
V8 1/0.030+1/ 0
=1.1168(10™) m =0.11168 mm
Eq. (3-69):
Prax = 3F2 = 3(5) >=191.4 MPa Ans.
2za”  27(0.11168)

(b) Eq. (3-70):
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z | 1
0,=0,=—p__ (I—Ztan WJ(IJFVG)W
- 1914 {1—( z jtaw;}(uo.ms)— ! (1
0.11168 (2/0.11168) 2[1+(z/0.11168)' |
Eq. (3-71):
oo Pe 1914 @

C1+(z/a) 1+(z/0.11168)

The maximum shear stress is given by
0,0,
—_— 3

5 3)
(c) Plots of Egs. (1) — (3) as absolute dimensionless stresses,
NOte, at zZ= O, o]l —0)—— 0.745 pmax.

T =

max

stress / pmax | , are given.

=
o

©
[t}

©
o

03

Ans.

©
N

01,05

o o
o

©
»

‘ Stress/poax |

max

|

© ©
SN

o
o

0.0 0.2 0.4 0.6 0.8 1.0

(d) Zinax & 0.323 prmax = 0.323(191.4) =61.8 MPaat = 0.05 mm  Ans.

(e) From Fig. 3-38, 7max = 0.3(191.4) = 57.4 MPa Ans.

3-148 From Eq. (3-68),
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gjz[(l—vz)/ﬂ :

8)" 2(1/d)

Use v =0.292, F in newtons, £ in N/mm? and d in mm, then

) 1/3
o |(3)10-0.292%)/207 0003 _ ) . o
8 1/30

From Eq. (3-69),

a=KF" =F" (

1/3 1/3
po o 3F L 3F 3 SFY o p
27a®  27(KF")  2z2K*  27(0.03685)

From Eq. (3-71), the maximum principal stress occurs on the surface where z = 0, and is

equal to — pmax.
Opax =0, = —Dpax =—352F"° MPa  Ans.

From Fig. 3-38,

. =03p _ =106F" MPa Ans.

3-149 From Eq. (3-68),

a#(ﬁ}(l‘“z ) E+ (1) E:

8 1/d, +1/d,
1-0.292%) /(207 000)+(1-0.333%) /(71 700
a=>3 3(10) ( )/( )+( )/( ) =0.0990 mm
8 1/25+1/40
From Eq. (3-69),
1
P = 3 3( 0) =487.2 MPa

2ra’ 27(0.0990%)

From Fig. 3-38, the maximum shear stress occurs at a depth of z=0.48 a.
z=0.484=0.48(0.0990)=0.0475 mm  Ans.

The principal stresses are obtained from Egs. (3-70) and (3-71) at a depth of z/a = 0.48.

- 1
0,=0,= 487.2{[1 ~0.48tan"' (1/0.48) |(1+0.333) m} =-101.3 MPa
o, = _487'22 =-396.0 MPa
1+0.48
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From Eq. (3-72),
- -101.3)—(-396.0

r = 2"3 _( )2( ) _1474MPa  dns
Note that if a closer examination of the applicability of the depth assumption from Fig. 3-
38 is desired, implementing Egs. (3-70), (3-71), and (3-72) on a spreadsheet will allow
for calculating and plotting the stresses versus the depth for specific values of v. For v =
0.333 for aluminum, the maximum shear stress occurs at a depth of z = 0.492a with zinax
=0.3025 pmax.
This gives Zmax = 0.3025 pmax = (0.3025)(487.2) = 147.38 MPa. Even though the depth
assumption was a little off, it did not have significant effect on the the maximum shear
stress.

3-150 From the solution to Prob. 3-149, a = 0.0990 mm and pmax= 487.2 MPa. Assuming
applicability of Fig. 3-38, the maximum shear stress occurs at a depth of z=10.48 a =
0.0475 mm. Ans.

The principal stresses are obtained from Eqgs. (3-70) and (3-71) at a depth of z/a = 0.48.

] 1
o, =0, = —487.2{[1 ~0.48tan™' (1/0.48) |(1+0.292) —m} =-92.09 MPa
o, =72 _ _396.0 MPa
1+0.48

From Eq. (3-72),

r = ;"3 - (_92'09);(_396'0) —152.0 MPa  Ans.

Note that if a closer examination of the applicability of the depth assumption from Fig. 3-
38 is desired, implementing Egs. (3-70), (3-71), and (3-72) on a spreadsheet will allow
for calculating and plotting the stresses versus the depth for specific values of v. For

v =0.292 for steel, the maximum shear stress occurs at a depth of z = 0.478a with znax =
0.3119 pmax.

3-151 From Eq. (3-68),

_i/(g,_FJZ(l—vz)/E
N8V, 114,
L i/{3(20)} 2(1-0.292%) /(207 000) 01958 mm

8 1/30+1/o0

From Eq. (3-69),
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3F 3(20)

= —=603.4 MPa
27a 27[(0.1258 )

pmax:

From Fig. 3-38, the maximum shear stress occurs at a depth of
z=0.48a = 0.48(0.1258) =0.0604 mm  Ans.

Also from Fig. 3-38, the maximum shear stress is
r .. =03p =0.3(603.4)=181 MPa Ans.

3-152 Aluminum Plate-Ball interface: From Eq. (3-68),

S £ S BRI

8 1/d, +1/d,
a_i/(ﬁj(l—o.wz )/[(30)(10°) |+(1-0333%) /[ (10.4)(10°) 3517(10°) " in
8 1141/
From Eq. (3-69),
Prax = il =i =3.860(10* ) F'"” psi

27a° 27[3517(10°)F |
By examination of Egs. (3-70), (3-71), and (3-72), it can be seen that the only difference
in the maximum shear stress for the plate and the ball will be due to Poisson’s ratio in Eq.
(3-70). The larger Poisson’s ratio will create the greater maximum shear stress, so the
aluminum plate will be the critical element in this interface. Applying the equations for
the aluminum plate,

_ 1 )
o, =-3.86(10") F'” {[1 ~0.48tan"' (1/0.48) |(1+ 0.333)——2 (roaw )} = —8025F" psi

_ 4\ 13
o, = 3’??%222}7 =-3.137(10*) F'* psi

From Eq. (3-72),
o —o, (-8025F")—(-3.137(10) F")

T == : =1.167(10*) F'* psi
Comparing this stress to the allowable stress, and solving for F,
3
pof 20000 T oo
1.167(10%)

Table-Ball interface: From Eq. (3-68),
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= 3.306(10’3)F”3 in

8 1/1+1/o0

From Eq. (3-69),

b= 3° - =4369(10°) F psi

27a’ 22[3306(107) F"* |

The steel ball has a higher Poisson’s ratio than the cast iron table, so it will dominate.

1
=-4369(10*)F"{|1-0.48tan"'(1/0.48) |(1+0.292) ————— L = 8258 F'* psi
o (107) {[ an” I ) 2(1+0.482)} pst

_ 4\ 1/3
o, = 4'3163(()1282) " =-3.551(10%) F"" psi

From Eq. (3-72),

r = 0, ;03 _ (—8258171/3)—(—23.551(104)171/3) — 1.363(104)}71/3 psi

Comparing this stress to the allowable stress, and solving for F,

3
_[ 20000 156 1bf
1.363(104)

The steel ball is critical, with F = 3.16 Ibf. Ans.

3-153 v1=0.333, E1 =10.4 Mpsi, /[ =2 in, d1 = 1.25 in, v2 = 0.211, E> = 14.5 Mpsi, d> =—12 in.

From Eq. 3-73, with b = K.F"?

2 (1-0.333%)/[10.4(10°) [+ (1-0211%) [14.5(10°) 2

| 2 1/1.25+1/(-12)

= 2.593(10-4)

By examination of Egs. (3-75), (3-76), and (3-77), it can be seen that the only difference
in the maximum shear stress for the two materials will be due to Poisson’s ratio in Eq. (3-
75). The larger Poisson’s ratio will create the greater maximum shear stress, so the
aluminum roller will be the critical element in this interface. Instead of applying these
equations, we will assume the Poisson’s ratio for aluminum of 0.333 is close enough to
0.3 to make Fig. 3-40 applicable.
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Tmax = O3pmax

4000
= 2009 13300 psi
Prmax =70 3 P

From Eq. (3-74), pmax = 2F / (nbl ), so we have

2F 2F"?

Pros =K F 2K

So,

F= (%T
2

2
=117.4 1bf Ans.

_(n(z)(2.593)(104)(13 300)}2

3-154
v=0.292, E =30 Mpsi, [ = 0.75 in, di = 2(0.47) = 0.94 in, d> = 2(0.62) = 1.24 in.
Eq. (3-73):
12
240y 2(1-0292%)/[30(10°)]

b= :1.052(10*3) in
7(0.75)  1/0.94+1/1.24

Eq. (3-74):

2F 2(40) : ,
S =32275 psi=32.3k Ans.
P = b1 7(1.052)(107)(0.75) > - "

From Fig. 3-40,
T = 0.3P0 =0.3(32 275)= 9682.5 psi =9.68 kpsi Ans.

3-155 Use Egs. (3-73) through (3-77).
o (26 A=v]) B+ (=) E, "
xl (1/d)+1/4d,)
[ 2(600) (1-0.292%)/(30(10°)) + (1-0.292) / (30(10°)) "
7(2) 1/5+1/
b=0.007 631 in
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2F  2(600)
zbl  7(0.007 631)(2)
z

2
o =-2vp._ {‘ /1+% - J =-2(0.292)(25 028)(x/1+0.7862 —0.786)

=-7102 psi=-7.10 kpsi ~ Ans.

Do = =25 028 psi

2

z
+25 |, 1+2(0.786°)
O, =D - 2[5||=25028 ————=-2(0.786)
e 1+(0.786)
b
=—4 646 psi=—4.65 kpsi  Ans.
o, = “Prmax  _ —25028 =-19 677 psi =—19.7 kpsi Ans.
\/ 22 \1+0.786°
1+b72
o,—0. -4646—(-19677) . :
T =— S = 5 =7516 psi=7.52 kpsi Ans.

3-156 Use Egs. (3-73) through (3-77).

b= 2_F(1—V12)/E1+(1_V22)/E2J1/2

7l 1/d,+1/d,

22000y (1-02927) [ 207(10°) ]+ (1-0211%) 100 (10°) )

7(40) 1/150+1/
b=0.2583 mm
Do = 2F _ 2(2000) =123.2 MPa

zbl  7(0.2583)(40)

2
o, =—2vpmaX[ 1+Z—2—§

=-35.0 MPa Ans.

2
z

1+2—2 .
b —2H —_1232

J: -2(0.292)(123.2)(V1+0.786* ~0.786)

1+2(0.7862)
2

A J1+(0.786%)

O, =P —2(0.786)
z

bZ

=-229 MPa Ans.
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o, = ~ Prax — —123.2 =-96.9 MPa Ans.
\/ 22 AJ140.786
1+b—2
o,~0, -229-(-96.9)
_% - =37.0 MPa Ans.

T = =

max 2

3-157
Use Egs. (3-73) through (3-77).

WEEERCA)
7l 1/d,+1/d,
2250) (1-0.211%) /[ 14.5(10°) | +(1-02117) /[ 14.5(10°) | '
T 70125 1/3+1/
b=0.007 095 in
2F_ 2250) =17 946 psi

P = 1 ™ 72(0.007 095)(1.25)
z

2
o, =-2vp,. (,/HZ—Z -1 J: -2(0.211)(17 946)( 1+0.786 —0.786)

=-3680 psi=-3.68 kpsi  Ans.

2

z
+2°7 |z 1+2(0.786°)
Oy = =P | 27| | = 717946 —————=-2(0.786)
z 1+(0.786
1+b—2 ( )
=-3332 psi=—3.33kpsi  Auns.
o = Lo V790 _ 14109 psi——14.1 kpsi Ans.
2 N1+0.786°
My
o,—0. -3332—-(-14109) . :
T = y2 = =5389 psi =5.39 kpsi Ans.
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