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Section | BASICS

CHAPTER 1 INTRODUCTION

SOLUTION (L.1)

Free Body: Angle Bracket (Fig. S1.1)
(a) DMy =0; F(20)-15(10) 4.8(20y O,F = 12&N - <

(b) D F,=0: Ry +6.4-F=0, Ry = 5.%N
D F,=0: R, +15-4.8= 0, Ry, = 19.&N 1

Thus
R, =+/(5.9F + (19.8f = 20.7%N <
and
a=tan*22=159 <
F T °lA
20in. 15kN 4.8 kN 25,08

[
| |/
/
o I 19.8
0)—>6.4 kN '
RBx B C /:)Ia
. L_.L_.‘ R |L/
FigureS1.1 -

10in. 10in.

SOLUTION (1.2)
Free Body: Beam ADE (Fig. S1.2)

> M,=0: ~-W@E.7% }+Fy, ()= 0

E Fep =1.879V 1
D lw > F=0: R,=0
Feo SF,=0: —R, +Fyp -W=0,
RAX_’él # Ry, =0.875 | -
RA;_ 2a 1.75a Free-Body: Entire structure (Fig. S1.2)

v d>M,=0: R (3)-W(@B.7R)= 0
A oI > R =1.28W 1
Mm” Free Body: Part AO (Fig. S1.2)
0.875 kN Figure S1.2 V =0.87W 1
F=0
M = 0.875aw)




SOLUTION (1.3)

2 kip/ft

Tﬂ 244\k|p[ft ZMA:O Ry = 25kips | <
C oty = — iB ZFy:O' R, =1Q5kips 1
»>2'e RA RB
» 4 le—g 8 —*
Segment CD
2 kip/ft
(111 My =3(2)(2') = 4kip it )
c L V, = 4kips
2 DV,
Segment CE
2,BJykips Ve M. =8(6)- 105 4 = &ipl ft
— 1 <
o —r E.l‘) Me V. =25kips
105
SOLUTION (1.4)
(a) 1m 2 My =0 08R.(6-0&R.(9- 24%4= 0
e W " f 10 kN IR, =26667N )
Cl lml . RO( =16kN’ RCY = 21334('\]
R\SM D B_Z*_r: Th
' Rs. en
4L R, | 2 LF=0 R, =16k «
3 W BY ¥
A Y F =0 Ry, = 1266kN
(b) Segment CD
s My =213343- 1215~ 6P= 3dNI[m
s P 4M, F, =16kN <
— 1y S5+ F V, =21334- 18= 3334N
C W[ 3mD v,




SOLUTION (L5)

z M/—\ = 0 RCx = % R(A/
Ry, Ry 3'M, =0:40(5)-4R, =0 R, =50kN 1
R, g R?< TC 140 kN Then R, =75kN «
T w1 ke Ry, =10kN T, Ry, = 75kN «
(b) Fo M,
0.75 , ,
V¥ o ilo Fo = 7%(5) + 5(5) = 85kN
o 75 V, = 75%) - 50%) = 30kN p
50 l& M, = 75(1) -50(075) = 37.5kN [

Free body entire connection
> M =0 R,(28-T=0
T =28R,

AB =207 + 6 = 2088n.
> M, =0 46 -R,(20=0

- R, =12kips <
g, 2 and T =336kiplin.
(b) DF, =0 4-2%F,=0  F, = 4176ips .

SOLUTION (1.7)
Free Body: Entire Crankshaft (Fig. S1.7a)

(a) From symmetryR, = Ry,
> F,=0:R, =Ry =2kN ./
> M, =0:-4(0.05#+T =0
T =0.2kN n= 200N [n <

(CONT.)




1.7 (CONT.)

(b)

(b) Cross Section at D (Fig. S1.7b)
V,=2kN /' <
T =200 N M —»»

FigureS1.7 M y = 2(007): 0.14kN [

=140 N [in ?
SOLUTION (1.8)
3CkN
ﬁl B Free-Body Diagram, Beam AB
181 M Y F.=0: —-LF,+60=0, Fy,= 69.1KN
7 -0N- — —_ 20— —
* CloF. > F,=0: R,-£F;,-30=0, R, = 64.3N 1<
12m > M,=0: —60(L.8¢ L Fy (3-M,= O,
S SN M, =72kNn ) <
60 kN
18nm
vl
WAL/
A RA
SOLUTION (1.9)
30 kipsB 4 C Free body entire frame
S 2 M, =0 =303 -4Ry,(4+R,,(10= 0
—A’T'Zzg R, =1125kps, R, = 562%ps «
D T\ 3Ry,
Ro, o
Re
il ’ C Free body BCD
R 4 2 F.=0 R, =5625ips
8 .
) D F, =0 Rs, =1125kips
T‘_5'625 R, =+/5625 + 112% = 1258ips «
11.25




SOLUTION (1.10)

5KkN

(a) 0.3m

DM, =0  J019- 4015+T- 601+ Q.05 O
or T=06kNIm

(b) 1M, =0 (4+3()+R,(25=0 R, =-28&N
> M, =0  -Ry,(25+(5+2(3=0 R,= 84N
> F, =0 R +4+3+R,=Q R, =-42kN
>F, =0 R,+R,-5-2=Q R, =-14kN
Thus R, =422 +14 = 4427kN

R. =+/28° + 84 = 8854kN

SOLUTION (1.11)
(a)_Free-body Diagrams, Arm BC and shaft AB

FigureS1.11

b) AtC:
V =-2 kN T =-50N [mn
At end B of arm BC:
V =2 kN T =50N[n M = 200N [n
At end B of shaft AB:
V =-2 kN T =-200N M =-50N Omn
AtA: V =2 kN T =200N [in M = 300N Om




SOLUTION (L.12)

Free Body: Entire Pipe

0.15 200N
D
36 NLm
Reactional forces at poift
> F=0: R=0
> F,=0: R, -200=0, R, = 200N «
> F,=0: R =0
Moments about poirk:
> M, =0: T-200(0.15F O, T= 3INn
> M, =0: M,=0 <

M, =0: M,-200(0.3; 36= 0, M,= 9 [in

The reactions act in the directions shown on the-frody diagram.

SOLUTION (L.13)

Free Body : Entire Pipe

200 N

36 NLm

(CONT.)




1.13 (CONT.)

We have 1 Ib/ft=14.5939 N/m (Table A.1).
Thus, for 3 in. or 75-mm pipe (Table A.4): 14.56B888)=110.62 N/m
Total weights of each part acting at midlength are:

W, =110.62(0.3) 33.N
W,. =110.62(0.2F 22.1b
W, =110.62(0.15F 16.6l

Reactional forces at poiAt

> F,=0: R =0
SF,=0: R W, Wy W, ~200= 0, R = 271.N «
> F,=0: R =0

Moments about poirk:
ZMX =0: T-W,(0.075- 10(0.15F O, T= 2.74N [

> M, =0: M, =0
> M, =0: M, = (200+W, +W. )(0.3-W,; (0.15) 36
M, =112.6N [, <

SOLUTION (1.14)
(a) Ry 1.6 kN /150 mm

RAy 10.5 mT;/ im ¢ 49_25 :CX B, €°
B, !

N, 5
R«A D D, B"BX E [{— 1.6 kN 1.6 kN
y D O*.15 n By
—9 Y
D, | o
Free body pulley B y

> F =0 B, =16kN -
> F,=0 B, =16kN1
Free body CED
> My=0  R,(04-1§019= 0 R, = 06N -
ZFX =0 _Dx_0'6+16: 0 Dx: KN
z Fy =0 RO/ = Dy
Free body ADB
> M,=0 D/(05-B,(19=Q D, = 4&N, R, = 48Nt

>F=0 -R,+D,-B,=0 R, =32N! «

Yy

(CONT.)




1.14 (CONT.)

> F =0 R, +D,-B =0 R, = Q6kN -

«—1,

'G 16 F. =16kN b

(b) II\:AE_G.VG 0.6m B 5 M, =16(06)= 96CN [m, V; = 1&N
G

SOLUTION (L.15)

Free body entire rod
> M, =0 R,,(0.25 - 30Q 01, R, = 120 1
(Xm,) =0 -20q035+R,(025+( 300 130.02 O
Ry, =136 N 1

Free body ABE

y
B
v&

oM

200 1\1 100
e J E\> X
Z

136 N

(XMm,) =0 -M,+20q0275- 136 0175 ,OM,= 310n

<
D>.F, =0V, =200-136= 6N
SOLUTION (1.16)

Free body entire rod
> M, =0: Ry, (025) —400(0.1) =0, Ry, =160N 1
(>m,). =o: Ry, (025) + (400-160)(02) = 0, Ry, =192
Segment ABE

A B y

\ Vy
192 N 0.175m / E\> X
2/ M,
At point E:
M, =-1920175=- 336N [m
V, =192 N <




SOLUTION (L.17)

Side view Top view

F,

50 mm— _
\-l Fy
:,I ’ B A \l

>e ! D\“:
100 mm 50 mm

F, g Figure (a) Figure (c)

15C N [m

LAY
50 mm /T F, Figure (b)

Fig.(b): Y,M, =0  F(009-150= 0 F,= &N
Fig.(a): ). My =0 F(0)-F,(Q09=0 F,= 6kN
Fig. (): ) M, =0:  F,(005-T,=0, T, =03kNn

SOLUTION (L.18)

R,
« 18 ft e 12ft—'I 47 p

Free body-entire frame

> M,=0 R(30-31§- 412= 0 R = 34ips

Free body-member BC
> M.=0 R(9-R(12=0

and

R = %(34) = 4.533kips
Thus

Foo = R=1/(4533% + (342 = 5666ips




SOLUTION (L.19)

P Free body-member AB
B
M, =0:
R A E 400 a Z A
Ax —>Q
4t T 2a R:(4a) - Pcos4(f @)-Psin40 (& )= O
Ry, Re 0 Re =1156P
> F =0 R, =Pcos4Q = 0766 - <
> F,=0 R, +115P-Psin40= Q R, = 05181 <

Free body-member CD

Re
col w b ZMo=0 R(da)-R(6)=0
Rox—so== — 0 R, =077 1 «
E 30° '
R, RS
> Mc=0 R,sin3C(@)-R.(2)=0Q R, = Q77@
> F =0 R, =R,cos3¢ = 066% - <
SOLUTION(1.20)
(a) Power=P=(pA)(L)(n/60)
=(1.2)(2100)(0.06Y¢* ¥ 3.78W
Power required= £ = 38 =42 kW <
(b) Use Eq.(1.15),
T = 949w — 99802 - 96.74N [in <
SOLUTION (1.21)
Refer to App. A.1: 65 mph=65(5280)/60=5720 fpm.
(a) From Eq. (1.17), the drag force equals,
F, =350000 = 30008l 103 41b
See: Fig. P1.21:
> F,=0: F=103.4lb <
It follows that
> M,=0: -Wa+F,c+RL=0
or
-3.2(60)+ (0.1034)(25%* R, (116
(CONT.)
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1.21 (CONT.)

Solving, <
R, =1.722kips
and
> F,=0: R-3.2+1.722 (
or
R =1.478kips <
(b)
Wehave V=0, F,=0, F=0. <
See Fig. P1.21:
> M,=0: Wa+RL=0
Thus
R, =2W =23(3.2)= 1.745kips <«
So, z F, =0 gives
R =W -R, =3.2-1.745 1.45%ips <
SOLUTION (1.22)
Refer to Solution of Prob. 1.2Now we haveW, = 3.2+ 1.2= 4.4kipsand friction force
F =103.4lb acts at point A.
(a) See:Fig. 1.21 (witWW =W,):
> M, =-4.4(60)+ (0.1034)(25} R, (1163
from which
R, =2.377kips <
and
R =4.4-2.377= 2.02&ips <
(b) V=0, F,=0, F =0,as before,
D> M,=0: R, =2W, = (4.4)= 2.4ps
and
R =W -R, =4.2- 2.4= 1.8ips <
SOLUTION (1.23)
(a) FEree-Body Diagram: Gears (Fig. S1.23).
Applying Eqg. (1.15):
T =250 = 255 =668.5N [in
Therefore,
== 885=5.348kN <
(CONT.)
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1.23 (CONT.)

(b) T, = Fr, =5,348(0.075F 401.N [n

Figure S1.23

SOLUTION (L.24)

From Eq. (1.17), we obtaiiF63,000 hp/n. Thus

For input shaft
_ 6300030) _ :
T === = 105 kip On.
For output shaft
— 63000(27) — :
T =890 = 40 kip [n.
Equation (1.14) gives
e=2=09=90%

SOLUTION (L.25)

(a) Referring to Eq. (1.12):
power output Fs(g5) = 500x 2.5(20

=3125Ibln/s

(b) Using Eq. (1.14), power transmitted by the shaft
power inpue 3125 (088) = 35511bfin./s

SOLUTION (L.26)

Equation (1.10) becomes
AE, =3 (o ~ Whin)

Here, mass moment inertia wirtnrl1n5 percent added:
| = (105 Z(d; —d*)dp (Table A-5)
=105% (04* - 0.3*)(0.1)(7,200
=1.299 kg [n*
Whayx =120Q%) =20 rps=1257 rad/s
W, =110Q%) =183 rps=115rad/s

Equation (1) is therefore
AE, =1 (1.299)(125.72 - 1152)
=1673J

1)

12



SOLUTION (L.27)

Final length of the wire:

L, =+/(80Y + (50.4f = 94.5524n
Initial length of the wire is

Lac =«/(80)2 + (50)2 = 94.3398in

Hence, Eq. (1.20):

g =Lacbac — 9455242 94.3308
AC Lac 94.33981

=0.00225= 225Qu

SOLUTION (L.28)

— 2n(r+Ar)=-27mr A
(a) & = 27r —r

(&), = %3 =2000 4
(&), = %5 =800

(b) & =55 = £584,=10004

SOLUTION (L.29)

Lps =d, L, =Ly =dv/2=1.41424
(a) Eop =20 =120Qu

(b) Ly = Leg =|d? +(1.00120)2]" =1.41508

— — 1.41506-141421 —
€AB - EBC - 141421 601/”

(c) CAB=tan"(122)= 45,0344

Increase in anglCAB is 45.0344- 45 0.034
Thus

y=0.0344 %) = 60Q

SOLUTION (L.30)

(a) & =25&3°=1200u g, =90 =-2000 i

X y

(b) I_IAD = LAD +€XLAD = LAD (1+€x)
= 250110013 = 2508m

13



SOLUTION (L.31)

AL, =800(10°) 150= 120 1) mm
AL,, =100Q(10°) 206= 200 18) mm

We have

Lo = Las + Lio

2LBDALBD = 2LABALAB + 2LAD
or

ALy, =2 AL, + 2 AL,

AL

=[§—§8(120) z—gg(zoo] 16° = 0232m

(1)

SOLUTION (1.32)

AC = BD =+/300” + 300 =

B'D'=42426- 0.5=423.76mm,

Geometry:A'B'= A'D'

424 26nm

AC'=42426+ 02 =42446mm

" __.C 5, =&, = A0
B'; > " [423.76) [42446] T/Z 200 <
R _U 2 2 _
/ B o D' - 300 =-363u
A ‘~ Yy =3-B=4%-2tan 553 = 16514
SOLUTION (1.33)
l 20 in. 40in. > We have
0.026 B JAD = EAD LAD
in. T A —~—0 T =800x 10° (32
L B' . =0.026in.
0.21in.
13 lin«— l

From trianglesA' AF and C'CF :
0026 = _02 = x=69in.

X 60-x 7

From trianglesB'BF and C'CF :
Bl=34" J, =0.049in =-J,. (contraction)

O 0.2
Therefore
g — 0.049 —
Ege = = T w - -12

~1,225u

25(10° )

14



SOLUTION (L.3%)

(a) & =%"=120u & =" =-160u
y,, = ~1000+ 200= - 80Qu

(b) L'y =Ly (L+é&,) =251~ 00001 = 24996mm
L' = Lo (L+£,) = 50(L+ 0.00019 = 50.006mm

End of Chapter 1
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CHAPTER 2 MATERIALS

SOLUTION (2.1)

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

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

Also
%elongation =24° (100) = 015

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

196 16 1Qin 2

SOLUTION (2.2)

Normal stress is

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

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

SOLUTION (2.3)

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

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

£ 1324(10°)

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

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