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INTRODUCTION

This manual was written with the same care and precision with which the book was
written. Included is a complete solution for every problem in the book. Each solution
appears with the original problem statement and, where appropriate, the problem fig-
ure. This is done for the convenience of the instructor, who no longer will have to refer
to both the book and the solutions manual in preparing for class.

As a guide to the problem material, problems with answers that are included in the
back of the book are marked with an asterisk [*], and problems intended to be solved
with the aid of a programmable calculator or a computer are marked with a [C].
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-1% Calculate the mass m of a body that weighs 600 1b at the surface of
the earth.

SCLUTION

= 18.65 slug Ans.

1-2% Calculate the weight W of a body at the surface of the earth if it
has a mass m of 675 kg,

SOLUTION
W = 675(9.807) = 6.62(10°) N = 6.62 kN Ans.

1-3 Calculate the gravitational constant g, in U.S. Customary units, for
a location on the surface of the moon.

SCLUTION

g = 33.439(10°°)(5.031)(10%") _ ; 4o0 4y e? & 5.33 p/s”
"l [5.702(10°)1%

Ans.

1-4 Calculate the gravitational constant g, in SI units, for a location
on the surface of the sun.

SOLUTION
Gm -11 30
g =t = 8:07300 (L9900 ). g 5741(10%) wys® & 274 m/s”  Ans.
P (6.960(10")]

1-5% The planet Venus has a diameter of 7700 mi and a mass of 3.34(1023)
slug. Determine the gravitational acceleration at the surface of the

planet.

SOLUTION

Gm -8 23
_ % 3.439(10 )(3.34)(107° ) _ 2
g, = = > = 27.8 ft/s

r [(7700(5280)/2]

Ans.,

/




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-6% The eravitational acceleration 8 the surface of Mars is 3.73 m/s2

and the mass of Mars is 6.39(10 ) kg. Determine the radius of Mars.
SOLUTION
GmM
From Eq. (1-3): gy = 5
Ty

//Gmn : //6.673(10"1)(6.39)(1023)

6 6
Mmoo, 3.73 = 3.381(107) m & 3.38(10") m Ans,

r

1-7 Determine the gravitational force, in kips, exerted by the sun on
the earth.

SOLUTION

Gmems
F = =

3,439(10°° 1(4.095)(10°%)(1.364)(10%°)
e (4.908(10" "1

tt

0.7974(10%%) 1b = 7.97(10%) kip Ans.

1-8 Determine the gravitational force, in kilonewtons, exerted by the
earth on the moon.

SOLUTION

M 6.673(10° 1 1)(5.976)(10%%)(7.350) (10%%)

r [3.844(10%)1%
1.984(10%°) N = 1.984(10"7) kN Ans.

1-9% The equatorial radigs of the earth is 2.0925(107) ft and the polar
radius is 2.0856(10 ) ft. Determine the gravitational acceleration
g€ at the two locations.

SOLUTION
Gm -8 23
g - 2e - 3.439¢10 )(4.025);10 ) = 32.16 ft/sz Ans.
r_ [2.0925(10 )]
Gm

e _ 3.439(10°°)(4.095)(10%%)
P ri (2.0856(10°}]°

= 32,38 ft/s ° Ans.

1<%
"
1
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-10% Two spherical bodies have masses of 60 kg and 80 kg, respectively.
Determine the gravitational force of attraction between the spheres
if the distance from center to center is 600 mm.

SOLUTION

7

"%z _ 6.673010°"')(60)(80) _ g a0(107) N Ans

£ (0.600)°

F=aG

1-11 Two solid spherical bodies have 12 in. and_10 in. diameters and are
made of a material that weighs 0.284 lb/in., Determine the
gravitational force of attraction between the two spheres when they
are touching each other.

SOLUTION
. -3y _ 0.284 |4 3 _ 3
m_p\f-gV-Sz_17 [anRJ-0.0SSQBR
m, = 0.03698(6)° = 7.988 slug
m, = 0.03698(5)> = 4.623 slug
m_m -18
otz 3.439(1077°)(7.988)(4.623) _ | 511(10°%) 1b Ans.

ré (11/12)°

1-12 A satellite is placed in orbit 1.6(106) m aboxe the surface of the
moon. If the mass of the satellite is 3.0(10 ) kg, determine the
gravitational force exerted on the satellite by the moon.

SOLUTION

h+r = 1.6(10%) + 1.738(10°%) = 3.338(10°) m

e
"

_ Gmny 6.673(10" 1) (3.0)(10")(7.350) (10°%)
r? (3.338(10°)1°

13.21(10%) N & 13.21 kN Ans.

3




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-13% Determine the weight W of a satellite when it is in orbit 8500 miles
above the surface of the earth if the satellite weighs 7600 lb at the

surface,
SOLUTION
Gmem 2 2
From Eq. (1-3): W= € Woro = Whrh = Gm_m
From Table 1-1: r, = 2.090(10°) ft
r,=r, +h= 2.090(10°) + 8500(5280) = 6.578(10") ft
2
Wr ) 7..2
LI 7600[2'090(i0 ;1 767 1b rne.
rl (6.578(10" }]

1-14% Determine the weight W of a satellite when it is in orbit 20.2(10°)
m above the surface of the earth if the satellite weighs 8450 N at
the surface.

SOLUTION

Gmem 2 2
From Eq. (1-3}: W = rz Woro = Whrh = Gmn m
From Table 1-1: r = 6.371(10°) m

r,=r,+hs 6.371(10°%) + 20.2(10°%) = 26.571(10°%) m

N

_ "o%o _ 8450{6.371(10°)1°
h P

——— = 485.8 N ¥ 486 N  Ans.
r (26.571(107)]

1-15 If a woman weighs 135 1b when standing on the surface of the earth,
how much would she weigh when standing on the surface of the moon?

SOLUTION
Gm -8 21
gm _ 2m - 3.439{10 )(5;03Z)(10 ) = 5.328 ft/sz
r [(5.702(10 )]
~ _ W _ 135 _
wm = mgm = 2 gm = 32.17(5.328) = 22.36 1b = 22.4 1b Ans.

e

, 4




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-16 Determine the weight W of a body that has a mass of 1000 kg
{a) At the surface of the earth.
{b} At the top of Mt. McKinley (6193 m above sea level).
{c) In a satellite at an altitude of 250 km.

SOLUTION in_n ]
From Eq. {1-3): W= rz Woro = Whrh = Gmem
From Table 1-1: r, = 6.371(10%) m
(a) W, = mg = 1000(9.807) = 9807 N & 9.81 kN Ans.
(b) r, =1, +r, = 6.371(10%) + 6193 = 6.377(10°) m
2
Wr 6,2
W, = 20 o BOT((6.3TLIUO )] - gog9 N & 9.79 kn Ans.
v [6.377(10%)1
(c)r =r +h= 6.371(10%) + 250(10°) = 6.621(10°) m
W rz 6,.,2
W= 0= 9807(6. 371110 ;3 = 9080 N & 9.08 kN Ans.
re (6.621(10°)]

1-17% If a man weighs 210 lb at sea level, determine the weight W of the

man
(a) At the top of Mt. Everest (29,028 ft above sea level).
{b) In a satellite at an altitude of 200 mi.
SOLUTION
Gmem 2
From Eq. (1-3): W= rz Wor0 = Whrh = Gmem
From Table 1-1: r, = 2.090(10") ft
(a) r, =, + h= 2.090(107) + 29028 = 2.0929028(10°) ft
2
W r 7..2
W =20 210[2.090(10 ;] = = 209.4 1b & 209 1b Ans.
r2  [2.0929028(10)]
(b) r_=r, +h= 2.090(10°) + 200(5280) = 2.1956(10°) ft
2
Wr 7. .2
W=~ = 210(2.090010 )] . 499,29 1b = 190.3 1b Ans.
r: [2.1956(107)]

S




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-18 A spgge traveler weighs 800 N on earth. A planet having a mass of
5(107") kg and a diameter of 30{(10 ) m orbits a distant star.
Determine the weight W of the traveler on the surface of this planet.

SOLUTION
mwz o §§§%7 = 81.57 slug
Gmm -11 25
W = P = 6.673(10 1(81.57)(5)(10 ) = 1209.6 N & 1210 N Ans,

rs [15(10%)1°

1-19% The planet Jupiter has a mass of 1.302(1026) slug and a visible
diameter (top of the cloud layers) of 88,700 mi. Determine the
gravitational acceleration g

{a) At a point 100,000 miles above the top of the clouds.
{b} At the top of the cloud layers.

SOLUTION

B ] —

e, =pd, %(88,700)(5280) = 2.342(10°%) £t

J

26
¢ = G- = 3,439(10%)1:302110 )
rj [2.342(10%)12

= 81.63 ft/s° & 81.6 ft/s> Ans.

1-20% The planet Saturn has a masg of 5.67(10°") kg and a visible diameter
(top of clouds) of 12.00(10 ) m. The weight W of a planetary probe
on earth is 4.50 kN. Determine s
(a) The weight of the probe when it is 6(10 ) m above the top of
the clouds.
(b) The weight of the probe as it begins its penetration of the
cloud layers.

SOLUTION
W 3
_ M w5008 |
n, = 2= S5 = 158.9 ke
(a) r=r_+h=6.00010") + 6(10°) = 66.0(10") m
Gm m -11 26
_ M _ 6.673(10 " 1(458.9)(5.67)(10°°) _
We—b= 10 = 7.03 N Ans.
r [66.0(10°)]
(b) ¥ = el _ 6.673(107"7)(458.9)(5.67)(10%°) _ 0, Ans

r [6.00(10°)1°

A




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-21

The first U.S. satellite, Explorer I, had a mass of approximately 1
slug. Determine the force exerted on the satellite by the earth at
the low and high points of its orbit which were 175 mi and 2200 mi,
respectively, above the surface of the earth.

SOLUTION

2.090(107) + 175(5280) = 2.182(10") ft

"
=y
+
=2

1]

2.090(10?) + 2200(5280) = 3.251(107) ft

n
[
+
=2

n

]
8
1.
1]
s
]
Do
[
-]
—r
n
(]
)
[
~3
—
o

= FHrH = FLrL = Gmem

7 2
_ 00 _32.17((2.0900000 }] _ 45 51 1p x 25.5 1b Ans.

r [2.182(107)]°

. 7 2
.00 _32.17((2.0900(10 }] _ 45 996 1p x 13.30 1b Ans.

(3.251(10°)1°

1-22

A neutron star has a mass of 2(1030) kg and a diameter of 10(103) m.
Determine the gravitational force of attraction on a 10-kg space
probe 6
(a) When it is 10 m from the center of the star.

{b) At the instant of impact with the surface of the star.

SOLUTION

{a) F

(b) F

Gm_m
p s

2
r

1 (10)(2) (10°°)

(10%)2
6.673(10° "1 (10)(2)(10%%) 13 12
: = 5.338(10"%) N = 53.4(10"%) N

(5(10°)1°

6.673(10°

= 133.46(107) N & 1335(10°) N Ans.

Ans.,

7




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-23% At what distance from the surface of the earth, in miles, is the
weight of a body equal to one-half of its weight on the earth’s

surface?
SOLUTION
Gn m
e'b 2 2
W= rz woro = Whrh = Ga m,
From Table 1-1: r, = 2.090(10?) ft
2
Eﬂ _ Wo/2 _ fg 2 _ ( n? = 2p2
W.© W B ry, = (rg + b} = 2r,
0 0 r
h
h= (/2 - Lir, = (Y2 - 1)(2.090)(10") = 8.657(10°) ft

1639.6 mi &« 1640 mi Ans.

1-24 At what distance, in kilometers, from the surface of the earth on a
line from center to center would the gravitational force of the earth
on a body be exactly balanced by the gravitational force of the moon
on the body?

SOLUTION
291/2 1/2
Gm m Gm m mb 24
I Y 1™ _ |5.976(20%%) 2 )
F=—220=x—2 a= [ - ] = —Lp = 9.017b
a b m 7.350(10°%)
From Table 1-1: a+b=29.017b +b= 3.844(10%) m
Therefore: b = 0.3837(10%) m a = 3.4603(10%) m

h=a-r, = 3.4603(10%) - 6.371(10%) = 339.7(10°) m & 340(10%) kn  Ans.

1-25*% Determine the weight W, in U.S. Customary units, of an 85-kg steel
bar under standard conditions (sea level at a latitude of 45 degrees)

SOLUTION
W= mng = (85 kg)(9.807 n/s”) = 833.6 X2 - 8336 N
S
_ 11b ) _
= 833.6 N (ZTZZE‘E] = 187.4 1b Ans.

8




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-26#% Determine the mass m, in SI units, for a 600-1b steel beam under
standard conditions (sea level at a latitude of 45 degrees}.

SOLUTION ,
m= X ——599—19——5 = 18.651 l%%§~ - 18.851 slug.
g 32,17 ft/s
) 14,59 kg) _
= 18.651 slug (‘Tﬁ;fﬁgg = 272 kg Ans.

1-27 The velocity of light in space is approximately 186,000 mi/s. The
velocity of light in units of kilometers per hour is?

SOLUTION

v = [186,000 gg}[aego S][l'ﬁg? km] = 1.077(10°) km/h Ans.

, _ 3
1-28 Using the fact that 1 m = 39.37 in., convert 5 m of concrete to
units of cubic yards of concrete.

SOLUTIOR

3 3
_ 3] (39.37 in. 1 vd _ 3
V= [5 m ][ T o ] [36 in.] = 6.54 vd Ans.

1-29% Using the fact that 1 in. = 25.40 mm, convert a speed of 75 mi/h to
units of meters per second.

SOLUTION

(.. mi)(5280 f£t)(12 in.)(25.40 mm){ 1w ){ 1 h ) _
v = [7° hr][ 1 ui )[ 1 ft ][ 1 in. ]{1000 mm][3600 s] = 33.5 m/s  Ans.

1-30% The fuel consumption of an automobile is 14 km/L. The fuel
consumption, in miles per gallon, is?

SOLUTION

FC = (14 59][3‘785 L][' 1 mi mJ - 32,93 mi/gal = 32.9 mi/gal Ans.

L 1 gal J(1.609 k




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-31 An automobile has a 350—in? engine displacement. The engine
displacement, in liters, is?

SOLUTION

3 1 l 1L
V= [350 m.][39 37"in] 4| = 5.736 L &5.74 L Ans.
. /10,001 m

1-32 How many barrels of o0il are contained in 100 kL of 0il? One barrel
(petroleum)} equals 42.0 gal.

SOLUTION

V = (100(103) L][o.zagz gal][iz?grgii] = 629 barrels Ans.

1-33% Express a speed of 20 nm/h (1 nautical mile 6076 ft} in units of

kilometers per minute,.

SOLUTION

_ nm) {6076 ft 1h 0.3048 m 1 km | _ .
v = [20 h ][ om J[GO minJ[ 1 ft ][1000 m] = 0.617 km/min Ans.

1-34% One acre equals 43,560 ft? One hectare equals 104 m? Determine the
number of acres in 500 hectares.

SOLUTION

4 2 2
A= [500 hectare} [lllgctzreJ [10'72 ft [ 1 acre > = 1235 acres Ans.
n 43,560 ft

JO




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L.

STURGES

1-35 Verify the conversion factors listed in Table 1-6 for converting the
following gquantities from U.S. Customary units to SI units by using
the values listed for length as defined values:

(a) Velocity
{b) Acceleration

SOLUTION

{a) Velocity:

{b) Acceleration:

1k

1 inY{__1m )
s }J139.37 in.

1 £t) 1m )

s ;\3.281 ft,

i (1 km )
(0.6214 mi)

1m ]
\39.37 in.)

) ft){_ 1 m
2)|3.281 ft

—
—
pots
[V g}
et
-
1

0.0254 m/s
0.3048 m/s

1.609 km/h

0.0254 m/s°

= 0.3048 m/s®

Ans.

Ans,

Ans.

Ans.

Ans.

1-36 Verify the conversion factors listed in Table 1-6 for converting the
following quantities from SI units to U.S3. Customary units by using
the values listed for length as defined values:

(a) Area
{b} Volume
Use 1 gal = 231 in® and 1 L = 0.001 m’.
SOLUTION
2
{a) Area: [1 mZ}(39.?7n1n J = 1550 in? Ans.
2)(3.281 ft)° 2
(1 m ][ - ] = 10.76 ft Ans.
1m
2V( 1 in. )° 6 . 3
(b) Volume: [1 nm }(ﬁgfiﬁ_ﬁﬁ] = 61.02(10 ") 1in. Ans.
3} (1t )T 3
{1 m ][] = 35,31 ft Ans.
0.001 m|{39.37 in.) ] 1 gal
{1 L] : a [ : 1“') gal | = 0.2642 gal Ans.
; 1L lm ) . 3
231 in.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-37*% Verify the conversion factors listed in Table 1-6 for converting the
following quantities from U.S, Customary units to SI units by using
the values listed for length and force as defined values:

{a) Mass
{b) Distributed load

SOLUTION
(a) Mass:
2
1 1lbes"/ft 1 ft 4,448 N 1 kg | _
[1 Sl“g]( 1 slug ](0.3043 nJ[ 1 1b ] z | = 14-59 ke Ans.
Nes /m
{h) Distributed load:
1b}{4.448 N 1 ft _
[1 ft][ 116 )[0.3048 n] = 14.59 N/m Ans.

1-38% Verify the conversion factors listed in Table 1-6 for converting the
following quantities from SI units to U.S. Customary units by using
the values listed for length and mass as defined values:

{a) Pressure or stress
(b) Bending moment or torque

SOLUTION

{(a}) Pressure or stress:

L pal [ N/n2) (1 kgem/s2){ 1 slug 1m 1 1b-s2/et)( 1 £t )2
T Pa 1N 14.59 kg) |3.281 tt)| slug 12 in.

10> pa

= 0.1450(10-3) lb/in? 1 kPa 0.1450 psi Ans.

1 MPa = 10° Pa = 145.0 psi Ans.

]
1]

{b) Bending moment or torque:

1 1b 1 £t ) ]
[1 N m][4.448 N][0_3048 m] = 0.7376 ft-1b

)2




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-39 One acre equals 43,560 ft? One gallon equals 231 in? Determine the
number of liters of water in 2500 acre*ft of water.

SOLUTION
2 R 3
[2500 acre°ft][43’gggeft ][1§ ;2-] 1 gal3 [3i785lL]
231 in. ga
9, 9
= 3.083(10°) L = 3.08(10°) L Ans.

1-40 The viscosity of crude 9%1 under_conditions of standard temperature
and pressure is 7.13(10 ) N+s/m. The viscosity of crude oil in U.S.
Customary units {(1lbes/ft") is?

SOLUTION

2
"ﬂ = 1.489(107 %) 128 Ans.

2

-3. N*s [ 1 1b ][0.3048
ft

b= 7.13(10 7) 2 (mas w1

1-41% The air pressure in an automobile tire is 35 psi. Express the
pressure in appropriate SI units (kPa) by using the values listed in
Table 1-6 for length and force as defined values.

SOLUTION
2
_ 35 1lb {4.448 N||39.37 in. _ 1 Pa 1 kPa | _
P =" [ 11b ][ 1m ] - [ 2 [1000 Pa.] = 241 kPa Ans.

1-42 The stress in a steel bar is 150 MPa. Express the stress in
appropriate U.S. Customary units (ksi) by using the values listed in
Table 1-6 for length and force as defined values.

SOLUTION

o = 150 MPa

i N/mz][0.2248 lb][ 1m }2

6
150(10°) Pa [ I Pa 1N )(39.37 in.

21,75(10°) 1b/in’ & 21.8 ksi Ans.

)3




ENGINEERING MECHANICS ~ STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-43% Express the density, in SI units (kg/mg), of a specimen of material
that has a specific weight of 0.284 1b/in.

SOLUTION

. 2 2
0 = 1 _ _0.284 1b/in. = 735.7(10%) 1b j

€ 32.17(12) in./s” . in?

2 4 2
 maor -6, lb-s {4.448 N|(39.37 in. 1l kg-m/s

] - 7860 kg/m°  Ans.
in.

1-44% Express the specific weight, in U.S. Customary units (lb/in?), of a
specimen of material that has a density of 4500 kg/m.

SOLUTION
Y = pg = 4500 5% 9.807 B ——1—§———5 = 45.13(10%) N/’
m s 1 kg*m/s
3
_ A, N [_11b 1m ~ . 3
¥ = 45.13(107) m3 [4.448 N]{SQ.ST in.] = 01626 1b/in. Ans.

1-45 By definition, 1 hp = 33,000 ft*lb/min and 1 W = 1 N'm/s. Verify the
conversion factors listed in Table 1-6 for converting power from U.S.
Customary units to SI units by using the values listed for length and
force as defined values.

SOLUTION
ft-1b _ . ft-1b {0.3048 m][4.448 N[ 1w ] _ . -
el [ T ][ = ][N_m/SJ = 1.3558 W & 1.356 W Ans,
) ft-1b [0.3048 m][4.448 N][1 min]f 1 W] _
1 hp = 33,000 —== [ e ][ B ][60 . ][N-m/s] = 745.7 W Ans.

1-46 The specific heat of air under standard atmospheric pressure, in SI
units, is 1003 N-m/kg*K. The specific heat of air under sgandard
atmospheric pressure, in U.S5. Customary units (ft-lb/slug- R}, is?

SOLUTION
ft-1lb
o
slug- R

Ans.

m ( 1 1b {3.281 ft][14.59 kg{ 1 K

= 6000
4.4483 N 1 m 1 slug l.SOR]

.. N-
C, = 1003 =g

14




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-47* Newton’s law of gravitation can be expressed in equation form as

®,m

2
r

are masses, and r ig a distance, determine

F=aG

If F is a force, m, and m,

the dimensions of G.

SOLUTION

Fel  oi/ryw)’ Ll

- - AHS L]
m,m, {M){M) MTz

G =

1-48% The elongation of a bar of uniform cross section subjected to an
axial force is given by the equation
s = EL
AE
What are the dimensions of E if & and L are lengths, P is a force,
and A 1s an area?

SOLUTION

_PL _ (ML/TO)(L) _ M
E=5~ 2 -
(L)(L) LT

> Ans.,

1-49 An important parameter in certain types of fluid flow problems when
a free surface is present is the Froude number (Fr} which can be
expressed in equation form as

291/2
- |PY_
Fr = [Lw ]

where p is the density of the fluid, v is a velocity, L is a length,
and w is the specific weight of the fluid. Show that the Froude
number is dimensionless.

SOLUTION

” 1/2 3 2 1/2
Fr = k§3} = [(M/L )(glz) ] = 1 (Dimensionless) Ans.
{LY(M/L°T")

15




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-50 An important parameter in fluid flow problems involving thin films
is the Weber number (We)} which can be expressed in equation form as

where P is the density of the fluid, v is a velocity, L is a length,
and ¢ is the surface tension of the fluid. If the Weber number is
dimensionless, what are the dimensions of the surface tension ¢7

SOLUTION

oo YL _ (/T M
T We (1) - 72

Ans.

1-51% The period of oscillation of a simple pendulum is given by the
equation 1/2

T = k(L/g)

where T is in seconds, L is in feet, ¢ is the acceleration due to

gravity, and k is a constant. What are the dimensions of k for

dimensional homogeneity?

SOLUTION

k = T . T = 1 {Dimensionless} Ans.

L8 /L)

1-52% In the equation

2
Y =Y, + vt + %at

y and y, are distances, v is a velocity, a is an acceleration, and t

ig time. Is the eqguation dimensionally homogenecus?

SOLUTION

(L/THT) = L

y:L vt

y, = L %atz (LT = L

All terms have the dimension L; therefore,
the equation is dimensionally homogeneous. Ans.

A




ENGINEERING MECHANICS - STATICS, 2nd. Ed. w. F.

RILEY AND L. D. STURGES

1-53

The modulus k of a coil spring (force required to stretch the spring
a unit distance) can be expressed in equation form as

Gr4

4R3n
in which r and R are lengths and n is a dimensionless number.
Determine the dimensions of G {a property of the spring material).

k=

SOLUTION
oo 4% _ (oL @)’a) M
= p = 2 = > Ans,
r (L) LT
1-54 In the dimensiomally homogeneocus equation

2
Wv
U=Fd - 2g

F is a force, W is a force, d is a length, and v is a linear velocity
Determine the dimensions of U and g.

SOLUTION
Fd = (ML/TZ)(L) = MLZ/T?
All terms have the dimension MLZITZ: U= MLZIT2 Ans,
2 2 2
e = Mf/r’ g = WL UL o pp2 pps,
(1)L /T%)

1-55% In the dimensiomally homogeneous equation

P Mc

_+_..

A I

0 is a stress, A is an area, M is a moment of a

length. Determine the dimensions of P and I.

g =

force, and c is a

SOLUTION

All terms have the dimension M/LTZ:

p = (M/LT?) (L%) = ML/T® Ans.
2 2

I = LEELJCL—%LEl = L‘l Ans.
(M/LT?)

)7




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-56% In the dimensionally homogeneous equation

1 2 1.2
= = + =lw
Pd 5mv 2[
d is a length, m is a mass, v is a linear velccity, and « is an

angular velocity. Determine the dimensions of P and I.

SOLUTION
Iav? = (hromm? = m?rl

All terms have the dimension MLZ/TZ:

M2 /1l 2

p= Ll - ML/T? 1= s Ans.
{(1Y(1/T)

1-57 In the dimensiomally homogeneous eguation
Tr Va
T 5 =2 ¢ =—
J Ib
T js a stress, T is a torque, V is a force, r and b are lengths, and
] is a second moment of an area. Determine the dimensions of J and

Q.

SOLUTION

2
All terms have the dimension M/LT :

2,2 2,,.4
J-= (ML /T ;(L) = L Q= (M/LT )(g WLy _ 3 Ans.
(M/LT ) (ML/T")

1-58 In the dimensiomally homogeneous equation

P Tr
T ==~ ¢ —
A J
T is a stress, A is an area, T is a torque, and r is a length.

Determine the dimensions of P and J.

SOLUTION
All terms have the dimension M/LTz:

(MLZ/TE (L) _ .4

- Ans.
{(M/LT ™)

|
=

P = (M/LT2)(L?) = ML/T® J=

)8
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-t/b
1-59% The equation x = Ae sin (at + «) is dimengionally homogeneous.
If A is a length and t is time, determine the dimensions of x, a, b,

and «,
SOLUTION
% = % =1 therefore b=T Ans.
at = a{T) = 1 therefore a = % Ans.
o = 1 (Dimensionless) Ans.
x = A{1) = L{1) = L Ans.

. 3 2 2
1-60% In the dimensionally homogeneous equation w = x~ + ax + bx + a b/x,
if x is .a length, what are the dimensions of a, b, and w?

SOLUTION
If x = L, each term has the dimensicn L3: W = L3 Ans.
axz = a(LZ) = L3 a=1L Ans.
3 2
bx = b(L) = L b=1L Ans.

1-61 Determine the dimensions of a, b, ¢, and y in the dimensionally
homogeneous equation

y = ae Pt cos [1/1 - a% bt + c]

in which A is a length and t is time.

SOLUTION
bt = b(T) = 1 b = —% Ans.
Yl - az bt = ¥1 - az {1}y =1 a =1 (dimensionless) Ans.,
¢ = 1 (dimensionless) y = A(1)(1) = L{1)(1} = L Ans.

17
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1-62 Determine the dimensions of ¢, ®, k, and P in the differential

equation >

I
2

dt dt

in which m is mass, x is length, and t is time.

+ kx = P cos wt

SOLUTION

2
m 9—§ = M(L/T%) = ML/T®
dt

All terms have the dimension ML/TE:

dx

¢ £ = o(L/1) = ML/T’ c = M/T Ans.
kx = k(L) = ML/T° k = M/T° Ans.

wt = O(T) = 1 (dimensionless) w=1/T Ans,

P cos wt = P(1) = ML/T P = ML/T® Ans.

1-83* Round off the following numbers to two significamnt figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

{a) 0.0153 (b) 0.0347 (c) 0.0566

SOLUTION
N - N
% Diff = “N I (100}
T

(a) For 0.015: 0‘013 51250153 (100) = -1.961 % Ans.
(b) For 0.035: 0'033 632;0347 (100) = +0.865 % Ans.
(¢) For 0.057: 0.057 - 0.0566 44y = 4+0.707 % Ans.

0.0566

2o
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1-64*% Round off the following numbers to two significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

(a) 0.8374 (b} 0.4729 (c) 0.6644
SOLUTION
N - N
% Diff = —Eﬁ——~3 (100}
T
, 0.84 - 0.8374 )
{a) For 0.84: 0.8371 {(100) = +0.310 % Ans.
0.47 - 0.4729 _
(b) For 0.47: sITse . (100) = -0.613 % Ans.
(c) For 0.66; 0.66 - 0.6644 144y - 5,662 Ans.

0.6644

1-65 Round off the following numbers to two significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

- (a) 1.8394 (b) 3.4629 (c) 6.7523

SOLUTION
N - N
% Diff = RN T (100)
T
(a) For 1.8: 1.8 - é53294 (100) = -2.14 % Ans.
(b) For 3.5: 3.5 - 3.4629 1050y = +1.071 % Ans.
7.4629

(c) For 6.8; gég_%_gggggg (100) = +0.706 % Ans.
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1-66 Round off the following numbers to two significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference,

{a) 3.65H44 {b) 7.5638 {c) 8.9223
SOLUTION
N -N
% Diff = —— {100)
N
T
3.7 - 3.6544 _
{a) For 3.7: 3.6544 (100) = +1.248 % Ans.
. 7.6 - 7.5638 _
. 8.9 - 809223 - -

{c} For 8.9; 879723 (100) = -0.250 % Ans.
1-67* Round off the following numbers to three significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

(a) 26.394 {b) 74.829 {c) 55.336
SOLUTION
N_. - N
% Diff = —=—— (100)
T

. 26.4 - 26,394 _
(a) For 26.4: 56304 (100) = +0.0227 % Ans.

] 74.8 - 74.829 -
(b} For 74.8: 74829 (100) = -0.0388 % Ans.

. 55.3 - 550336 - -
{c} For 55.3: FE 336 (100) = -0.0651 % Ans.

22




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

1-68* Round off the following numbers to three significant figures. Find
the percent difference between each rounded-cff number and the
original number by using the original number as the reference.

{a} 374.93 (b) 826.48 {c) 349.33
SOLUTION
N - NT
% Diff = N (100)
T
. 375 - 374,93 _
{a)} For 375: 371,93 {100) = +0.01867 % Ans.
B26 - B26.48 _
{b) For 826; 826,48 {(100) = -0.0581 % _ Ans,
349 - 349.33 _
{c) For 349: 319,33 (100) = -0.0945 % Ans.

1-69 Round off the following numbers to three significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

{a} 6471.9 (b) 3628.7 {(cy 7738.2

SOLUTION

6470 - 6471.9

{a} For 6470: §171.9 (100) = ~0.0294 % Ans.
(b} For 3630: 36303;23658‘7 (100) = +0.0358 % Ans.
{c) For 7740: 77407;3;738'2 (100) = +0.0233 % Ans.

23
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1-70 Round off the following numbers to three significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

(a) 8521.4 (b) 6748.3 (c) 9378.7

SOLUTION

8520 - 8521.4

(a) For 8520: =892 (100} = -0.01643 % Ans.
(b) For 6750: 675°ﬁ;4g7§8'3 (100) = +0.0252 % Ans.
(c) For 9380: 93809573353'7 (100) = +0.01386 % Ans.

1-71% Round off the following numbers to four significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

(a) 63,746.2 {b) 27,382.6 {c} 55,129.9

SOLUTION

63,750 - 63,746.2

(a} For 63,750: 29— 534 (100) = +0.00596 % Ans.
716,

(b) For 27,380: 21,339 — 27,382:8 (100) = -0.00950% Ans.
3 [

(c) For 55,130: 55,130 - 55,129.9 (140) = +0.0001814 ¥  Ans.

55,129.9
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1-72% Round off the following numbers to four significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

{a) 937,284 {b) 274,918 (c} 339,872

SOLUTION

937,300 - 937,284

(a) For 937,300: e (100) = +0.001707 % Ans.
, 274,900 - 274,918 .

(b) For 274,900: TR (100) = -0.00655 % Ans.

(¢) For 339,900: 339,900 - 339,872 440y = 40.00824 % Ans.

339,872

1-73 Round off the following numbers to four significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

{a) 918,273 (b} 284,739 {(c) 342,691

SOLUTION

918,300 - 918,273

(a) For 918,300: LR (100) = +0.00294 % Ans.
. 284,700 - 284,739 L

(b) For 284,700: T Tas (100) = —-0.01370 % Ans.

(¢) For 342,700: 342,700 - 342,631 (,00) = 0,00263 % Ans.

342,691

25
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1-74 Round off the following numbers to four significant figures. Find
the percent difference between each rounded-off number and the
original number by using the original number as the reference.

(a) 624,373 {b) 785,239 (c) 936,491

SOLUTION

% Diff = —T (100)

624,400 - 624,373

(a) For 624,400: . - (100) = +0.00432 % Ans.
3

(b) For 785,200: 735'22g5'2235’239 (100) = -0.00497 % Ans.

(c) For 936,500: 936,500 - 936,491 44y - 4+0,000961 % Ans.

936,491

26
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C1-75 A common practice in rounding answers is to report numbers whose
leading digit is 1 to an accuracy of 4 significant figures and all
other numbers to an accuracy of 3 significant figures. Although
this practice probably started with the accuracy with which slide
rules could be read, it also reflects the fact that an accuracy of
greater than 0.2 percent is seldom possible. This project will
examine the error introduced by this and some other rounding
schemes. For each of the rounding schemes below,

1.
2.

Generate 20,000 random numbers between 1 and 10.
Round each number to the specified number of significant
figures. ({Note that 3 significant figures is equivalent to
2 decimal places, 4 significant figures is equivalent to 3
decimal places, etc., since all numbers are between 1 and 10.)
Calculate the percent relative error for each number.

Number - RoundNumber

PercentRelError = *100
Number

Plot PercentRelError versus Number.
Comment on the maximum round-off error and the distribution
of round-off error.

Round all numbers to an accuracy of 3 significant figures.
Round numbers less than 2 to an accuracy of 4 significant
figures and numbers greater than 2 to an accuracy of 3
significant figures.

Round numbers less than 3 to an accuracy of 4 significant
figures and numbers greater than 3 to an accuracy of 3
significant figures.

Round numbers less than 5 to an accuracy of 4 significant
figures and numbers greater than 5 to an accuracy of 3
significant figures.

SOLUTION

27
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C1-76 When engineers deal with angles, they are usually more interested in
the sine or cosine of the angle than they are with the angle itself.
Since sin 5 = cos 85" = gin 175 = sin 1085 = .... = 0.08716 the
rounding of angles requires a different scheme than that described
in Problem C1-75. That is, angles should be rounded to a specified
number of decimal places rather than a specified number of
significant figures. This project will examine the error introduced
by rounding angles to various numbers of decimal places. For each
of the cases below, .

1. Generate 20,000 random angles between 1" and 89 . (Use a
random number generator that produces decimal numbers and not
just integers.) Calculate the sine and cosine of each angle.

2. Round each angle to the specified number of decimal places
and calculate the sine and cosine of the rounded angle,

3. Calculate the percent relative error for each angle.

PercentRelError = sin(Angle)'— sin{BoundAngle) *100
sin(Angle)
or
_ cos{Angle) - cos(RoundAngle)
PercentRelError = cos(angle) ¥100

4, Plot PercentRelError versus Angle.
5. Comment on the maximum round-off error and the distribution
of round-off error.

a. Round all angles to an accuracy of 1 decimal place.

b. Round all angles to an accuracy of 2 decimal places.

c. Round angles less than 10 _to an accuracy of 3 decimal places
and angles greater than 10 to an accuracy of 2 decimal places.

SOLUTION

C1-28Bu
sinx)

(@) Sinx
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C1-76 (Continued)
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C1-77 When two numbers are added or multiplied together, the result is
always less accurate than the original numbers. This project will
examine the error introduced by rounding two numbers before they are
multiplied together.

a.

Generate 80 random numbers between 4.51 and 5.49% (that is,

5 + 0.1*RND). If any pair of these numbers are rounded to the
nearest integer {5) and then multiplied together, the result
will be 25. How does this result compare with the correct
product obtained by multiplying the original two numbers
together? Is the result accurate to the nearest integer? Is
the result accurate to less than 10 percent?

Repeat part a for numbers between 49.51 and 50.49

{50 £ 0.01*%RND). Is the result accurate to the nearest
integer? Is the result accurate to less than 1 percent?
Generate 20,000 random integers between 1 and 49. For each
integer N, generate two random numbers which will round to
that integer

N1 = N £ 0.5%RND N2 = N £ 0.5%RND
Plot the percent relative difference in the products
. N1%¥N2 - N#N
= *
ProdDiff NEN 100

versus N. Conmpare this with the percent relative difference
in the original numbers

N1 - N

NuaDiff = | N I*IOO
SOLUTION
10 T - T T T T
A i C1-2%c -
- = ProdDirs
g L :
6 I
4
2
0

Pred. DIFE

3!
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C1-77 {(Continued)
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1-78% The planet Neptune has a mass of 1.03(1026) k; and a vigible
diameter (top of the cloud layers) of 4.86(10 ) m. Determine the
gravitational acceleration g at the top of the cloud layers.

SOLUTION
Gm -11 26
g, = —% = £:673U0 U.03)U0 ) . y) 6398 m/s® w 11.64 m/s®  ans.
r2 [2.43(107)]

1-79% The weight of the first Russian satellite, Sputnik I, on the surface
of the earth was 184 1b. Determine the force exerted on the
satellite by the earth at the low and high points of its orbit which
were 149 mi and 597 mi, respectively, above the surface of the earth.

SOLUTION
Gm m
e

rz g 32,17

From Eq. {1-2): F

"

From Table 1-1: r,

2.090(10°) ft

2.090(107) + 149(5280) = 2.169(10") ft

r,=r,t hL

_SmM  3.439(107%)(4.095) (10%%) (5. 720)

F = = 171.2 1b Ans.
L rf [2.169¢(107)]1%
r, = r, + hy = 2.090(10°) + 587(5280) = 2.405(10°) ft
Gm m -8 23
Fo= s s 3.439(10°%)(4.095)(10°°)(5.720} _ 139 5 1 Ans.

r (2.405(107)]°

1-80 The plaget Jupiter has a mass of 1.90(1027) kg and a radius of
7.14(10°) m. Determine the force of attraction between the earth
and qqpiter when the minimum distance between the two planets is
6(10 ) m

SOLUTION

OneB; _ 6.673(1072")(5.976) 110" (1.90) (10"") _ 5 10(10"®) ¥ ans
: _ ,

r (6(10'")1?

F =

33
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1-81 On the surface of the earth the weight of a body is 200 1lb. At what
distance from the center of the earth would the weight of the

body be
{a) 100 1b? (b) 50 1b?
SOLUTION
Gm.m

From Eqs. (1-2): Fz—02% Fr’ = Wr’ = Gon m

r2 e e

) - Syl = S K

Therefore: r = Wre/F = /f; r,

TS
(a) For F = 100 1b: rzy %%% (2.090)(107) = 2.96(10°) ft Ans.
(b) For F = 50 lb: r =/ 202 (2.000)(107) = 4.18(107) £t Ans.

50

1-82% At what distance from the center of the earth would the force of
attraction between two spheres 1 m in diameter in contact equal the
force of attraction of the earth on one of the spheres? The mass of
each sphere is 250 ks.

SOLUTION
Gmlm2 Gmsms Gmems
From Eq. (1-2}: F = > .~ >
r {2r )} r
g
4r2m 2 24
r=y -2 o/ 30.5) ‘35376’(10 - 0.1546(10'%) m Ans.

]

1-83% The weight of a satellite on the surface of the earth prior to
launch is 250 1lb. When the satellite is in orbit 5000 miles from
the surface of the earth, determine the force of attraction between
the earth and the =utellite.

SOLUTION
Gm m
__* _ ¥ _250 | -
From Eq. (1-2}: F = r2 m = g “ 35,17 ° 7.771 slug
From Table 1-1: r = 2.090(107) ft
r=r,+hs= 2.090(107) + 5000(5280) = 4.730(10) ft
Gm m -8 23
O 3.439(10 )(4.095);102 WT.TT1) _ 4s 9 1n Anc.
v [4.730(10")]
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1-84 A fluid has a dynamic viscosity of 1.2(10-3) N-s/mz. Express its
dynamic viscosity in U.S. Customary units (lb-s/ft”).

SOLUTION

= 2.51(107) lki%

ft

3. Nes [0.2248 lb][0.3048 m)z
Ans.

go=1,2(10 ) > TN 1 Tt
m

1-85 The stress equation for eccentric loading of a short column is

- _ P _Pey
S S

If P is a force, A is an area, and e and y are lengths, what are
the dimensions of stress 0 and second moment of area I7

SOLUTION

ML/T"

LZ

All terms have the dimension M/LTZ:

= M/LT®

P
i

L, YT A

> L4 Ans.
{M/LT")

o = M/LT®

1-86% Determine the dimension of ¢ in the dimensionally homogeneous
equation
v = EE[I _ e-ctlm]

in which v is a velocity, m is a mass, t is time, and g is the
gravitational acceleration.

SCGLUTION
ﬁi = ?é?) = 1 {Dimensionless} c = M/T Ans.
2
v = %5[1 - e'°"m] = (M)(LéT M1 . L/T c = M/T Ans.
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1-87% In the dimensionally homogeneous equation R = cv + ag, R is a force,
v is a velocity, and ¢ is an acceleration. Determine the dimensions
of a and c.

SOLUTION
All terms have the dimension ML/TZ:

c(L/T) = ML/T? ¢

cv M/T Ans.

2
a(L/T%) = ML/T® a=M Ans.

"

ag

1-88 Wwhen a body moves through a fluid it experiences a rfsistgnce to its
motion which can be represented by the equation F = ECDpV A where F

is a force, P is the density of the fluid, V is the velocity of the
body relative to the fluid, and A is the cross-sectional area of the
body. Show that the drag coefficient CD is dimensionless.

SOLUTION

2
C, = 2F ML/T = 1 {(Dimensionless} Ans.

D ovZa L /T

1-89 Develop an expression for the change in gravitational acceleration
Ag between the surface of the earth and a height h when h << Re.

SOLUTION
Gm Gm
From Eq. (1-3): g = 5~ g+ Og = )
r (r + h)
e e
Gm_ Gam_ Gme[rz - {r_+ h)?]
Therefore: Ag = el ' - >
(re 4+ h) r. re(re + h)

Gm h(2r + h)
e e

T T2 2
re(re + h)

For h << r :
e

26m h
Ag = - 3e = - g[gh] Ans.,
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2-1*% Determine the magnitude of the
resultant R and the angle 8
between the x axis and the line
of action of the resultant for

the two forces shown in Fig. P2-1.

901b

SOLUTION
From Eq. 2-1:
2 2 2
R = F1 + F2 + ZFlF2 cos ¢

= 1202 + 90% + 2(120)(90) cos 90°

R = 150.0 1b
From Eq. 2-2:
- F2 sin ¢
B = sin s )
= sin”’ 291§39529~ = 36.87°

B - 150.0 ib & 36.9°  Ans.

2-2% Determine the magnitude of the
resultant R and the angle 8
between the x axis and the line
of action of the resultant for

the two forces shown in Fig. P2-2

54N

60° 60 N

SOLUTION

From Eq. 2-1:
2 2 2
R = F1 + F2 + ZFle cos ¢
= 60° + 547 + 2(60)(54) cos 60°

R = 98.77 = 98.8 N

From Eq. 2-2:

6= s 1 F2 sin ¢
= sin  ——p— .

-1 34 sin 60

. - 0
= sin 38.77 = 28.26

¥
'
7
r' ]
I
r 4
-———— R
LON
R =-ug.8N228.3° Ans.

37




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-3 Determine the magnitude of the "

resultant R and the angle © 400 1b

between the x axis and the line 29°

of action of the resultant for 480 1b

the two forces shown in Fig. P2-3. 21°

x
Fig. P2-3

SOLUTION

d‘\ja

- A ]
- A
/

¢ = 90° + 29° - 21° = 98° 400 Yy _.--

From Eas. 2-1 and 2-2:

\

/’ \

'\ 4801,

2 2 :
R™ = F1 + F2 + 2F1F2 cos ¢

= 4802 + 400% + 2(480)(400) cos 98° 2~ T~ T T T T = *
R = 580.48 = 580 1b
F. sin ¢ ) o
_ . =12 _ ... -1 400 sin 98 _ °
B = sin —5 = sin —380.48 - 43.03
=8+ 21° = 43,.03° + 21° = 64.03° = 64.0° B = 580 1b 2 64.0° Ans.
2-4 Determine the magnitude of the y
resultant R and the angle @ 200N
between the x axis and the line 26°
of action of the resultant for 250 N
the two forces shown in Fig. P2-4. v
X
Fig. P2-4
SOLUTION
¢ = 90° - 14° - 26° = 50°
From Eqs. 2-1 and 2-2:
2 _ .2 2
R = F1 + F2 + 2F1F2 cos ¢
= 250% + 200% + 2(250)(200) cos 50°
R = 408.39 &« 408 N
F_ sin ¢ . o
_ . =1 2 _ .:.-1 200 sin 50 o
B = sin —p—— = sin  Toatee S 22.03
6 =8+ 14° = 22.03° + 14° = 36.03° = 36.0° B =408N236.0° Ans.

38




ENGINEERING MECHANICS - STATICS, Z2nd. Ed. W. F. RILEY AND L. D. STURGES

9-5% Determine the magnitude of the
resultant R and the angle 8
between the x axis and the line
of action of the resultant for
the two forces shown in Fig., PZ-5.

SOLUTION
From Egs. 2-1 and 2-2:
2 2 2 .
R = F1 + F2 + ZFlF2 cos ¢

= 250° + 600° + 2(250)(600) cos 30°

R = 826.02 ib =~ 826 lb

.y Fp sin @ -1 600 sin 30°

. s a1 on®
B = sin T = sin  Tgmemer T 21.30
8 =8+ 30° = 21.30° + 30° = 51.30° = 51.3° B - 826 1b 2 51.3° Ans.

2-6% Determine the magnitude of the
resuitant R and the angle 8 y
between the x axis and the line
of action of the resultant for
the two forces shown in Fig. P2-6.

SOLUTION

o] [+

&= 36° + 24° = 60

from Eqs. 2-1 and 2-2:
2 2 2
R = F1 + F2 + 2F1F2 cos 9

= 10° + 25% + 2(10)(25) cos 60°

R = 31.22 kN = 31.2 kN

F sin 'f’ . ]
o .o-1 2 _ _..-1 25 sin 60 _ . ©
B = sin —g = sin =123 — ° 43,91
& =B - 24 = 43.91 - 24 = 19.91° B =31.2 kN 2 19.91°  Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D,

STURGES

2-7 Determine the magnitude of the
resultant R and the angle 8
between the x axis and the line
of action of the resuitant for

the two forces shown in Fig. P2-7.

SOLUTION

4]

¢ = 45° + 60° = 105°

2 2

2
R™ = F1 + F2 + 2F1F2 cos ¢

600° + 800° + 2(600)(800) cos 105°

866.91 1b = 867 1b
.y Fp sin ¢ - sin ! 800 sin 105° _
sin R - 866,91 -

8 + 30 = 63.046 + 30 = 93.046° = 93,0°

el
"

D
n

63.046°

R =867 1b & 87.0°

Ans.

2-8 Determine the magnitude of the
resultant R and the angle 6

between the x axis and the line
of action of the resultant for

the two forces shown in Fig, P2-8.

SOLUTION

[+ o

¢ = 48° + 59° = 107°

2

2 2 .
R = F1 + F2 + ZF1F2 cos ¢

= 7802 + 650% + 2(780)(650) cos 107°
856.99 N & 857 N

-1 F2 sin ¢

8 = sin _ -1 650 sin 107°
= Fe— =

856.99

46.50 = 12.50°

sin =

R =857 N% 12.50°

Ans.

<0




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W, F. RILEY AND L. D. STURGES

2-9% Determine the magnitude
of the resultant R and
the angle 8 between the
x axis and the line of
action of the resultant
for the two forces shown

in Fig. P2-9, x
SOLUTION
¢ = 180° - 62° - 52° = 66°
2 _ 2 2 ~
R™ = F1 + F2 + 2F1F2 cos ¢ 3 3
2_>
= 450% + 600° + 2(450)(600} cos 66°
R = 884.39 1b = 884 1b
F sin ¢ . (4]
o .o=1 2 _ . -1 600 sin 66 _ . °
B = sin —5—— = sin Tggiay o C 38. 300
6 =8 - 38" = 38.300° - 38 = 0.300° R =884 1b 2 0.300°  Ans.
2-10% Determine the magnitude of the y
resultant R and the angle @ 350N
between the x axis and the line
of action of the resultant for
the two forces shown in Fig. P2-10. 60°
45° '
SOLUTION

Q

¢ = 60° + 45° = 105°

RZ = F2 4+ F> + 2F.F ¢ b
= 5 2 1f2 €08 459
= 100 + 350° + 2(400)(350) cos 105°
R = 458.29 N = 458 N
F sin ¢‘ _ . o
_ .-z _ .. -1 350 sin 105 _ - -
B = sin —g - sin 158.70 = 47.53
8 =8 - 45° = 47.53° - 45° = 2.53° B - 458N 22.53° Ans.

11




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-11% Determine the magnitude of the

resultant R and the angle © 90 1b
between the x axis and the line
of action of the resultant for 1\
the two forces shown in Fig. P2-11. 3 1101
P x
Fig. P2-11
SOLUTION
9 = 180° - tan”' 3 = 120.96° 901b R
-----------\
From Eqs. 2-1 and 2-2: /,;“\
A Y
2 2 2 \
R = F1 + F2 + 2F1F2 cos ¢ ’Eé \
\
= 110% + 90° + 2(110)(90) cos 120.96° ot — X
R = 100.07 1b = 100.1 1b Mo )b
g o aint 2S00 190 sin 120.96° o
- R 160.07 - * o
R = 100.1 1b 2 50.5 Ans.
2-12% Determine the magnitude of the y
resultant R and the angle 8 170N

between the x axis and the line
of action of the resultant for
the two forces shown in Fig. P2-12,

SOLUTION

1

¢ = 180° + tan - tan” = = 134.42°

el
DO
e o

From Eqs. 2-1 and 2-2:

2 2 2
R 7- F1 + F2 + 2F1F2 cos ¢

= 210% + 170% + 2(210)(170) cos 134.42°

R = 151.74 N & 151.7 N
F. sin @ ) o

_ _..-1 "2 _ .. =1 170 sin 134.42 _ . _0
B = sin —g5  c sin 151,74 = 53.15
8 =f - 22,62 = 53.15 - 22.62 = 30.53 & 30.5°

R = 151.7 N 2 30.5° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D, STURGES

2-13 Determine the magnitude of the
resultant R and the angle 8
between the x axis and the line
of action of the resultant for
the two forces shown in Fig. P2-13.

SOLUTION

-1 -
¢ = tan % - tan

From Egs. 2-1 and 2-2:

1

[0 ]

= 54.16°

2 2 2 ,
R = F1 + F2 + ZFIF2 cos ¢

= 600° + 500° + 2(600)(500) cos 54.16°

R = 980.47 1lb = 980 1b

F_ sin ¢ - . o
_ ..=1 2 _ .. -1 300 sin 54.16  _ . °
B = sin —g  ° sin 580,47 = 24.42
8 =8 + 21.80 = 24,42 + 21.80 = 46.22 = 46.2 R - 980 Ib 2 46.2" Ans.
2-14 Determine the magnitude of the y
resultant R and the angle 6
between the x axis and the line
of action of the resultant for
the two forces shown in Fig. PZ2-14.
SOLUTION
$ = 180° - tan™ ' % - tan”' 2 = 79.70°
From Eqs. 2-1 and 2-2:

2 2 2
F1 + F2 + 2F1F2 cos ¢

j2u]
1

5402 + 180° + 2(240)(180) cos 79.70°

R = 324.73 N = 325 N
F_ sin ¢ oA °
_ o=t 27 7 . -1 180 sin i9.70  _ o
B = sin 7 = sin 324,73 = 33,05
6 =B + 36.87 = 33.05 + 36.87 = 69.92° = 69.9° R = 325 N 269.9° ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

2-15% Determine the magnitude
of the resultant R and
the angle © between the
x axis and the line of
action of the resultant
for the two forces shown

in Fig. P2-15.

: —_—

]
21in.
|

SOLUTION

D
"
o
&
=]
hlm
=
u
[
=
w
o

¢ = 180° - 20.85° - 32.01° = 127.14°

From Eq. 2-1:
2 2 :
R™ = F1 +_F2 + 2F1F2 cos ¢
= 800% + 1000° + 2(800)(1000) cos 127.14°

R = 820.96 1b = 821 1b

From Eq. 2-2:
F_. gin ¢ . o
-1tz _ _..-1 1000 sin 127.14° _ o
B = sin — = sin 82096 = 76.17
6 =B + 20.85° = 76.17 + 20.85 = 97.02° = 97.0°

R = 821 1b © 83.0

o

Ans.

ZL




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-16 Determine the magnitude
of the resultant B and
the angle 9 between the Y
x axis and the line of 825N
action of the resultant
for the two forces shown
in Fig. P2-16.

Fig. P2-16
SOLUTION
6, = tan”’ I%% = 28.44°
6, = tan” .20 = 30.26° R

¢ = 180° - 28.44° - 30.26° = 121.30° IR N
740N .- .. 825 N

From Eq. 2-1:

2 2
F1 + F2 + 2F1F2 cos ¢

o
H

825° + 740% + 2(825)(740) cos 121.30°

770.64 N & 771 N

-]
1]

From Eq. 2-2:

F_ 8in ¢ . o
B = sin”! 2 = sint TSI AZLS0 . 55440

po
1]

B + 28.44 = 55.14 + 28.44 = 83.58° = 83.6°

B = 771 N 2 83.6° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-17% Determine the magnitude
of the resultant R and
the angle 8 between the
x axis and the line of
action of the resultant
for the three forces
shown in Fig. P2-17,

Fig. P2-17

SOLUTION

From Eq. 2-1:
R° = F° + F2 + 2F.F ¢
12~ i 2 T.eb, b, cos W,

= 750° + 80O + 2(750)(800) cos 105°

R12 = 944.41 1b = 944 1b
From Eq. 2-2:
1 F2 sin ¢1
Bl = sin s
12
_ _..-1800 sin 105° _ . ..o
= sin 314 41 = 54.91
Similarly:
¢, = 30° + B, = 30° + 54.91° = 84.91°
2 2 2
R = F3 + R12 + 2F3R12 cos ¢2

= 900° + 944.41% + 2(900)(944.41) cos 84.91°
R = 1361.15 1b = 1361 1b

o1 Byp 8in 9,
B_ = sin —

_ . -1 944.41 sin 84.91° _ ,. .0
= sin 1361. 15 = 43.72

R - 1361 1b 2 43.7° Ans.

i [




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-18% Determine the magnitude
of the resultant B and
the angle @ between the

x axis and the line of y
action of the resultant SO KN
40 kN
for the three forces
shown in Fig. P2-18.
E 400% 700 75
kN
200
\ X
Fig. P2-18

SOLUTION
2 2 2 )
R12 = F1 + F2 + 2F1F2 cos ¢1
= 752 + 50° + 2(75)(50) cos 70°
R12 = 103.39 kN = 103.4 kN
- F2 sin ¢1
Bl = sin = — ¢
12
_ ..-1230 sin 70° — or aa®
= sin ~103.39 - 27.03
Similarly:
< [+]
¢2 = 40 + (70 - B:’
o © o iy

= 407 + (70 - 27.037) = 82.97

2
R =R + F3 + 2R12F3 cos ¢2
- 103.392 + 40% + 2(103.39)(40) cos 82.97°
R = 115.33 kN = 115.3 kN

Ly F3 sin ¢2
B, = sin = —p——
-1 40 gin 82.97°

L3
115,33 = 20.13

= sin

6 = 20° + B, + B, = 20° + 27.03° + 20.13° = 67.16° = 67.2°

R =115.3 kN 2 67.2°  Ans.
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ENGINEERING MECHANICS - STATICS., 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-19 Determine the magnitude
of the resuitant R and
the angle & between the y
x axis and the line of 60 ki
action of the resultant i
for the three forces
shown in Fig. P2-19. s0kip ‘;5 ’ 20°
‘ } .
75°
25 kip
Fig. P2-19
SOLUTION
¢, = 75° + 80° = 155° Lo Xip
\
RS, = F° + F> + 2F,F ¢ : R
12 - 1 2 1Fp €08 %y f' 2
= 25° + 60° + 2(25)(60) cos 153° :
R,, = 38.81 kip % 38.8 kip B-—=-x%
. Fyosin #, ' 28 KlP
Bl = sin - —p——
12
o
_ _..=1 60 sin 155 _ o ©
= gin —38.81 - 139,20
Similariv:
¢, = 250° - B, = 250° - 139.20° = 110.80°
R = F> + R°. + 2F.R ¢
T ta 0 Mz attyp €08 %,
= 50° + 38.81° + 2(50)(38.11) cos 110.80°
E = 51.27 kip = 51.3 kip
F_ sin ¢ 50 K'P
B = sin-1 S
2 R
_ . -1 30 sin 110.80° _ .. ., ©
= sin == = 63.74
Dl-&l

8 =B - 75+ Bz =

' 139.20 - 75 + 65.74 =

129.94° = 129,9°

R = 51.3 kip ® 50.1°  Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-20 Determine the magnitude
of the resultant R and
the angle @ between the
x axis and the line of
action of the resultant
for the three forces
shown in Fig. P2-20.

SOLUTION

From Eq. 2-1: 7SoN .-~

2 2 2
R12 = F1 + F2 + ZFiF2 cos ¢1

= 5002 + 7502 + 2(500)(750) cos 105°

R,, = 786.38 N & 786 N
From Eq. 2-2:
F_ sin ¢
-1 2 1
B, = sin  —— Y?
1 R12 Ve
_ . -1 750 sin 105° _ ., (.°
= sin 786, 38 = 67,11
Similarly: i?
¢ = 240° - B, = 240° - 67.11° = 172.89°
2 - 1
R = FZ + R®. + 2F.R @ @z ----- x
= Fa 12 3y €08 %,
= 100° + 786.38° + 2(100)(786.38) cos 172.89°
R = 687.26 N = 687 N JoON
B = sin”! Ry, sin ¢,
2 = 81lh —"_—’R
_ . -1 786.38 sin 172.89° _ o
= sin 587,36 = 171.86
6=8, - 90° = 171.86° - 90° = 81.86° = 81.9°
R =687 N & 81.9° Ans.

17




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-21% Determine the magnituvde ' ¥
of the resultant R and
the angle 9 between the
x axis and the line of 20 kip _
action of the resultant 450 15kp

for the three forces
40°
;ggé il x
10°
, .'m-\ﬁblowp

shown in Fig. P2-21.
Fig. P2-21

SOLUTION

¢, = 40° + 10° = 30°

From Eq. 2-1:

B2 = F2 + F2 + 2F.F. cos ®
12 - 1 2 T eFy T, CO8 Wy
= 10% + 15% + 2010)(15) cos 30"
Rgz = 22.76 kip = 22.8 kip
From Eq. 2-2:
‘ 20 Xip
F_ sin ¢
-1 2 '
31 = S1n T‘——
12
_ .. =113 sin 50° _ 250
= sin 276 - 30. 32
Similartv:

b, = 145° - B, = 145° - 30,327 = 114.68" & 114.7°

2 2 z
R = R12 + 53 + BR12F3 cos ¢2

= 22.762 + 20 + 2(22.761(20) cos 114.68°
R = 23.19 kip = 23.2 kip

-1 F. sin ¢2

, 2
Bz = sin =

-1 20 sin 114.68°
23.19

6=p +8, - 10° = 30.32° + 51.60° - 10

= 51.60°

= gin

o

71,92° = 71.9°

R =23.2 kip 2 71.9° Ans,

SO




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-22% Determine the magnitude
of the resultant R and
the angle @ between the
x axis and the line of
action of the resultant

for the three forces
shown in Fig. P2-22. goﬂou/

SOLUTION

Q

¢ = 30° + 60° + 30° = 120°
From Eq. 2-1:
2

2 2
R12 = F1 + F2 + ZF1F2 cos ¢1

350% + 600% + 2(350)(600) cos 120°

R 522,02 N & 522 N

12

From Eq. 2-2:

-1 F, sin ¢1

2
B = sin
1 R12
_ . -1 600 sin 120° _ o
= sin 59202 = 84.50
Similarly:
¢, = 180° - (8, -30°) = 180° - (84.50° - 30°) = 125.50°
2 2 2,
R = R12 + F3 + ZR12F3 cos ¢2

= 522.02° + 5007 + 2(522.02)(500) cos 125.50°

R = 468.37 N & 468 N

-1 F3 8in ¢2
B2 = sin - —p—
. -1 500 sin 125.50°

— _ o
= sin 168,37 = 60.35

=8 +8, = 84.50° + 60.35° = 144.85° = 144,9°

R-468 N% 35.1° Ans.

Sl




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-23 Determine the magnitude y

of the resultant R and

the angle @ between the 500 1b

x axis and the line of

action of the resultant J00 Ib 1 3

for the three forces

shown in Fig. P2-23.

SOLUTION
¢ = 90° - 55° + 80° = 95°
From Eq. 2-1:
2 i 2 ,
R12 = F1 + F2 + ZF1F2 cos ¢1
= 700° + 500° + 2(700)(500) cos 95°
R,, = 824.01 lb & 824 1b
From Eq. 2-2:
4 F2 sin ¢1 f?
31 = sin T— — Rgz
- gip" ! 300 sin 95° _ 37.19° 35; ‘b @_ -------- %
= 824.01 T ol 2
Similarly:
¢, = 180° - (B, - 35°) = 180° - (37.19° - 35°) = 177.81° « 177.8°
2 2 2z,
R = R12 + F3 + ZRle3 Ccos ¢2
= 824.01°% + 350° + 2(824.01)(350) cos 177.81°
R = 474.45 1b & 474 1b
1 F3 sin ¢2
Bz = gin 7
_ . -1 350 sin 177.81° _ . ..o
= sin 174.45 = 1.615
6 =8, +8, ~10% = 37.19° - 35° + 1,615° = 3.805° = 3,81°
R =474 1b 2 3.81° Ans.

Sa




ENGINEERING MECHANICS - STATICS, Znd.

Ed.

W. F. RILEY AND L. D. STURGES

2-24 Determine the magnitude
of the resultant R and

the angle 8 between the
x axis and the line of

action of the resultant
for the three forces

shown in Fig. PZ2-24.

y

SOLUTION

From Eq. 2-1:

2 2 2,
R12 = F1 + F2 + 3F1F2 cos ¢1
= 20% + 507 + 2(20)(50) cos 45°
R,, = 65.68 kN & 65.7 kN_

From Eq. 2-2:

oy F2 sin ¢1
B, =sin - —p——
12
-1 50 sin 45° o
= sin ——Egtggﬂw- = 32.57
Similarly:
¢, = 75° - B, = 75° - 32.57° = 42.43°
2 2 z
/R = R12 + F3 + ZR12F3 cos ¢2
= 65.68° + 40° + 2(65.68)(40) cos 42.43°
R = 98.96 kN & 99,0 kN
1 F3 gin ¢2
52 = sin - ——p— .
_ ..-1 40 sin 42.43 _ .. 5,5°
= sin 98.96 = 15.83
8 = 45° + B, + B, = 45° + 32.57° + 15.83°

R

93.40°

99.0 kN & 86.6°

Ans.

S3




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F., RILEY AND L. D. STURGES

2-25% Determine the magnitude ¥
of the resultant R and
the angle © between the
x axis and the line of
action of the resultant
for the three forces
shown in Fig., P2-25.

SOLUTION
_ -12_ o
61 = tan 1= 63.43
_ -12 °
6, = tan” T = 63.43
_ -1 l . o
6, = tan. 5 = 26.57
o = 180° - 63.43° - 63.43° = 53.14°

From Eq. 2-1:

2 2 2 2 2 - o
R,, = F, + F, + 2F F, cos ¢, = 300" + 200° + 2(300)(200) cos 53.14
R,, = 449.43 1b % 449 1b '

From Eq. 2-2:
6 - sin'l F2 sin ¢1
1 R12
_ . -1 200 sin 53.14° _ o
= gin 349,43 = 20.86
Similarly:
¢, = 90° - B, = 90° - 20.86° = 69.14°
2 2 2
R = R12 + F3 + 2R12F3 cos ¢2
= 449.43% + 500% + 2(449.43)(500) cos 69.14°
R = 782.3 1b & 782 1b
F_ sin ¢ - . o
_ ..=1"3 2 _ . -1 500 sin 69.14 _ . °

32 = sin ——F— = sin 7893 = 36.67

6=0 +B +8,= 63.43° + 20.86° + 36.67° = 120.96° = 121.0°

R = 782 1b & 59.0° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-26* Determine the magnitude
of the resultant R and
the angle @ between the 450N
x axis and the line of
action of the resultant
for the three forces shown
in Fig. P2-26,

SOLUTION

61 = tfm—1 % = 36.87°
9, = tan”’ % = 63,43°
e, = tan”’ % = 21.80°

® = 180° - 36.87° - 63.43° = 79.70°

From Eqs. 2-1 and 2-2:

2 2 2 . _ 2 2z, . °
R, = F, + F, + 2F F, cos ¢ = 750" + 450" + 2(750)(450) cos 79.70
R,, = 941.11 N = 941 N

. F, sin ¢1
By = sin —p—
12

_ .. =1 450 sin 79.70° _ o

= sin 341,11 = 28.06
Similarly:
¢, =180° - 8 -6 - B =180° - 36.87° - 21.80° - 28.06" =

2 2 2

R™ =R, +F ¢+ 2R, F, cos ¢2

= 941.11° + 700° + 2(941.11)(700) cos 93.27°

R = 1140.4 N = 1140 N

o Fy sin ¢2
B = S1h —'—E"-'—

< oyp-! 700 sin 93.27°
= 1140.4

= 37.79°

6=0 +B, +8, = 36.87° + 28.06° + 37.79° = 102.72° = 102.7°
B =1140 N & 77.3° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-27 Determine the magnitude y
of the resultant R and
the angle & between the
x axis and the line of
action of the resultant
for the three forces
shown in Fig. P2-27.

Fig. P2-27
SOLUTION
6 = tan ' % = 45.00° \ 350
1 1 Py ~
-1 1 o 45 N\ .
6 = tan ! & = 18,43 ——- - il N
2 3 AN
-1 4 - o N
= = = S~
93 tan 3 33.13 -~ R
9, = 45.00° + 18.43° = 63.43° PP AR | -
“500
From Eq. 2-1: 5 b
g2 =% + F° 4 2F.F ¢ = 500° + 350° + 2(500)(350) 63.43°
12 = 1 2 + 12 cos 1 - + cOs .
R,, = 727.36 lb = 727 1b
From Eq. 2-2:
—
.4 F, sin ¢1 9.5 ~
B, = sin” ' 2—1 -—="=
12 o
_ . -1 350 sin 63.43° _ °
= sin 79736 = 25.49
Similarly:
$, =6+ 45° - B, = 53.13° + 45° - 25.49° = 72.64°
2 2 2
R = R12 + F3 + 2R12F3 cos ¢2
- 727.36% + 250° + 2(727.36)(250) cos 72.64°
R = 836.70 1b = 837 1b
F_ gin ¢ . o
_ .. -1’3 2 _ . -1 250 sin 72.64 _ f o ©
Bz = sin = —p—— = sin 836,70 = 16.570
6=p +8, - 45° = 25.49° + 16.57° - 45.00° = -2,94°
B =837 1b © 2.94° Ans.

K14




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-28 Determine the magnitude Y
of the resultant B and
the angle 6 between the
x axis and the line of
action of the resultant
for the three forces
shown in Fig., P2-28. x
Fig. P2-28
SOLUTION
- -1 i _ o
61 = tan 3 = 53.13
6 =tan ' L:z11.31°
2 )
_ -1 _;1 o on®
63 = tan y = 68.20

0

53.13° + 11.31° = 64.44

From Eq. 2-1:

= 14.730°

+6 -B = 68.20° + 53.13° - 14.73°

-1 300 sin 106.60°

.
N
3348~

2 2 2 _
R12 = F1 + F2 + ZFlF2 cos ¢1 =
R12 = BB7.02 N « 88T N
From Eq. 2-2:

o F2 sin ¢1
By = sin —g—
12
- gip-! 250 sin 64.44°
=8 887.02
Similarly:
¢2 = 63
2 2 2 «
B = R12 + F3 + ZR12F3 cos ¢2
- 887.02°

R = 885.10 N &= 885 N

6 - -1 F3 sin ¢2 .

, = sln  —=—F—— = sin

a = 81 + Bz - 81 =

885.10

14.730° + 32.78° - 53.13°

R

H

u

750° + 250° + 2(750)(250) cos 64.44°

106.60°

+ 500° + 2(887.02)(500) cos 106.60°

= 32.78°

-5.62°

885 N S 5.62° Ans.
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2-29% Determine the magnitude
of the resultant R and
the angle 8 between the
x axis and the line of
action of the resultant
for the four forces
shown in Fig. P2-29,

SOLUTION

¢, = 30° + 20° = 50°

From Eq. 2-1:
2 2

2
R12 = Fl + F2 + 21?15‘2 cos ¢1 -

2502 + 350° + 2(250)(350) cos 50°

R12 = 545.42 1b = 545 1b
From Eq. 2-2:
-1 F2 sin ¢1
Py = sin ———
_ . -1 350 sin 50° _ o
= sin ~5i5.42 - 29.44
Similarly:
¢, = 180° - 20° - 30° = 130°
2 2 2
R34 = F3 + F4 + 2F3F4 cos ¢2
= 3002 + 6002 + 2(300)(600) cos 130° ’
R34 = 467.54 1b = 468 1b y? _______ j?
F. sin ¢ 349 -?\\
32 = sin-i —1—§——~—3 R
34

\\
). ks %
. -1 600 sin 130° 0 <

= sin = 100.56 m—bs
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2-29% {Continued)
[s] s}
¢, = 360° - 80° - B - B,
= 360° - 80° - 29.44° - 100.56° = 150.00°

2 2 2
R™ = R12 + R34 + 2R12R34 cos ¢3

122 + 467.54% + 2(545.42)(467.54) cos 150°

[+

= 34

R = 272,75 1lb & 273 1b

6 = s 1 F34 sin ¢3
5 = sin L ——p——
_ . -1 467.54 sin 150° _ o
= sin 57575 = 58,99
[+]
6 = 61 + 53 - 30

o

= 29,44° + 58.99° - 30

Le]

= 58.43° « 58.1

R -273 1b 2 58.4° Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

¥

2-30 Determine the magnitude
of the resultant R and
the angle 8 between the
x axis and the line of
action of the resultant
for the four forces
shown in Fig. P2-30.

SOLUTION

[+ L+ ]

¢ = 90° + 30° - 35° = 85

From Eq. 2-1:
2 2 2 .
R12 = F1 + F2 + 2F1F2 cos ¢1
= 600% + 750° + 2(600)(750) cos 85°
R, = 1000.47 N = 1000 N
From Eq. 2-2:
o1 F2 sin ¢1
B, = sin” ——m—
12
.. -1 750 sin 85° _ o
= sin __T555737__ = 48.31
Similarly:

¢, = B, + 35° + 30° = 48.31 + 35° + 30° = 113.31°

2 2 2 ‘
R123 = R12 + F3 + 2.R13F3 cos ¢2

= 1000.472 + 500° + 2(1000.47)(500) cos 113.31°

R,,, = 924.69 N & 925 N
) y Fa 8in @, 4 500 sin 113.31°

» - _ L+
Bz = sin B sin 994,69 = 29,77

123
40




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L.

D. STURGES

2-30 (Continued)

(s} =] -0
¢, = 90° +30° + 35" + B, - B,
= 155° + 48.31° - 29.77° = 173.54°
2 2 2
R = R!23 + F4 + 2R123F4 cos ¢3
= 924.69° + 400% + 2(924.69)(400) cos 173.54°
R = 529.15 N & 529 N 4oo N
o F4 sin ¢3
BB = sin %
_ . -1 400 sin 173.54° _ 0
= gih 529. 15 = 4,88

_.-O
8= -35" + Bl - Bz - 33
= -55° + 48.31° - 29.77° - 4.88°

= -41.34° & -41.3°

B -3529N%41.3° Ans.

é)




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-31% Determine the magnitudes J
of the u and v components L
of the 750-1b force shown i
in Fig., P2-31. A
RN 750 Ib
';;—,——%ﬂ——ﬂk
7
TS.. 4s°
Y - N u
Fig. P2-31
SOLUTION

From the law of sines:

F, F, 750

. s ] . - .
sin 35  sin 45° sin 100°

F_= ——139—-: sin 35° = 437 1b

sin 100
Fo= —20— gin 45° = 539 1b

sin 100
2-32* Determine the magnitudes v,

of the u gnd v components ‘\ 1000 N

of the 1000-N force shown \ 80°

in Fig. P2-32. '
SOLUTION
From the law of sines:
Fy F, 1000

sin 80° sin 50° sin 50°

F o= 2000 oin 80° = 1286 N
u . -0
sin 50

p o= 2000 _ ip 50° = 1000 N

sin 30




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

2-33 Determine the magnitudes
of the u and v components
of the 850-1b force shown
in Fig. P2-33.

1 ]
750 e
] ,”
\ -
\‘ ’,’
\ ,/’ 30°
e & > 850 1b
Fig. P2-33

SOLUTION

From the law of sines:

Fy - ¥, _ _ B850
sin 75° sin 30° sin 75°
F o= —820  oin 75° = 850 1b
u . e
gin 75
F o= —3590  in 30° = 440 1b
v . [+ ]
sin 75

2-34 Determine the magnitudes
of the u and v components
of the 1500-N force shown
in Fig. P2-34.

1500 N
Fig. P2-34

SOLUTION

From the law of sines:

w v _ _1500
sin 76° sin 45° sin 60°
Fo= 1900 in 75° = 1673 N
u . [+]
sin 60
Foo= 2% 5in 45° = 1225 N
sin 60

' E w am gm dm S Em W S e =

3




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W.

F.

RILEY AND L.

D.

STURGES

2-35% Two forces Fu and Fv are applied

to a bracket as shown in Fig.
p2-35. The resultant R of the
two forces has a magnitude of
600 1lb, and the angle between
the line of action of the o
resultant and the y-axis is 28 .
Determine the magnitudes of
forces Fu and Fv.

SOLUTION

From the law of sines:

F F, 600

sin 65° sin 29° gin 86

F, = —800_ gin 37° = 545 1b
sin 86

F o= ——999~; sin 29° = 292 ib
sin 86

2-36% Two forces ?u and Fv are applied

to a circular plate as shown in
Fig. P2-36. The resultant R of
the two forces has a magnitude
of 900 N, and the angle between
the line of action of the
resultant and the x-axis is 30°,
Determine the magnitudes of
forces Fu and

SOLUTION
From the law of sines:

Fu Fv 900

. L .0 . ) i _0
sin 73 sin 30 sin 75

po= —20 sin 75° = 900 N
sin 75

Fo= —20— gin 30° = 466 N
sin 75

¢9




ENGINEERING MECHANICS - STATICS, 2nd.

Ed.

W.

F. RILEY AND L. D. STURGES

2-37 Two ropes are used to
tow a boat upstream as
shown in Fig. P2-37.
The resultant R of the
rope forces Fu and ?v

has a magnitude of 400

1b and its line of action
is directed along the axis
of the boat. Determine
the magnitudes of forces

F and F .
u v
SOLUTION
Fo B 400
sin 40° sin 30° sin 110°
o= —200 — gin 40° = 274 1b
sin 110
F, = —2%0 — qin 30° = 213 1b
sin 110
2-38 Two cables are used to support
a stoplight as shown in Fig.
P2-38. The resultant R of the
cable forces Fu and Fv has a
magnitude of 1350 N and its
line of action is vertical.
Determine the magnitudes of
forces Fu and F
SOLUTION
Fo K 1350
gin 36.87° sin 45° sin 98.13°

F, = — 1350 gin 36.87° = 818 N
sin 98.13

F, = — 1390 4in 45° = 964 N
sin 98.13

¢S




ENGINEERING MECHANICS - STATICS, 2nd.

Ed. W. F. RILEY AND L. D. STURGES

2-39% Two forces ?u and Fv are

applied to a bracket as
shown in Fig., P2-39. If
the resultant R of the two
forces has a magnitude of
725 1b and a direction as
shown on the figure,
determine the magnitudes
of forces Fu and Fv.

SOLUTION

E F

u v

sin 47.73°

725
sin 49,39°

sin 82.88°

725

sin 49.39°
725

sin 49.39°

sin 47.73°

707 1b

sin 82.88° = 948 1b

2-40% Two forces ?u and Fv are

applied to a bracket as
shown in Fig. P2-40., If
the resultant R of the two
forces has a magnitude of
375 N and a direction as
shown on the figure,
determine the magnitudes
of forces ?u and F

R=375N

SOLUTION

F F

u v

sin 70.35°

375
sin 67.38°

sin 42.27°

375
sin 67.38°
375
sin 67.38°

ain 70.35° = 383 N

sin 42.27° = 273 N

1]
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D, STURGES

2-41 A 2000-1b force is
resisted by two pipe
struts as shown in
Fig. P2-41, Determine
the component Fu of
the force along the
axis of strut AB and

the component Fv of

the force along the .

axis of strut BC. T P RS TTEES Th n  ati s B X T L e

Fig. P2-41

SOLUTION
From the law of sines:

F F, 2000

sin 45° sin 60° sin 75°

2000

F = 2“—— gin 45° = 1464 1b
u . o]
s8in 75
?u = 1464 1b 2 60° Ans.
F o= -2900 _ .in 60° = 1793 1b
v .
gin 75
P - 1793 1b S 45° Ans.

7




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

Wc

F. RILEY AND L. D. STURGES

2-42 A 750-N force is
resisted by two pipe
struts as shown in
Fig. PZ-42. Determine
the component Fu of
the force along the
axis of strut AC and
the component Fv of the

force along the axis of

strut BC.

2m - 1m |

Fig. P2-42

SOLUTION

From the law of sines:

F 8 50
sin 63.43°  sin 45°  sin 71.57°
F o= —t90 sin 63.43° = 707 N
u . -

sin 71.57
F =707 N2 45° Ans,
P,z —2%— gin 45° = 559 N

sin 71.57
F =559 N %63.4° Ans.

¢8




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-43% Three forces are applied
to a bracket as shown in y
Fig. P2-43. The magnitude
of the resultant R of the £,

three forces is 5000 lb. L ' S
If the force ?1 has a ”,)<’,
38°
magnitude of 3000 lb, i .
ggéé 12°
determine the magnitudes % .*v?-"jh-bp3

of forces F, and F_ . Fig, P2-43

SOLUTION

For the system of forces:

R=F +F +F =F +R

From the parallelogram of forces

constructed using R and Flz

R,, = /50002 + 30002 - 2(5000)(3000) cos 75° = 5122 1b

3000 P2z 5122

- . © . o]
sin « sin 75 sin 75

-1 3000 sin 75°
5122

« = sin = 34.45°

For the second parallelogram:

B =a - 24° = 34.45 - 24 = 10.45°
¥y = 74° - o = 74 - 34,45 = 39.55°
Fa  _Fs 5122
sin ¥ sin B sin 130°
po= —9122 o0y 2 2122 a9 55° = 4257.5 1b « 4260 1b Ans.
2 0 o
gin 130 sin 130
o= —9122 gin g s 322 555 10.45° = 1212.7 1b w 1213 1b Ans.
sin 130 sin 130

47
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2-44 A gusset plate is used
to transfer forces from ¥y
three bars to a bean as
shown in Fig. P2-44,

The magnitude of the
resultant R of the three
forces is 5000 N. If
the force F1 has a
magnitude of 1000 N,

determine the magnitudes

of forces Fz and F3'

SOLUTION

SoooN
For the system of forces: &
\ /l’ L
R=?1+F2+F3=F1+R23 \ l,l%' st
YoooN\/ 4
From the parallelogram of forces x

constructed using R and F1:

R,, = /10002 + 50002 - 2(1000){5000) cos 50° = 4424 N

1000 _ P2z 4424

. - - . o
sin o sin 50 sin 50

_ -1 1000 sin 50°

[+]
o = sin 3424 = 9,97

For the second parallelogram:

B =25 -a=25-9.97 = 15.03°
7 =20° + =20+ 9.97 = 29.97°
F2 __Fs 4424

sin B sin ¥ sin 135°

p,o= —H2 g p - —H28 g0 15.08° = 1622 N Ans.
sin 135 gin 135

o= —2 gin y 2 2424 o4p 29.97° = 3125 N Ans.
sin 135 sin 135
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2-45% Determine the x and y scalar
components of the force shown

in Fig. P2-45,

F=8001b
3p°
X
Fig. P2-45
SOLUTION
F = F cos 6 = 800 cos 30° = 692.8 1b = 693 1b Ans.
F, = F sin @ = 800 sin 30° = 400 lb Ans.
2-46% Determine the x and y scalar
components of the force shown x
in Fig. P2-46. F=1650N
25°
X
Fig. P2-46
SOLUTION
F_=F cos & = 1650 cos (90° - 25%)
= 1650 cos 65° = 697.3 N = 697 N Ans.
F_ = F sin 6 = 1650 sin (90° - 25%)
= 1650 sin 65° = 1495.4 N & 1495 N Ans.

7/
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2+-47 Determine the x and y scalar

components of the force shown

F=2151b
in Fig. P2-47.
57°
X
Fig. P2-47
SOLUTION
F_=F cos & =275 cos 57° = 149,98 1b & 150.0 1b Ans.
F, = F sin @ = 275 sin 57° = 230.6 1b & 231 1b Ans.
2-48 Determine the x and y scalar
components of the force shown
in Fig. P2-48. F 35N
p 4
Fig. P2-48
SOLUTION
F, = F cos © = 325 cos (90 + 48°)
= -325 cos 42° = 241.5 N & 242 N Ans.
F, = Fsin 6= 325 sin (90 + 48°)
= 325 sin 42° = 217.4 N &% 217 N Ans.
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2-49% Determine the x and y scalar
components of the force shown
in Fig. P2-49.

22° |
[}
{
?
F=4751b '
Fig. P2-49
SOLUTION
Fx = F cos Gx = 475 cos (180° + 22°%)
= -475 cos 22° = -440.4 lb & -440 1b Ans.
F_ = F sin 6 = 475 sin (180° + 22%)
= -475 sin 22° = -177.94 1b = -177.9 1b Ans.
2-50% Determine the x and y scalar ¥
components of the force shown
in Fig. P2-50.
X
! 33°
i
I
1
1
]
' F=200N
Fig. P2-50
SOLUTION
Fx = F cos 9x = 200 cos (-33°)
= 200 cos 33° = 167.73 N = 167.7 N Ans.
F = F sin 8 = 200 sin (-33°)
y *®
= -200 sin 33° = -108.93 N 2 -108.9 N Ans.
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y

2-51 Determine the x and y scalar
components of the force shown F=2501b
il‘l Fign P2-510
3
4
Fig. P2-51
SOLUTION
Fx = F cos Ox = 250(4/5) = 200 1b Ans.
Fy = F sin Gx = 250(3/5) = 150 1b Ans.
2-52 Determine the x and y scalar y
components of the force shown
= 10KN
in Fig. P2-52. =1
2
1
Fig. P2-52
SOLUTION
F =Fcos® = 10(-1//5) = -4.472 kN & -4.47 kN Ans.
Fy = F sin Gx = 10(2//3) = 8.944 kN = B8.94 kN Ans.

2-53*% Determine the x and y scalar

components of the force shown
in Fig. P2-53.

F=3001
Fig. P2-53

SOLUTION

F = F cos @
X x
F = F sin @
vy x

300(2//5) = 268.3 1b = 268 1b
300{-1//5) = -134.16 1b & -134.2 1b

Ans.

Ans.
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2-54% Determine the x and y scalar
components of the force shown

in Fig. P2-54,

F=675N
Fig. P2-54
SOLUTION
F_=Fcos 6 = 675(-5//29) = -626.7 N = -627 N Ans.
F = Fsinf = 675(-2/Y29) = -250.7 N & -251 N Ans.

2-55% For the force shown in
Fig. P2-55
{a) Determine the x, y, and
z scalar components of
the force.
{b) Express the force in
Cartesian vector form.

Fig. P2-55
SOLUTION
(a) F, = F cos ¢ = 1000 cos 25° = 906.3 1b
F_ = F sin ¢ = 1000 sin 25° = 422.6 lb % 423 1b Ans.
F, = F_ cos 6 = 906.3 cos 130° = -582.6 1b = -583 1b Ans.
F = F sin 6 = 906.3 sin 130° = 694.2 1b = 694 1b Ans.
(by F=-583 1 + 69473 + 423Kk Ans.

V&)
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2-56% For the force shown in
Fig. P2-56
{a} Determine the x, y, and
z scalar components of
the force,
(b) Express the force in
Cartesian vector form.

Fig. P2-56
SOLUTION
(a) F_ = F cos ¢ = 900 cos 35° = 737.2 N
F_ = F sin ¢ = 900 sin 35° = 516.2 N = 516 N Ans.
Fx = ny cos 9 = 737.2 cos 60o = 368.6 N & 369 N Ans.
F, = F_ sin® = 737.2 sin 60° = 638.4 N & 638 N Ans.
(b) F =369T +638 3 + 516 KN Ans.

2-57 For the force shown in Fig.
pP2-57
{a) Determine the x, y, and
z scalar components of
the force.
(b) Express the force in
Cartesian vector form.

X F=7501b
Fig. P2-57
SOLUTION
(a) F_ = F cos # = 750 cos (-42°) = 557.36 1b
F = F sin ¢ = 750 sin (-42°) = -501.8 1b & -502 1b Ans.

F =F cos 8 = 557.36 cos (180° - 53°) = -335.4 lb & -335 1b  Ans.

x xy

445.1 1b = 445 1b Ans.

y
H

[}

F,, sin 6 = 557.36 sin (180° - 53°)

-335 1 + 445 § - 502 kK 1b Ans.

o
e |
]

7¢
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F=475N

2-58 For the force shown in
Fig. P2-58
(a) Determine the x, y, and
z scalar components of
the force.
(b) Express the force in
Cartesian vector form.

SOLUTION
(a) F, = F cos ® = 475 cos 60° = 237.5 N
F, = F sin ¢ = 475 sin 60° = 411.4 N = 411 N Ans.
F, = F,_ cos 0 = 237.5 cos (-127°) = -142.93 N = -142.9 N Ans.,
F = F, sin 6 = 237.5 sin (-127°) = -189.68 N & -189.7 N Ans.
(b} ®=-142.91 -189.73 + 411 kN Ans,
2-59% For the force shown in i
Figl p2-59 L
{a) Determine the x, y, and N
z scalar components of snl N
the force. N F=6001b
{b} Express the force in i
Cartesian vector form. ~ |
——— \\‘\ i //5“ ’
T
X
Fig. P2-59
SOLUTION
(a)d=vx2+ 3%+ 2% = /?6) + (10)% + (8)% = 14.142
F = Fcos 8 = ] = 254.6 1b 2 255 1b Ans.
x x 1
F = F cos 6 = [ 10 J = 424.3 1b « 424 1b Ans.
y 4 .14
_ - 8 _
Fx = F cos Gz = [14 142] = 339.4 1b &« 339 1b Ans.
(b) F=255T+ 4243 +3390 % Ans.
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F=21kN

2-60% For the force shown in
Fig. P2-60
{a) Determine the x, y, and
z scalar components of
the force.
{b) Express the force in
Cartesian vector form.

Fig. P2-60
SOLUTION
a)d=v/x2+yi+22 =/ (1% + (-2)2 + (3)% = 3.742 n
(
— — L) —.——n—.—-—- 1 — - 4 - A
Fx = F cos ex = 21 \3.742] = -5,.612 kN = -5,61 kN Ans.
{
- - 4 _—_—-2 e — - —
F, = F cos 6 =21 1) C 11.224 kN = -11.22 kN Ans.
'3
Lo . 3 -
F = Fcos 6 =21 371z - 16.836 kN o 16.84 kN Ans.
(b) F=-5.611-11.22 3 + 16.84 R kN Ans.

2-61 For the force shown in ]
Fig. P2-61 F=15001b
(a) Determine the x, v, and
z scalar components of
the force.
{b} Express the force in
Cartesian vector form.

Fig. P2-61
SOLUTION
(a) d = /(-0)% + (12)% + ()% = /305 = 14.457
F, = Fcos 6 = 1500(-4//209) = -415.03 lb = -415 1b Ans.
F = Fcos® = 1500(12/Y208) = 1245.09 lb & 1245 lb Ans.
F = F cos ©_= 1500(7//209) = 726.30 1b & 726 1b Ans.
(b) P =-415 1 + 1245 J + 726 k 1b Ans.

78




ENGINEERING MECHANICS -~ STATICS, 2nd. Ed. W. F, RILEY AND L. D. STURGES

2-62 For the force shown in
Fig. P2-62
{(a) Determine the x, ¥y, and
z scalar components of
the force.
{b) Express the force in
Cartesian vector form.

F=625N
Fig. P2-62

SOLUTION
(a) d = /(-1)? + (1.5)% + (-2.75)% = 3.2882

F = Fcos @ = 625(-1/3.2882) = -190.07 N &« -190.1 N Ans.

F = F cos o, = 625(1.5/3.2882) = 285.1 N & 285 N Ans.

F, = Fcos8_ = 625(-2.75/3.2882) = -192,82 N & -192.8 N Ans.
(b) = -190.1 1T + 28537 - 192.8 E N Ans.

77




ENGINEERING MECHANICS - STATICS, Z2nd. Ed. W. F. RILEY AND L. D. STURGES

2-63% Two forces are applied to

an eyebolt as shown in

Fig. P2-63. Ie“3“-+~3nh,|

{a) Determine the x, y, and

{b) Express force Fl in

{(c) Determine the angle «

z scalar components of

force F1‘
Cartesian vector form.

between forces Fl and Fz'

e

i

Fig. P2-63

SOLUTION

(c) d

o)

m

cos «

//x: + yf + zf - /=612 + (3)2 + (1)% = 9.695 £t
[ -6
F1 cos 61x = 900\9.695] = =-556,99 1b & -557 1b Ans,
¢
- 3 _ o _
F1 cos 91y = 900\9.695] = 278.49 1b = 278 1b Ans.
i
F1 cos 912 = 900L§T€§§] = 649.82 lb = 650 1b Ans.,
FL,T+F J+F, £ =-5571 +2783 + 650Kk 1b Ans.
2 2 2 {/ 2 2 2
//;2 ty,tz, = (-6)" + (6) + (3) = 9.00 ft
-6~ 6~ 3¢ _ 2~ 2. 1
-—9—1+91+QE_ 31+3_]+3Ii
-6 3 . 7
5.605 L * 5695 J * 9,695 &

5wt 3 (el ) ¢ (omemg ) = oo

« = 30.73 & 30.7° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd.

Ed. W. F. RILEY AND L. D.

STURGES

2-64% Two forces are applied to

an eyeholt as shown in

Fig. P2-64.

(a) Determine the x, y, and
z scalar components of
force F1'

{b} Express force Fl in
Cartesian vector form.

{c) Determine the angle «

between forces F1 and Fz‘

Fig. P2-64

SOLUTION

{a) d

' 2 2 2
1 X, ty, tz, = /Qﬁ)

=1
H

(
5
1 = Fqocos 8, 30k5.916]
(-3
F1y = F,1 cos Gly = 30x5-916]

|
H

.
1
1o = F, cos 8 30\5.916]

(b) P =F, T+F, JF+F _Kk

+ (-3)% + (D% = 5.916 m

1

5.

25.4 T - 15.21 3

25.35 kN = 25.4 kN

071 kN & 5.07 kN

-~

1 1x 1y 1z
(¢} d, =
e, = 4.%23 I+ 4?323 3+ ZT%EE
é = 5.316 T+ 5?316 I+ ET%TE
cos a =88, = [5.316][4.%23] ¥
= 0.8609

-15.213 kN * -15.21 kN

A Ji2)2 + (-3)% + (2)% = 4.123 u

+ 5.07 kK kN

k
3
[5?316)[4??23} * [5.316][4.?23

o = 30,58 « 30.6°

J

Ans.

Ans.

Ans.,

Ans.

Ans,
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-65 Two forces are applied to

an eyebolt as shown in
Fig' P2-65l

{a}) Determine the x, y, and

(b}

{c)

z scalar components of
force ?2.

Express force FZ in
Cartesian vector form.

Determine the magnitude

of the rectangular

component of force Fz

along the line of action

Fig. P2-65

of force F1'

SOLUTION

{a)

(b)

(c)

dZ

2x

2y

2z

//¥§ Py 2t = /-6)7 4 ()7 4+ (3)7 = 9.00 £t

r—
F_cos 6. = 700 —QJ = -466.7 1b = -467 1b Ans.
2 2x L 9
(6
F_cos 8. = 700 —] = 466.7 lb = 467 1b Ans.
2 2y L3
F_cos 6. = 700 3] = 233.3 1b = 233 1b Ans.
2 2z k9
Foy T4+ F, J+F, £ = -466.7 1T + 466.7 J + 233.3 & 1b

> -467 T + 467 J + 233 & 1b Ans.

/xf p v 2 = /-6)% 4 (9% ¢ (DP = 9.695 £t

-6 . 3 . 7
5.695 3 * 5695 J * 97695 &

a = - 5 3 1 _
F-e = 466.7[9.695] + 466.7[9'695) + 233.3[9_695]

= 601.7 1b = 602 1b Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-66 Two forces are applied to

an eyebolt as shown in

Fig., P2-66.

{(a) Determine the x, y, and
z scalar components of
force Fz‘

{b) Express force Fz in
Cartesian vector form.

{c) Determine the magnitude

of the rectangular

component of force Fz

along the line of action

Fig. P2-66

of force ?1.

SOLUTION
2 2 z y/ 2 2 2
{a) d2 = //;2 ty, tz, = (2) "+ {(-3)Y" + (2)" = 4.123 m
_ _ r 2 A _ .
sz = F2 cos 62x = 50\4-123, = 24.25 kN = 24.3 kN Ans.
(_3 Y
Fzy = F2 cos Gzy = 5()“4.123J = -36.38 kN & -36.4 kN Ans.
' 2 '
F, =F,cos 8, = 5OKETT§3, = 24,25 kN & 24.3 kN Ans.
(b} F,=F, T+F, J+F, £ =-24.257T - 36.38 3 + 24.25 K kN
224,31 -36.4 3 + 24.3 K kN Ans.
(c) d, = //xf + yf + zf = /(512 + (-3)2 + (1)% = 5.916 m

~ - -~ "3 ~ 1
&, =351 L * 5016 * 5,016 K

_ 5 _ =3 1
= 24.25[5_916} 36..38[5.916] + 24.25[5_916}

m
1
"y
(]

= 43.04 kN & 43,0 kN Ans.
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ENGINEERING MECHANICS - STATICS, Znd. Ed. W. F. RILEY AND L. D. STURGES

2-67% Determine the magnitude R ¥
of the resultant and the
angle 9x between the line

of action of the resultant

Fy=5001b

F,=3751b

k-ane
and the x-axis for the two 0 20°
forces shown in Fig. P2-67. 30°

x

Fig. P2-67
SOLUTION
R, = F cos 8 +F,cos @, =500 cos 60° + 375 cos 30° = 574.8 1b
R, = F sin 6, +F, sin 6, = 500 sin 60° + 375 sin 30° = 620.5 lb
R = //Rf_+ BZ = /(574.8)% + (620.5)° = 845.8 1b = 846 1b Ans.
R ;
- -1 7y _ -1 620.5 _ o ° ‘
6 = tan Rx = tan 2748 - 47,19 = 47.2 Ans.
2-68% Determine the magnitude R y
of the resultant and the
angle 8 between the line F =4NON
of action of the resultant
and the x-axis for the two
forces shown in Fig. P2-68. 6?
’ x
| 45°
|
1
i F,=300N
Fig. P2-68
SOLUTION
R =F, cos 8 +F, cos 8, = 400 cos 60° + 300 cos 45° = 412,1 N
R, = F, sin 6, + F, sin 6, = 400 sin 60° + 300 sin 45° = 134.28 N
R = ¢/Rf + Ri = /(412.1)2 + (134.28)% = 433.4 N = 433 N Ans.
R
_ -1 "y _ -1 134.28 _ ) o
Gx = tan 7T tan “3i3.1 ° 18.048 " = 18.05 Ans.

84




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-69 Determine the magnitude R v

of the resultant and the

angle & between the line Fa=S01b

of action of the resultant
Fl = 450 lb

and the x-axis for the two

forces shown in Fig., P2-69.

SOLUTION

450(-4/5) + 680(1/¥5) = -55.89 1b

=}
1}

F1 cos 61 + F2 cos 92

R = F, sin 0, +F, sin 6, = 450(3/5) + 680(2//5) = 878.21 1b
2 2 / 2 2
R= /R + R, =/(-55.89)" + (878.21)" = 879.99 1b & 880 1b Ans.
6 - tan By cant B78:21 o o go o .
. = tan 2= = tan  Toemag = 93, . ns.
R = 880 1b & 86.4° Ans.

2-70 Determine the magnitude R
of the resultant and the
angle ex between the line
of action of the resultant F,=180N
and the x-axis for the two

2|\
forces shown in Fig. P2-70, ] ‘TJ3

Fig. P2-70

SOLUTION

160(-1/Y5) + 180(4/5) = 72.45 N

2o}
n

F1 cos 81 + F2 cos 92

R = F, sin 8 +F, sin 8, = 160(2//5) + 180(3/5) = 251.11 N
R = Rf + Ri = /(72.45)% + (251.11)° = 261.35 N & 261 N Ans.
6 = tan ' Y. tan™? 28111 . g5 g9° 4 73,9° A
x - g G tar Toggp < o ’ as.
R =261N273,9° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. ‘W. F. RILEY AND L. D. STURGES

2-71% Determine the magnitude R y
of the resultant and the
angle Gx between the line
of action of the resultant
and the x-axis for the three

forces shown in Fig. P2-71,

F3=3001b
Fig. P2-71

SOLUTION
Rx = F1 gos 91 + F2 cos 92 + F3 cos 63

= 600 cos 60° + 700 cos 15° + 800 cos 30° = 1669.0 1b
RY = F‘1 sin 91 + F2 gsin 62 + F3 sin 63

= 600 sin 60° + 700 sin 15° - 800 sin 30° = 300.8 1b
R = /ﬁf + Rj - /(1669.0)% + (300.8)° = 1695.9 1b = 1696 1b Ans.

-1 Ry -1 300.8 ™ °
" tan i tan 1669.0 = 10.217 = 10.22 Ans.
b4
B = 1696 1b & 10.22° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-72% Determine the magnitude R
of the resultant and the
angle Bx between the line
of action of the resultant

and-the x-axis for the three

forces shown in Fig. P2-72.

Fig. P2-72
SOLUTION
Rx = F1 cos 91 + F2 cos 62 + F3 cos 63
= 11 cos 75° + 14 cos 30° + 12 cos 45° = 23.46 kN
Ry = F1 sin 61 + F2 sin 92 + F3 sin 93
= 11 sin 75° + 14 sin 30° - 12 sin 45° = 9.140 kN
2 2 4 ? 2
R= /R + Ry = /{23.46)° + (9.140)° = 25.18 kN = 25.2 kN Ans.
@ = tan El = tan | 9.140 _ 21.29° = 21.3° A
x - R~ 23.46 ~ °°° ) ns.
R =252 k8 221.3° Ans.

87




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-73 Determine the magnitude R
of the resultant and the
angle ex between the line
of action of the resultant

and the x-axis for the three

forces shown in Fig. P2-73.

SOLUTION

e
1}

F1 cos 91 + F2 cos 62 + F3 cos 63

300(-1) + 800 cos 60° + 750 cos 33° = 729.00 1b

==}
it

y F1 sin 91 + F2 sin 92 + F3 gin O

300{0) + 800 sin 60° - 750 sin 33° = 284.34 1b

3

R = //Rf + Ri = /(729.00)2 + (284.34)% = 782.49 1b x 782 1b Ans.
8 = tan ! By . tan”! 284.34 _ o) 410 4 91,3° Ans
x - A RT 729,00 _ °'° ’ .
B - 782 1b 2 21.3° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-74% Determine the magnitude R y
of the resultant and the
angle Gx between the line
of action of the resultant F2=6kN
and the x-axis for the three /)
forces shown in Fig. P2-74. 1
X
F3=7kN
Fig. P2-74
SOLUTION
R = F1 ¢os 61 + F2 cos 62 + F, cos 93
= 5(-5/Y106) + 6(1/Y2) + 7(-5//74) = -2.254 kN
RY = F1 gin 91 + F2 sin 62 + F3 sin 93
= 5(9/Y106) + 6(1/Y2) + 7(-7/Y74) = 2.917 kN
R = /;zf + Ri = /(=2.250)% + (2.917)% = 3.686 kN % 3.69 kN Ans.
B-t-li-t-l 2:917 _ 157,69° = 127.7° A
x = an Rx = an _2.254 = . . ns.
R =-23.69 kN & 52.3° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-75 Determine the magnitude R : ¥
of the resultant and the
angle 6x between the line
of action of the resultant ¥, = 5001b
and the x-axis for the three F, =2001b
forces shown in Fig. P2-75. n 71

F1=4001b
Fig. P2-75

SOLUTION

W
n

F1 cos 91 + F2 cos 92 + F3 cos 63

-200 cos 30° + 500(4/5) + 400(0) = 226.79 1b

It

0
n

. . B
y F1 sin 61 + F2 sin 92 + F3 sin 0@,

200 sin 30° + 500(3/5) + 400(-1) = 0

R = R = 226.79 1b & 227 1b Ans.
R
R -1 7y _ - 0 _ a°
Bx = tan Rx = tan 556,19 - 0 Ans.
R =227 1b — Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-76% Determine the magnitude R y
of the resultant and the F3=8kN
angle Gx between the line
of action of the resultant

and the x axis for the four

forces shown in Fig. P2-76,

Fig. P2-76

SOLUTION
Rx = F1 cos 91 + F2 cos 92 + F3 cos 63 + F4 cos 94
= 5(-1) + 6(-1//2 + 8{5/13) + 10(12/13) = 3.065 kN
RY = F1 sin 91 + F2 sin 62 + F3 sin 93 + F4 sin 64
= 5(0) + 6(1//2) + 8{12/13) + 10(5/13) = 15.473 kN
R = //R: + Rj - /13.065)% + (15.473)% = 15.774 kN & 15.77 kN Ans.
8 = tan ' Yy tan~ ' 13-373 _ 75 795° x 78.8° A
« T AR T TR Tyogs T T . ns.
R - 15.77 kn 2 78.8° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-77 Determine the magnitude R
of the resultant and the y

angle Sx between the line Fy = 900 1b

of action of the resultant Fy=7501b
Fy = 12001b

and the x-axis for the four
Fy=5201b

forces shown in Fig. P2-77,

SOLUTION

=s]
[}

F, cos 91 + F2 cos 62 + F3 cos 63 + F, cos 94

1200(-4/5) - 900 cos 70° + 750 cos 30° + 520(12/13) = -412.82 lb

1]

=]
"

v F1 sin 91 + F2 sin 62 + F3 gin 63 + F4 gin 94

1200(3/5) + 900 sin 70° + 750 sin 60° + 520(5/13) = 2415.24 1b

R = //ﬁf + Rj - /(-412.82)% + (2415.24)% = 2450.27 1b & 2450 1b Ans.

6 = tan | Y. tan™ !t 2415:24 _ g9 £09° & g9,7° A
x - R, ~412.82 - 77 g ns.
B = 2450 1b & 80.3° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-78% Determine the magnitude R of
z Fy=20kN
the resultant and the angles
Gx, Gy, and 92 between the line
of action of the resultant and

the positive x-, y-, and z-
coordinate axes for the two

forces shown in Fig. P2-78,

Fig. P2-78

SOLUTION

o]
1}

;) e
F1 cos 0, + F2 cos 6,

10 cos 67° + 20 cos 90° = 3.907 kN

R =F coge® + F_cos 8_ = 10 cos 90° + 20 cos 60° = 10.000 kN

¥ 1 1y 2 2y
R =F cos @ + F_cos &_ =10 cos 23° + 20 cos 30° = 26.526 kN

z 1 1z 2 2z

R = //Rf + Ri + R, = (3.907)2 + (10.000)% + (26.526)°

= 28.62 kN = 28.6 kN Ans,

o = -1 _}_21 _ -1 3.907 _ 82 150 x 82 20 A

, = cos §==cos g = 82 . ns.
6 = cos™t X = cost 10200 _ gg ge0 o 6o 60 A

, T €08 § =008 5atgy = 69. . ns.
6 = cos ! % = cos™t 26:33 _ 95 03° & 22.0° A

, S cos g =cos  peten = 22. . ns.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-79% Determine the magnitude R of
the resultant and the angles
Bx, ey, and 62 between the line
of action of the resultant and
the positive x~, y-, and z-

coordinate axes for the two

forces shown in Fig. P2-79.

Fig. P2-79
SOLUTION
Rx = F1 cos 91x + Fz cos ¢2 cos 92
= 100 cos 44° + 200 cos 53° cos 70° = 113.10 1b
RY = F1 cos ely + F2 cos ¢2 sin 92
= 100 cos 90° + 200 cos 53° sin 70° = 113.10 1b
Rz = F1 cos elz + F2 gin ¢2
= 100 cos 46° + 200 sin 53° = 229.19 1b
R = {/Ri + Rj + Rf = /(113.100% + (113.10)% + (229.19)°
= 279.48 1b = 279 1lb Ans.
6 = cos™t X = gos™t L300 _ g 100 4 6610 A
% = CO0S = COSs 279 48 = . . ns.
8 = cos ! B L ost MB10 oo 0y oy A
y = COS = CO0s 379 48 = . . ns.
8 = ¢ -1 Ei = os-1 229.19 _ 34,91° = 34.9° A
;-G08 TREEC 279.48 ~ 9 . ne-
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

9-80 Determine the magnitude R of
the resultant and the angles
@, 0, and 8 between the
X y z
line of action of the resultant
and the positive x-, y-, and 2z~
coordinate axes for the three

forces shown in Fig. P2-80.

Fig. P2-80

SOLUTION

d, = S+ ()% + (% = /T7

/212 + (2 + ()% = /29

-0.250 kN

d, =

R, =F cos® +F,cos0, = 12(2/¥17) + 10(2/Y29) = 9.535 kN
Ry = F, cos 91y + F, cos 62y = 12(-2/Y17) + 10(3/¥Y29) =

R, =F cos 6 +F,cosb, = 12(3/Y/17) + 10(4/Y29) = 16.159 kN

/19,5352 + (=0.250)° + (16.159)°

R = //Rz + RZ + R?
x y z

= 18.764 kN = 18.76 kN

Gx - cos ' E% = cos ' 13'222 = 59.46° x 59,4°
-1 By -1 -0,250 o o
Gy = cos  —p = COS  ggey = 90.76 = 90.8
1 B, -1 16.159 ° o
9z = cos —p = CO8  Jgieq T 30.55" = 30.6

Ans.

Ans.

Ans.

Ans.

q9s




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

2-81 Determine the magnitude R of
the resultant and the angles
8,6, and © between the

b y z

line of action of the resultant
and the positive x-, y-, and z-
coordinate axes for the three

forces shown in Fig. P2-81,

F;=3501b

F, =4501b
Fig. P2-81

SOLUTION

d, = /1*2)2 + (-3)% 4 (3 = /22

d, = J-3% 1 @)%+ (-0 = /29

R_=F cos 8 +F,cos6, =350(-2//2%) +
R =F cosO +F, cos, = 350(-3/Y22) +
R _=F, cos 912 + F, cos 922 = 350(3/Y22) + 4

450(-3/Y28) = -399.93 1b

/(-399.93)2 + (=56.73)°

R = {/Rz + RS + R®
x y z

= 418.75 1b ¥ 419 1b

6 = cos™' Eﬁ = cos”! 23233 = 162.76° « 162
-1 By -1 -56,73 o o

Gy = cos - = cos 118.75 - 97.79 = 97.8
1 By -1 -110.39 o

62 = cos T = CO8  —gyawr T 105.28 & 105

450(2/Y29) = -56.73 1b
50(-4/Y29) = -110.39 1b
+ (-110.39)°
Ans.
.8° Ans.
Ans.
.3° Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-82% Determine the magnitude R :
of the resultant and the
angles 9x, Gy, and 62
between the line of action

of the resultant and the

positive x-, y-, and z-
coordinate axes for the

three forces shown in

Fig. P2-82.
SOLUTION
o, = tan ' 132 = 47.29°
e, = tan™ ! T%% = 63.43°
0., = tan ' 1%9 = 63.43°
R, = F, cos GAX + F, cos GBX + F, cos GCX
= 80 cos 47.29° + 100 cos 63.43° + 75 cos 90° = 98.99 N
Ry = F, cos BAY + F, cos 85} + F_ cos BCY
= -80 cos 42.71° + 100 cos 26.57° + 75 cos 63.43° = 64.20 N
Rz = F, cos GAZ + Fy cos GBZ + F_ cos Gcz

= 80 cos 90° + 100 cos 90° + 75 cos 26.57° = 67.08 N

it

R = //Ri + Rj + Rj /(98.99)2 + (64.20)% + (67.08)°

= 135.72 N &« 135.7 N Ans.
-1 Rx -t 98.99 o °

9x = cos T = €08 g T 43.17 = 43.2 Ans.,
-1 R, -1 _64.20 o o

By = cos g~ T €08 JRpay T 61,77 = 61.8 Ans.,
-1 By -1 _67.08 o 0

6z = cos g = CO8  TRE 7o - 60.38 = 60.4 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D.

STURGES

2-83% Determine the magnitude R of

the resultant and the angles
8,608, and 9 between the
x ¥y z

line of action of the resultant

and the positive x-, y-, and z-

coordinate axes for the three

forces shown in Fig. P2-83.

e,

(22

@}

SOLUTION

~

T +2 7+

2

k

0
/t0)
4

Zr 2%y (2’
T+43+0%k

J)Z + ()2 + (0)2

21+

03j+2%k

/(0)2 +

(2)% + (2)°

0.

=071+ 0.7071 J + 0.7071 Kk

707t T + 0.7071 7+ 0 Kk

F e 600(0 T + 0.7071 § + 0.7071 k)

H

"
1]

rry
H

F1+F‘2+F‘3

o~

800(0.7071 1 + 0.

700(0.7071 T + 0

1060.65 T + 989.94 F +

7071 § + 0 k)

3 +0.7071 &)

0.7071 T + 03 + 0.7071 k

919.23 £ 1b

{/Rz + R + R®
x y z

-1 Rx
cos -
COS’i 5

R

-1 Rz

cos8s =
R

/(1060.65)% + (989.94)2 + (919.23)

1717.54

1060.65
1717.54

989.94

1717.54

919.23

1717.54

1b = 1718 1b

= 51.86° & 51.9°

= 54.80° = 54,8°

= 57.64° « 57.6°

2

424,26 J + 424.26 K 1b
565.68 1 + 565.68 J lb

494,97 T + 494.97 &k 1b

Ans.

Ans.

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-84 Determine the magnitude R of
the resultant and the angles
6, 0, and 8 between the
x y z
line of action of the resultant

and the positive x-, y-, and z-

coordinate axes for the three

forces shown in Fig. P2-84.

Fig. P2-B4

SOLUTION
8, = 21 +57+0FK - = 0.3714 T + 0.9285 7 + 0 K

/(2)2 + (5)% + (0)°
8, = 131+5]+4K - = 0.5298 T + 0.6623 J + 0.5298 &

J4)? + (5)2 + (4)?
8, - 01 +23+48 _ 5, 0.4072F +0.8044 &

J0Z 4 (2)% + (4)?
F o= F@, =100.374 T + 0.9285 3 + 0 B) = 3.714 T + 9.285 J kN
F, = F,8, = 12(0.5298 1+ 0.6623 3 + 0.5298 §)

= 6.358 T + 7,948 FJ + 6.358 k kN

-~

F3 = F,@ = 8(0 7T + 0.4472 J + 0.8944 k) = 3.578 J + 7.155 ¥ kN

R = F1 + ?2 + Fa = 10.072 T + 20.811 J + 13.513 kK 1b
R = //Rf + Ri + R = /(10.072)% + (20.811)% + (13.513)2
= 26.780 kN & 26.8 kN Ans.

6 = cos™t X = cos™t 10072 _ 67 g1° 4 67.9° A

" = CO0S8 R = CO0S 26.780 - . . ns.
6 < ot By o oa1 20,811 _ g0 nio | ag oo R

y = €08 R = CO8 _““-'_26'780 = . = . ns,

R
-t %2 113,513 _ o _ o

Gz = cos g = cos 96,780 - 59.70 = 59.7 Ans,

M9




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-85% Determine the magnitude R of
the resultant and the angles
@ , 8, and 8_ between the
x y z

line of action of the resultant

and the positive x-, y-, and z-
coordinate axes for the three

forces shown in Fig. P2-85.

Fig. P2-85
SOLUTION
F,, = 30 cos 50° cos 30° = 16.700 kip F,, = 30 sin 50° = 22,981 kip
F,, = ~30 cos 50° sin 30° = -9.642 kip
sz = -35 cos 26° sin 30° = -15.729 kip F22 = 35 sin 26° = 15.343 kip
F,, = 35 cos 26° cos 30° = 27.243 kip
F, = 20 cos 36° sin 33° = 8.812 kip F,, = -20 sin 36° = -11.756 kip
F,, = 20 cos 36° cos 33° = 13.570 kip
R =F +F. +F_ = 16.700 - 15.729 + 8.812 = 9,783 kip
x 1x 2x 3x
R =F +F. +F. = -9.642 + 27.243 + 13.570 = 31.171 kip
b4 iy 2y 3y
R =F +F. +F_  =22.981 + 15.343 - 11.756 = 26.568 kip
z 1z 2z 3z
R = %/Rf + R: + R, = %Q9.733)2 + (31.171)% + (26.568)°
= 42.109 kip & 42.1 kip Ans.
R
_ -1 % _ -1 9.783 _ o o
Bx = COoS R - cos 17109 - 76.57 = 76.6 Ans.
6 = cos-t oY = cos~ BLLTL _ 4o 540 o gy 9 A
v = COS8 R = CO08 42.109 = . . ns.
6 = cos™! nZ = gos™} 28:568 _ 5o geo o o g0 A
z = C08 R = COS 42.109 = . . ns,

Joo
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2-86 Determine the magnitude R of
the resultant and the angles z
8,9, and 6  between the

x y z
line of action of the resultant
and the positive x-, y-, and z-

coordinate axes for the three

forces shown in Fig. P2-886.

Fig. P2-86

SOLUTION

10 cos 26° cos 42° - 16 cos 40° sin 35°

=]
n

+ 20 cos 50° cos 60° = 6.077 kN

R, = - 10 cos 26° sin 42° - 16 cos 40° cos 35°
+ 20 cos 50° sin 60° = -4.921 kN
R_ = 10 sin 26° + 16 sin sin 40° + 20 sin 50° = 29.989 kN
2 2 2 /f 2 2 2
R= /R +R° +R° =/(6.077)° + (-4.921)° + (29.989)
x ¥ z
= 30,992 kN & 31.0 kN Ans.
6 = cos™! X = cos™t 22077 - 78 69° & 78.7° A
x = C08 R = COS8 30.992 = . . ns.
6 = conl DX oot Z4a921 o0 o o0 o .
y = C0os R = CO0s8 ‘-——30'992 = . . ns.
6 = cost X = cos™? 22989 | 44 6% u 44,1 A
z - COS R bt COS 30.992 bt - » DS.

Jel




ENGINEERING MECHANICS ~ STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-87% Two forces are applied to y
a bracket as shown in Fig.
P2-87. Determine the
magnitude of the resultant

R of the two forces and the

6151b

60" 3251b

angle 9 between the x-axis
and the line of action of

the resultant.

SOLUTION

-675 sin 45° + 325 sin 60° = -195.84 1b

)
]

675 cos 45° + 325 cos 60° = 639.80 1b

=]
n

=]
I

= {/hf + Ri - /(-195.84)% + (639.80)% = 669.10 1b & 669 1b Ans.
R

-1

tan -1 639,80 _

s ] [+ ]
= tan T{95. 84 - 107.02° = 107.0 Ans,

]
1l

R = 669 1b & 73.0° Ans.

2-88*% Two forces are applied to y
a bracket as shown in Fig.
P2-88. Determine the
magnitude of the resultant

R of the two forces and the F=415N

angle @ between the x-axis
and the line of action of SRR AT RO
the resultant. Fig. P2-88

SOLUTION

475(3/Y10) + 325(2/¥13) = 630.90 N

=)
[}

475(-1//10) + 325(3/¥13) = 120.21 N

=]
H

=]
1

= ,fai + Ri = /(630.90)% + (120.21)2 = 642.25 N & 642 N Ans.

0

_ -1 "y -1 120.21 _ ° o
8 = tan T = tan 630.60 - 10.788 & 10.79 Ans.

x

R =642 N 210.79° Ans.

jo




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F.

RILEY AND L.

D. STURGES

2-89 An 800-1b force is applied to
the post shown in Fig. P2-89.
Determine
{(a) The magnitudes of the x-

and y-components of the
force.
(b) The magnitudes of the u-

and v-components of the

force.
Fig. P2-89
SOLUTION
(a) F_ = F cos 6_ = 800 cos 38° = 630.4 1b % 630 1b Ans.
F = F sin = 800 sin 38° = 492.5 1b = 493 1b ? ~ Ans.
I
) 800 )b
F:j ~

{b) From the parallelogram of
forces constructed using the
force F and lines parallel
to the u and v axes and the

law of sines:

Fu - FV - F
sin 40° sin 21°  sin 119°
. o . o
p - Esindl . 800 sin i3 . 587.9 1b = 588 1b
sin 119 sin 119
. ] . °
p - fein2l 800 sin 2% . 357.5 1b » 328 1b
sin 119 sin 119

7’

Ans.

03
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W.

F.

RILEY AND L.

D. STURGES

2-90 Two forces F1 and FZ are applied
to an eyebolt as shown in Fig,
P2-90.

{a) The magnitude and direction

Determine

{angle Gx) of the resultant
R of the two forces.

{b) The magnitudes of two other
forces Fu and Fv that would

have the same resultant.

constructed using the resultant R
and lines parallel to the u and v

axes and the law of sines:

F F

u _ v _ R
sin 46.41° sin 18.59° sin 115°
p - B sin 46.41° _ 209.95 sin 46.41°
" sin 115° sin 115°
p o Bsin 18.59° _ 209.95 sin 18.59°
v sin 115° sin 115°

SOLUTION
(a) R_ = 320 cos 15% - 240 cos 26° = 93.39 N
R = 320 sin 15° + 240 sin 26° = 188.03 N
R = //Ri + Rj - /(93.39)2 + (188.03)% = 209.95 & 210 N
0 = tan"! R can- 1 188203 _ o g0 o o
x = an Rx = an —_—93'39 - . .
{b) From the parallelogram of forces

167.03 N « 167.0 N

73.52 N = 73.5 N

Ans.

Ans.

IR




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-91% Three forceg are applied to a

y
bracket mounted on a post as 120 1b
shown in Fig. P2-91., Determine 45°
‘ X
(a) The magnitude and direction : /:/ 3P
HIl 1401b

{angle ex) of the resultant
R of the three forces.

{b) The magnitudes of two other sn L——zn——4
forces Fx and Fy that would

have the same resultant.

Fig. P2-91
SOLUTION
(a) R = 120 cos 45° + 140 cos 30° = 206.10 1b
i = 120 sin 45° - 140 sin 30° - 100 = -85.15 1b
R = //Ri + Rj - /(206.101% + (-85.15)° = 223.0 N = 223 N Ans.
0 = tan ? Y tan~? 285:15 _ 90 45° Ib = 22.5 1b° A
x = an Rx = an 206.10 = . . ns.,
(b) F,_ = R_= 206.10 b = 206 1b = 206 1b — Ans.
F, = R, = -85.15 1b = -85.2 1b Fy = 85.2 1b ¢ Ans.

108




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D.

STURGES

2-92

Four forces act on a small
airplane in flight, as
shown in Fig. P2-92; its
weight, the thrust provided
by the engine, the lift
provided by the wings, and
the drag resulting from its
motion through the air.
Determine the resultant of
the four forces and its
line of action with respect
to the axis of the plane.

Fr=10kN

W =25kN
Fig. P2-92

SOLUTION

-10 + 25 sin 10° + 3 cos 10° =

24 - 25 cos 10° + 3 sin 10° =

-2.7044 kN

-0.0992 kN

//R 2 4R %=
x ¥
R .

-1 "x

. - tan-! 0:0992
an g ¢ =2.7062

/Q;2.7044)2 + (-0.0992)2 = 2.7062 kN & 2.71 kN

-177.901° = -177.9°

R=2.71 kNP 2.10°

Ans.

Ans.

Ans.

2-93 Three forces are applied to a

stalled automobile as shown

in Fig. P2-93. Determine the

magnitude of the force F and

the magnitude of the resultant
R if the line of action of the
resultant is along the x-axis.

Fig. P2-93

R
y

R

SOLUTION

F1 sin 61 + F2 sin 62 + F3 sin 93

75 sin 48° + 45 sin 23° - F, sin 37° = 0

121.83 1b « 121.8 1b

7]
« F,1 cos U,

1]

+ F, sin 62 + F3

1

188.91 1b = 188.9 1lb

in @
sin @

75 cos 48° + 45 cos 23° + 121.83 cos 37°

Ans.

Ans.

Jok




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
2-94% Four forces are applied at a y

point in a body as shown in

Fig. P2-94. Determine the F,=2751b

magnitude of the resultant R
of the four forces and the F) =3001b
angle © between the x-axis

mﬂ

and the line of action of
the resultant.

Fy=6501b

Fig. P2-94

F3=7501b

SOLUTION

R = F1 cos 9,1 + F2 cos 92 + F3 cos 63 + F4 cos 94
= -300 cos 20° - 650 cos 28° + 750 cos 35° + 275 cos 60°
= -103.96 1b = -104.0 1b

R = F1 gin 9l + F2 gin 92 + F3 sin 93 + FQ sin 94

= 300 sin 20° - 650 sin 28° - 750 sin 35° + 275 sin 60°

= -394.58 1b = -395 1b

R = //Ri + Ri - /1-103.96)% + (-394.58)% = 408.04 1b & 408 lb
8 = tan Ei = tan ! 239458 _ 104 76° & -104.8°
- R, - -103.96 ~ ) '

R - 408 1b ¥ 75.2°

Ans.

Ans.

Ans.

le7




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-95 Four forces are applied at a 2
point in a body as shown in
Fig. P2-95., Determine the
magnitude and direction
{angles Gx, Gy, and 92) of
the resultant R of the four

forces. Fi=2001b¥
Fig. P2-95
SOLUTION
Rx = F1 cos 91x + F2 cos GZX + F3 cos Gax + F4 cos 94x

= 200(0) + 250(1//10) + 150(0) + 300 cos 60° = 229.06 Ib

= '] + os O + 6 + ]
R F1 cos 1y F2 c 2y F3 cos ay F4 cos ay

= 200(0) + 250(3/Y10) + 150 cos 60° + 300(0) = 312.17 1b

= o (3] 6
Rz F1 cos O, + F2 cos U, + F3 cos 0 + F4 cos 642

= 200(-1) + 250(0) + 150 cos 30° + 300 cos 30° = 189.71 1b

R = //Ri + R: + R: = ./(229.05)2 + (312.17)% + (189.71)2

= 431,17 1b = 431 1b Ans.,
-1 By -1 229.06 o o
Gx = cos == co8 i g7 T 57.91 = 57.9 Ans.
-1 By -1 312,17 o o
GY = cos o= =cC08  RTy7 < 43.61° = 43.6 Ans.
-1 Rz -1 189.71 o o '
62 = cos  p- = CO8  GRT.77 63.89" = 63.9 Ans,

/o8




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

2-96% Four forces are applied st a

point in a body as shown in
Figo Pz-gﬁo

magnitude and direction

(angles 9,‘, 9y, and 92) of
the resultant R of the four

Determine the

Fi=5KN

forces. ' ‘~:?° y
X | s
F3=3kN
Fig. P2-96
SOLUTION
F = b cos 40° cos 50° = 2.462 kN F =0
1x 3x
F =5 cos 40° sin 50° = 2,934 kN F. =0
1y 3y
F. = 5 sin 40° = 3.214 kN F. = -3.000 kN
1z 3z
F_ = 6 cos 40° = 4.596 kN F =0
2x 4x
F. =0 F = -4 sin 30° = -2.000 kN
2y 4y
F_ = 6 sin 40° = 3.857 kN F = 4 cos 30° = 3.464 kN
2z 4z
R, = 2.462 + 4.596 = 7.058 kN
R = 2.934 - 2.000 = 0.934 kN
R = 3.214 + 3.857 - 3.000 + 3.464 = 7.535 kN
2 2 z // 2 2 2
R= /R + R+ R = (7.058)° + (0.934)° + (7.535)
= 10.366 kN & 10.37 kN Ans.
6 = cos™d X = cos™t 12058 _ 47 09° & 47.1° A
% = CO0OS8 R = COS 10.366 = . . ns.
6 = cos’’ Ry v cos™? 0:939 | g4 as0 o gg.8° A
y - COS R - COS 10.366 bt [ ] - nS.
0 = cos™! R e cos™! 12838 _ 43.37° u 43.4 A
2 = COS8 R = CoOs8 10.366 = . . ns.

]o7




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-97 Two forces are applied at a point in a body as shown in Fig.
Determine
{a) The magnitude and
direction (angles z
8,868, and 8 ) of
x V4 z

the resultant R of

the two forces. 24
(b} The magnitude of the P
rectangular component ad !
of force F',1 along the /1=3001h:
1450t

line of action of
force

e
—

———
-
-

{c) The angle « between

pP2-97.

<
[
=
\
[P
~

{
1
Y
&
=

forces Fi and Fz' Fig. P2-97
SOLUTION
(a) &, = —L2 1+67+ 45K - = 0.1961 T + 0.7845  + 0.5883 &
J(1.5)2 + (612 + (4.5)°
8 1.5% - 27 +4.8388  _ 3000 7 - 0.4000 § + 0.8660 &

z ‘
J11.5)2 & (-2)% + (4.33)°

F. = F @& =300(0.1961 T + 0.7845 3 + 0.5883 %)

1 11
= 58.83 T + 235.35 J + 176.49 & 1b
F2 = anz = 240(0.3000 T - 0.4000 J + 0.8660 K)
= 72.00 T - 96.00 J + 207.84 K 1b
R - F1 + Fz = 130.83 1 + 139.35 § + 384.33 kK 1b

R = /(130.83)% + (139.35)% + (384.33)% = 429.23 = 429 1b
8 = cos ™' gi = cos™! 12333 = 72.25° & 72,3°
6, = cos”’ gi = cos™ ! igg:gg = 71.06° = 71.1°
92 = cos™ | ;5 = cos | igg:gg = 26.43° = 26.4°

{b) Fn -F ‘@, = [29.42 T + 117.68 J + 88.25 kil
[0.3000 T - 0.4000 J + 0.8660 k] = 38.2 1b

cos™' (8,8,) = cos”' [(0.1961 T + 0.7845 § + 0.5883 £)-

i
2
(0.3000 T - 0.4000 § + 0.8660 k)1
= cos™ ' (0.2545) = 75.3°

o]
R
n

Ans.

Ans.

Ans.

Ans..

Ans.

Ans.

)10
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w.

F. RILEY AND L.

D. STURGES

2-98 Three forces are applied with
cables to the anchor block
shown in Fig. P2-98., Determine
{(a) The magnitude and direction

(angles Gx, Gy, and 92) of

the resultant R of the
three forces.

{(b) The magnitude of the
rectangular component of

force F1 along the line

of action of force Fz'

{c) The angle « between

forces F1 and Fg.

SOLUTION
2,47 +2.77+3.6%K

Ji2.0)% + (2.1)% + (3.8)°

g - 06%-18F+2.7 E 0.1818

2 v
Ji0.6)2 + (-1.8)° + (2.7)2
3.6 T ~1.23+0.9K

H

(a) 31

= 0.9231

o
]
!

J3.6)2 + (-1.2)% + (0.9)5

-~

-~

= 0.4706 T + 0.5294 3 + 0.7059 &

- 0.5455 J + 0.8182 k

- 0.3077 § + O.

F, = F @ = 272(0.4706 T 4+ 0.5294 § + 0.7059 k)

- 128.00 T + 144.00 J + 192.00 kK N

F =F 62 = 500(0.1818 T - 0.5455 § + 0.8182 k)
= 90.90 T - 272.75 J + 409.10 kK N

2 2

F,=F@&, = 650(0.9231 T - 0.3077 j + 0.2308 &)
- 600.00 T - 200.00 § + 150.00 k N

3 3

R=F, +F +F, =818.90 T - 328.75
l/ 2 2 2
R = /({818.90)" + (-328.75)  + (751.10)
0 = cos Ei = cog”! -£18.90
x R 1158.80
8 = cos El = cos™ " —328.75
y R 1158. 80
0 = cos? R - eog™! L751:10
z R 1158.80

H

751.10 & N

1158.80 = 1159 N

= 45,03° = 45.0°

= 106.48° = 106.5°

- 49.596 = 49.6°

2308 k

Ans.

Ans.

Ans.

Ans.

)i




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

2-98 (Continued)

(b) F_=F -8, = [64.00 T + 72.00 J + 96.00 £
(0.1818 T - 0.5455 J + 0.8182 k] = 50.9 N Ans.
(c) «=cos ' (8.-8.) = cos & [(0.4706 T + 0.5294 § + 0.7059 &)

(0.9231 T - 0.3077 § + 0.2308 k)1

-1 o

cos  (0.4344) 64.3 Ans,

Nz




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

C2-99 Two forces A and B are applied to an eye bolt as shown in Fig.
P2-99. If the magnitudes of the two forces are A = 50 1b and
B = 100 1b, calculate and plot the magnitude of the resultant
R as a function of the angle GA (0 < BA < 180 ).

Also calculate and plot the angle
GR that the resultant makes with
the force B as a function of the
angle GA. When is the resultant

a maximum? When is the resultant

a minimum? When is the angle OR

Fig. P2-99

a maximum? Repeat for A = 100 1b
and B = 50 lb.

SOLUTION i?
From the law of cosines: F‘ --------
| "y
- 2 2 _ o _ /
R = )/A + B 2AB cos (1‘80 GA) // ,
2 2
-/A + B + 2AB cos GA /19R ,"SGH
From the law of sines: EB
sin GR ) gin (180 - GA) 0 - ain-! A sin GA
A - R g - SN R
For A = 50 1b and B = 100 1lb:
R = /(50)2 + (100)% + 2(50)(100) cos o, = 100 /1.25 + cos o, Ans.
o 50 sin 9A . sin GA
GR = sin - = sin . Ans.
100 ¥1.25 + cos GA 2 ¥1.25 + cos GA
For A = 100 1b and B = 50 1b:
= 2 . f/ ]
R =+v(100)" + (50)" + 2(100){50) cos 9A = 100 ¥1.25 + cos GA Ans.
4 100 sin OA 4 sin GA
eR = sin = 8in Ans>
100 ¥'1.25 + cos GA‘ ¥1.25 + cos eA‘
R = 150 1b when @ = 0° R . = 50 1b when 8 = 180°
mwax min
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C2-99 {(Continued)

ThetaR (deq)

ThetaR (deg)

Resultant, R (ib)

Magnitude of Resultant

160.00 —
140.00 Ty
120,00 fr—sipien
100.00 +--
80.00 £—
60.00 4~
40.00 -
20.00 $—
0.00 i

35,00

0 30

Angle

60 90 120
ThetaA (deg)

of Resultant

150

180

30.00 -

25.00

20.00

// ~

15.00

.

10.00

5.00
000 K

0 30

60 90 120
ThetaA (deg)

Angle of Resuitant

150

180

200.00

150,00 —

100.00 £

50.00 fmdiiiii

0.00 fut

o] 30

60 90 120
ThetaA {deg}

150

180

119




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

C2-100 Two forces A and B are applied to an eye bolt using ropes as
shown in Fig. P2-100. The resultant of the two forces has a
magnitude R = 4 kN and makes an angle of 30 with the force A
as shown. If both of the forces pull on the eye bolt as shown
{ropes cannot push on the
eye bolt), what is the range

of angles (Gmin < GB e Bmax)

for which this problem has a B
golution? Calculate and plot

the required magnitudes A and

B as functions of the angle

6B (emin < 9B < emax)' Why 18

the magnitude of B a minimum Fig. P2-100
when 8_ = 90 ?

e T
“a

SOLUTION

From the law of sines:
R A _ B

. o = . o - s
sin (180 - GB) sin (GB - 307) sin GR

R sin (6, - 30°) 4 sin (6, - 30°)

A= =
. © .
sin (180 - GB) gin GB
R sin @ . °
B = - R - 4 sin 30 - 2 Ans.
sin (180 -~ 93) sin 93 gin GB
When € = 90°, B=B = 2
B min
When A = 0, sin (8, - 30°) = 0 8 =130°=6
B min
When B < 0, sin 6_ < 0 8 > 180° = 8
B max

Force Components
20.000 S T N %

15.000 4=

10.000 ;“

Force (kN)

5,000 ;u

omc PR i ORI 8 L }
0 30 60 9 120 150 180
ThetaB (deg)

]1S
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3-1% Block A of Fig. P3-1 rests
on a smooth {(frictionless)

surf

25 1b, determine the force
exerted on the block by the
surface and the force P
required to prevent motion
of the block.

ace.

If the block weighs

SOLUTION f)
_ -1 g _ Y. . -
e = tan 8 = 20.06 ‘:‘- -B_
from a free-body diagram
for the block: W )Q
+/ TF =P -Wsin6 =P - 25sin 20.56° = 0 P=8.78 1b Ans.
+ N ZFY =N-Wecos 8 =N - 25 cos 20.56° = 0 N =23.4 1b Ans.

3-2% Block A of Fig. P3-2 rests
on a smooth {frictionless}

surf

block is 100 kg, determine
the force exerted on the
block by the surface and the
force P required to prevent
motion of the block.

ace.

If the mass of the

SOLUTION
a =tmf1
W=mg=1
From a free-body diagram
for the block:
e ZF = P cos
= P cos
P = 397.7
+ N ZFY = P sin
=z 397.7
N = 719.4

3 - o
8 = 20.56

00(9.807) = 980.7 N

30° - W sin @
30° - 980.7 sin 20.56° = 0

N &« 398 N Ans.

30° + N - W cos 6
sin 30° + N - 980.7 cos 20.56° = 0

N = 719 N Ans.
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3-3 A homogeneous cylinder weighing
500 lb rests against two smooth
planes that form a trough as
shown in Fig. P3-3. Determine
the forces exerted on the
cvlinder by the planes at contact
points A and B.

SOLUTION

From a free-body diagram
for the cylinder:

-———

o N
+T2Fy-FBcosE}0-h F,'a «
= FB cos 30° - 500 = O
FB = 577,35 1b = 577 1b 1S
— oy - Lo ] I
FB = 377 1b & 60 Ans. w FB

. P [o]
+ — EFX = FA - FB sin 30
= F, - 577.35 sin 30° = 0
F = 288.68 lb & 289 lb

F =289 1b — Ans.
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3-4 A homogeneous cylinder with a
mass of 250 kg is supported
against a smooth surface by a
cable as shown in Fig., P3-4.
Determine the forces exerted
on the cylinder by the cable
and by the smooth surface at
contact point C.

1 400 o oo
8 = tan 100 - 75.96 sﬁi

SOLUTION
Y
|
|
mg = 250(9.807) = 2452 N :

W

From a free-body diagram y:
for the cylinder: ¢ e %

+ TE = F sin 8 - W
y A

= F, sin 75.96° - 2452 = 0 W
F, = 2527.5 N & 2530 N
F,-2530 N& 76.0° Ans.
+ — EFX = FC - FA cos @
= F, - 2527.5 cos 75.96° = 0
F. = 613.17 N & 613 N
FC = 613 N — Ans.
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3-5% A 1000-1b block is su

shown in Fig. P3-5.
the forces exerted on

two cables.

pported

by a strut and two cables as

Determine
the pin

at C by the strut and by the

SOLUTION
From a free-body diagram FCD
for block D:
+ T EFy = FCD - W
= FCD - 1000 = O
F., = 1000 1b T w
FCD = 1000 lb + (on pin C) Ans.
Yy
Siqc '
From a free-body diagram {
for pin C: i
&s°ye o
— IF = F 30° - F 65° = 0 K
+ . = Fpo cos ac COS 65 = yr
F,. = 2.049 F_ BC yooo )b
. . © N -0
+ T SFy = Fg. sin 307 + F,o sin 65 - 1000
. o y \ e _ _
= FBc sin 30 + 2.049 FBC sin 65 1000 = 0O
FBC = 424.3 1b = 424 1b
F,.=14241b 2 30.0° Ans.
FAC = 2.049 FBC = 2.049(424.3) = 869.4 1b = 869 1b
- 0
?AC = 869 1lb & 65.0 Ans.

ne
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3-6%x A body with a mass of 750 kg
is supported by the flexible
cable system shown in Fig. P3-6.
Determine the tensions in cables
AC, BC, and CD.

Fig. P3-6

SOLUTION
W= mg = 750{9.807) = 7355 N
Feo
From a free-body diagram
for block D:
+TEFyzFCD-—W
= F., - 7355 = 0 A\
F., = 7355 N & 7.36 kN T
Fcn = 7.36 kN 4 (on ring C) y Ans.
i
1
From a free-body diagram i
for ring C: |
¥
[« e}
+ = ZFx = FBC cos 60 -~ FAC cos 30" = 0
FBC = 1,7321 FAC

. . 0_ N ,0_
+ T ZFY = FBC sin 60 FAC sin 30 7355

. °© . o - _
1.7321 FAC gin 60 - FAc sin 30 - 73535 = 0

F,. = 7355 N & 7.36 kN
- o s

FAC = 7.36 kN ¥ 30.0 Ans.

F,. = 1.7321 F, = 1.7321(7355) = 12,740 N & 12.74 kN

F . =12.74 kv 2 60.0° Ans.
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3-7 The collar A shown in Fig. P3-7
is free to slide on the smooth
rod BC. Determine the forces
exerted on the collar by the
cable and by the rod when the
force ¥ = 900 lb is applied to
the collar.

F=901b

SOLUTION

From a free-bhody diagram
for the collar:

+ / EFX = T cos 50° - 900 cos 60° = 0

]

T = 700.08 1b & 700 1b T = 700 1b ¥ 20.0° Ans.
PN IF, = F, - 900 sin 60° - T sin 50°
= F, - 900 sin §0° - 700.08 sin 50° = 0
F, = 1315.71 1b = 1316 lb F, = 1316 1b 5 60.0° Ans.

3-8% An automobile stuck in a muddy field is being moved by using a cable
fastened to a tree as shown in Fig. P3-8. When the cable is in the
position shown and
force P = 500 N,
determine the x-
and y-components
of the cable force
being applied to
the automobile.

SOLUTION

From a free-body diagram
of a point on the cable
where load P is applied:

+ 1 F, = P - 2T sin 5°

= 500 - 2T sin 5° = 0 T = 2868 N
F =T cos 5° = 2868 cos 5 = 2857 N = 2,86 kN Ans.
F, = T sin 5° = 2868 sin 5° = 249.96 N = 250 N Ans.

)2l
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3-9 Determine the magnitudes of y
forces ?2 and Fa so that the e
2
particle shown in Fig. P3-9
is in equilibrium. 60°
Fl--SOOIh
¢ x
45°
Fy
Fig. P3-9
SOLUTION H
 4F
From the free-body diagram : T
for the particle:
500 ‘L : ‘oo
------ w
. . 45°
+ T ZF = F_ sin 60 - F_ sin 45
¥ 2 K] F’
- 5 3
F2 = 0.816 F3
+ — TF = F_ cos 60° + F_ cos 45° - 300
x 2 3
= 0.8165 F_ cos 60° + F, cos 45° - 500 = 0
3 = 448.29 1b = 448 1b
F,o-4481b % 45.0° Ans.
, = 0.8165 F3 = 0.8165(448.29) = 366.03 1b = 366 1b
F_ = 366 1b 2 60.0° Ans.
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3-10% Determine the magnitude and
direction angle 8 of force F4
so that the particle shown in

Fig. P3-10 is in equilibrium.

SOLUTION

From the free-body diagram
for the particle:

+ — ZFX = F4 cos 6 - 650 cos 70°
- 700 cos 26° + 300 cos 35° =
F4 cos 8 = 605.72 N
+ 1 EFY = F, sin 6 + 650 sin 70°

- 700 sin 26° - 300 sin 35°

n
o

F, sin 6 = -131,87 N

Solving for force F4 and angle € yields:

o -1-131.87 _ o . o
8 = tan 605 72 ° 12,282° = -12.28" Ans,
p o= 2:944 _  -131.87 = 619.91N = 620 N Ans.

sin @  sin (-12.282°)

620 N % 12.28° Ans.

)
H
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D. STURGES

3-11 Determine the forces in cables
A and B if block W of Fig. P3~11
weighe 350 lb.

W
Fig. P3-11

SOLUTION

From a free-body diagram A F;'

for the block W:

+ T EFy = FC - W
= FC - 350 =0
. =350 1b T YW
FC = 350 1b 4 (on the ring) Ans,

From a free-body diagram
for the ring:

+ — YF = F. cos 30° - F cos 45° = 0
x B A

Fg

0.8165 F,

+TSF = F_ sin 30° + F_ sin 45° - 350
y B A

313.80 1b = 314 1b

314 1b % 45.0°

|
"

1

B = 256 1b 2 30.0°

0.8165 F, sin 30° + F, sin 45° - 350 = 0

0.8165 F, = 0.8165(313.80) = 256.22 ib = 256 lb

Ans.

Ans.
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W. F. RILEY AND L. D. STURGES

3-12 A body with a mass of 300 kg
is supported by the flexible
cable system shown in Fig.
P3-12, Determine the tensions

in cables A, B, C, D, and E.

Fig. P3-12

SOLUTION

From a free-body diagram
for the body:

+ T EFY =T, -mg =0

TE = mg = 300(9.807} = 2942 N & 2940 N
. Y
From a free-body diagram for 1
the lower cable joint: I -T-
1 ¢
'
+ 7T EFy = Tc sin 60° - 2942 = 0 -TD | LO°
TC = 3397 N = 3400 N
Jeg =
T o -
+ > EFx = TC cos 60 TD _1_
= 3397 cos 60° - TD =0 R
A
TD = 1698.5 N = 1699 N

From a free-body diagram for
the upper cable joint:

+ T IF = T, sin 30° + T, sin 40° - 3397 sin 60°

+._’2Fx 8

Solving vields: TA

Tg

T cos 30° - TA cos 40° - 3397 cos 60°

1807.53 N

3560.03 N

fe

|
Y
W

1808 N

3560 N

,"3 Ans.

Ans.

Ans.
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3-13% Two flower pots are supported
with cables as shown in Fig.
P3-13. If pot A weighs 10 1b
and pot B weighs 8 lb, determine
the tension in each of the cables
and the slope of cable BC.

{3}

(4)

From

From

From

From

From a free-body diagram
for joint C:

Fig. P3-13

SOLUTION - d
1

From a free-body diagram RB !

for joint B: :
t

Lo

(1) + — ZFx = -TAE cos 45 + TBC cos & = 0

) - T : © 3 - -

2y + 7 ZFY =T,, sin 45 + TBc gin« - 10 = 0

[+3
+ — ZFx = TCD cos 45 - TBC cos o =
+ 1 EFy = T, sin 45° - Ty 8in @ -8 =0
‘ ° =0 _
(1) and (3): -TAB cos 45 + TCD cos 45 = 0
TAB = TCD
. [+] . [+] -
(2), and (4}): TAB sin 45 + TCD sin 45 = 18
21, sin 45° = 18
T,, = T, = 12.728 1b % 12.73 1b Ans.
(1): Ty €Os « = 12.728 cos 45° = 9,000
(2): T, sin « = 10 - 12.728 sin 45° = 1,000
-1 1 o o
@ = tan § - 6.3402 =3 6034 AnS-
T, = 9.000 __ . _9.055 1b & 9.06 1b Ans.

sin 6.3402°
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3-14% Three smooth homogeneous
cvlinders A, B, and C are
stacked in a V-shaped trough
as shown in Fig. P3-14. Each
cylinder has a diameter of
500 mm and a mass of 100 ke.
Determine the forces exerted
on cylinder A by the inclined
surfaces.

Fig. P3-14

SOLUTION
W= mg = 100{9.807) = 980.7 N

From a free-body diagram
for cylinder B: ° NB

H

+\, IF_= -N_ + W sin 30° N, 30

H

-N, + 980.7 sin 30° =0

Ng

490.35 N

From a free-body diagram
for cylinder C:

- . ©
Nc - W gin 45

N, - 980.7 sin 45° =0

+ /” TF
y

N 693.46 N

C

From a free-body diagram
for cyviinder A:

1
(=]

N cos 15° + 490.35 sin 15° - 980.7 cos 45° - 693.46

+/ F L

N 1304.46 N & 1304 N Ans.

L

it
(=1

+N TF, = N - 980.7 sin 45° + 1304.46 sin 15° - 490.35 cos 15°

N 829.48 N = 829 N Ans.,

R
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3-15 Three smooth homogeneous cylinders
A, B, and C are stacked in a
V-shaped trough as shown in Fig.
P3-15. Cylinder A weighs 100 lb;
cylinders B and C each weigh 200
1b. All cylinders have a 5-in.

diameter. Determine the minimum

angle @ for equilibrium.

B C

SOLUTION
From a free-body diagram ?
for cylinder A:
+ — F = F_ sin 30° - F_ sin 30° = 0
x B C
F, = F, aiaiatatabalh |
L] s
+T2Fy-—FBcos 30 +FCcos30 - W, 3.' 4
o ° 0 30
= - = I
FB cos 30 + FB cos 30 100 0 Fﬂ F;
F =F_, = 57.74 1b ?
I
|

From a free-body diagram
for cvlinder B:

+ — IF =F sin 8 - F_ cos 60° - F
X B D

F sin 6 - 57.74 cos 60° - F, = 0

At the minimum angle B: FD =0

28.87 lb

Therefore: F sin 0

+ TI5F =Fcos®-W_ -F_sin 60° =0
b B B

F cos 8 - 200 - 57.74 sin 60° = 0

F cos 6 = 250.00 1b

¢
=3
bo

6 = tan 28'87 = 6.587° & 6,59° Ans.

50.0
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3-16% The masses of cylinders A and B
of Fig. P3-16 are 40 kg and 75 kg,
respectively. Determine the
forces exerted on the cylinders
by the inclined surfaces and the
magnitude and direction of the
force exerted by cylinder A on

cylinder B when the cylinders
are in equilibrium. Assume that
all surfaces are smooth,

SOLUTION

From a free-body diagram
for cylinder A:

(a) + — EFx F, sin 30° - F._ cos @ =

AB

b ° - : - =
(by + 7T EFy = FA cos 30 FAB sin @ WA

W

p T mE S 40(9.807) = 392.28 N

From a free—body diagram
for cylinder

w

. o]
{c) + — EFX = FAB cos 9 - FB sin 15 =0

1l
o

. -
{dy + 1T EFY = FAB sin 0 + FB cos 15 - WB

W

H

L = m.g = 75(9.807) = 735.53 N

412.80 N = 413 N

Solving yields: F
797.49 N & 797 N

oy
n

With F, = 412.80 N and F, = 797.49 N:

Eqs. (c) and (d) yield: FAB sin 9 =
FAB cos 9 =

: » . - -1 -340 78 - _ 0
Theretfore: 8 = tan 506.41 - 9,567 =
FA = 206.41 = 209.32

cos (-9.567°)

From Egs. (a) and (c): F. sin 30° - FB sin 15°

From Egqs. {b} and {d): F cos 30° + FB cos 15°

H
L]
]

n
E
+
x

-34.78 N

206.41 N

-9,57°

N %« 209 N

AR

1.9319 FA
1127.81
Ans.

Ans.

Ans.

Ans.
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3-17 A continuous cable is
used to support blocks 101 |

A and B as shown in
Fig. P3-17. Block A
is supported by a
small wheel that is
free to roll on the
cable. Determine the

.
—_——

|

displacement y of block
A for equilibrium if
the weights of blocks

A and B are 50 lb and
75 1b, respectively.

Fig. P3-17

SOLUTION
?

From a free-body diagram i

for block B: AT
|- *

+TEIZF =T-75=20

y Y75
= 75 1b

The cable is continuous:; therefore,

the tension is constant.

From a free-body diagram

for block A:
+ — ZFX = 75 cogs 8 - 75 cos ¢ = 0
cos 8 = cos ¢ 8 =2¢
+ T EFY = 75 sin @ + 75 sin & - 50
= 2{75) sin ¢ - 50 = 0
_ -1 50 _ )
¢ = sin 50757 - 19.47
v =5 tan ¢ = 5 tan 19.47° = 1.768 ft

Ans.
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3-18 Two bodies A and B weighing 800 N and 200 N, respectively, are held
in equilibrium on perpendicular surfaces by a connecting flexible
cable that makes an angle
6 with the horizontal as
shown in Fig. P3-18.

Find the reactions of the
surfaces on the bodies,
the tension in the cable,
and the angle 6. Assume
all surfaces to be smooth.

SOLUTION Y

From a free-body diagram
for body A:

{a) + — EFx T cos 0 - F, sin 30° = 0

(b) + 1T IF = T sin 6 + F, cos 30° - 800 = 0

From a free-body diagram

for body B:
(c) + = EF = -T cos 8 + F, sin 60° = 0
(dy + T EFY = -T sin @ + FB cos 60° - 200 = 0
From Eqs. (a) and (c}: 0.8660FB - 0.5000FA =0
From Eqs. (b} and (d): 0.5000FB + 0.8660FA = 1000
Solving yields: FA = 866 N Ans.
FB = 300 N Ans.
With FA = 866 N and FB = 500 N:
Eqs. (a) and (b) yield: T sin @ = 50 N
T cos 6 = 433 N
Therefore: 8 = tan %%ég = 6.587° « 6,59° Ans.
r=—233 - 4350 N w436 N Ans.
cos 6,587
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3-19% The particle shown 1in
Fig. P3-19 is in
equilibrium under the
action of the four
forces shown on the
free-body diagram.
Determine the
magnitude and the
coordinate direction
angles of the unknown
force FQ.

YF,=1501
Fig. P3-19

SOLUTION

From the free-body diagram
for the particle:

R=3F T +3%F J=Z%F k=0

x y z

TF = F  + 3(180) = 0

X 4x ]
F = -144.00 b

4%

3. o

TF = F. - £(180) + 200 cos 30° = 0

y 4y 2

= -65.21 1b

4y
$F = F_. + 200 sin 30° - 150 = ©

z 4z
F. = 50.00 1b

47z

/f 2 2 2

F, = /(-144.00)" + (~65.21)" + (50,00) 165.80 1b = 165.8 1b Ans.,
8 = cos | fan | ognt 2144.00 150.29° = 150.3° A

x F, = 165,80 g : ns.
0 = cos ! Fay | pos? 268:21 _ 113.16° = 113.2° A

v = CO8 Fq = CO8 165. 80 = » . ns,

_ -1 C4z _ -1 50.00 _ o o
Bz = cos 7 cos 165.80 - 74.44 = 74.4 Ans.
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3-20% The particle shown in Fig.
P3-20 is in equilibrium
under the action of the
four forces shown on the
free-body diagram.

Determine the magnitude

and the coordinate

v
direction angles of the F3=750N

unknown force F4. Fig. P3-20

SOLUTION

From the free-body diagran
for the particle:

R=ZF T+ EFy J+EF, k-0

X

$F = F_ + 500 cos 40° cos 50° + 600 cos 40° = 0

x 4x
F._ = -705.83 N
45
YF = F_ + 500 cos 40° sin 50° = 0
Y 1y
F, = -293.41 N
4y
EF_ = F, + 500 sin 40° + 600 sin 40° - 750 = ©
F = 42,93 N
47
/ 2 2 z
F, =/ (-705.83)° + (-293.41)" + (42.93)" = 765.59 N & 766 N Ans,
8 = cos™’ Tax -1 2705.83 _ 157 91° & 157.2° A
x = COSs F4 = CO08 765-59 = . . ns.
6 = cos Fay | og™ 1 229341 _ 14y 53° & 112.5° A
¥ = CO0S8 F4 = COS 765.59 = . . ns.
6 = cos”t L% = cos™t 1293 | g6 79° u g6.8° A
2 = CO0O8 F“ = £o0s 765.59 = . . ns.
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3-21 The block shown in Fig.
p3-21 weighs 500 lb. (P ma
Determine the tensions
in cables AB, AC, and AD.

SOLUTION
AB ~ "aB 2 =
(6)° + (12)
= (0.4472 7 + 0.8944 £)T, _ Fig, P3-21

41 -33+12% _ - ~
AC AC - _ 2] = (0.3077 T - 0.2308 § + 0.9231 E)TAC
vﬂ4) + (=3)° + (12)

T T B e k - ] = (-0.2673 T - 0.5345 3 + 0.8018 B)T,
Vi-0)? + (=812 + (12)°

-500 &

=
I

R=TB+TAC+TAD+W

A

o~

(0.307‘7TAC - 0.2873T, ) 1 + (0.4472TAB - 0.2308TAc - 0'5345TAD) )

-+

(0.8944T,  + 0.9231T,  + 0.8018T, - 500) £E=0

Thus:

0.3077TAC 0.2673TAD =0

0.4472TAB - 0.2308TAC 0’5345TAD =0

0.8944T, , + 0.9231T, . + 0.8018T, = 500
Solving yields:
T, = 267.36 1b = 267 1b Ans.,
T, o =141.31 1b = 141.3 1b Ans.
T,, = 162.67 1b & 162.7 1b Ans.
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3-22 Struts AB and AC of
Fig. P3-22 can transmit
only axial tensile or
compressive forces.

Determine the forces in

struts AB and AC and the zmjzfi_ﬁq > -
tension in cable AD when . ¢
force B = 1250 N. x,//’”//,; ¢
Fig. P3-22
SOLUTION
T =717 63+ 3K = (-0.8944 J + 0.4472 KT
AD AD p 3 * J ) AD
Y(-6)° + (3)
T e k l = (0.3015 T - 0.9045 § - 0.3015 KIF,
/(202 + (<612 + (-2)°
- -3 1-63-2% - s "
FAC = F,. - . 5] = {-0.4286 T - 0.8571 J - 0.2857 ﬁ)FAC
-/(-3} + (-6) + {(-2)
F=-120kN
R:FAB+FAC+TAD+F‘

-~

(0.3015FAB - 0.4286FAC) 1+ (-0.8944TAD - 0.9045FAB - 0.8571FAC) J

1250} £ = ¢

+ (0.4472TAD 0'3015FAB - 0.2857FAC

Thus: :
0.3015FAB - 0.4286FAC =0

-0.8944T, - 0.9045F, - 0.8371F, . = 0
0.4472T, - 0.3015F,, - 0.2857F, = 1250
Solving yields:
T,p = 1667.10 N = 1677 N (T) Ans.
F,p = -985.07 N = 995 N (C) Ans.
F,o = -699.99 N = 700 N (C) Ans.
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3-23*% Determine the forces in
legs AB, AC, and AD of

the tripod shown in Fig.
P3-23 when force P = 75

1b.

only axial forces.

The legs can transmit

SOLUTION

F

B

Thus:

25 T - 207 - 54

Fig. P3-23

k

/(2502 + (2012 + (

25 T +403 - 54 %

_54)2

!
Yi25)% + (4017 + (-

-25 T +6 3 -54%

54)°-

/=252 + (612 + (-
-75 £ 1b
?B + FC + FD + P

{0.3982FB + 0.3487FC -

+ (-0.3186FB
+ (—O.BGOZFB
0.3982FB
—0.3186FB
-O.BGOZFB

Solving yvields:

54) %

0.4180FD} 1

+ 0.5579FC + 0.1003FD)

|
1

0.7531FC - 0.9029FD

-+

0.3487F, - 0.4180F

L

0.5579F, + 0.1003F

0.7531FC 0.9029FD

-33.42 1b = 33

1]
1]

-11.62 1b = 11

-41.53 1b = 41

75) £ = 0

75

.4 1b (C)
.62 1b {C)

.5 1b (C)

{0.3982 1 - 0.3186 J - 0.8602 ﬁ)FB

(0.3487 T + 0.5579 § - 0.7531 KIF,

(-0.4180 T + 0.1003 J - 0.9029 K)F

Ans.

Ans.

Ans.
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3-24*% Column AB of Fig. P3-24 can
support & maximum axial
compressive force of 7500 N.
Determine the tensions in

each of the cables when this

level of load exists in the

colqmn.
SOLUTION
F, =F, 33 -1.53-7K _} = (0.3865 T - 0.1932 § - 0.9018 B)F_
/(302 + (-1.5)2 + (-7
F, = Fpl— -3.53-53-7K l = (-0.3769 T - 0.5384 § - 0.7337 KIF
/(-3.51% + (-3)% + (-T)°
F.=F 21+33-7K } = (-0.2540 T + 0.3810 J - 0.8890 K)F_
= ;
V-2)2 + (312 + (-1)7

P = 7500 &

R=FC+FD+FE+FB
= (0.3865FC - 0.3769FD - 0.2540FE) 1

-

0.5384F ) + 0.3810FE) J

+ (-0.1932FC

+ (-0.9018F _ - 0.7537F - 0.8890F  + 7500) k=3
Thus:
0.3865F _ + 0.3769F, -~ 0.2540F = 0
-0.1932F, + 0.5384F, - 0.3810F_ = 0
-0.9018F, - 0.7537F - 0.8890F, = -7500
Solving yields:
F, = 3647 N & 3.65 kN (T)
F, = 1277.2 N & 1,277 kN (T)
F_ = 3654 N & 3,65 kN (T)

Ans.

Ans.

Ans.
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3-25 The circular disk shown
in Fig. P3-25 weighs
750 1b. Determine the
tensions in cables A,
B, and C.

SOLUTION

P oa 43T -23+5 %K }
A A -
()% + (-3)% + (1)°

-~

= (0.5963 T - 0.2981 J + 0.7454 )T,
P2 i-d1+6Kk _] = (-0.4082 T - 0.4082 § + 0.8165 )T,
(-312 + (=3)% + (6)°
T . |——iit3iedk _] = (-0.6247 T + 0.4685 J + 0.6247 BT,
2 2 2
-/(—4) + (3)° + (4) Ts'lz
Q=-750%
§=TA+TB+TC+W
= (0.5963T, - 0.4082T_ - 0.6247T ) 1
+ (-0.2981T, - 0.4082T, + 0.4685T )
+ (0.7454T, + 0.8165T_ + 0.6247T, - 750) £:=0
Thus:
0.5963T, - 0.4082T, - 0.6247T = 0
-0.2981T, - 0.4082T_ + 0.4685T = 0
0.7454T, + 0.8165T, + 0.6247T, = 750
Solving yields:
F, = 525.61 1b & 526 b (T) Ans.
Fy = 109.71 1b & 109.7 1b (T) Ans.
F. = 430.02 1b & 430 lb (T) Ans.
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3-26 Two forces are applied in z

a horizontal plane to a
loading ring at the top of
a post as shown in Fig.
P3-26. The post can
transmit only an axial
compressive force. Two
guy wires AC and BC are
used to hold the loading
ring in equilibrium.
Determine the force
transmitted by the post
and the forces in the
two guy wires.

SOLUTION

T

A A

I, -4 T +23-10F

oz 411 -1EF ] E
112 + (-10)2 *

(0.3714 T - o.gzszs'ﬁrrA

A 0,0)pm Fig. P3-26

5&%%®m

L,2,0) m

(-4)2

]

s (212 4 (-10)7

FC = -600 T - 750 3 FD = F, &
Thus:
§=EF=TA+TB+FC+FD
= (0.3714T, - 0.3651T - 600) 1 + (0.1826T, - 750) 3
+ (-0.9285T, - 0.9129T, + 1.0000F ) k-0
Thus:

Solving yields:

0.3714T, - 0.3651TB = 600
0.1826TB 750
-0.9285T, - 0.9129TB + I.OOOOFD 0

T, = 5653 N = 5.65 kN (T)
T, = 4107 N = 4,11 kN (T}
F, = 8999 N = 9.00 kN (T)

] = {(-0.3651 T + 0.1826 J - 0.9129 E}TB

Ans.

Ans.

Ans.
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C3-27 A 75-1b stop light is suspended between two poles as shown in
Fig. P3-27., Neglect the weight of the flexible cables and plot
the tension in both cables as a function of the sag distance
d (0<d =<8 ft.)
Determine the
minimum sag d for
which both tensions
are less than:

{a) 100 1b,
(b} 250 1b.
{c} 500 1b,

SOLUTION

tan GL d/20

tan GR d/10

From a free-body diagram
for the cable joint:

+ — LIF
xX

TR CcOS GR - TL cos GL =90

+ T EFY = TR gin 9R + TL gin GL -W=0

Solving yields:

W cos GL

" sin 6 ¢} 8 sin 6
R~ sin 8, cos 0, + cos &, sin O

W cos GR

L = gin 8 9 4 6 in @
sin 8, cos 8 + cos 6, sin 8,

Tension in Wires

Tension {Ib)

3 4 5 6 7 8
Sag distance, d (ft)
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C3-28 A 50-kg load is suspended from a pulley as shown in Fig. P3-28.
The tension in the flexible cable does not change as it passes
around the small frictionless pulleys, and the weight of the cable
may be neglected., Plot
the force P required for } |

C1 s . : b=3m 4
equilibrium as a function [ I
of the sag distance d i
(0 < d < 1 m) . Determine Lt kBTt R e B e T el N B Sl \ -C
the minimum sag d for e ! ﬂr
which P is less than: d
{a) Twice the weight of ‘o AL
the load. B
{b) Four times the weight a2 O
of the load. “0%g
(c) Eight times the weight i, P
of the load. Fig. P3-28
SOLUTION

W=mg = 50(9.807) = 490.35 N ?
|
From a free-body diagram _ I
for the 50-kg load: -T— I
The cable is continuous; therefore, By, BR
the tension is constant. H

+ —YF =z=Tcos @ -Tcos8 =0
x R 13

. . - - 8 = -1 d
Therefore: 9L = GR = & = tan T.5 * W)
+ 1T XFY =Tein © + Tsin 8 - W =20

T =p =z —N

T=P= 2 gin ©

{a) P< 2W, d»> 0.38730 m & 387 mm

Cable Tensions

{b) P < 4W, d > 0.18898 m & 189 mm

{c) P<8W, d>0.00393 m& 94 mm

Tension (kN)
e =N Wh e~

00 0t 02 03 04 05 06 07 08 09 10
Sag distance, d (m}
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C3-29 Three identical steel disks are stacked in a box a shown in Fig,
P3-29, The weight and diameter of the smooth disks are 50 1b and
12 in., respectively. Plot the three forces exerted on disk C (by
disk A, by the side wall, and by the floor} as a function of the
distance b between the walls of
the box (24 in. = b = 36 in.)
Determine the range of b for
which:

{a} The force at the floor is
larger than the other two
forces.

{b) None of the three forces
exceeds 100 lb.

{c) None of the three forces
exceeds 200 1b.

SOLUTION

ceoX_ib-di/2 _ (b-12)/2
cos ¥ =4 - d = 12

From a free-body diagram
for cylinder A:

+ T EFY = 2A sin @ - W
= 24 8in 8 - 50 = 0
_ 25
A= sin @

From a free-body diagram
for cylinder C:

+ — EFX = Acos @-5=20
S = Acos 8 A> S
+ T }:Fy =F~-Asin® - ¥ Force on Walls
=F - Asin8 - 50 =0 200 i
5 150 fecad
F=50+.esin9=751b 2
s8in g 100
S
{a) A < 75 1b, b < 34.6 in. 50
. 0
{b) A < 100 1b, b ¢ 35.2 in. a5 28 30 32 34 36
{c} A < 200 1b, b < 35.8 in. b (in}
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C3-30 Two small wheels are connected by a light-weight rigid rod as shown
in Fig. P3-30. Plot the angle © (between the rod and the horizontal)

as a function of the
weight W1 (Wl = 10 Wz).

Determine the weight Hi

for which:

(a) 8 = -50°.

(b) 8 = 10°. 4

(c) 8 = 25°, Fig. P3-30

Do you think the equilibrium positions of parts a, b, and c are
stable? (That is, if the wheels were disturbed slightly, do you
think they would return to the equilibrium position or do you think
they would slide off of the triangular surface?)

SOLUTION

From a free-body diagram
for wheel 1:

m
+ /7 ZF =T cos (30° - 8) - W1 cos 60° = 0 i
From a tree-body diagram
for wheel 2:
+ \NZF = T sin (30° - 8) - W, cos 30° = 0 my,
o o ity '3
.- W1 cos 60 ) Wz cos 30 T
cos (30° - ) sin (30° - 6)
o Wz cos 30°
tan (30 - 6) = —
W1 cos 60
W, cos 30° Angle of Equilibrium
w‘l = o O 20
tan (30 - 8) cos 60 10
o G
(a) For 6 = =50 °: W = 14.98 N g 104
- 20
R g a0
(b) For @ = 10 : W1 = 233 N T
50
o _ -60
{c}) For 8 = 25 W,l = 971 N Weight, W1 (N)
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3-31% Determine the magnitude and
direction angle 8 of force F4
so that the particle shown in

Fig, P3-31 is in equilibrium.

Fig. P3-31

SOLUTION

From the free-body diagram
for the particle:

‘%‘KIP

?'K'P
+ = IF_=F, cos 6 -6cos28° 000000 TTTTENTg TT77 X
+ 4 cos 63° + 2 cos 26°
= F4 cos @ - 1,7792 = 0
+ 1 IF_ = -F, sin @ + 6 sin 26°
+ 4 sin 63° + 2 sin 26°
= -F4 sin @ + 7.0710 = 0
Solving yields:
_ -1 7.0710 _ ° o
O = tan 17792 ~ 75.88 & 75.9 Ans.
p, = 1000 . _T0T0 o 7 291 kip & 7.29 kip Ans.

sin @ sin 75.88°
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3-32% Determine the magnitude and
direction angle 6 of force F4
go that the particle shown in

Fig. P3-32 is in equilibrium.

F3=800N
Fig. P3-32
From the free-body diagram S00 N

SOLUTION
Y
|
for the particle: :
I
|
I

+— IF = F, cos 6 - 500 cos 63°
- 750 cos 30° - 800 cos 60°
= F4 cos 6 - 1276.5 = 0

+ T zpy = F, sin 8 + 500 sin 63°

+ 750 sin 30° - 800 sin 60°

F‘1 sin € + 127.68 = 0

Solving yields:

. -1-127.68 _ _ o o & o4O
.0 = tan —1276.5 5,712 = -5.71 Ans.
g - 1276.3 _ _ 1276.5 = 1282.9 N = 1283 N Ans.

cos @ cos (-5.712°%)
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3-33 Two 10-in. diameter pipes and a 6-in. =
diameter pipe are supported in a pipe B
rack as shown in Fig. P3-33. The
10-in. diameter pipes each weigh 350 - €
1b and the 6-in. diameter pipe weighs :
A-.
225 1b., Determine the forces exerted K
on the pipes by the supports at contact
surfaces A, B, and C. Assume all
surfaces to be smooth.
SOLUTION
0 = sin” ! g = 48.59°
From a free-body diagram
for the upper pipe: fE
+ T EFy = F cos e - Wg
= F, cos 48.59° - 350 = 0 \Nh
F1 = 529.15 1b
+ — ZFx = FB - F, gin @ = 0
F, = F sin @ = 529.15 sin 48.59° = 396.86 1b = 397 1b Ans.
From a free-body diagram
for the middle pipe:
+ T EFY = F, cos g - F, cos e - W .
= F, cos 48.59° - 529,15 cos 48.59° - 225 = 0
F2 = 869.32 1b
+ = ZFx = F1 sin 9 + F2 sin 6 - FC )
= 529.15 sin 48,59° + 869.32 sin 48.59° - F, = 0
F. = 1048.8 1b & 1049 1b ' Ans.
From a free-body diagram
for the lower pipe:
+—%F =F -F_sin = F - 869,32 sin 48.59° = 0
x A 2 A
F, = 651.99 1b ¥ 652 1b ' Ans.
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3-34

The mass of block A in
Fig. P3-34 is 250 kg.
Block A is supported by
a small wheel that is
free to roll on the
continuous cable between
supports B and C. The
length of the cable is
42 m. Determine the
distance x and the
tension T in the cable
when the system is in
equilibrium.

40m

P
—

>,

=TT
S &%"‘Qf"“

Fig. P3-34

SOLUTION

From a free-body diagram
for the wheel:

+— IF =T cos 0 -Tcosd=0
cos 9 = cos ¢ 0=¢
From the span and length of the cable:
Lcos =42 cos ¢ =40 m
¢ = cos™’ %% = 17.753°

x tan ¢ = (40 - x) tan ¢+ 6

- 40 tan ®+6 _ 40 tan 17,753° + 6

2x tan ¢ = 40 tan ¢ + 6

2 tan ¢ 2 tan 17.753°

+ T EFY = 2T gin ¢ - mg = 0

T = —Dg 250(9.807)

=29.3T m = 29.4 n Ans.

= = = 4020 N = 4,02 kN Ans.

2 gin ¢ 2 sin 17.753°
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3-35% Two bodies weighing 150 1b Rope _
and 250 lb, respectively, _ ‘"200"’
rest on a cylinder and are
connected by a rope as shown W2=15°“’
in Fig. P3-35. Find the
reactions of the cylinder on
the bodies, the tension in
the rope, and the angle 8.
Assume all surfaces to be
smooth.
Fig. P3-35
SOLUTICN
From a free-body diagram
for body 1:
{a) + — EFx = F, sin 8@ -Tcos 8=0
(b} + T EFY = F, cos © + T sin 8 - 200 =0
From a free-body diagram
_for body 2:
{c} + — EFx =T gin 8 - F2 cos 6 =z 0
{(d)y + 7T EFY =T cos 8 + F2 gin @ - 150 = O
From Eqs. (a) and (d}: (F1 + Fz) sin @ = 150 1b
From Eqs. (b} and (c): (F,l + Fz) cos © = 200 1b
Therefore: 8 = tan™ " %%% = 36.87° = 36.9° Ans.
With @ = 36.87°:
Egqs. {(a) and {(b) yield: T = 120.0 1b Ans.
F1 = 160.0 1b Ans.
Egs. {c) and {d) yield: F2 = 90,0 1b Ans.
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3-36*% The particle shown in Fig.

P3-36 is in equilibrium

under the action of the

e

-
-

four forces shown on the ‘i cfa
. ! —d
free-body diagram. N i/,/’
|
Determine the tensions in 15“: l4m
|
|
cables A, B, and C. = BOkN\\\i o y
N m

-

SOLUTION

F =

1

=
H

i
1

Thus:

pl31-257+35%K ] = (0.5721 T - 0.4767 J + 0.6674 E)F,

V(312 + (-2.5)2 + (3.5)°

_Si-4153+335E

")

] = (-0.4657 T - 0.6985 J + 0.5433 K)F,
/(=3)% 4 (-4.5)% + (3.5)°

. 3T +53+4% ] = (0.4243 T + 0.7071 § + 0.5657 K)F_

/(3)% + (5)% + (4)2

-80 k
XF=F1+F2+F3+W'

(0'5721F1 - 0.4657F2 + 0.4243F3) 1

+ (-0.4767F - 0.6985F, + 0.7071F,) ]

+ (0.6674F, + 0.5433F, + 0.5657F, - 80) £E=0

0.5721F, - 0.4657F, + 0.4243F, = 0

—0.4767F1 - 0.6985F2 + 0.7071F3 =0

Solving vields:

0.6674F1 + 0.5433F2 + 0.5657F3 = 80
I‘A = F1 = 3.745 kN & 3.75 kN Ans.,
'I‘B = F2 = 69.82 kN = 69.8 kN Ans.
TC = F:3 = 70.71 kN = 70.7 kN Ans.
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3-37 The hot-air balloon shown in
Fig. P3-37 is tethered with
three mooring cables. If the
net lift of the balloon is
900 1b, determine the force
exerted on the balloon by

each of the cables.

SOLUTION

A A Y

T =1 20T +303 -50%K ]
(2002 + (30)% + (-50)°

(0.3244 T + 0.4867 J - 0.8111 k)T,

T, =T, 161 -257-50% J = (0.2752 T - 0.4299 J - 0.8599 )T,
/(1602 + (<2502 + (-50)°

T = |- 50 & } = (-0.4319 T - 0.2592 § - 0.8639 E)T_
/(-2512 + (1512 + (-50)%

L =900%k
§=ZF‘=TA+TB+TC+E
= (0.3244T, + 0.2752T, - 0.4319T ) 1
+ (0.4867T, - 0.4299T_ - 0.2592T) 3
+ (-0.8111T, - 0.8599T, - 0.8639T, + 900) =0
Thus:
0.3244T, + 0.2752T, - 0.4319T_ = 0
0.4867T, - 0.4299T_ - 0.2592T, = 0
-0.8111T, - 0.8599T, - 0.8639T_ = -900
Solving yields:
T, = 418.2 1b = 418 1b Ans.
T, = 205.2 1b = 205 1b Ans.
T = 444,9 1b = 445 1b Ans.
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3-38 The traffic light shown in L
Fig. P3-38 is supported m ':
by a system of cables. , i ﬁ?\
Determine the tensions 4
in cables A, B, and C

if the traffic light has
a mass of 100 ks=.

Fig. P3-38

SOLUTION

oo |2i-87+5K ] = (0.3904 T - 0.7807 J + 0.4880 K)T,

A A Y
V)2 + (-8)% + (5)°
R K l = (-0.5367 T - 0.7155 J + 0.4472 )T
Vi-61% + (-8)% + (5)° 2

C C J
(8)2 + (5)2

? - |- B81t5K ] = (0.8480 § + 0.5300 )T

¥ = ng = -(100)(9.807) k = -980.7 k
R = TA + TB + TC + W
= (0.3904T, - 0.5367T_) T + (-0.7807T, - 0.7155T, + 0.8480T ) j
+ (0.4880T, + 0.4472T_ + 0.5300T_ - 980.7) £E=0
Thus:
0.3904T, - 0.5367T =0
-0.7807T, - 0.7155T  + 0.8480T_ = 0
0.4880T, + 0.4472T_ + 0.5300T_ = 980.7
Solving yields:
TA = 602,.9 N = 603 N Ans.
T, = 438.6 N x 439 N Ans.
T. = 925.1 N = 925 N Ans.
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£3-39 A 1000-1b load is securely fastened to a hoisting rope as shown in
Fig. P3-39. The tension in the flexible cable does not change as it
passes around the small frictionless pulley at the right support.
The weight of the cable
may be neglected. Plot
the force P required for -

equilibrium as a function r‘——————'“‘*=3°“——————— ' 1
of the sag distance d e

(0 =d =< 10 ft).

' @
Determine the minimum ‘\I) L
sag d for which P is 1068 l
less than:

(a) Twice the weight
of the load.

{b) Four times the weight
of the load. PR

{(c) Eight times the weight Fig. P3-39
of the load.

-

Plot both the force P and the tension TAB in segment AB of the cable

on the same graph.

SOLUTION ?
From a free-body diagram :
for joint B: 'TL I -
d i R
sin GL =5 e x
d
tan GR T 30 - 10 cos 9L

+ — LF
b4

TR cos 9R - TL cos 91 =0

+ T EFY T, sin GR + T, sin 9L -W=20

Solving yields:

W cos 9, Cable Tensions
R sin GR cos 61 + cos GR sin GL

W cos BR

~ sin © ] @ sin 6
L Sin I_&’.:OS R+COS Lsm R

Tension (lb)

01 2 3 4 5 6 7 8 9 10
Sag distance, d (ft)
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C3-40 A pair of steel disks are stacked in a
box as shown in Fig. P-40. The masses
and diameters of the smooth disks are

m, = 9 kg, m, = 25 ke, dA = 100 mm, and

d 200 mm. Plot the two forces

exerted on disk A (by disk B and by the

B

side wall) as a function of *the distance

b between the walle of the box Fig. P3-40

{200 mm < b < 300 mm). Determine the

range of b for which:

{a} The force at the side wall is less than WA, the_weight of disk A.
{b} Neither of the two forces exceeds ZWA.

(c) Neither of the two forces exceeds 4WA.

SOLUTION

b - 150
8 =z ——
cos 150
From a free-body diagram
for pipe A:

+TEZF =Dsin® -W =10
V' A

YA 5(9.807) _ 49.04
“gin®  sin @ T sin @

+ — EFx =A~Dcos =20

A D cos 6 D> A

fa) A < 19,04 N, 9 > 45.07, b < 256 mm

Force on Pipes
(b D < 98.08 N, 8 > 26.6°, b < 284 mm

CR

{c) D < 196.2 N, @ > 14.53°, b < 295 mm

g

g

Force (N)

8

o8 8
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4-1*% Determine the moment of the
250~1b force shown in Fig,
P4-1 about point A.

SOLUTION

M, = |F|d = 250(3) = 750 ft-1b EA = 750 ft+1b D  Ans.

4-2% Determine the moments of

the 225-N force shown in e Py s

Fig. P4-2 about points A,

400 mm

B, and C.
225N
Fig. P4.2
SOLUTION
M, = |F|d, = 225(0.600) = 135.0 N-m M, =135.0 Nm )  ans,
M, = |F|d, = 225(0.400) = 90.0 N-m M, = 90.0 N'm 5 Ans.
M, = |Fld, = 225(0.800) = 180.0 N'm ﬂc = 180.0 N°m 3  Ans.
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4-3 Two forces are applied at a point y
Fy=5001b
in a plane as shown in Fig. P4-3 T “““l";;'-"" IB
. 15in. ,
Determine ﬂ|{_ A |
(a) The moments of force F'1 about 15 in. i
. > |
points A and B ‘T" F,= 30016
{b) The moments of force Fz about 25in. E
points B and C. 1 0 +€ x
— 30 in, —20 tn.—|
Fig. P4-3
SOLUTION
(a) M, = |F1|dA = 500(30) = 15,000 in.-*1b = 15.00 in.-kip
HA = 15.00 in.*kip B  Ans.
M, = |F |d, = 500(20) = 10,000 in.-1b = 10.00 in.-kip
ﬁB = 10.00 in.*kip @  Ans.
(b) M, = |F,|d, = 300(30) = 9000 in.-1b = 9.00 in.-kip
ﬁB = 9,00 in.-kip ) Ans.
M. = |F,|d_ = 500(25) = 7500 in.-lb = 7.50 in.-kip
M. = 7.50 in.*kip 9 Ans.

c
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4-4 Two forces are applied at a point

in a plane as shown in Fig. P4-4. S Sttty 18
100 mm :
Determine s - A F =TSN i
(a) The moments of force F1 about T !
points B and C. {
300 mm :
{b) The moments of force Fz about l '
F;=125N 1
points A and C. 0 Lo
175 mm-f—250 mm —)|
Fig. P4-4
SOLUTION
(a) M, = |F |d; = 75(0.175) = 13.125 N-m = 13.13 N°m
ﬁa = 13.13 N°m D Ans,
M, = |F [d, = 75(0.300) = 22.500 N'm = 22.5 N°m
ﬂc = 22.5 Nem Ans.
(b) M, = |F,|d, = 125(0.175) = 21.875 N*m = 21.9 N-n
HA = 21,9 Nem Ans.
M. = |F,ld.= 125(0.250) = 31.25 N-m = 31.3 N'm
EC = 31-3 N'Il D Ans-
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4-5% Two forces are applied to a rﬂ~——wtm————1
F,=801lb

bracket as shown in Fig. P4-5. Wﬁm t
Determine 8 in. %
{a) The moment of force F i/
. 1 e ‘:- G F2= 151h
about point A. I
{b) The moment of force Fz 13in. t
about point B. i
17
DRSS~ e TR R
Fig. P4-5
SOLUTION
(a) M, = |F1|dA = 80(8) = 640 in.-1b
ﬁA = 640 in.-1b B Ans.
(b) M, = |F_ |d, = 75(15) = 1125 in.-1b

HB = 1125 in.*1b )  Ans.

4-6* Two forces are applied to a
bracket as shown in Fig. P4-6.
Determine
(a) The moment of force F,

140
about point A.

(b) The moment of force Fz

about point B.

SOLUTION
(a) M, = |F1|dA = 640(0.140) = 89.6 N'm

M, - 89.6 Nm o) Ans.
(b) M_ = |F,|d, = 820(0.200 - 0.080) = 98.4 N-m

EB = 98.4 N'm 3 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-7 Two forces are applied to a y
beam as shown in Fig. P4-T7. ; F,= 2501
Determine the moments of M
qa 60°
forces F1 and Fz about z X
i B
point A. - 3n
F,=1751b
Fig. P4.7
SOLUTION
(a) M, = |F1|dA1 = 250(3 sin 60°) = 649.5 ft-1b & 650 ft-1b
M, =650 ft-1b )  Ans.
(b) M, = |F2|dA2 = 175(3) = 525 ft+1b = 525 ft+1b
M, , =525 ft*1b Q  Ans.
4-8 Two forces are applied Fy =8N
. F;=3kN
to a beam as shown in
Fig. P4-8. Determine i 560" 8
the moments of forces 5 0 i ;ﬁvﬁ
?1 and Fz about point A, ..,1fpgg;n?won,-:!?g_dsgggmmng-
I Im im Im——
Fig. P4-8 -
SOLUTION
M, = ]Flld“ = 8(3) = 24 0 kN'm
M., =200kNm?)  Ans.
1 ° = . .
MAZ = |F2|dAz = 3{6 sin 60 ) = 15.588 kN*m & 15.59 kN'm
M _ = 15.59 kN°m 5  Ans.

A2
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D.

STURGES

4-9% Three forces are applied to

aci
in F

{a)

(b)

rcular plate as shown
ig. P4-9, Determine
The moment of force F1
about point 0.

The moment of force Fa

about point O.

F3=1001b

{c) The moment of force Fz
about point A.
SOLUTION
(a) M, = |F |d, = 50(12) = 600 in.-1b
ﬁo = 600 in.*1b D Ans,
. [+ - ' .
(b) M, = |F3|d3 = 100(12 sin 30 ) = 600 in.-1b
Ho = 600 in.*1b 9§  Ans.
(c) M, = |F,ld, = 80(24 sin 45°) = 1358 in.-1b
M, = 1358 in.:1b ) Ans.

4-10% Determine the moment of the
500-
about points A and B.

N force shown in Fig. P4-10

Fig. P4-10

SOLUTION
M, = [Fld, = 500(0.200)= 100 N*m
M, = |Fld, = 500(0.200 - 0.160 sin 30°) = 60 N-m

ﬁB = 100 N°m 2

M, = 60 N°m )

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-11 Determine the moment of the
350-1b force shown in Fig. P4-11
about points A and B.

12in. |

Fig. P4-11

SOLUTION
M, = |F|d, = 350(10 sin 40° + 12 cos 40°)

= 5467 in.<1lb & 5,47 in.*kip ﬂA = 5.47 in.*kip ) Ans.
M, = |Fld, = 350(10 sin 40°)

= 2250 in.-1b # 2.25 in.-kip M, = 2.25 in.-kip 5 Ans.

4-12 Determine the moment of the
750-N force shown in Fig. P4-12
about points A, B, and C.

18 mm

f 25 mm ]|
Fig. P4-12

SOLUTION
M, = |Fld, = 750(0.018 cos 25°)

= 12.235 N°m # 12,24 N°m M, = 12.24 N°m P  Ans,
M, = |Fld, = 750(0.018 cos 25° + 0.025 sin 25°)

= 20.159 N°m & 20.2 N°m ﬁB = 20.2 N°m Ans.
M, = |Fld_, = 750(0.025 sin 25°%)

= 7,924 N°m = 7,92 N°m M 7.92 N°m Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
4-13% Two forces are applied
F,=3251b
to an angle bracket as '
shown in Fig. P4-13. — R~
Determine the moments 60°
of forces Fi and ?2 Fy=4251b
12in.
about points A and B. -
ok ﬁ
CEIA e e ey .-]'3'-
F 12 in. |
Fig. P4-13
SOLUTION
M,, = |F,ld, = 325(12 cos 30°) = 3377 in.-1b
M , = 3380 in.*1b 9  Ans.
M,, = |F,|d,, = 425(12 cos 60°) = 2550 in.-lb
M,, & 2550 in.*1b ?  Ans.
M, = |F ldy, = 325012 cos 30° + 12 sin 30°) = 5327 in.-1b
H81 ~ 5330 in.*lb Y  Ans.
My, = IF,ld,, = 425012 sin 60° - 12 cos 60°) = 1866.7 in.*1lb
M, « 1867 in.*1b J  Ans,
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
4-14% Two forces are applied

to an eye bracket as

shown in Fig. P4-14.

Determine the moments F;=250N

of forces Fl and Fz
about points A and B.

F;=400N

SOLUTION
M,, = [F |d,, = 250 (0.150 cos 20° + 0.325 sin 20°) = 63.03 N-m
M, «63.0Nn)
M,, = |F,|d,, = 400(0.325 sin 65° - 0.150 cos 65°) = 92.46 N-m
ﬁAz = 92.5 Nem
M, = |F |d,, = 250(0.325 sin 20°) = 81.25 N'm
M, «8L.3Nn)D
M , = |F,|d,, = 400(0.325 sin 65°) = 117.82 N-m

M, 117.8 Nom )

Ans.

Ans.

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W, F. RILEY AND L. D. STURGES

4-15 Two forces are applied to a
bracket as shown in Fig. P4-15,
Determine the moments of forces

F1 and Fz about points A and B.

Fig. P4-15
SOLUTION
M,, = |F,ld,, = 625 (9 cos 28” - 8 sin 28°)
= 2619 in,*1b = 2,62 in.-kip
M,, = 2.62 in.*kip 5 Ans.
M,, = |F,|d,, = 745(9 cos 22° + 8 sin 22°)
= 8449 in.+lb & 8.45 in.-kip
B, = 8.45 in.-kip D Ans.
O
My, = [F |dg, = 625(2 cos 287)
= 4967 in.+lb & 4.97 in.-kip
M, = 4.97 in.-kip 5 Ans.
o
M, = |F,ld;, = 745(9 cos 227)
= 6217 in.+lb % 6.22 in,-kip
B, = 6.22 in.-kip ? Ans,
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F.

RILEY AND L. D.

STURGES

4-16 Two forces are applied
to a beam as shown in
Fig. P4-16., Determine

the moments of forces

Fl and Fz about points

A and B.
600 mm
Fig. P4-16
SOLUTION
4 o ]
M,, = |F,ld,, = 2.5 (0.600 sin 30" + 0.175 cos 30"}
= 1,1289 kNem & 1.129 kN'm
M,, = 1.129 kNem 5 Ans.
N Lo [+]
M,, = |F,{d,, = 4(0.600 sin 45 - 0.175 cos 45°)
= 1.2021 kN-m & 1,202 kN'm
ﬂnz = 1.202 kN*m D Ans.
. ko]
M, = |F ld,, = 2.5(0.425 sin 30°)
= 0.5313 kN°m &« 0,531 kN*m
M, , = 0.531 kN'nm b Ans.
. o
My, = |F,|d , = 4(0.425 sin 45°)
= 1,2021 kNem & 1,202 kN-m
M., = 1.202 kN'm ? Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-17% Determine the moment of
the 300-1b force shown in
Fig. P4-17 about point A.

T T T
—2_8 in.—-l‘

Fig. P4-17
SOLUTION
+ G M, = -F cos 22° {9) - F sin 22° (8)
= -300 cos 22° (9) - 300 sin 22° (8)
= -3402 in.-1b % -3.40 in.‘kip M, = 3.40 in.-kip 2 Ans,

4-18% Determine the moment of \
the 250-N force shown in

o]
|

Fig. P4-18 about point A. y i AJ"

250 mm

32°

—

210 mm ——'I F=250N

Fig. P4-18
SOLUTION
+ C M, = F cos 32° (250) + F sin 32° (210)
- 250 cos 32° (250} + 250 sin 32° (210)
= 80,824 Nmm = 80.8 N°m M, = 80.8 N°m 5 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-19 Determine the moment of y
F4=7501b
the 750-1b force shown in
Fig. P4-19 about point O.

SOLUTION
+ C M, = 750 cos 25° (30) + 750 sin 25° (20)

= 26,731 in.*1lb # 26.7 in.*kip no = 26.7 in.*kip 5 Ans.
4-20 A 160-N force is applied y

to the handle of a door
as shown in Fig. P4-20,.
Determine the moments of

the force about hinges A

g
and B. g

8§

4

800 mm—J

Fig. P4-20

SOLUTION

160 cos 45° (1.500 - 0.900) + 160 sin 45° (0.800)

+ ¢ M,

158.39 Nem % 158.4 N°m M, =158.4 N°m D Ans.

+ G M, = -160 cos 45° (0.900 - 0.400) + 160 sin 45° (0.800)

33.94 N°m & 33.9 N°m EB = 33.9 N°m ) Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

4-21% Determine the moment of
the 425-1b force shown in
Fig. P4-21 about point B.

Fig. P4-21

SOLUTION

+ QM = 425 cos 35°(16) + 425 sin 35° (16) = 9470 in.-lb

M, = 9470 in.-1b 5 Ans.
4-22 Determine the moments of
the 16-kN force shown in 1
Fig. P4-22 about points -
A and B.
220
100 mm
J
SOLUTION
+ M, = 16{3/5)(0.100) = 0.960 N-m = 0.960 N'm
ﬁA = 0,960 N°m D Ans.
+ C MB = -16(3/5)(0.220) - 16(4/5)(0.160) = -4.160 N°m = -4.16 N'm
M, = 4.16 N-m ? Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

4-23% A 50-1b force is applied to
the handle of a lug wrench
which is being used to
tighten the nuts on the rim
of an automobile tire as
shown in Fig. P4-23. The
diameter of the bolt circle
is 5 1/2 in. Determine the
moments of the force about
the axle for the wheel (point
0) and about the point of
contact of the wheel with
the pavement (point A).

y 50 1b

SOLUTION

+ C M, = -50(20 + 2.75 sin 20°)
= -1047.03 in.*lb % =1047 in.-1b

+C M =-50(20 + 16.75 sin 20°)
= -1286.44 in.+1b & -1286 in.*1b

R, = 1047 in.-1b P) Ans.

R, = 1286 in.-1b p) Ans.

4-24% Two forces F‘ and Fz are
applied to a beam as shown
in Fig. P4-24.
(a) The moment of force ?1

Determine

about point A.
{b) The moment of force ?z

about point B.

Fig. P4.24

SOLUTION
(a) + C M, = F cos 30° (175) + F_ sin 30° (600)

= 2.5 cos 30° (175) + 2.5 sin 30° (600)

= 1129 kN*mm = 1.129 kN*m R, =1.129 kNm 5 Ans.
(b) + ¢ M, = -F, cos 45° (50) - F, sin 45° (425)

= -4 cos 45° (50) - 4 sin 45° (425)

= -1344 kN*mm = -1.344 kN*m R, = 1.344 kN-m 2 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-25 Three forces FA, FB, and

F_ are applied to a beam _
¢ Fs = 20010 Fy =3001b

as shown in Fig. P4-25.

Determine

(a) The moments of forces
FA and Fc about point O.
{b) The moment of force F

e vt

Fc=2501b

) B Fig. P4-25
about point D.

SOLUTION
o . [¢]
(a) + G Moa = -F, cos 60 (9) + F, sin 60" (30)
= -200 cos 60° (9) + 200 sin 60° (30)
= 4296 in.*lb & 4.30 in.-kip
M, = 4.30 in.-kip 5  Ans.
o . (o]
+ M. = F, cos 30" (9) - F, sin 30 (60)
= 250 cos 30° (9) - 250 sin 30° (60)
= -5551 in.*1b = -5.55 in.*kip
M . = 5.55 in.-kip ?  Ans.
(b) + ¢ M = -F, cos 45° (9 + 4) + F_ sin 45° (60)

-300 cos 45° (13) + 300 sin 45° (60)

9970 in.+1lb = 9.97 in.-kip

M, = 9.97 in.-kip 5  Ans.
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ENGINEERING MECHANICS - STATICS, 2nd.

Ed.

W. F. RILEY AND L.

D. STURGES

4~26 Three forces Fa’ Fz, and Fa
are applied to a bracket as
ghown in Fig. P4-26.
Determine the moments of

each of the forces about

.‘i\
4
B
B2
By
{E!
by
i
&5

Fy=75N

» F,=100N

jnigé,!':';';:l :‘-%;-"!’ * LR

point B.
250 mm—y—275 mm
Fig. P4.26
SOLUTION
+ G M, = -F, cos 30° (175 + 150) - F_ sin 30° (275)
= -75 cos 30° (325) -~ 75 sin 30° (275)
= -31,422 N'nm & -31.4 N-m
HB! = 31.4 N*m D Ans,
+ ¢ M = -F, (150) = -100(150)
= -15,000 Nmm = -15.00 N-m
ﬂBZ = 15.00 N°m P Ans,
0 . o
+ QG M, = F, cos 45° (150 + 175) - F_ sin 45" (275)
= 80 cos 45° (325) - 80 sin 45° (275)
= 2828 N-mm & 2,83 Nem
333 = 2.83 N*m 5 Ans,

)70




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-27% Determine the moments ittt
of the 50-1b force
shown in Fig. P4-27
about points A and B.

SOLUTION

50 cos 38°(20 cos 30°) - 50 sin 38°(20 sin 30°)

+ ¢ M,
374.6 in.+lb = 375 in.°1b EA x 375 in.*1b ) Ans.

50 cos 38°(20 cos 30°) + 50 sin 38°(20 sin 30°)

+ ¢ Mg

990.3 in.-1b = 990 in.°1b ﬁB x 990 in.*1b § Ans.

4-28% Determine the moments
of the 450-N force
shown in Fig. P4-28
about points A and B.

SOLUTION

+ ¢ M, = -450(0.400 + 0.200 cos 32°)

= -256.3 N°m & -256 N°m EA x 256 N'm Ans.

+ ¢ M = -450(0.400.~ 0.200 cos 32°)

= -103.68 N°m & -103.7 N°m ﬁB & 103.7 N°m Ans.
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ENGINEERING MECHANICS - STATICS,

2nd. Ed. W. F. RILEY AND L. D. STURGES

4-29 Determine the moments
of the 300-1b force
shown in Fig. P4-29
about points A and B.

] 20 in. '
"'1 ! 600
A9 o B

10 in.

Fc=3001b
30°
X
C
Fig. P4-29
SOLUTION
+ CM, = 300 cos 30°(10) + 300 sin 30°(20 - 10/tan 60°)
= 4732.6 in.*1lb & 4.73 in.*kip M, = 4.73 in.-kip §  Ans.
+ G M_ = 300 cos 30°(10) - 300 sin 30°(10/tan 60°)
= 1732.1 in.*1b = 1,732 in.<kip M_ ~1.732 in.*kip ) Ans.
4-30 Determine the moments
FC = 300 N

of the 300-N force
shown in Fig. P4-30
about points A and B.

750 mm

e s

- Fig. P4-30

SOLUTION

+ ¢ M,

434.7 N°m = 435 Nem

+ C M
250.95 N*m = 251 N°m

300 cos 45° (0.750) + 300 sin 45° (0.750/tan 30°)

KA & 435 Nem 3 Ans.,

300 cos 45°(0.750) - 300 sin 45°(0.750/tan 60°)

ﬂe % 251 N°m ) Ans,
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ENGINEERING MECHANICS - STATICS,

2nd. Ed. W. F. RILEY AND L.

D. STURGES

4-31% Determine the moment
of the 375-1b force
shown in Fig. P4-31
about point O.

F=3151b

49°

(4]
Tin.
Fig. P4-31
SOLUTION
P = 375(cos 49° T + sin 49° J) = 246.0 T + 283.0 3 1b
r=71T+57 in.

B = xF=(77T+573) x (246,071 + 283.0 3}

0
= 1981 & - 1230 £ = 751 K in.*1b = 751 in.<1b D Ans.
4-32% Determine the moment
hd
of the 675-N force
shown in Fig. P4-32 7O {77777C f 2°
]
about point O. | F=6715N
250 mm 1
‘:
|
) - x
—230 mm 4
Fig. P4-32
SOLUTION
B = 675(cos 22° T - sin 22° j) = 625.8 1 - 252.9 J N
F=0,2301+0.2503 m
M, =7 xF=(0.2307T +0.250 j) x (625.8 T - 252.9 3)
= -58.17 ¥ - 156.45 k
= -214,62 K N'm &« -215 K N-m = 215 N°m Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-33

Determine the moment
of the 760-1b force
shown in Fig. P4-33 = o A

1
had |
r
.

about point A.

12in,
760 1b

g-——10in.
/{|40,
L . (] X
B

Fig. P4-33
SOLUTION
P = 760(cos 40° T + sin 40° J) = 582.19 T + 488.52 § 1b
r=101-1273 in.
M, =7 xF=(107-127) x (582.19 T + 488.52 J)
= 11,871 K in.-1b = 11.87 k in.*kip = 11.87 in.-kip B Ans.
4-34 Determine the moment
of the 750-N force
shown in Fig. P4-34
about point B.
Fig. P4-34
SOLUTION
P =7500(4/5) T + (-3/5) J1 =60071 - 450 F N
F=2007+2407 mm
M, =7 xF=(2007 +240 3) x (600 T - 450 J)
= -234,000 K Nemm = -234 &k N'm = 234 N-m Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L.

D. STURGES

4-35 A 250-1b force is applied

to a beam as shown in Fig.
P4-35. Determine the
moment of the force about
point A.
Fig. P4-35
SOLUTION
F = 250(cos 60° T + sin 60° j) = 125.0 T +216.53 1b
r=31 ft

M =TxPF=(37%)x (125.01 + 216.5 J)

= 649.5 & ft-1b = 650 B ft-1b = 650 ft-1b )

Ans.

4-36 A 500-N force is applied to

a beam as shown in Fig.
P4-

(a) The moment of the force

(b) The moment of the force

36. Determine

about point B.

A LA AT ¢

k150 mm

about point C.

SOLUTION

F

1]

(a) ﬂB

(b) B,

500(cos 35° T + sin 35° J) = 409.6 T + 286.8 J N
r x F= (200 3) x (409.6 1 + 286.8 J)

= -81,920 K 'Nemm = -81.9 K N°m = 81.9 N°m )

rxF=(-1501 + 200 ) x (409.6 1 + 286.8 J)

= -124,940 € Nemm = -124.9 K Nem = 124.9 N°m

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-37% Two forces F, and F, are ¥, =5001b ¥
applied to a triangular
. 50°E }
plate as shown in Fig. 2 N

P4-37. Determine
{a) The moment of force
F: about point A.

(b) The moment of force

24in.

Fz about point B.

15 in. ,

Fig. P4-37

SOLUTION

(a) F_ = 800(-cos 50° T + sin 50° J) = -514.2 T + 612.8 J 1b

r.,, =243 in.

—

M, =t ,xF =1(247) x (-514.2 T + 612.8 J)
= 12,341 K in.-1b = 12.34 & in.-kip

& 12,34 in.-kip B Ans.

(a) F, = 500(cos 30° T + sin 30° J) = 433.0 T + 250.0 § 1b

15 % + 243 in.

wll
]

c/B
B,=r_  xF, =(-151+247) x (433.0 1 + 250.0 )
= -14,142 K in.*1b = -14.14 & in.-kip

 14.14 in.+kip P Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-38*% Two forces F1 and Fz are v

applied to a bracket as
L———um —
shown in Fig. P4-38. m

F) =5kN
45°

%
.

F2=3kN

Determine

(a) The moment of force

F1 about point O.

1]
:.
(b) The moment of force 500 mm i
- =35 mm
Fz about point A. ?”A "
T
I {125 mm
T ..1 0-.-1 x
Fig. P4-38
SOLUTION
(a) F, = 5(cos 45° T + sin 45° J) = 3.536 T + 3.536 J kN
r.,o = 300 T +5003F mm
M, =T, x F, = (300 T +5003) x (3.536 T + 3.536 J)
= -707.2 & kNenm & -0.707 & kN'm = 0,707 kN°m 9 Ans.
(b} F, = 3(cos 45° T - sin 45° §) = 2,121 7 - 2,121 § kN
r.,, = (300 - 35} T + (500 - 125) 3 =2651T+ 3757 mm

M =T, x F,=1(2651 +375 J) x (2.121 T - 2.121 J)

= -1357.4 & kNemm & -1.357 € kN-m « 1.357 kN°m Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-39 Two forces F_ and P are
applied to a bracket as
shown in Fig. P4-3%.
Determine
(a) The moment of force

F1 about point B.

{(b) The moment of force

Fz about poiri A.

SOLUTION

(a) B, = 800(-cos 35° T + sin 35° 3) = -655.3 T + 458.9 3 1b
1

Fr.,g= -14 1 +8 3 in.

ﬂB =T o X F1 = (-14 T + 8 §) x (-655.3 T + 458.9 3 )
= -1182.2 & in.-1b = -1182 kK in.*1b

« 1182 in.+1b D Ans.

(a) F, = 600(cos 70° T + sin 70° 7) = 205.2 T + 563.8 § 1b

141 +873 in.

ol
1l

27A
M =T, x F,=(1417+87) x (205271 +563.8 J)
= 6252 £ in.-1b = 6250 kK in.*1b

& 6250 in.*1b 9 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-40 A 450-N force is applied
to a bracket as shown in
Fig., P4-40.Determine the

moment of the force
(a) About point B.
{(b) About point C.

Fig. P4-40
SOLUTION
P = 450(-cos 60° T - sin 60° J) = -225.0 T - 389.7 J N
(a) ¢, . = 300 1 +10037 mm
M =1, xF=1(3007T+1003) x (-225.0 T - 389.7 3)
= -94,410 &€ Nemm = -94.4 &K Nm = 94.4 N°m D Ans.
(b) ¥,, =300 1 -3007 mm
M.=7F,,.xF=1(3007%-3003) x (-225.0 T - 389.7 J)

= -184,410 K N-om = -184.4 K N'm = 184.4 N°'m )  Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-41% Two forces F1 and Fz are

applied to a gusset plate Fi=5501b e _

as shown in Fig. P4-41. Fy=7501b
Determine
{a) The moment of force F1

about point A,

{b} The moment of force F2

about point B. 4;;'; < e
9 in, ———— 7 1in,
Fig. P4-41
SOLUTION
(a) P, = 550(-cos 45° T + sin 45° J) = -388.9 T + 388.9 § 1b
r,,=91+473 in
RA =T ,, X F1 = (91T +473) x (-388.9 1T + 388.9 3 )

= 5056 £ in.+1b « 5.06 kK in.-kip

& 5.06 in.+kip B Ans.

(b) F, = 750(cos 30° T + sin 30° §) = 649.5 T + 375.0 § 1b

7% +473 in.

!
I

Z2/A
M =1, xF =(-71+47) x(649.5.2 1 + 375.0 J)
= -5223 & in.*1b & -5,22 k in.*kip

= 5,22 in.'kip D Ans.
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4-42% Two forces are applied
to an eyebar as shown in
Fig. P4-42, Deteraine

{a} The moment of force F1

{b} The moment of force Fz

about point A.

about point B,

“l F,=400N

Fig. P4-42
SOLUTION
(a) F_ = 250(cos 20° T + sin 20° J) = 234.92 T + 85.51 § N
r.,, = 325 T -1503 mm
EA = F”A x F o= (325 1 - 150 3) x (234.92 T + 85.51 J)
= 63,029 kK N-mm # 63.0 K N°m & 63.0 Nm 3 Ans,
(b) Fz = 460(cos 65° 1T - siﬁ 65° §) = 169.05 T - 362.52 J N
r,,, = 325 1 +1003F mm
B =7  xF_=1(3257+1007) x {169.05 T - 362.52 J)

2/B 2
= -134,724 K Nemm = -134.7 K N'm & 134.7 N°'m )  Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-43 A 583-1b force is applied
to a bracket as shown in C@T
Fig. P4-43, Determine the Hshe.
moment of the force “}
(a) About point D. T"_*“ |
‘ 7Y 7in,
(b) About point E. 7in. t
Al 3 _zéﬁ
- X
|(»4in.->
Fig. P4-43
SOLUTION
F-osgal—21* 5 | = -300 T + 500 3 1b
-3)% + (5)°
(a) T, o= 12T -5 7 in.
HD =T, X F=(121-573)x (-3001 + 500 7)
= 4500 K in.*1b = 4.50 & in.-kip
= 4,50 in.*kip 3 Ans.
{b) r g *= -41-177 in.
HE =T, X PF=(-471-773)x(-3007%+ 5007
= -4100 £ in.-1b = -4.10 k in.-kip
= 4,10 in.+kip 9 Ans.
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4-44 A 650-N force is applied
to a bracket as shown in
Fig. P4-44.Determine the
moment of the force
(a) About point D.
(b) About point E.

SOLUTION
12 5 4) _ - -
F= 650(— 3113 J] = -600 T -250 3 N
{a) T.p = 240 1 + 260 ] mm

M -1, x F=1(240 1T + 260 3) x (-600 T - 250 3)

= 96,000 § Nemm = 96.0 & N'm

= 96.0 N°m ) Ans,
{b) T e = 1201 - 100 J mm
M, =T, xF=1(1201-1003) x (-600 T - 250 J)
= -90,000 ¥ N'mm = 90.0 k N'm
= 90.0 N°m ) Ans.
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4-45% A force with a magnitude of
970 1b acts at a point in a
body as shown in Fig. P4-45. Ar

Determine the moment of the

force about point C.

I 30 in, 251in,
Fig. P4.45
SOLUTION
F=oro—22 1 *300 | . 621,07+ 745,23 1b
(2532 + (30)7
Fo,c=-26 T +20 £ in.
nc = FB,C xF=(-251T+ 20 E) x (-621.0 T + 745.2 J)
1 3j k
= | -25 0 20
-621.0 745.2 0

-14,904 T - 12,420 3 - 18,630 k in.-1b

~ -14,90 T - 12,42 § - 18.63 & in.<kip Ans.
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4-46 A force with a magnitude of
890 N acts at a point in a
body as shown in Fig., P4-46.

Determine the moment of the

force about point C.

SOLUTION
F - goo|-220 1 + 200 K | = -658.5 1 + 598.7 K N
(-220)% + (200)°
T,,.= 2407 - 200 E om
M =T, x F = (240 5 - 200 K} x (-658.5 1 + 598.7 k)
1 3 '3
= 0 240  -200
-658.5 0 598.7

143,688 T + 131,700 § + 158,040 k N-mm

& 143.7 T + 131.7 § + 158.0 &k ¥m Ans.
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4-47% A force with a magnitude of
928 1b acts at a point in a
body as shown in Fig. P4-47.
Determine the moment of the

force about point O.

SOLUTION
P-ogpl—-121-15]7+13% { = -480.0 T - 600.1 § + 520.1 & 1b
(<122 + (-15)7 + (137
rmO =13 & in.

B =7, xF=q3 £) x (-480.0 T - 600.1 § + 520.1 k)

1 K] k
0 0 13
-480.0 -600.1 520.1

7801 1 - 6240 J in.-1b

% 7.80 1 - 6,24 J in.-kip Ans.
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4-48 A force with a magnitude of
860 N acts at a point in a
body as shown in Fig. P4-48.
Determine
{a) The moment of the force

about point C.

(b) The perpendicular distance

from the line of action of 250 mm

Fig. P4-48
the force to point C
SOLUTION
(a) F = ge0|—275 1 =250 7 + 325 K | = 479.0 T - 435.5  + 566.1 K N
(276)% + (-250)% + (325)°
Toc = 2751 - 500 } mm
M =T, x F-(2757 -500 3) x (479.0 T - 435.5 § + 566.1 k)
i j k
= | 275 -500 0

479.0 -435.5 566.1

n

-283,050 T - 155,678 J + 119,738 &k N-um

283 T - 155.7 J + 119.7 k Nem Ans,

(b) M = /(283.05)% + (155.68)° + (119.74)° = 344.52 N-m

dg=M-34.52 _ 4006 m« 0.401 m Ans.
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4-49% A force with a magnitude of
650 1b acts at a point in a
body as shown in Fig. P4-49.
Determine
(a) The moment of the force

about point A.
(b) The direction angles
associated with the

moment vector.

SOLUTION
(a) F = 650[/8 i+167 + 30 g—i = 148.88 T + 297.75 j + 558.28 £ 1b
8)% + (16)% + (30)°
r . =-151-2473 in.

OfA
R =7, xF=(1517-247) x (148.88 T + 297.75 J + 558.28 k)
i 3 '3

-15 -24 0
148.88 297.75 558.28

-13,399 T + 8374 7 - 893 K in.-1b

® -13.40 T + 8.37 J - 0.893 K in.-kip Ans.
(b) M, = /1-13.399;2 + (8374)% + (-893)% = 15,826 in.-1b

6 = cos~! X = cos! T131399 _ 147 84 147.6° ;

x - COB "‘ - 8 15'828 - . . l'l..
R M, -1 8374 _ g g .

, - COl "‘ - COI 15‘826 - - - 8-
0 = SR -1 -893 . 93.23° w 93.2° A

s - COB H - COI 15'826 . - n.o
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4-50*% A force with a magnitude of
1000 N acts at a point in a
body as shown in Fig. P4-50.
Determine
(a) The moment of the force

about point A.
{b) The direction angles

associated with the

Fig. P4-50
moment vector.
SOLUTION
(a) F = 1000{—290 2 =90 ] + 160 g—f] = 478.4 T - 430.5 7 + 765.4 & N
(100)% + (-90)% + (160)%
To,a = -100 T - 180 3 - 180 E mn
R =7, xF=(-10017-180 3 - 180 E) x (478.4 T - 430.5 J + 765.4 k)
i 3 k
=| -100 -180 -180
478.4 -430.5 765.4
= -215,262 T - 9572 3 + 129,162 kK N-mm
® -215 T - 9.57 F + 129.2 k Nem Ans.
(b) M, = /(215.26)% + (9.57)% + (129.16)° = 251.22 N-m
6 = cos”! oX = cos~? Z215:26 _ 148 97° u 149.0° An
It s 251.22 ~ o . o
8 = cos EI = cos”! =237 . 92.18° w 92.2° An
y*© N "ot Wax "™ ' o
0 = cog! 2 -1129.16 _ <0 06° o 59.1° :
z —-— Col H - 251'22 - - . 118.

>
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4-51 A force with a magnitude of
400 ib acts at a point in a
body as shown in Fig. P4-51.
Determine
{a) The moment of the force

about point 0.

{b)} The direction angles

associated with the Fig. P4-51

moment vector.

SOLUTION
(a) F = 400{—=123 +107 + 14 '3 :
-12)2 + (1002 + (11)°
= -228.83 1 + 190.69 J + 266.97 K 1b
r =12 1T + 1073 in.

A/O
| S FAIO x F=(1271+103) x (-228.83 1T + 190.69 J + 266.97 k)
) j k

12 10 0
-228.83 190.69 266.97

2669.7 T - 3203.6 J + 4576.6 k in.-1b

-~

® 2,671 - 3.20 7 + 4.58 k in.kip Ans.

/12669.7)2 + (—3203.6)2 + (4576.6)2 = 6191.6 in.-1b

{b) Mo =
6 = ont kL o1 2669.7 | o o o co .
x = C0OS Mo = COos _6191-6 = . . ns.
L -1 -3203.6 0 0
GY = cos M—O = cos ~6191.6 = 121.16 s 121.,2 Ans.
6 - "'1 _M_z_ -1 4576-6 42 340 o 42 30 A
g - ©O8 M, 6191.6 ~ = e ns.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
4-52% Determine the moment
of the 760-N force i
shown in Fig. P4-52 ]
i
about point B. !
1
1
i380mm !
Lo7==~-L270mm
oL~ 240mm| “Twf
-..._l__ﬁgglin"' 120 mm : P
400mm T e L-~ "240 mm Y
X
Fig. P4-52
SOLUTION
B = 760 (240 - 120) ¥ + (400 - 160)F + (240 - 380) ﬁ]
/(12007 + (24002 + (-140)°
=301.3 T + 602.7 § - 351.6 K N
r,,,=30071-11073 + 380 E mn

M =T x = (3007 -1103F + 380 k) x (301.3 T + 602.7 J - 351.6 k)

=
n

A/B
T 3 k
r,,,xF=1 300 -110 380
301.3 602.7 -351.6
= -190,350 T + 219,974 J + 213,953 & Nemm
o« -190.4 T + 220 § + 214 kK N-n Ans.

/(-190.35)2 + (219.97)2 + (213.95)% = 361.10 Nem & 361 Nem Ans.
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4-53% Determine the moment

of the 580-1b force

shown in Fig. P4-53 Cg:::T//“H“*mh““-~h_jy

about boint B.

%01
17,
¥ 11in,
Fig. P4-53
SOLUTION
Posgolill -4 T+ (23-8F+(7-17) ﬁ]
A2+ 152 + (1002
= 209.94 T + 449.87 3+ 299.91 k 1b
rA/B=—31—4_]+TE in.
B =T, xF=(31T-473+7 ) x (209.94 T + 449.87 § + 299.91 )
i 3 k
M =T, x F= -3 -4 7

=
it

209.94 449.87 299.91

= -4348.7 1T + 2369.3 § - 509.9 k in.-1b

®-4,35 1T + 2.37 §J - 0.510 K in.-kip Ans.

/(-4348.7)% + (2369.3)2 + (-509.9)>

4978.4 in.*1b & 4.98 in.-kip Ans,
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4-54 A 720-N force is applied
to a T-bar as shown in
Fig. P4-54. Determine
{a) The moment of the
force about point O.

(b) The direction angles

associated with the

Fig. P4-54

moment vector.
SOLUTION
(a) B = 720 60 1 +803 - 70K | = 353.91 T + 471.88 J - 412.89 E N
(60)2 + (80)2 + (-70)°
T ,,=-1007T +24073 am

Ro = Frfo x B = (-100 T + 240 J) x (353.91 T + 471.88 J - 412.89 k)

1 i k
= | -100 240 0
353.91 471.88 -412.89

-99,094 T - 41,289 J - 132,126 Kk N-mm

~

®-99,1 1T -41.3F ~ 132.1 K N-n Ans.

/(-99.09)2 + (-41.29)% + (-132.13)% = 170.24 N-m

(b) M, =
6 = cos™t X = cos™! 22909 _ 155 60° & 125.6° Ans
. - cos MA = Ccos 170. 24 = B . *
6 = cos™! L1 -1 24129 4054,04° & 104.0° Ans
y o % W T 170.24 ~ ' '
6 = cos ! M og? Z132:13 140.91° & 140.9° An
L - Cos g = cos 170.24 . g 8.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-55 A 750-1b force is applied T
to a pipe bracket as shown
in Fig. P4-55. Determine F=17501b
{a) The moment of the Lo e

1§ 21 in.

force about point O. i

{(b) The direction angles x

associated with the 12in,

moment vector. Fig. P4-55

SOLUTION

11T-123-21%k

n

{(a) F = 750

(1112 + (-12)2 + (-21)°

310.49 T - 338.72 J - 592.76 £ 1b

Mo=111+14_1 in.

M, =7, xF=(117+147) x (31049 T - 338,72 3 - 592.76 K)

-

1 3 k
11 14 0
310.49 -338.72 ~-b592.76

-8299 1 + 6520 7 - 8073 K in.-1b

« -8,30 T + 6.52 J - 8.07 k in.-kip Ans.
/f 2 2 2 .
(b) M =7 (-8299)° + (65200 + (-8073)" = 13,300 in.-1b

6 = cos~! X = cos™! 28299 | 15g 610 o 12g.6° A

x - cos MO = CO0Ss 13‘300 = . . ns.
M, -1 6520 o o

By = cos ﬁ; = cos 13, 300 = 60.64 = 60.6 Ans.

6 = cos ! Ms . cos™! 28078 127.37° = 127.4° A
2 = COS MO = CO0Ss 13’300 - . . ns.,
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

w. F.

RILEY AND L. D. STURGES

4-56%

A 610-1b force is applied

to a lever attached to a

post as shown in Fig. P4-56.

Determine

{a) The moment of the force
about point O at tﬂe
base of the post.

(b) The direction angles
associated with the

moment vector.

Fig. P4-56

SOLUTION

(a) F

gl

c/0

- 610 350 1 - 300 § - 400 ¥

(350)2 + (-300)° + (-400)°

-~ -~

349.81 T - 299.84 J - 399.79 kN

350 T + 3007 mm

i i k
350 300 0
349.81 -299.84 -399.79

T, x F=1(3501+3003) x (349.81 T - 299.84 j - 399.79 k)

-119,937 T + 139,927 § - 209,887 & Nemm

® -119.9 T + 139.9 37 - 210 K Nem Ans.
// 2 2 2

= /(-119.94)° + (139.93)° + (-209.89)° = 279.32 Nem
e cos~! X o oo™t THI984 | i 4a0 4 s g0 A
= 08 MO = C0S8 279.32 = . . ns.
= cog | fﬁ = cos 139.93 _ 59.94° &« 59.9° Ans
= M, 279.32 _ 27 y '
= cos™ ! s og” !t 2208:89 _ 449 79° & 138.7° Ans
= Cco Mo = COSs 279‘32 = . . ns.
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4-57% Determine the moment
of the 1000-1b force
shown in Fig., P4-57
about point O.

SOLUTION
# = 1000 281 -263-3%
(-28)% + (-26)° + (-3)°
T o= -121-12 £ in.

} = -730.55 1T - 678.36 J - 78.27 K 1b

N = FH,0 x F=(-12%-129) x (-730.55 T - 678.36 J - 78.27 k)

[¢]
1 3 k
= -12 0 -12
-730.55 -678.36 -78.27
= -8140 T + 7827 § + 8140 & in.+1b
* -8,14 1 + 7.83 F + 8.14 Kk in.-kip Ans.
// 2 2 2 .
(b) M, = /(-8140}" + (7827)" + (8140)" = 13,921 in.-1b
« 13,92 in.-lb Ans.,
@ = cos ' T - os™! TBL40 125.78° & 125.8° A
« = CO0S Mo = s 13,921 . . ns.
0 = cos™ M cost TB2L . 55.70° u 55.8° A
" = C Mo = COS 13 921 . . ns.
6 = cos ! X = cos-? B0 _ o4 500 4 5400 A
z = COS Mo = CO0S 13 921 . . ns.




ENGINEERING MECHANICS - STATICS,

2nd. Ed. W. F. RILEY AND L.

D.

STURGES

4-58% Determine the moment

of the 480-N force
shown in Fig. P4-58
about point O.

Ans.

Ans.

Ans.

Ans.

Ans.

SOLUTION
{a) B = 480 240 ) + 160 ﬁ‘ = 399,38 J + 266.26 K N
(240)2 + (160)°
FF,O =400 1T + 560 F + 480 & mm
M =T x F = (400 1T + 560 7 + 480 B) x (399.38 F + 266.26 k)
(o] FrfO
1 3 k
= {400 560 480
0 399,38  266.26
= -42,597 T - 106,504 J + 159,752 K N-mm
% -42,6 T - 106.5 J + 159.8 & Nem
(b) M, = /(-42.60)2 + (-106.50)> + (159.75)° = 196.66 N-m
 196.7 N°m
M
N -1 _x _ -1 -42.60 _ ° °
Gx = cos Mo = CO8  Tgp 66 - 102.51 = 102.5
6 = coa! ¥ = cos™! T10B:50 _ 100 790 o 13380
y = £o08 Mo = COS 196. 66 = . .
0 - ot M -1159.75 _ 35.68° & 35.7°
z = COS Mo = COS ‘—"""'""196'66 = . N
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4-59 A fbrce with a magnitude z
of 580 lb acts at a point
in a body as shown in
Fig. P4-59. Determine

{a) The moment of the

15in.

force about point B.

{b} The direction angles

associated with the 14in.

moment vector. Fig. P4-59

SOLUTION
(a) F = 580 -71T-153+10%k :
(-T12 + (1512 + (10)7
=z -209.94 T - 449.87 5 + 299.91 k 1b
FA,B =-14%+873F in.

R =7, xF=1(-1471+87) x (-209.94 T - 449.87 J + 299.91 £ )

1 3 k
-14 8 0
-209.94 -449.87 299.91

2399 T + 4199 § + 7978 kX in.*1b

%2.40 T + 4,207 + 7.98 & in.-kip Ans.
/f 2z 2 2 ) \ .
(b) M, = /(2399)° + (4199)% + (7978)" = 9329 in.-1b ¥ 9.33 in.-kip Ans.
6 = cos™t X = cos™! 2399 75.10° = 75.1° A
x = COS8 MB = CO08 9329 - . = . ns.
8 = cos Y - cost H199 | go 040 o ga 50 A
y - M)~ Cos  gagg - b9 . ns.
6 = cos™! oF = cos™t 128 - 31.22° & 31.2° A
z = CO0o8 MB = Co0Ss 9329 = . . ns.
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4-60 A force with a magnitude
of 585 N acts at a point
in a body as shown in
Fig. P4-60. Determine
{a} The moment of the

force about point C.
(b) The direction angles

associated with the

moment vector.

SOLUTION
(a) F = 585 250 T + 200 § + 250 K
(-250)% + (200)% + (250)%
= -360.0 T + 288.0 J + 360.0 k N
r =200 73 - 250 £ om

A/C

B

B =T, .x F - (2003 - 250 E) x (-360.0 T + 288.0 J + 360.0 K)

1 i) k
0 200 -250
-360.0 288.0  360.0

144,000 T + 90,000 § + 72,000 K N-mm

% 144.0 T + 90.0 3 + 72.0 &k N-m Ans.
(b) M, = /(184.0)2 + (90.0)% + (72.0)% = 184.45 N-m
0 = cos M L cos™? W80 _ ag g0 o g5 70 A
% = 18} MO = CO0S8 184-45 = . . ns.
0 - cos”t M -1 90,0 _ 60.79° & 60.8° N
y = CO0Ss Mo = CO0S8 184.45 - . . ns.
6 = cos”! X = cost 12:0_ - 67.02° u 67.0° A
2 = CO08 Mo = COS 184.45 = . . ns.
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4-61% The magnitude of the z
force F in Fig., P4-61
is 450 1lb. Determine

the scalar component

of the moment at point
B about line BC.

Fig. P4-61

SOLUTION
P-asol 2l i+12K | =270 7 + 360 & 1b
(912 + (12)°
rA/B =12k in.
HB = FA,B x F=1(12%) x (270 T + 360 k) = 3240 J in.-1b

91 +15 73
BC 2 2
/7-9) + (15)

(3240 §)+(-0.5145 T + 0.8575 )

= -0.5145 T + 0.8575 3

o)
i

=
1]
=
o
1]

= 2778 in.*1b & 2,78 in.kip Ans,

200




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L., D. STURGES

4-62% The magnitude of the
force I in Fig. P4-62
is 595 N. Determine

the scalar component

of the moment at point
0 about line OC.

SOLUTION

Po=osg5|220 1 +200K | 005, 40028 N

(-220)2 + (200)2

T 0= 0.220 1 + 0.240 J m
io =T, o X F=(0.220 T + 0.240 §) x (-440.3 T + 400.2 k)
= 96.05 1 - 88.04 J + 105.67 k
g -SRI+ 208 1399 5 4 0.6727 &
/(22002 + (200)2
Moo = M-8, = (96.057T - 88.04 J + 105.67 £):(0.7399 T + 0.6727 k)

= 142.15 N°m = 142,2 N'm Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F, RILEY AND L. D. STURGES

4«63 The magnitude of the
force F in Fig. P4-63
is 680 1lb. Determine
the scalar component
of the moment at point
0 about line 0C.

Fig. P4-63

SOLUTION

P-egol—LE+B8K | _ 1057440008 1b

(-11)2 + (8)°

ruo=111+163

ﬁo =T,  xPF=(1173+167)x(-549.9 T + 400.0 k)

= 6400 T - 4400 J + 8798 &k in.-1b
8, = 111 + 8 21 = 0.8087 T + 0.5882 K
/a1 + (8)°

Moc = ao'eoc

(6400 T - 4400 3 + 8798 k)+(0.8087 T + 0.5882 k)

10,351 in.+1lb & 10.35 in.-kip Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-64 The magnitude of the
force ¥ in Fig. P4-64
iz 635 N. Determine
the scalar component
of the moment at point

0 about line 0OC.

Fig. P4-64

SOLUTION

F =635

-

-300 T - 500§ + 250 k l
(-300)2 + (-500)° + (250)°

-300.3 1 - 500.5 J + 250.2 K N

= 0.300 T +0.5003F m

all

A/O

M =7, ,,xF=1(0.3007 +0.500 J) x (-300.3 i - 500.5 3 + 250.2 k)
i 3j 1

0.300 0.500 0

-300.3 -500.5 250.2

125.10 T - 75.06 3 N'm

8, = 300 1 + 250 ﬁ‘ = 0.7682 T + 0.6402 &
/(30012 + (250)2
Moc = Ho°eoc

(125.10 T - 75.06 3)+(0.7682 T + 0.6402 k)

96,10 N*m = 96.1 N'm ' Ans.
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4-65% The magnitude of the
force F in Fig. P4-65
is 680 1b, Determine
the scalar component
of the moment at point
D about line DE.

SOLUTION
P-ggol-tli*t8K | _ <0095+ 400.0E 1b
(-11)2 + (8)°

Fe/p ™ 16 J in.

ﬂn =T, X F=(16 3) x (-549.9 T + 400.0 &)

= 6400 T + 8798 k in.-1b
8, = 111+ 16 §1 = -0.5665 T + 0.8240 j
J-11)% + (1612
MDE = RD.e]:JE

(6400 T + 8798 %)+ (-0.5665 T + 0.8240 3)

-3626 in.*lb = -3.63 in.*kip Ans.
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STURGES

4-66% The magnitude of the
force F in Fig. P4-66
is 635 N. Determine
the scalar component
of the moment at point
D about line DE.

SOLUTION

F - g35|=300 1 - 500 J + 250 K }

1

(-300)% + (~5001% + (250)°

-300.3 T - 500.5 5 + 250.2 Kk N

"1y

A/D 0.500 I m

R =T, x P = (0.500 §) x (-300.3 T - 500.5 § + 250.2 K)
1 ) k
0 0.500 0

-300.3 -500.5 250.2

125.10 T + 150.15 & Nem

~ 500 T + 250 k
Coe = 2 2
/13003 + (250)

Mo = ED-eDE = (125.10 T + 150.15 £)-(0.8945 3 + 0.4472 k)

= 0.8945 1 + 0.4472 k

= 67.14 N°m = 67.1 N°m

Ans.,
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4-67 Determine the scalar
component of the moment z
of the 800-1b force ,
shown in Fig. P4-67 -
about line OA. x

i6in,
Fig. P4-67

SOLUTION

P-goo|l—7L-16]-6EK = -303.3T -693.27 - 259.9 £ 1b

(—7)2 + (—16)2 + (—6)2

r.,,=161+287-9%k in
ﬁo = FC,O xF=(161+283-9%K)x(-303.3T -~693.27 - 259.9K)
i 3 3
= 16 28 -9
-300.3 -693.2 -259.9
= 13,516 T + 6888 J - 2599 Kk in.-1b
€,, = 1.000 J
M, = M-8 . = (13,516 T + 6888 J - 2599 k)-(1.000 J)

= 6888 in.-lb = 6.89 in.-kip Ans,
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4-68 Determine the scalar
component of the moment
of the 750-N force
shown in Fig. P4-68
about line OC.

Fig. P4-68
SOLUTION
F - 750|160 1 - 180 & | = 498.3 1 - 560.6 & N
(16012 + (-180)%
r = 0,250 J +0.180 K m

A/O

R =T o X F = (0.250 7 + 0.180 £) x (498.3 T - 560.6 k)

o] A
1 3 k
=] o 0.250 0.180
498.3 0  -560.6
= -140.15 T + 89.69 J - 124.58 kK N-m
80 T + 180 Kk <

= 0.4061 T + 0.9138 %k

)
H

oc 2 2
/(8012 + (180)
M _ =M -8 = (-140.15 T + 89.69 § - 124.58 K)-(0.4061 T + 0.9138 k)

= -170.76 N'm = -170.8 N-m Ans.,
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4-69% Determine the scalar
component. of the moment
of the 500-1b force
§hown in Fig. P4-69
about line AC.

Fig. P4-69
SOLUTION
F=-500 %k
To/n= 81

ﬂA =T,,, X F=1(873)x (-500 §) = -4000 1T ft-1b

33 +4k _ 460054 0.800 8K

AC > 3
(3)" + (4)

)

M, = ﬁA-eAC = (-4000 T)+(0.600 T + 0.800 k)

= -2400 ft-1b = -2.40 ft-kip Ans.
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4-70% Determine the scalar
component of the moment
of the 750-N force
shown in Fig. P4-70
about the axis of
shaft AB.

SOLUTION

1 3

P - 750|100 T - 100 ] + 100 & ] = 433.0 T - 433.0  + 433.0 K N
(10002 + (-100)% + (100)2

0.450 § + 0.200 § m

all
]

B =T, x F, = (0.450 7 + 0.200 £) x (433.0 T - 433.0 J + 433.0 k)
i 3j £

= 0 0.450 0.200
433.3 -433.3 433.3

= 281.45 T + 86.60 J - 194.85 & N-m

1.000 j

L
"

AB

M, =M, 8, = (281.45 T + 86.60 § - 194.85 ¥)-(1.000 J)

= 86.60 N°m = B86.6 N*m Ans.
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4-71 Determine the scalar
component of the moment
of the 100-1b force
shown in Fig. P4-71
about the axis of the

hinges (line AB}).

SOLUTION
F-io0—221-227+18% ] = 61.21 T - 61.21 3 + 50.08 & 1b
(22)% + (-22)% + (18)%
FC,A =-16 T + 223 in.

M =T xF=(-16T+227)x(61.21 T -61.21 J + 50.08 k)

A C/A
i 3 '3
= { -16 22 0
61.21 -61.21 50.08
= 1101.8 T + 801.3 § - 367.3 kK in.-1b
é,,=-1.000 1
M, =M -8 _=(1101.871 +801.3F - 367.3 k)-(-1.000 1)

= -1101.8 in.*lb = 1102 in.-1b Ans.
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4-72% Determine the moment

of the 610-N force
shown in Fig. P4-72
about line CD. Express
the result in Cartesian

vector form.

SOLUTION

a1}

B/C

o)

co

CD

CD

= 610

350 T - 300 § - 400 K ]

(35012 + (-300)2 + (-400)°

349.8 T - 299.8 F - 399.8 k N

=0.300 ] m
= FB/C x F = (0.300 5) x (349.8 T - 299.8 J - 399.8 k)
I i k
= 0 0.300 0 = -119,94 T - 104.94 & N+m

349.8 -299.8 -399.8

- —=3501 + 300 ] _ _g 7593 § + 0.6508 3

/(-350)2 + (300)°

-

= M8 ) = (-119.94 T - 104.94 £)-(-0.7593 T + 0.6508 J)

= 91.07 N°m = 91.1 N*m

= M.p®cp = 91.07(-0.7593 1 + 0.6508 7])

= ‘69-1 T + 59-3 3 N'm

Ans.

2)]




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-73% A 200-1b force is applied
to a lever-shaft assembly
as shown in Fig. P4-73.
Determine the moment of
the force about line OC.
Express the results in

Cartesian vector form.

6 in.

7 in.
Fig. P4-73
SOLUTION
F =008t 73-5K | = 114.42 T + 133.48 3 - 95.35 & 1b
(6)% + (1)% + (-5)°
T,,,=181+157 in.
M =1, ,xF=(187+153) x (114.42 T + 133.48 J - 95.35 §)
1 3 £
= 18 15 0
114.42 133.48 -95.35
= -1430.25 T + 1716.30 J + 686.34 & in.-1b
éoc = cos 30° § + sin 30° & = 0.8660 j + 0.5000 k
MOC = nO.eOC
= (-1430.25 T + 1716.30 J + 686.34 k)-(0.8660 § + 0.5000 k)
= 1829.5 in.-1b
nOC = MOCeOC

1829.5(0.8660 7 + 0.5000 ) = 1584 § + 915 & in.-1b Ans.
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4-74 A bracket is subjected to an
825-N force as shown in Fig.
P4-74. Determine the moment
of the force about line OB.
Express the results in

Cartesian vector form.

* Fig. P4-74

SOLUTION
F - 825[§~l—§—3—g] - 495 5 - 660 K N

0.350 T + 0.250 J - 0.250 Kk m

Taro =
M - FA,O x B =(0.350 T + 0.250 § - 0.250 k) x (495 J - 660 k)
1 3 k
= |0.350 0.250 -0.250
0 495 -660
= -41.25 T + 231.00 3 + 173.25 & N°m
8, = cos 20° § + sin 20° K = 0.9397 J + 0.3420 k
MOB = ﬂO.eOB
= (-41.25 T + 231.00 § + 173.25 K)+(0.9397 J + 0.3420 k)
= 276.3 N°m & 276 N'm
ﬂOB = MOBeOB

276.3(0.9397 J + 0.3420 K) = 260 § + 94.5 K N°m Ans.
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4-75 A pipe bracket is subjected
to a 200-1b force as shown
in Fig. P4-75. Determine
the moment of the force about
line BC. Express the result

in Cartesian vector form.

Fig. P4-75
SOLUTION
P = 200|181 -2 k = -120.0 T - 160.0 J 1b
(-18)% + (-24)%
r =18k
M o=r _xF-=(18%) x(-120.0 T - 160.0 J)

= 2880 T - 2160 J in.*1b

8, - ~18 3 + 18 E‘ = -0.7071 T + 0.7071 &
Ji-18)2 + (18)2
My = Mg &g, _
= (2880 T - 2160 3)-(-0.7071 T + 0.7071 £) = -2036 in.-1b
ﬁBC =M @ = -2036(-0.7071 T + 0.7671 k)

= 1440 T - 1440 & in.-1b Ans.
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4-76% A 534-N force F is applied
to a lever-shaft assembly
as shown in Fig. P4-76,
Determine the moment of
the force about line OB.
Express the result in

Cartesian vector form.

SOLUTION

P - op3qf—-30 T +3507 - 400K = -50.0 T + 350.1 - 400.1 K N

(-50)2 + (350)% + (-400)°

FA/O =0.275 T + 0.350 J =
M,=T,,, xF=1(0.2757+0.350 3) x (-50.0 T + 350.1 J - 400.1 k)
i ] £
=1 0.275 0.350 0
-50.0 350.1 -400.1
= -140.04 T + 110.03 § + 113.78 K
8,, = 275 1 + 150 ﬁ‘ = 0.8779 T + 0.4789 &
/i275)2 + (150)°
Mos = no'eoa
= (-140.04 T + 110.03 J + 113.78 )+ (0.8779 T + 0.4789 EK)
= -68.45 N*m & -68.5 N°m
EOB =M 8 = -68.45(0.8779 T + 0.4789 k)

= -60,09 T - 32.78 K N°m = -60.1 1T - 32.8 k N-m Ans.
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4-77*% A curved bar is subjected ' z
to a 660-1b force as shown
"in Fig. P4-77. Determine

the moment of the force

about line BC. Express the

results in Cartesian vector

form.
Fig. P4.77
SOLUTION
T N | = 466.7 T - 466.7 & 1b
1)1 Z + (-8
r,,,=673+2 £ ft
M =r, x P=(673+2%k) x (466.7 T - 466.7 k)
i 3 k
= 0 6 2
466.7 0 -466.7
z -2800 T + 933.4 § - 2800 k ft-1b
8, = —2*8J . 05547 § +0.8321 3
/-0 + (6)%
Mac = M-8,
= (-2800 T + 933.4 3 - 2800 K)-(-0.5547 1 + 0.8321 )
= 2329.8 ft-1lb & 2,33 ft-kip
HBC = M 8 _ = 2329.8(-0.5547 T + 0.8321 J)

= -1292.3 1T + 1938.6 J ft-1b

o« -1292 1 + 1939 3 ft+lb Ans.

216




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-78% A bracket is subjected
to a 384-N force as
shown in Fig. P4-78.
Determine the moment
of the force about
line OC. Express the
results in Cartesian

vector form.

SOLUTION
F-oage| 1003 - 2807+ 280 R | 15007 - 25003 +250.0 & N
(150)% + (-250)% + (250)°
FA/O =0.300 T + 0.500 3 -0.200k m
F{o =Ty0 X F
= (0.300 T + 0.500 § - 0.200 k) x (150.0 T - 250.0 § + 250.0 K)
T 3 x
= 10.300 ©0.500 -0.200
150.0 -250.0  250.0
= 75.00 T - 100.50 J - 150.00 &k Nem
§, = —00.1.x 3001+ 00 k - = 0.5126 T + 0.8544 J + 0.08544 E
/(300)2 + (500)2 + (50)2
Moc = plo'eoc
= (75.00 T - 100.50 § - 150.00 &)+ (0.5126 T + 0.8544 J + 0.0854 K)
= -64.08 Nom & -64.1 Nm |
M, = M,.8,. = 64.08(0.5126 T + 0.8544 J + 0.8544 E)

= -32.85 71 - 54,75 F - 5.475 k N°m

% -32,97 - 54.8 3 - 5.48 kK N°m Ans.
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4-79 The magnitude of force F
in Fig. P4-79 is 781 lb.
Determine
(a) The component of the

moment at point C
parallel to line CD.
{b) The component of the
moment at point C
perpendicular to line
CD and the direction
angles associated with
this moment vector.

SOLUTION
(a) F = 781|123 + 10K | = 600.0 T +500.0 & 1b
(12)% + (10)%
T = -121 + 257 in.
M o=r,, . xF=(127+25 F) x (600.0 T + 500.0 k)
= 12,500 T + 6000 § - 15,000 Kk in.-1b
= 12,500 T + 6.000 § - 15.000 & in.-kip
8, - ;127 + 10 K - = -0.7682 T + 0.6402 &
/i-121% + (10)2
M., = M€, = (12.50 T + 6.00 § - 15.00 £)-(-0.7682 1 + 0.6402 k)
= -19,206 in.-kip ¥ -19.21 in.-kip
M. =M8., = -19.206(-0.7682 T + 0.6402 k)

= 14,754 T - 12.296 & in.-kip

() M =R -R
= (12.500 T + 6.000 J - 15.000 k) - (14.754 T - 12.296 %)
= -2,254 1 + 6.000 J - 2.704 K in.-kip -

My = /(-2.258)% + (6.000)2 + (-2.704)° = 6.956 in.-kip

_ -1 -2.254 _ ) °
Gx = cos 6 956 - 108.91° = 108.9

_ -1 _6.000 _ ° °
Gy = cos 6.956 - 30.39 & 30.4

_ -1 -2.704 _ ° o
62 = cos 5.956 - 112.88 « 112.9

Ans.

Ans.

Ans.,

Ans.,
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W. F. RILEY AND L. D. STURGES

4-80 The magnitude of force F
in Fig. P4-80 is 976 N.
Determine

(a)

(b)

The component of the
moment at point C
parallel to line CE.
The component of the
moment at point C
perpendicular to line
CE and the direction
angles associated with
this moment vector.

SOLUTION

(a) F

a1

A/C

>

CE

CE

CE

(b) R¢

-350 T - 300 3§ + 160 &

976 =-700 1 - 600 3 + 320k N

(-350)2 + (-300)° + (160)°

140 T + 400 §J mm

T,,oxF=1(1401 + 400 J) x (-700 T - 600 j + 320 k)
= 128,000 T - 44,800 j + 196,000 & N-mm
= 128.00 T - 44.80 § + 196.00 kK N-m

2103 + 400 ] | 5 4648 T + 0.8854 3

Ji-210)2 + (400)2

M-8, - (128.00 T - 44.80 J + 196.00 £)-(-0.4648 T + 0.8854 J)
= -99.16 N'm = -99.2 N'm
M. 8., = -99.16(-0.4648 T + 0.8854 )
= 46,09 T - 87.80 J N'm Ans.
ﬂc - ﬂCE
(128.00 T - 44.80 5 + 196.00 k) - (46.09 1 - 87.80 J)
81.91 1 + 43.00 J + 196.00 k N-m
/ff 2 2 2
(81.91)° + (43.00)° + (196.00)° = 216.74 N-m = 217 N-m
-1 81.91 _ .. on® _ o
cos 516.74 - 67.80 = 67.8 Ans.
-1 43.00 _ -0 _ o
cos 516.74 - 78.56 & 78.6 Ans.
-1 196.00 _ o °
cos  ole 74 = 25.27 = 25.3 Ans.
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4-81% Determine the moment of the 7
350 b
couple shown in Fig. P4-81
and the perpendicular n
distance between the two
forces. 10 n.
3501b
0°
b 4
Fig. P4-81
SOLUTION
F, = 350(-cos 30° T - sin 30° J) = -303.1 T - 175.0 J 1b
Fao = 10 3 in.
ﬂo =T,,, % F, = (10 3) x (-303.1 T - 175.0 J)
= 3031 K in.+1b & 3030 kK in.-1b Ans.
M
_ 0 _ 3031 _
d = F 350 - 8.66 in. Ans.
4-82% Determine the moment of the y
760N
couple shown in Fig. P4-82 !(”,’
and the perpendicular A
distance between the two
forces. 200 mm
160 N
B 3s°
X
Oll-lwmm-ll
Fig. P4-82
SOLUTION
F, = 760(-cos 35° T - sin 35° 3) = -622.6 T - 435.9 3 N
T,,g= -0.100 1 + 0.200 J m
M =r,, xF, =(0.100 1 + 0.200 3} x (-622.6 T - 435.9 J)
= 168.11 & N+m & 168.1 £ Nm Ans.
M
d = FE = l%%ﬁll = 0,221 m & 221 om Ans,
A
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STURGES

4-83 Two parallel forces of opposite
sense z
F .=-701-1207 - 80 k 1b and
F_ =707 +1205 +80 K 1b
act at points B and A of a body as

2

shown in Fig. P4-B3. Determine 0

4 1 -
the moment of the couple and the _‘,_—"1§ y

perpendicular distance between Fig. P4-83

the two forces.

SOLUTION

F -70 T - 1203 -8 K 1b

Pz J-10)% + (-120)2 + (-80)% = 160.31 1b

=-87T+23 +4krt

M =7, xF =(8T+27 +4 £) x (-701 -12037 - 80 k)

A B/A

i 3 £

-8 2 4

-70 =120 -80

-320 T - 920 § + 1100 k ft-1b

M, = /(-320)% + (-920)% + (1100)% = 1469.3 ft-1b & 1469 ft-1b

4= =-1469.29 _ g 465 prox 9,17 ft

Ans.

Ans.
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4-84 Two parallel forces of opposite

gense
4
F, =125 T + 200 J + 250 € N and ¥,
F,o=-125 T - 200 - 250 & N / .
act at points A and B of a body as Af’ i
' 190 mm
shown in Fig. P4-84. Determine 150 mm F i
i lo 100 mm,_ -*
the moment of the couple and the 100 mm_4- -~
ol i y
perpendicular distance between v T0mm
Fig. P4-84

the two forces.

SOLUTION

?1 =125 1T + 200 3 + 250 K N

/(12512 + (20012 + (250)% = 343.69 N

F, =
r,,,=0.20071 - 0.030 J + 0.060 £E m
ﬁB = rAIB X F‘l
= {(0.200 T - 0.030 J + 0.060 B) x (125 T + 200 J + 250 k)
1 3 i
= 10.200 -0.030 0.060
125 200 250
= -19.50 T - 42.50 § + 43.75 & N-m
My = /(19,5002 + (~42.50)% + (43.75)% = 64.04 Nem & 64.0 N'm Ans.
My 64.04
d = & = 343 gg = 0-18633 m &~ 186.3 mm Ans.
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4-85% A bracket is loaded with

y
|
a system of forces as 50016 A B 2501b
* o
shown in Fig. P4-85. '
Express the resultant 30in. 14in
of the force system in 2501b l
Cartesian vector form. I
43000
16in

SOLUTION

An examination of Fig. P4-85 indicates that the force system consists of
a system of three couples in a plane. A scalar analysis yields:

With counterclockwise moments positive:

For forces D and E :
y y

M, = -FDyd1 = -300(30) = -9000 in.+1lb

For forces C and B :
X x

M, =-F.d, = -250(14)

2 -3500 in.-1b

For forces A and E :
x X

M, = FAxd3 = 500(30) = 15,000 in.-1b

(@]
H

IM = M1 + Mz + M3

1]

-9000 - 3500 + 15,000 = 2500 in.-lb

2,50 in.-kip

C = 2.50 in.-kip )

2.50 £ in.-kip Ans.
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4-86% A plate is loaded with a

system of forces as shown
> 60N

in Fig. P4-86. Express

|

the resultant of the force

/5| 250 mm
system in Cartesian vector C A ]
form. 300N

SOLUTION

With counterclockwise moments positive:

For the 450-N forces:

d = (410 - 250 tan 30°) cos 30° = 230.07 mm
M, = 450(0.23007) = 103.53 N'm
M, = -300(0.250) = -75.00 N'm
M =M +M, = 103.55 - 75.00 = 28.53 N-m x 28.5 N-m
C=28.5Nm0
= 28.5 E N°m Ans.

229




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-87 A bracket is loaded with

a system of forces as D“90w .
shown in Fig. P4-87. 1001b dmyd .a............_.l%v
Express the resultant . 801b
of the force system in ’ j a2in.
Cartesian vector form. 801b

I B -] 1001b

AT L T T T BT T T TN e Oy wim ik 1
— c
B, 90 1b SR TR J
L—‘g ™ b—211in,—k—24 in, N 27 in,
Fig. P4-87
SOLUTION

An examination of Fig. P4-87 indicates that the force system consists of
a system of three couples in a plane. A scalar analysis yields:

With counterclockwise moments positive:

For forces A and E:

M1 = —FAd1 = -80(90) = -7200 in.-*1b
For forces B and Dy:
Mz = Fde = 90(33} = 2970 in.-*1b

=
H
i
o
H

100(42) = 4200 in.-1b

3 C 3
C=IM=M + M, +M,
= -7200 + 2970 + 4200 = -30 in.-1lb
¢ = 30 in.*1b D
= -30 £ in.1b Ans.

228




ENGINEERING MECHANICS - STATICS, 2Znd. Ed. W. F. RILEY AND L. D. STURGES

4-88 A plate is loaded with a
system of forces as shown
in Fig. P4-88. Express
the resultant of the force
system in Cartesian vector

form.

150N 150 N
Fig. P4-88

SOLUTION

An examination of Fig. P4-88 indicates that the force system consists of
a system of three couples in a plane. A scalar analysis yields:

With counterclockwise moments positive:

For forces A and B:

M, = FAd1 = 250(0.150) = 37.50 N'm

For forces C and D:

M_=~Fd = -350(0.150) = -52.50 N'm

For forces E and F:

M3 = Fd, = 150(0.320) = 48.00 N°m

(9}
1

ZM=M1+M2+M

3
= 37.50 - 52.50 + 48.00 = 33.00 N°m = 33.0 N°m
€ =33.0Nm )
= 33,0 K Nem Ans.
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4-89*% Determine the total moment of
the two couples shown in Fig.
P4-89 and the direction angles
associated with the total moment

vector.

SOLUTION
For the 600-1b forces:

6T -43-7%k

F, = 600 | = 358.2 T - 238.8 J - 417.9 £ 1b
(6)% + (-4)% + (-7)°

T, =47

M =1, xPF, =(47) x (358.2 T - 238.873 - 417.9 k)

= -1671.6 T - 1432.8 k in.*1b
For the B00 1lb forces:

F_=-8003 1b

r . =-61+ 7% in.

R =7, xF =(6T1+7 £) x (-800 3) = 5600 1 + 4800 E in.-1b

(-1671.6 T - 1432.8 &) + (5600 T + 4800 k)
- 3928.4 1 + 3367.2 K in.-1b Ans,

C=M +1

1 2

c = |B] = /(3928.4)% + (3367.2)% = 5174.0 in.1b

C
_ -1 “x _ -1 3928.4 _ o
Gx = cos  F- = C08 o T 40.6 Ans.
C
_ -1 "y _ -1 0 _ o
Gy = cos == cos 5174.0 - 90.0 Ans.
6 = cox"l “2 _ -13367.2 _ o 0 A
, =08 T = €08  rmr T . ns.
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4-90*% Three couples are applied Z 25N
to a rectangular block as l
75N
shown in Fig. P4-90. fol
gl—" T D 1poN

Determine the magnitude of - H'""
the resultant couple C and 80N
the direction angles 250 mm
associated with the /{\A
resultant couple vector. x 375mm___§g’11/100N 'ZOOmmy
Fig. P4-90
SOLUTION
FB =80 I N r ,, =-0.375 7 + 0,250 E m
FC =-75 kN T.,,=-0.200 T - 0.375 3 + 0.250 En
FD = 100 j r ,, = -0.200 T + 0.250 £ n
Summing moments about point A yields:
- (Pg/a X Fs) X, X IEI“C) + AT . X Fn)
= (-0.375 J + 0.250 K) x (80 %)
+ (-0.200 T - 0.375 § + 0.250 K) x (-75 K)
+ (-0,200 T + 0.250 K] x [100 §)
= 3.125 T + 5.000 § + 10.000 E N*m
2 =/(3.125)% + (5.000)% + (10.000)% = 11.609 Nem & 11.61 Nem Ans.
-1 Sx -1 _3.125 °
Gx = cos T~ = cos 11.609 - 74.4 Ans.
e - -1 C_y_ - -1 50000 - 64 50 A
y = CcoSs T = COs 11.609 - . ns.
0 = oot ¢, -110.000 _ 10.5° .
2 - cOoSs C = Co8s _11.609 = . ns.
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4-91 Three couples are applied
to a bent bar as shown in
Fig. P4-91. Determine the
magnitude of the resultant
couple C and the direction *

angles associated with the

resultant couple vector.

SOLUTION

The scalar components of the resultant couple € are:

C. = -80(3) = -240 ft-1b
Cy = -75(4) = -300 ft-1b
C. = -100(8) = -800 ft-1b

The resultant couple C expressed in Cartesian vector form is:

C=-2407T -30073 -800&K

/(-240)% + (-300)2 + (-800)°

C =
= 887.5 ft-1b = 887 ft-1lb Ans,
-1 -1 =240 o
@ = cos T s 3g7.5 " 105.7 Ans.
-1 Gy -1 -300 °
ey = cos 7 = CO8 gam £ T 109.8 Ans.
-1 Cz -1 -800 o
Gz T cos T = cos  gaw e = 154.3 Ans.
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4-92 The input and output
torques from a gear
box are shown in Fig.
P4-92, Determine the
magnitude and direction

of the resultant torque.

SOLUTION
M = 750 N*m
X
M, = 200 + 150 cos 45° = 306.1 N°m
M_ = 125 + 150 cos 45° = 231.1 N-m
C=MM T+M J+M Kk
x y z

=750 T + 306.1 F + 231.1 & Nem

¢ = /(750.0)2 + (306.1)% + (231.1)%

= 842.4 N*'m & 842 N*m Ans.

Gx = cos ™! ;ﬁ = -1 gig:g = 27.1° Ans.
My -1 306.1 0

Gy = cos T = COS  guog = 68.7 Ans.
M -1 231.1 o

92 = cos g = cos  guiog = 74.1 Ans.
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4

4-93*% Three couples are

applied to a bent bar

as shown in Fig. P4-93.

Determine

(a) The magnitude of the
resultant couple €
and the direction
angles associated
with the resultant
couple vector,

{b) The scalar component
of the resultant couple
€ about line 0A.

[}
| 9in.
i
|
1ﬂnh¢”I

100 1b
Fig. P4-93

SOLUTION
(a} For the 125-1b forces:
c_ = -125(16} = -2000 in.-1b
For the 100-1b forces:
CY = -100(16} = -1600 in.-1lb
For the 150~1b forces:

Cy = -150(9) = -1350 in.*1lb

& =-2950 F - 2000 k in.-1b

/(1612 + (28)°
Ce. = (-2950 J - 2000 k)-(0.4961 1
OA

L]
1l

= -2561 in.+*1lb & -2.56 in.-kip

¢ = |8] = /(-2950)% + (-2000)% = 3564 in.-

1b = 3.56 in.-kip

ex = c:os-1 gﬁ = cos ' _53%1 = 90.0°
1 Gy -1 -2950 ° o
GY = cos - = cos 3564 - 145.87 = 145.9
-1 & -1 =2000 o o
Gz = cos -~ = cos 3564 © 124,147 = 124.1
(b) §,, = =2+ 20 1. 9.4961 1 + 0.8682 j

+ 0.8682 3)

Ans.

Ans.

Ans.

Ans.

Ans.
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4-94% Three couples are applied
to a bent bar as shown in
Fig. P4-94. Determine
(a) The magnitude of the
resultant couple C and
the direction angles
associated with the
resultant couple vector,

(b} The scalar component of
the resultant couple C
about line OA.

SOLUTION

(a) T=801T+657 +95%Kk

c=|C = /(80)2 + (65)% + (95)% = 140.18 N-m

Gx = cos ' gﬁ = cos IE%%IE = 55,2° Ans.

GY = cos-l g! = cos 143?18 = 62.4° Ans.

e = cos™ gi = cos™ 143?18 = 47.3° Ans.
(b) 8, =201+ 1203 -808 . g95575 4 0.5970 5 - 0.3980 &

/(14012 + (120)2 + (-80)°

Coy = C-8,, = (80 T + 653 + 95 £)-(0.6965 T + 0.5970 J - 0.3980 )

= 56.72 N'm & 56.7 N'm Ans.
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4-95 Three couples are applied

to a rectangular block as :  T5indb

shown in Fig. P4-95. t

Determine ) S

{a) The magnitude of the : I

(b

)

resultant couple C and
the direction angles
associated with the

resultant couple vector.

The scalar component of
the resultant couple Lo
about line 0QA.

L

125 in1b

No
i
90m4bQE;’

Fig. P4-95

SOLUTION

(ay €

90 T + 125 3 + 75 K in.

19012 + (125)% + (75)°

% 0 a1 90
cos T T €08 771,32
s EZ = cos™! 123
co c - 171.32
-1 EE = cog ! 75
cos T T L8 771.32

24T +8 73 +32K

Ji2a)? + (8)% + (32)2

C-e

OA

*1b

= 58.3

= 43.1

= 64.0

171.32 in.°1b

Ans.

Ans.

Ans.

= 0.5883 T + 0.1961 J + 0.7845 K

(90 T + 125 5 + 75 £)-(0.5883 T + 0.1961 J + 0.7845 k)

136.36 in.*1b & 136,4 in.-1b

Ans.
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4-96 Two couples are applied

to a rectangular block

as shown in Fig. P4-96.

Determine

(a} The magnitude of the
resultant couple C
and the direction
angles associated with
the resultant couple
vector.

(b) The scalar component
of the resultant couple
T about line AB.

Fig. P4-96

SOLUTION
(a) F1 = 800(-cos 45° 1 + sin 45° ) = -565.7 1 + 565.7 K N
F, - 750[ 180 3 - 110 k | = 640.0 5 - 391.1 & N

/(180)2 + (-110)2

C=(r,xF)+(r,xF)
= (0.180 J) x (-565.7 T + 565.7 k) + (0.110 T) x (640.0 3 - 391.1 K)

= 101.83 1 + 43.02 § + 172.23 £ N°m

¢ = /(101.83)% + (43.02) + (172.23)° = 204.65 Nm Ans.
c
- -1 Tx -1 101.83 _ o

61 = cos c = cos 501.65 - 60.2 Ans,
8 = cos ! x - cog™? A3:02 77.9°

y ° c = cos 504,65 - . Ans.
0 = cog”! S 1172.23 23.7° .

2 C T °°®  30s.65 - U° ns.

(b) @, =—LO0 L+ 1801 . 450157 +0.8533 3
/1-11012 + (180)2
CAB = c.eAB

(101.83 T + 43.02 J + 172.23 k)+(-0.5215 T + 0.8533 7)

-16.395 N'm & -16.40 N+m Ans.
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4-97% Replace the 50-1b force

shown in Fig. P4-97 by
a force at point A and
a couple. Express your
answer in Cartesian

vector form.

Fig. P4-97
SOLUTION
?A=F=50filb Ans.
N Fd = 50{6) = 300 in.-1b

T, = 300 in.-1b 2 = -300 K in.*1b ins.
4-98% Replace the 300-N force

shown in Fig. P4-98 by

a force at point B and

a couple. Express your

answer in Cartesian

vector form.

Fig. P4-98

SOLUTION
F‘B =F=-3003 N Ans.
C, = Fd = 300(1.5 sin 45%) = 318.2 N'm
C, = 318 N-nm D= -318 kK N-m Ans.
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4-99 Replace the 275-1b force v
shown in Fig. P4-95 by a
force at point A and a

couple. Express your answer 14

-

in Cartesian vector form. 3N |

SOLUTION
F

, = F = 275[cos 60° T + sin 60° §1

-~

=137.5 1T + 238,2 J 1b % 137.5 1T + 238 J 1b Ans.

rxF=(31)x (137.5 1T + 238.2 })

g ]
"

= 714.6 E ft-1b = 715 K ft-1b Ans.

4-100% Replace the 675-N force
shown in Fig. P4-100 by
a force at point B and
a couple. Express your
answer in Cartesian

vector form.

Fig. P4-100
SOLUTION
F,=F=675(0.81-0.673)=25407T-405 3N Ans.
T, =0.2001 +0.240 Jm
C =7, xF=1(0.2007+0.240F) x (540 T - 405 J)
= -210.6 k « -211 k€ N'm Ans.
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4-101 Replace the 300-1b force
shown in Fig. P4-101 by
a force at point B and a
couple. Express your answer

in Cartesian vector form.

F=3001b

PR S PR LR e T
"‘5&:QS;’\_'}:,'.‘.:n:-'::“'-‘r"-',é-c.”»_-"‘;.L,‘. pand

|

I 12 in. A
Fig. P4-101
SCLUTION
F, = F=23001711b=300 1b — Ans.
d (tan 30° + tan 20°) = 12 in. d = 12.748 in.
g = Fd = 300(12.748) = 3824 in.*1lb

C, = 3824 in.-1b D = -3824 K in.-1b & -3.82 & in.-kip Ans.
4-102 Replace the 600-N y

force shown in Fig, !

P4-102 by a force at

point A and a couple.

Express your answer

in Cartesian vector :

A ; B
form. ;r.::...a-,z:\ A 0 ) x
tﬂmmm 100 mm 100mm~J—100mm—'|

Fig. P4-102

SOLUTION
F, = F = 600(cos 30° T - sin 30° )

=519.6 T - 300 J N«5207T-3003N
CA=er

(0.300 T + 0.200 J) x (519.6 T - 300 3)
-193.92 & N°m = -193.9 K Nem

Ans.

Ans.
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4-103% Replace the 900-1b
force shown in Fig. —T
P4-103 by a force at | s=x

1

point B and a couple. l

Express your answer ! 25°
]

in Cartesian vector F=9%001b

form. A 8 x

LR ] m‘l ;
I 61 * 0n
Fig. P4-103

SOLUTION
F

g = F = 900(sin 25° T - cos 25° §)

= 380.4 T - 815.7 J 1b = 380 T - 816 § 1b Ans.

 =rxPF
(10 T + 5 3) x (380.4 T - 815.7 J)
-10,059 § ft-1b = -10.06 & ft-kip Ans.

4-104 Replace the 350-N
force shown in Fig. / ‘ 40°
P4-104 by a force
at point B and a

F=350N

couple, Express

your answer in

Cartesian vector

form. ) -
|[ 200 mm i 100mm<l>|00mm-'
Fig. P4-104
SOLUTION
F, = F = 350(cos 40° 1 - sin 40° 3)
= 268.1 1T -225.0 J N«=2687T1-22573N Ans.
Ca = F x F
= (0.100 T + 0.250 §) x (268.1 T - 225.0 )
= -89.53 K Nm = -89.5 & N-nm Ans.
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4-105% Replace the 50-1b force
shown in Fig. P4-105 by

a force at point B and

a couple. Express your
answer in Cartesian vector

form.

Fc=501b
Fig. P4-105

SOLUTION
F

B

P = 50(cos 38° 1 - sin 38° J)

=39.40 T - 30.78 J 1b=39.41 -30.83 1b Ans.,

=
1l

-20 sin 30° T - 20 cos 30° § = - 10.000 T - 17.321 §

g |
n
=l
"

5 x F = (-10.000 T - 17.321 ) x (39.40 1 - 30.78 J)

= 690.2 &€ in.*1b & 990 k in.+1b Ans.

4-106* Replace the 300-N force
shown in Fig. P4-106 by
a force at point B and
a couple. Express your
angwer in Cartesian

750 mm
vector form.

SOLUTION
F

P = 300(-cos 45° T + sin 45° 3)
-212.1 1T +212.1 FN«-212T + 212 JN

Ans.

e 1}
n

0.750 tan 30° T + 0.750 J = 0.4330 1 + 0.750

2]
"
al
»

o F-(0.4330 T + 0.750 J) x (-212.1 1 + 212.1 3)
= 250.9 K N-m & 251 K N°m

Ans.
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4-107 Replace the 300-1b force

shown in Fig. P4-107 by

a force at point A and a

g e

couple. Express your answer

in Cartesian vector form.

Fig. P4-107

SOLUTION
F

, = F = 300(cos 30° T + sin 30° J)

-~

= 259.8 T + 150.0 J 1b = 260 ¥ + 150.0 J 1b

H

=l
t

C =T xF=(14.226 T - 10 J) x (259.8 T + 150.0 §)
= 4732 £ in.-1b = 4.73 & in.-kip

(20 - 10 tan 30°) T -10 § in. = 14.226 T - 10 J in.

Ans.

Ans.

4-108 Replace the 450-N
force shown in Fig.
P4-108 by a force
at point A and a
couple. Express
your answer in
Cartesian vector

form. Fig. P4-108

SOLUTION
F

, = F = 450(cos 58° T - sin 58° 3)

238.5 1 - 381.6 J N=22391 -382 3N

1
'

= (0.200 + 0.400 cos 32°) T + 0.400 sin 32° J
0.5392 T + 0.2120 j m

C =7 xP=(0.5392 7T +0.2120 J) x (238.5 T - 381.6 3)
= -256.3 & Nem & -256 £ N+m

Ans.

Ans.
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4-109% The force F shown in Fig.
P4-109 has a magnitude of z
580 lb. Replace the force
F by a force FB at point B

and a couple c.
(a) Express the force FB

15 im,

and the couple € in
Cartesian vector form.

{(b) Determine the direction
angles associated with
the couple vector.

14 in.

Fig. P4-109

SOLUTION
(2) Fa = F = 580|—=T1 = 15 7 + 10 k :

J-112 + (-15)% + (10)?

= -209.9 T - 449.9 3 + 299.9 K 1b Ans.
r,,g="141 + 8 3 in.
C=R - T, X PF=-(-147T+87) x (-209.9 T - 449.9 J + 299.9 k)
i 3 k
=] -14 8 0

-209.9 -449.9 299.9

-~

- 2399.2 T + 4198.6 § + 7977.8 K in.-1b
# 2,40 T + 4.20 3 + 7.98 & in.-kip Ans.
(b) ¢ = |M] = /(2399.2)% + (4198.6)% + (7977.8)° = 9329.0 in.-1b

0 = ot o cog-l 2399:2 _ 4o o A
x - cos C = COSs 9329.0 = . ns.
8 = cos-1 El = cos“1 4198.6 _ 63.2° Ans
y c - 9329.0 = " '

6 = ol U2 o cog-t 19718 _ 4y 5o .
= COSs C = COS 9329. 0 = . ns.
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4-110% The force F shown in Fig.
P4-110 has a magnitude of
494 N, Replace the force
F by a force Fc at point

C and a couple C.
{a) Express the force FC

and the couple € in 325 mm

Cartesian vector form.
{(b) Determine the direction

angles associated with

250 mm

250 mm
the couple vector. Fig. P4-110
SOLUTION
(a) Fc =P = 494|275 T - 250 3 + 325 k J
(275)% + (-250)% + (325)%
= 275.2 T - 250.1 J + 325.2 kK N
2275 T - 250 J + 325k N Ans.

—

I.A/C

-0.250 7 - 0.325 Kk m

¢ - HC = FA,C x F=(-0.250 3 - 0.325 &) x (275.2 T - 250.1 J + 325.2 k)
i K] k
0 -0.250 -0.325
275.2 -250.1 325.2

-162.58 T - 89.44 3 + 68.80 & N*m

-162.6 T - 89.4 J + 68.8 K N'm Ans.

(b) ¢ = [A] = /(-162.58)% + (-89.44)% + (68.80)% = 197.90 N-m

Gx = cos | ;1 = cos ' :%g%f%% = 145,2° Ans.
-1 CY -1 -89.44 o

9Y = cos G = cos  Tgrgg © 116.9 Ans.
-1 Cz -1 68.80 c

92 = €os £ = COS oo o T 69.7 Ans.
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4-111 Replace the 660-1b
force shown in Fig.
P4-111 by a force at
point B and a couple.
Express your answer

in Cartesian vector

form. :
1&m~¢:f§,&&) T =:{-;".¢ ﬁ;f}
14" A e e
? E Fig. P4-111
SOLUTION
P =P=-e660|—11-20]-1FE

/2 + (-20)% + (-11)%

193.51 T - 552.89 J - 304.09 k

®193.51 -553 3 -304 Kk 1b Ans.
C- ﬂa = F‘,a x F=1(157+17 K x (193.51 T - 552.89.1 J - 304.09 K)
i b | k
= 0 15 17

193.51 -552.89 -304.09
4838 T + 3290 J - 2903 K in.*1b

o 4.84 T +3.293 - 2.90 K in. kip Ans.
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4-112 Replace the 500-N force
shown in Fig. P4-112 by
a force at hinge C and
a couple. Express your
answer in Cartesian

vector form.

Fig. P4-112
SOLUTION
F, = F = 500 -250 T - 1100 J + 300 & :
(-250)2 + (-1100)% + (300)°
= -107.09 T - 471.19 J + 128.51 k N
¥ -107.1 T - 471 § + 128.5 K N Ans.

C=M =71 _«xF

C A/C

= (0.650 T + 0.600 J) x (-107.09 T - 471.19 J + 128.51 k)

-~

i 3 k
= { 0.650 0.600 0
-107.09 -471.19 128.51
= 77.11 T - 83.53 § - 242.02 kK N'm

%« 77,1 T -83.57F - 242 Kk Nem Ans.
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4-113% Determine the magnitude and Y

direction of the resultant of

the two forces shown in Fig. 'agwh.
P4-113 and the perpendicular '
distance d_ from point A to
R 10in.
the line of action of the
resultant.
B ] -).)
B
——o 8 in. ———
¥ 2151
Fig. P4-113
SOLUTION

R = XF = 750 cos 35° = 614.36 1b

X x

R = TF = 750 sin 35° - 275 = 155.18 1b

; , ‘
R =y Rf + Rj = /(614.36)2 + (155.18)° = 633.66 1b = 634 1b

8 = cos 092222 - 14,177° = 14.18°
R =634 1b 2 14.18° Ans.
+ § M, = 730 cos 33° (8) + 750 sin 35° (8)
= 8356.6 in.*lb = 8356.6 in.*1b D

ZMA = Rd, = 633.66dR = 8356.6 in.-1lb

d, = 13.188 in. # 13.19 in. ' Ans.
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4-114% Determine the magnitude
and direction of

the resultant of

the two forces ¥ u0mm N
shown in Fig, P4-114
and the perpendicular A HOmm
distance dR from point Eﬁf e s
A to the line of 3 0mm e ﬁdﬁm
action of the resultant. Fig. P4-114
SOLUTION
R = EF_ = 800 cos 45° + 480 cos 30° = 981.38 N
R = ZF_ = 800 sin 45° - 480 sin 30° = 325.69 N
/2 2 / p 2 2
R=y Rx + Ry = y(981.38) + (325.69) = 1034.01 N = 1034 N
6 = cos™t X = cos™t <2813 g 4500 o 1567
x - €08 T T COS  Tg3g.01 - O :
B = 1034 N 2 18.36° Ans.

+ ¢ M, = 800 sin 45° (0.320) - 800 cos 45° (0.120)
- 480 cos 30° (0.240) - 480 sin 30°(0.640)

= -140,23 Nem = 140.23 N'm

EMA = Rd, = 1034.0dR = 140,23 N'm

d = 0.13562 m 2 135.6 mm Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

4-115 Replace the three forces

F4=1001b
shown in Fig. P4-115 by "T""
an equivalent force-couple ﬁ Fg=20015
system at point B. I:—Siu. 6in.—h|l—6in.—¢]
- g %)
R c lD E
Fp=3001b
Fig. P4-115
SOLUTION
R =ZLF = -100 1b
o X
R = SF = 200 - 300 = -100 1b
Y Y
/ 2 2
R = /{-100)° + (-100)° = 141.42 1b = 141.4 b
6 = cos™t X = cos™t 2100 _ i3 00° - 135.0°
x = C0OS8s R = Ccos 141.42 = . - N
B = 141.4 1b @ 45.0° Ans,
. = DM, = 100(10) - 300(14) + 200(20) = 800 in.-1b
¢ =800 in.-1b B Ans,
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STURGES

4-116

Replace the three forces
shown in Fig. P4-116 by
an equivalent force-couple

system at point O.

k 360 mum

Fig. P4-116

SOLUTION

e |
"

= IF = -400 + %(750) = 200 N

»

= 3 -
ZF_ = 5(750) + 100 = 550 N

/(20012 + (55012 = 585.2 N 585 N

]

-1

-1 200
cos

585.2

1)

ﬁi = cos = 70,02° = 70.0°

585 N 2 70.0°

EMO = 400(0.160) + 100(0.360) = 100.0 N*m

100.0 N°m )

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

4-117% Three forces are applied

to a beam as shown in
Fig. P4-117. Determine
the resultant R of the
three forces and the
location of its line of
action with respect to

y 801b 751b

901b

support A. Fig. P4-117
SOLUTION
R=F=803-753+93=9531b=91b1 Ans.
+ (¢ ZMA = 80(14) - 75(30) + 90(40) = 2470 in.+1b = 2470 in.-1b 3
ZMA = RxR = 95xR = 2470 in.-1b Xp = 26.0 in. — Ans.
4-118% Four forces are applied

to a truss as shown in
Fig., P4~118. Determine
the magnitude and
direction of the
resultant of the four
forces and the
perpendicular distance
dR from point A to the

line of action of the
resultant.

Fig. P4-118
SOLUTION N
R =ZXF = 3 kN
x x
R =5F =-6-4-2=-12 kN
Y y
V/ 2 2
R =y(3)" + (-12)° = 12.369 = 12.37 kN
8 = cos %X - cos” 3 _ - _75.96° = -76.0°
x = CoSs R = COos 12.369 = . .
R = 12.37 kN % 76.0° Ans.
+ ¢ ™M, = -6(2) - 4(4) - 2(6) = -40 kN*m = 40 kN'm 2
™M, = Rd, = 12.369d, = 40 kN'm d, = 3.234 m=3.23m Ans.
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4-119% Replace the three

forces shown in y 630N
Fig. P4-119 by an T
equivalent force- =3 I b
E
couple system at -T-— i — e
point B. C,E 1
2 | | . 32°U375N
Ly i
r L x
L—?SO mm 150 mm —r— 750 mm —
Fig. P4-119
SOLUTION
R = IF_ = 650 cos 28° + 375 sin 32° = 772.64 N
R, = IF = 650 sin 28° - 375 cos 32° - 450 = -462.86 N
R = /[Ri + R: =/ (772.64)% + (-462.86)° = 900.67 N = 901 N
6 = con”! R eoa? 77284 | a0 900 o _30.9°
x - %8 R T C°%  300.67 . '
B =901 N % 30.9° Ans.
C, = My = -650 cos 28° (1.250) - 450(0.750)

- 375 cos 32° {1.500) - 375 sin 32° (0.750)
= -1680.96 N'm & -1.681 kN'm

€ = 1.681 kN°m P Ans.
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W. F. RILEY AND L. D.

STURGES

4-120% Replace the three forces
shown in Fig. P4-120 by an
equivalent force-couple

system at pocint A,

Fig. P4-120

SOLUTION

R =ZXZF = 80 cos 30° + 150 cos 30° = 199,19 1b

=)
u

™~
o

= -80 sin 30° + 150 sin 30° - 75 = -40.00 1b

R = Ri + R: /(199.19)2 + (‘40.00)2 = 203.17 1b = 203 1b

o - % :
= cos  pT T COS 303,17

® = 203 1b % 11.36°

CA = 4.46 in.+kip 2

= -11.359° & -11,38°

c, = IM, = -80 cos 30° (16) - 80 sin 30° (16 tan 30°)
150 cos 30° (18) + 150 sin 30° (30 tan 30°)
75(8 + 37 tan 30°) = -4459.6 in.-1lb % -4.46 in.*kip

Ans.

Ans.
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4-121 Replace the three forces shown
in Fig. P4-121 by an eguivalent

force-couple system at point A.

LN LR A PR g
6in, —¢—10in.
Fig. P4-121
SOLUTION
R, = IF, = -50 + 100 cos 30° + 80 cos 45° = 93.17 1b
R, = F, = 100 sin 30° + 80 sin 45° = 106.57 1b

141.55 = 141.6 1b

R=/R%+ R /(93,1712 + (106.57)°

-1 Ei -1 _93.17

x R

[+

= 48.84°  48.8

1b 2 48.8° Ans.

e |
n
—
F-
[ay
o

¢ =5SM = 50(17) + 100 sin 30° (6) -100 cos 30° (17)
+ 80 sin 45° [6 + (8/17)(10}]1 - 80 cos 45° (9)

= -225.7 in.*1lb & -226 in.-"1b

¢ & 226 in.*1b D Ans.
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4-122 Replace the three
forces shown in
Fig. P4-122 by an

475N

equivalent force-
couple system at
point C.
Fig. P4-122
SOLUTION
R = ZIF_ = 350 cos 45° + 475 cos 45° + 625 = 1208.4 N
R = ZF, = -350 sin 45° - 475 sin 45° = -583.4 N
R = /ﬁf + Rj - /(1208.4)% + (583.4) = 1341.9 N = 1342 N
6 = cos™t X -1 1208.4 . _55.77° & -25.8°
x - CO8  RT T OO T3M1.9 ¥ g
R=1342 N ¥ 25.8° Ans.
C. = IM, = -475 cos 45° (0.100) - 625(0.100)
= -96.09 N°'m & -96.1 N°*m
C x96.1 Nm? Ans.
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STURGES

4-123% Replace the three forces y
shown in Fig. P4-123 by
an equivalent force-couple

system at point O.

2501b
. P4-123

SOLUTION

ZMO

R

EF_ = 200 cos 60° + 300 cos 45° + 250 cos 30° = 528.64 1b

ZFy = 200 sin 60° + 300 sin 45° - 250 sin 30° = 260.34 1b

/ﬁf + B2 = /(528.64)2 + (260.34)% = 589.27 1b & 589 1b
1 B c1528.60 o i00 o pe 40
CcOS R = COS 589.27 - . .

589 1b 2 26.2°

-200 cos 60° (9) + 200 sin 60° (30) + 250 cos 30° (9)
250 sin 30° (60) - 300 cos 45° (9) + 300 sin 45° (90)

15,928 in.*1b & 15,93 in.-kip

15.93 in.<kip

Ans.

Ans.
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4-124% Four forces are applied to a
post as shown in Fig. P4-124.
Determine the resultant R of
the four forces and the location
of its line of action with

respect to support E.

Fig. P4-124

SOLUTION

R =ZXF = 80 cos 25° - 90 cos 40° - 75 + 60 = -11.44 N

80 sin 25° + 90 sin 40° = 91.66 N

o
1}
]
e
11

/(-11.44)% + (91.66)° = 92.37 N = 92.4 N

=]

]
o
N ]
+
=]
< )
[]]

R
- -1 X - -1 -11044 - [+] 4]
Gx = cos  p= = cos 92 a7 - 97.11" & 97.1
R -92.4 N5 82.9° Ans.

+ C IM_ = -80 cos 25° (1000) + 90 cos 40° (680)

+ 75(440) - 60{240) = -7023 Nemm = 7023 Nemm

M
_ E _ 7023 _
dR =R 93.37 - 76.0 mm Ans,
™M
_ E _ 7023 _
Xe =R " 91.66 - 76.6 mm «— Ans,
M
_ _E _ _7023 _
Ve = —§: = 11.44 - 614 mm Ans.
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4-125 Four forces and a couple are ISN&
applied to a rectangular plate
as shown in Fig, P4-125. ==
Determine the magnitude and FE

d
t
t

(o]
W

to the intercept of the line 250mm "

I

irection of the resultant of 250mm || -
he force-couple system and 1

he distance Xp from point O

f action of the resultant S
ith the x-axis. ON 00 mm

Fig. P4-125

SOLUTION

LF_ = 90

X

= EFY =75 - 50 =25 N

i

60 = 30 N

/(3012 + (25)% = 39.05 & 39.1 N

"
< ™NJ

+
= vl
H

1]

[e]
cos = cos 59,08 39.80 = 39.8

=]

39.1 N 2 39.8 Ans.

10 - 75(0.300) - 90(0.250) - 50(0.300) - 60(0.250)

-65.0 N*m = 65.0 Nem 2

==z ——— = -2,60m = 2.60 m & Ans.
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4-126

Four forces and a couple are
applied to a frame as shown in 50 € _«
Fig. P4-126. Determine the

magnitude and direction of the

resultant and the perpendicular
distance da from point A to the

line of action of the resultant.

Fig, P4-126
SOLUTION
e = tan_1 %g = 28.07°
R = EF = 80 cos 28.07° - 50 - 75 = -54.41 1b
R = ZF = 80 sin 28.07° - 90 = -52.36 1b
R = /R + R = /(-54.41)% + (-52.36)% = 75.51 1b & 75.5 1b
Gx = cos-1 ;ﬁ = cos-’1 :%%f%% = -136.10° = -136.1°

R = 75.5 1b # 43.9°

= 75(12) + 50(30)} - 100 - 80 cos 28.07° (30 - 10 cos 28.09°)
+ B0 sin 28.07° (16 + 10 sin 28.07°)
- 90(16 + 18 tan 28.09° + 14)
= -1979.3 in.-1b = 1979.3 in.+1b
™
A 1979.3 _ . .
= 7B 26.21 in. & 26.2 in.

Ans.

Ans.
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4-127% Determine the resultant of
the parallel force system
shown in Fig. P4-127 and
locate the intersection of
the line of action of the
resultant with the xy-plane.

Fig. P4-127
SOLUTION

R=2F £ = (-300 - 400 - 250) K = -950 &k 1b Ans.
IM_ = -300(2) - 400(4) - 250(4) = -3200 ft-1b
ZMY = 300(1) + 400(2) = 1100 ft-1b

™
_ _ _y _ _ 1100 _
Xg = F - —950 - 1.1579 ft = 1.158 ft Ans.
M
yp = === - 1%%%% = 3.368 ft = 3.37 ft | Ans.

4-128% Determine the resultant
of the parallel force
system shown in Fig.
P4-128 and locate the
intersection of the
line of action of the
resultant with the

xy-plane,
550 N
Fig. P4-128
SOLUTION
R - IF, £ = (-450 - 600 - 550) & = -1600 kK N Ans.
ZMx = -450(0.140) - 600{0.280) - 550{0.280) = -385 N°'m
EMY = 550(0.200) = 110 N*m
M
_ y _ _ 110 _
Xg = 5 = 21600 - 0.06875 m ~ 68.8 mm Ans.
™M
. X . _ =385 _
Ye TR C 1600 - 00,2406 m = 241 mm Ans.
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4-129 Determine the resultant of
the parallel force system
shown in Fig. P4-129 and
locate the intersection of
the line of action of the
resultant with the xy-plane.

Fig. P4-129
SOLUTION

R = IF £ - (180 - 65+ 75 - 150) k = 40 k 1b Ans.
PM_ = -65(12) + 75(24) -150(24) = -2580 in.-lb
ZMY = -180(16) + 65(16) - 75(16) + 150(8) = -1840 in.-1lb

™M
_ Ty _ _ -1840 _ )
Xg = ‘i 0 - 46.0 in. Ans.
M
Ve = o = - 23%%9 = -64.5 in. Ans.

4-130 Determine the resultant of the
parallel force system shown in
Fig. P4-130 and locate the
intersection of the line of
action of the resultant with
the xy-plane.

Fig. P4-130
SOLUTION

R = IF E = (-500 - 400 - 300 - 200) k¥ = -1400 k N Ans,
EMX = -500(0.500) -400(1.000) -300(1.000) -200(1.500) = -1250 N°'m
EMY = 500(1.000) + 400(1.000) + 300(0.500) = 1050 N-m

M
. _ _y _ _ _1050 _
X, = 5= =1400 - 0.75 m & 750 mm Ans.
M
Vg = -§5 = - E%%%% = 0.8929 m = 893 mm Ans,
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4-131% Determine the resultant
of the parallel force
system shown in Fig.
P4-131 and locate the
intersection of the
line of action of the
resultant with the

yz—-plane.
Fig. P4-131
SOLUTION

R - TF_ T = (95 + 75 + 40 - BO - 90) T =401 1b Ans.
EMY = 95(2) + 40(2) - 80(3) - 90(1) = -60 ft-1b
TM_ = 80(2) + 90(4) - 40(3) - 75(1) = 325 ft-1b

IM IM

_ z _ 325 _ _ - ¥ _ =60 _

Yo" R =" "10 " 8.13 ft 2, ® 10 ° -1.50 ft Ans.

4-132 Determine the resultant of the
parallel force system shown in
Fig. P4-132 and locate the
intersection of the line of
action of the resultant with
the xz-plane.

Fig. P4-132
SOLUTION
R = EFY 3 = (250 + 50 - 200 - 150) J = -50 § N Ans.
DM = 150(4) + 200(2) - 250(2) - 50(4) = 300 N'm
™M_ = 250(1.5) - 150(3.0) - 200(3.0) = -675 N'm
Xp = E;E = :%gg = 13.5 m Z, = - sz = - fgg = 6,00 m Ans,




ENGINEERING MECHANICS - STATICS W. F. RILEY AND L. D. STURGES

4-133% The resultant of the parallel
force system shown in Fig. z

P4-133 is a couple which can F,
be expressed in Cartesian ;%;’H*‘*T‘::a_ﬂﬁ_g_
Fig i, i '

vector form as | E '
C=-1160 J + 2250 K in.*1b k| E‘T):““*é
Determine the magnitudes of o i ¥, 5 i som
forces Fl, Fz’ and Fa' 8in. *'? ----- ?h“;',q
* st 10T Ty
Fig. P4-133
SOLUTION
R=0
€ =-1160 3 + 2250 k in.-1b
R=IF T=(F +F,+75-125-F -90)T=0
F +F, - F3 = 140 (a)
EMy = F1(24) + F2(16) - F3(24) - 125(24) - 90(8) = -1160
3F1 + 2F2 - 3F3 = 320 (b)
EMz = F3(30) - F2(20) + 125(10) - 75(20) + 90(30) = 2250
2F2 - 3F3 = 20 (c)
Solving Eqgs. (a), (b), and (c) yields:
F, = 106.0 1b Ans.
F, = 100.0 1b Ans,
F, = 60.0 1b Ans.
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ENGINEERING MECHANICS - STATICS

W.

F. RILEY AND L.

D.

STURGES

4-134*% The resultant of the parallel
force system shown in Fig.
P4-134 is a couple which can
he expressed in Cartesian
vector form as

€C=-1801 + 435 3 N*m

Determine the magnitudes of

forces Fi, Fz’ and F3. .
Fig. P4-134
SOLUTION
R=0
T =-180 71 + 435 J N°m
R=2ZF k=(F,+60+150-F -90-F)Ek=0

F1 + F2 - F3 = 120

IM_ = F_(2) + 150(2) - 90(2) - F,(3) = -180
3F, - 2F, = 300
IM = F _(3) + 90(3) + F (1.5} - F_{1.5) - 60(1.5) = 435
V' 1 2 3

ZF1 + F2 - F3 = 170

Solving Egs. (a), (b}, and (c) yields:

50.0 N
160.0 N

90.0 N

(a)

(b}

(e}

Ans.
Ans.

Ans,
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4-135 The resultant of the parallel
force system shown in Fig.
P4-135 is a couple which can
be expressed in Cartesian
vector form as

C=8573 - 950 k in.-1b

Determine the magnitude and
sense of each of the unknown

forces (Fa’ F , and F3).

2

Fig. P4-135

SOLUTION
R=0
€=85073-950% in.*1b

R = EF, 1= (F +F, +75 - F, - 125 - 90) 1 = 4]
F, + F,-F, = 140 {a)
EMY = F1(24) - 125(24) + F2(16) - F3(24) - 90(8) = 850
24F1 + 16F2 - 24F3 = 4570 {b)
EMZ = 125(10} - F2(20) - 75(20) + F3(30) + 90{30) = -950
2F2 - 3F3 = 340 {c)
Solving Egqs. {(a), {(b), and (c} yields:

F1 = 77.1 1b | Ans.
Fz = -151.3 1b Ans.
F_ = -214.2 1b Ans.
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4-136 The resultant of the parallel
force system shown in Fig.
P4-136 is a couple which can
be expressed in Cartesian
vector form as

C=20071+35 3 Nm
Determine the magnitude and

sense of each of the unknown
forces (F1’ F , and Fa).

2

Fig. P4-136

SOLUTION
R=-0
C=2007+350 3 ¥m

R = ZF, kK - (F, + 60 + 150 - F, - 90 - F,) =0

F, + F, - F, = 120 {a)
ZMX = F3(2) + 150(2) - 80(2) - F2(3) = 200
3F2 - ZF3 = -80 {(b)
EMY = Fl(a) + 90(3) + F2(1.5) - F3(1.5) = 350

6F, + 3F, - 3F3 = 340 (c)

Solving Egs. (a), (b}, and (c} yields:

F1 = -6.67 N Ans.
F2 = -333 N Ans.
F_ = -460 N Ans.
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4-137% Replace the force system
shown in Fig. P4-137 with
a force R through point D
and a couple C.

60 1b
Fig. P4.137
SOLUTION
F,=6011b
P o-as| 31 -51+48 | _ 0005 _297.05 +237.6 & 1b

B -
(2 + (=512 + (8)°

P =25073 1b
R=IF=F +F +F_=23827-47.07 +237.6 E 1b

¥238 71 -47.03F + 238 % 1b

-

rMD=31+3_1—4lEft r.,p =57 ft
ro,,=573-4 E ft
szu= (rA/DX?A) * (rBIDXFB) + (rC/DXFC)
=[(3T+33-4%k)x (601)]
+ (53 -4%) x(178.2 1 - 297 3 + 237.6 k)]
+ [(5 F) x (250 §)] ft-1b
- -952.8 § - 1071 K ft-1b &« = -953 J - 1071 & ft-1b
For the force R For the couple C
R = 339.7 1b = 340 1b C = 1433.5 ft-1b & 1434 ft-lb
_ -1.238.2 _ o - -1 _90 = g0°
6, =cos  Fgms = 48.5 6, =cos 33,5 7 90
_ -1 -47.0 _ o _ -1 -952.8 _ o
6 = cos 339.7 ° 98.0 Gy = cos 1433.5 131.7
_ -1 237.6 _ o _ -1 -1071  _ o
9z = COS  aag g = 45.6 Bz = cos 14335 = 138.3

Ans.

Ans,
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ENGINEERING MECHANICS - STATICS

W. F. RILEY AND L. D. STURGES

4-138 Replace the force system
shown in Fig. P4-138 with
a force R through point D
and a couple C.

Fig. P4-138

SOLUTION
F, = 186 11+2) | -g3187 +166.36 3 N
(1)2 + (2)°
FBC = 118| —2d* 1.28 E‘ = -100.06 § + 62.54 E N
/i-2)% + (1.25)%
FBD = 10| L Lt 1.25 k 1 = -99.95 T + 124.94 E N
/-1)% + (1.25)%

-

F - FBC + P =-99.95 T - 100.06 J + 187.48 EN

R=%2F= ?A + FB = -16.77 T + 66.30 J + 187.48 kK N
> -16,77 T + 66.3 3 + 187.5 kN

=17 -1.25km

r ==-23nm oo

=M = (v

D a/p % FA) * (FB/D X FB)

[(-2 ) x (83.18 T + 166.36 J)]

+ (11 -1.25 K) x (-99.95 T - 100.06 J +
-125.1 T - 62.55 7 + 66.30 K N'm

¥ -125.31 1T - 62.6 J + 66.3 Kk N'm

For the force R For the couple C

R = 199.56 N = 199.6 N C = 154.78 N'm =

-1 -16.77 _ o -1 -125.1
8, = cos 159,56 - 948 8, =cos  T51.78
_ -1 66,30 _ o - -1 =62.54
6, =cos 199,56 = 0-6 8, = cos 15378
) -1 187,48 _ o -1 66.30
6z = cos 199.56 - 20.0 92 = cos 154.78

Ans.,
187.48 k))

Ans.
154.8 N'm
= 143.9°
= 113.8°
= 64.6°




ENGINEERING MECHANICS - STATICS

W. F. RILEY AND L. D,

STURGES

4-139% Forces are applied at
points A, B, and C of
the bar shown in Fig.
P4-139. Replace this
system of forces with
a force R through
point O and a couple

A
7516
Fig. P4-139

SOLUTION
FA =175 T 1b T, 6=
F,=4073-30 k1b To,0 =
F, = 80 £ 1b T oo =

R=EF=FA+FB+?C=75°01+

C=IM =1(r

o A

1

9

-9

-~ ~

1 + 18 7 in.
8 3 in.
T + 187 in.

40,0 § + 50.0 k 1b

0 X FA) + (Falo X FB) + (T, X FC)

[{9T +1873) x (75 )] + [(18 3) x (40 F - 30 k)]

+ [(-9 T +1873) x (80 k)1

900 T + 720 § - 1350 & in.-1b

R = /175.00% + (40.0)% + (50.0)° = 98.62 1b & 98.6 1b

¢ = /190012 + (720)% + (-1350)% = 1775.1 in.+1b & 1775 in.-1b

For the force R

- -1 75.0 _ o

Gx = CoS  Fpea - 40.5
_ -1 40.0 _ °

Gy = cos 58.62 - 66.1
-1 50.0 °

59.5

L}
H
o]
O
[
0o
o
o
o
H

For the couple C

-1 900 _ o
coSs T775.1 ° 59.5

-1 720 _ °
cos 1775.1 66.1

-1 -1350 _ o
cos 1775.1 - 139.5

Ans.

Ans.

247




ENGINEERING MECHANICS - STATICS W. F. RILEY AND L. D. STURGES

4-140% Forces are applied at
points A, B, and C of
the bar shown in Fig.
P4-140. Replace this
system of forces with

a force R through point

0 and a couple C.

200N
Fig. P4-140
SOLUTION
F, =801 +503 - 200 kN r,,,=0.2507T +0.600]m
_ 51T +63-8%k
F, = 225[ ]
Y125
= (-100.6 T + 120.7 J - 161.0 k) T ,=0707m
F, =257 + 120 kN T.,, = -0.250 T + 0.600 J m
R=°:F = FA +F o+ F_=-20.6T+195.77F +-241 kN Ans.

C=1M, =(F,  xF)+(ry, x Fg) + (T o x F)
[(0.250 T + 0.600 J) x (80 T + 50 3 - 200 K)1
+ [(0.750 3) x (~100.6 T + 120.7 J - 161.0 k)]
+ [(-0.250 T + 0.600 J) x (25 3 + 120 )1

-168.8 T + 80.0 J + 33.7 &k N-m Ans.

/ 2 2 2
R =/(-20.6)° + (195.7)° + (-241) 311.1 = 311 N

¢ =/(-168.8)% + (80.0)% + (33.7)° = 189.81 & 189.8 Nem

For the force R For the couple C
- -1 -20.6 _ o _ -1 -168.8 _ o
Gx =cos 377 93.8 6x = coS  —Jgo.81 - 152.8
. -1195.7 _ o -1 80.0 _ o
Gy = cos 31,1 - 51.0 Gy = cos  Jog Bl = 65.1
_ -1 =241 _ o _ -1 33.7 _ o
92 =cos 3771 - 140.8 6 = cos 189 .81 = 79.8




ENGINEERING MECHANICS - STATICS

W. F. RILEY AND L. D. STURGES

4-141 Forces are applied at
points B, C, and D of
the bar shown in Fig.
P4-141. Replace this

system of forces with

a force R through point

A and a couple C.

T

lin

—

7 12in,

f
. v
D B | Rad
T S

¥

—

e

Fig. P4-141

Ry = =30 + 125 = 95 1b

R=0953+115% 1b Ans.

[+]

90,0
50.44° = 50.4°

39.56° = 39.6°

SOLUTION
R =0
X
R, = 40 + 75 = 115 1b
R =/(95)2 + (115)% = 149.16 1b & 149.2 1b
0 = -1 fﬁ - -1 0
x - €08 R T 9% T49.16
R
_ -1y _ -1 95
Gy = cos | p T COS  TiaE
6 = coe! 2 L cogm! 115
. - €08 |7 T C9% 14§.16

C_ = 40(16) + 30(3) + 75(16)

C = -40(8) + 75(6)

C_ = -30(8) -125(6)

125(12) = 430 in.-lb

130 in.-1b

-990 in.*1b

C=4307 + 1307 - 990 & in.-1b

¢ = /(4302 + (130)% + (990)°

8 = cos Ei = cos | 430
x c - 1087. 2
C
_ -1 7y -1 _130
8 = cos " =cos  75g7.2
0 = con ! UZ = pog”?t 2290
. - €08 ¢ T €98 71087.2

= 1087.2 in.*1b

o

66.7 Ans.
83.1° Ans.
155.6° Ans.
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4-142 Forces are applied at
points A, B, and C of
the bar shown in Fig.
P4-142. Replace this
system of forces with
a force R through point
0 and a couple C.

Fig. P4-142

SOLUTION

-~

R=ZF 1T+ EFY 3+ IF, £ =-50071 + (450 - 350) § + (550 - 250) K

x

=500 1+ 1003 +300%k N Ans.

R = /(50002 + (100)% + (300)° = 591.6 N & 592 N

-1 B, -1 500 0 o
Bx = CO8  §T T COS  por o T 32.31 = 32.3

-1 By -1 100 o o
Gy T 008 pT = COS gy £ T 80.27 = B80.3

1 By “1 300 _ so gqo o
ez = COS = =C0S  ToTE - 59.53 = 59.5
Co=tF, o xF)+(F,  xFp+(r,  xF)

= (0.500 §) x (500 T) + (0.500 T + 1.000 3) x (450 J + 550 K)
+ (-0.500 T + 1.000 §) x (-350 § - 250 ©)
=300 71 -400 5 + 150 & Ans.

C = /(300)% + (400)2 + (150)% = 522.02 Nem & 522 Nem

)
-1 S -1 _ 300 o o
Gx = Co0s 5% €08 Fooon ¢ 54,92 = 54.9 Ans,
1 Gy -1 400 o o
Gy = CO8 = CO08  Er5ag T 140,01 = 140.0 Ans,
1S -1 150 o 0
92 = Co8 7 T CO8  Foopm T 73.30° = 73.3 Ans.
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4-143% Forces are applied at
points A, B, and C of
the bar shown in Fig.
P4-143. Replace this
system of forces with
a force R through point
0 and a couple C.

Fig. P4-143

SOLUTION

R=2F 1+ ZF, j+IF £=23007T+2403 + 150Kk 1b Ans.

F4

IM_ = 150(30) + 240(9) = 6660 in.*1b

x

EMY = -150(16) = -2400 in.-1b

M = 240(16) - 300(30) = -5160 in.-1b

z

o]

T, o= T+ 28 o+ & =66607T - 2400 J - 5160 £ in.-1b

- 6.66 1 -2.40 J -5.16 K in.kip Ans.

R = /1300)% + (240)% + (150)% = 412.4 1b = 412 1b

[p]
1]

For the force R

_ -t 300 _ °

6x = cos I12.4 - 43.3
_ -1 240 _ °

By = cos 1154 = 54.4
-1 150 o

8 = cos 1123 - 68.7

/{6660)2 + (—2400)2 + (-5160)2 = 8760 in.*1lb = 8.76 in.-kip

For the couple Co

-1 6660 o

= cos m’ = 40.5
_ -1 =-2400 _ °
= cos 8760 - 105.9
_ -1 =-5160 _ °
= cos  —gmes = 126.1
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4-144% Forces are applied at
points B and C of the
bar shown in Fig.
P4-144. Replace this
system of forces with
a force R through point
0 and a couple C.

25N S -
Fig. P4-144

SOLUTION
R = IF i + ZFY J+ ZF k=225 7T + (175 + 300) J + 250 k

= 22571 +475 FJ + 250 k N Ans.
8] (FE x F‘C)

(0.240 T + 0.400 § - 0.100 ) x (225 T + 175 §)

g
0]

10 X FB) + (Te,o

(0.240 T + 0.400 J + 0.180 K) x (300 § + 250 K)

-+

63.5 T - 82.53 +24.0 % N-m Ans.

R = /Rz + R2 + R2
x ¥ z
/f 2 2 2
= ¢y (225) + (475) + (250) = 5B2.02 N &« H82 N

c. =vc%+c%+c?
y z

(o} x

= /(63.5)2 + (~82.5)2 + (24.0)° = 106.84 N-m & 106.8 Nem

For the force R For the couple Co
_ -1 225 ° _ -1 _63.6 _ o
Gx = cos  Faotg = 67.3 Gx = CoS  I5E Rl - 53.5
_ -1 475 _ o _ -1 -82.5 _ o
6, = cos w55 = 35.3 ®y = 0% " 05,85 = 140.6
_ -1 250 _ o o -1 24,0 _ ., .0
92 = cos 582.0 - 64.6 92 = CO0S  Joe. 87 - 77.0

272




ENGINEERING MECHANICS - STATICS . W. F. RILEY AND L, D. STURGES

4-145 Forces are applied at
points B and D of the
bar shown in Fig.
P4-145. Replace this

system of forces with

a force R through point
A and a couple C.

Fig. P4-145

SOLUTION

- -1 g& _ o
@ = tan 18 - 53.13

B = (-200 cos 53.13°) T + (-200 sin 53.13° + 175) § - 250 k
=-120T + 1537 - 250 K 1b Ans.
cA = (rB/A X FB) + (rD/A X FD)

= (24 3 - 18 K) x (175 § - 250 k)
+ (24 §) x (-200 cos 53.13° T - 200 sin 53.13° 3)

= -2850 T + 2880 & in.*1b Ans.

R

/ﬁf +RZ+ R = /(-12012 + (15)% + (-250)% = 277.71 1b & 278 1b

.]

2
Yy
c, = /Ef ' cj + C° = /(-2850)% + (2880)° = 4052 in.-lb & 4.05 in.-kip

z

For the force R For the couple CA
_ -1 =120 _ ° -1 -2850 _ o
8, = cos o7 37 = 115.6 6, = cos g5y = 135.3
_ -1 15 _ o _ -1 0 - o
6y = cos 57771 - 86.9 ey = cos 1055 ° 90.0
_ -1 =250 _ o _ -1 2880 _ o
92 = cos  gEo a7 = 154.2 92 = co8  ygsp = 44.7
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4-146 Forces are applied
at points A and B
of the bar shown
in Fig. P4-146.

Replace this system

of forces with a

force R through

point O and a

couple C.

Fig. P4-146

SOLUTION

F, = 9a0[—80 1 + 80 J - 100 k | = -398.81 T + 531.74 § - 664.68 B N
(-60)°% + (80)°% + (-100)°

~

F =2501-4753 N

R = FA + FB = -148.81 1 + 56.74 § - 664.68 k

% -148.8 1 + 56.7 J - 665 k N Ans.
CO = (T, ,, % FA) + (T, X F‘B)
= (0,130 T + 0.250 J + 0.170 k) x (-398.81 T + 531.74 J - 664.68 k)
+ (0,130 T + 0.250 J) x (250 1 - 475 3)
= -256.56 T + 18.62 J + 44.57 £ Nem
% -257 T + 18.62 J + 44.6 K Nem Ans.
R = /(-148.81)2 + (56.74)% + (-664.68)° = 683.49 N & 684 N

Co = /(—256.56)z + (18.62)2 + (44.57)2 = 261,07 Nem = 261 N°m

For the force R For the couple Co
6 = cos™' ZH23:8% = 102.6° 6, = cos™' 22200 = 169.3°
6, = cos”’ 2312 - g5.2° 6, = cos™" a3z = 85.9°
6, = cos™! 22202 = 166.5° 6, = cos™" 52131 = 80.2°
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4-147% Forces are applied at
points A, B, and C of
the bar shown in Fig.
P4-147. Replace this
system of forces with

a force R through

point O and a couple C.

Fig. P4-147

SOLUTION

R=%F 1+ IF, 3+ IF, £ =175 T + (200 + 150) 3 + (-225 + 125) k

=175 1 + 350 3 - 100k 1b Ans.
CO = (rA/O x FA) + (rBIO x F‘B) + (rC/O X F‘C)
= (20T +22K) x (225 k) + (20T + 223 + 22 k) x (200 3J)
+ (20T +223 +32K) x (175 T + 150 3 + 125 k)
= -6450 T + 7600 J + 3150 K in.-1b
= -6.45 T + 7.60 J + 3.15 & in.-kip Ans.

R = /ﬁf + Ri + Rf - /(17512 + (350)% + (-100)% = 833.7 1b

C = /c?+ cj + c: - /(-6450)2 + (7600)> + (3150)% = 10,454 in.-1b

For the force R For the couple Co
_ -1 175 _ . o _ -1 -6450 _ °
Gx = COS  gaz g = 77.9 6x = cos TETZEZ = 128.1
_ -1 350 _ o _ -1 7600 _ o
Gy = cos  gas 7 = 65.2 Gy = oS Tg 454 - 43.4
- -1 =100 _ ° - -1 3150 _ )
92 = cos  ga3.7 - 96.9 92 = COS 10454 - 72.5
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4-148 Forces are applied at
points A and B of the
bar shown in Fig.
P4-148. Replace this
system of forces with
a force R through point
0 and a couple C.

0N 85N
Fig. P4-148
SOLUTION
R=2F T+5F J+IF &=90T+(100+85) F+ (175 - 80) &

=90.0 T + 185.0 3 + 95.0 K N Ans.

Ol
u

o= (T, oxF (T, x Fy)
(0.625 3 - 0.225 k) x (100 J - 80 k)
1

(0.350 T + 0.625 § - 0.225 K) x (90 T + 85 J + 175 )

+

101.00 T - 81.50 3 - 26.50 K Nem
101.0 T - 81.5 7 - 26.5 kK N°m Ans.

n
]

R = /(90.0)% + (185.0)2 + (95.0)% = 226.6 N & 227 N

C, = /(101.00)% + (-81.50)2 + (-26.50)2 = 132.46 Nem = 132.5 Nem

For the force R For the couple Co
_ -1 90.0 _ o _ -1 101.00 _ o
Gx = cos | poE—e = 66.6 GX = cos  Ja5ge T 40.3
_ -1 185.0 _ o _ -1 -81.50 _ °
Gy =cos  oe 6 T 35.3 Oy = cos TR ae = 128.0
_ -1 _95.0 _ ° _ -1 -26.50 _ °
62 = COS  Soeg 65.2 62 = COS T35 16 101.5
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4-149% Reduce the forces
shown in Fig. P4-149

to a wrench and locate

the intersection of 801b
the wrench with the .
xz-plane. oin 12in.
/< Yy
x 50 b
Fig. P4-149
SOLUTION
R=2F 1+ TF J+EF, k=507 + (75 +80) k
= 50,0 J + 155.0k 1b Ans.
C - EHO = 75(12) T + 50(9) K = 900 1 + 450 k
R = /(50.0)% + (155.0)% = 162.86 1b
~ _ 50.0 ~ , 155.0 _ -
€, = Teoas I * 762 86 £ =0.3070 T + 0.9517 &
C = C-6R= (900 T + 450 &)-(0.3070 T + 0.9517 k) = 704.57
C“ = c"§R = 704.57(0.3070 T + 0.9517 k)
= 216.3 1 + 670.5 k in.*1lb Ans,
Cy=C-C =907 +450 k) - (216.3 T + 670.5 K)
= 683.7 T - 220.5 & in.-1lb
Alternatively:

Cp=rxR=1(x, T+32z K x(50.07F +155.0 k)

~

= -50.0z, T - 155.0x, J + 50.0x, kK in.-1b

683.7 z -13.674 in., = -13.74 in. Ans,

From 1: -50.0z

From k: 50.0x, = -220.5 X

-4.410 in. = ~-4.41 in. Ans.
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W. F. RILEY ANB L. D. STURGES

4-150% Reduce the forces
P4-150

to a wrench and locate

shown in Fig.

the intersection of

the wrench with the

300N
75 mm
SOON

xz-plane.
HSH;SEEEE‘;‘“*-~H_‘E-h
y
1 100N
Fig. P4-150
SOLUTION
- -1 75 °
& = tan 100 - 36.87
R=%F 1+ XF 3 + IF, E = (100 + 500 cos 36.87°) 3
+ {300 - 500 sin 36.87°) K =500 5 N Ans.
C = M, = 500 cos 36.87° (0.075) T - 300(0.125) J + 100(0.125) &
= 30.00 T - 37.50 J + 12.50 k
c = C-8,= (30.00 T - 37.50 J + 12.50 £)-(1.000 ) = -37.50 N-m
C“ = 8, = -37.50(1.000 3) = -37.50 J N'm Ans.
€, =C- CH = (30.00 T - 37.50 § + 12.50 k) - (-37.50 )
= 30.00 T + 12.50 § N°-m
Alternatively:
=T xR=(x, T+z, £) x (500 3) = -500z, T + 500x, K Nem
From 1: -500z, = 30.00 z = -0.060 m = -60.0 am Ans.
From K: 500x, = 12.50 x. = 0.0250 m = 25.0 mm Ans.
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4-151 Reduce the forces shown in
Fig.P4-151 to a wrench and
locate the intersection of

the wrench with the xy-plane.

601b

Fig. P4-151

SOLUTION

31 -55+4%

i

F_ = 420 = 178.2 T - 297.0 § + 237.6 ¥ 1b

B

(3)% + (-51% + (4)°

R = ZF 1 + EFY 3+ IR, £ = (60 + 178.2) T + (250 - 297.0) J + 237.6 k
= 238,21 -47.03 + 237.6 £ 1b Ans.

J1238.2)% + (-47.0)% + (237.6)° = 339.7 1b

C=mM,=1(r,,, x Fo) + (Tg,,x FB) + (T, X Fo)
= (3T +37F)x (60 T)] + (573 x (178.2 T - 287 J + 237.6 k)]
+ [{(57+4K)x (250 3)1 =188.0 % - 1071 & ft-1b

~ _238,2 ~  -47.0 ~ . 237.6 ¢ _ ~ -

8, =357 1+ 357 1 + 3357 £ -0.7012 T - 0.1384 F + 0.6994 &k

cy = T8, = (188.0 1 - 1071 K)+(0.7012 T - 0.1384 J + 0.6994 )
= -617.2 ft-1b

CH = c“§R = -617.2(0.7012 T - 0.1384 § + 0.6994 k)
= -432.9 T + 85.4 §J - 431.7 k ft+1b Ans.

C,=0C- C“ = (188 T - 1071 B) - (-432.9 1T + 85.4 § - 431.7 k)
= 620.9 T - 85.4 § - 639.3 kK ft-1b

Alternatively:

C,=TrxR-= (x, T +y, J) x (238.2 T - 47.0 3 + 237.6 k)

”~

= 237.6y, T - 237.6x, J + (-47.0x, - 238 2y,) £

2.613 ft = 31.4 in. Ans.

From 1: 237.6y, = 620.9 Yo

-85.4 X 0.359 ft = 4,31 in. Ans.

i
1}

)

From -237.6xR
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4-152 Reduce the forces shown in
Fig.P4-152 to a wrench and
locate the intersection of

the wrenchwith the xy-plane.

Fig. P4-152
SOLUTION
F, = 136[1-3-1—3—J]= 83.18 T + 166.36 J N
/5
Fe . 118[ 27+ 1.25 2] . 160[—1 i+ 1.25 E]
Y5.5625 Y2.5625
= -99.95 T - 100.06 J + 187.48 Kk N
R=IF=F +F =-16.777 + 66.30 J + 187.48 kN Ans,

/Q—16.77)2 + (66.30)2 + (187.48)2 = 199.56 N

C- zn0 = (;AIO x FA) + (;BIO X FB)

H

[(1.25 ) x (83.18 T + 166.36 )1

({17 +23) x (-99.95 T - 100,06 J + 187.48 k)1

+

167.01 T - 83.51 F + 99.84 k Nem

~ _ -16.77 = . 66.30 ~ . 187.
€ “7199.56 * * 199.56 4 t 199.5

e

8 ¢ = -0.0840 T + 0.3322 F + 0.9395 &

7]

-~

cy = C-éR = (167.01 T - 83.51 § + 99.84 k)-(-0.0840 1 + 0.3322 J + 0.9395 K
= 52.03 N'm

C" = 0"6R = 52,03(-0.0840 T + 0.3322 § + 0.9395 k)

= -4.371 T + 17.28 § + 48.88 K Nm Ans.
C, =C- C" = 171,38 T - 100.79 5 + 50.96 £ N'm
Cp=FxR=(x, T+y, 3)x(-16.77 T + 66.30 J + 187.48 k)
= 187.48 y, T - 187.48 x, J + (66.3 x, + 16,77 y ) k
From J: -187.48x, = -100.79 xo = 0.5376 m = 538 mm Ans.
From 1: 187.48y, = 171.38 Yo = 0.9141 m & 914 mm Ans.
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4-153 A 2500-1b jet engine is
suspended from the wing
of an airplane as shown:
in Fig. P4-153.
Determine the moment
produced by the engine
at point A in the wing
when the plane is
{a} On the ground with
the engine not
operating.

{(b) In flight with the
engine developing a

thrust T of 15,000 1b. Fig. P4-153
SOLUTION
(a) M =M K = wd, £ = 2500(8 sin 35°) &
= 11,472 & ftelb = 11.47 ft-kip Ans,
(b) M =M K = (Wd, - Td) K = [2500(8 sin 35°) - 15,000(8 cos 35°)] &
= -86,827 k& ft-1lb = -86.8 ft-kip Ans,
4-154 Determine the moment of . F=1650 N

the 1650-N force shown

in Fig. P4-154 about i
point O.
mm
180 mm
P Ty
180 — ‘/\‘
Fig. P4-154
SOLUTION

-180 T + 180 3 + 80 &k

F = 1650 = -1113.1 T + 1113.1 F + 494.7 %k N
(-180)% + (180)% + (802
ﬁo =T x F
= {(0.360 T + 0.240 J + 0.400 k) x (-1113.1 T + 1113.1 § + 494.7 §)
= -32771 -623 3 + 668k N'm Ans.
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4-155*% The driving wheel of a
truck is subjected to
the force-couple system
shown in Fig. P4-155.
Replace this system by
an equivalent single
force and determine the
point of application of
the force along the
vertical diameter of the

wheel.
N=18001b
Fig. P4-155
SOLUTION
R-zF 1+ EFy 3 =750 T + (1800 - 1800) J = 750 1 1b Ans.
€= M £ = -600(12) & = -7200 kK in.-1b
Mz = RyR = 750yR = 7200 Vg = 9,60 in. Ans,
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4-156% A bracket is subjected
to the force-couple
system shown in Fig.
P4-156. Determine
{a) The magnitude and

direction of the
resultant force R
{b) The perpendicular
distance from
support 0 to the
line of action of
the resultant.

Fig. P4-156

SOLUTION
(a) R

ZFX 14 EFy 1

(200 cos 30° + 300 cos 30°) 1

H

~

+ (200 sin 30° + 300 sin 30° - 400) j = 433.0 T - 150.0 § N

/(433,012 + (~150.0)% = 458.2 N & 458 N

R =
R
_ -1 Yy _ -150.0 _ _ o
Bx = tan Rx = —15576 = -19,11
R =458 N9 19.11° Ans.
(b) T = M, k£ = [300(1) - 200(1) - 400(2 cos 30°) + 300] K
= -292.8 § Nem = 292.8 N-m
M, = Rd = 458.2(d) = 292.8 N°m d=0.639 m = 639 nm Ans.
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4-157 Determine the resultant
of the parallel force
system shown in Fig.
P4-157 and locate the
intersection of its
line of action with

the xy-plane,

T
e
Y ™

S it Sty -

oy o)

Z

70

80 1b
1251 100 b 751b
200 1b
= - S — R
I ol ; LRy

SN
Fig. P4-157

SOLUTION

R

= -130 K 1b = 130 1b ¢

*F € = (125 - 80 + 100 - 200 - 75) K

IM = 125(5) - 80(5) + 100(12) - 200(19) - 75(19)

= -3800 ft-lb

TM = 80(3) + 75(3) - 100(6) - 125(9) + 200(9)

= 540 ft+1lb
ZMx = RyR = -130yn = ~-3800 ft-lb
IM = -Rx, = 130xR = 540 ft-1b

29.23 ft « 29.2 ft

Yr

X 4,154 ft = 4,15 ft

Ans.

Ans.

Ans.
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4-158 A 200-N force is applied at

corner B of a rectangular

plate as shown in Fig.

P4-158. Determine

(a) The moment of the force
about point O.

(b) The moment of the force
about line OD.

Fig. P4-158

SOLUTION

(a) F

1

= 200

0.46 1T + 0.50 § - 0.90 k

(0.46)2% + (0.50)% + (0.90)7

81.58 T + 88.68 J - 159.62 £ N

=-0.801 +2.00k m

B/O

(b) eOD

M

oD

=T xF =(-0.80 T +2.00 k) x (81.58 T + 88.68 J - 159.62 k)

B/0
1 Kl k
=} -0.80 0 2.00
81.58 88.68 -159.62

-177.36 T + 35.46 J - 70.94 kK Nem

% -177.4 T + 35.5 J - 70.9 k Nem Ans.

-0.80 1 + 0.50 ] | _ _5 8480 T + 0.5300 j

(-0.80)% + (0.50)°
= MO.eOD
= (-177.36 T + 35.46 § - 70.95 K)+(-0.8480 T + 0.5300 J)

= 169.2 N'm Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

4-159% A Z-section is loaded
with a system of forces
as shown in Fig. P4-159.
Express the resultant
of this force syvstem in

Cartesian vector form.

Fig. P4-159

SOLUTION

R=7zF '1‘+Z‘ij+EFZ§

= (80 - 80) T + (150 - 150) J + (100 - 100) kK = 0

C=IM T+ ZMy I+ M k

X

= -(100)(16) T - (100)(12) J - (150)(6) & - (80)(8) k

= -1600 T - 1200 3 - 1540 ¥ in.-1b

r
!

/(-1600)% + (-1200)% + (-1540)° = 2524.2 in.-1b

e
It

o = cos™ ;ﬁ = cos™ ;éggoz = 129.3°
-1 Yy -1 -1200 o
Gy = cos T = cos e = 118.4
1 % -1 =1540 )
62 = cos o =cos I, = 127.6

Ans.

Ans.
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4-160% A bent rod supports two
forces as shown in Fig.
P4-160. Determine
(a) The moment of the
two forces about
point O.

(b) The moment of the
two forces about

line OA.

Fig. P4-160

SOLUTION

(a) ﬁo = FC/O x F=(0.907 +0.8073 +0.35 E) x (250 T - 400 k)

T 3 k
= {0.90 0.80 0.35
250 0 -400

-320.0 T + 447.5 J - 200.0 K N°m

-320 T + 448 J - 200 K Nem Ans.

0.50 T + 0.35 k

= 0.8193 T + 0.5735 3

o
[

(b)

oA 2 2
(-0.50)" + (0.35)

M =M-e (-320.0 T + 447.5 3 - 200.0 k)-(0.8193 T + 0.5735 k)

OA O OA
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W. F. RILEY AND L. D. STURGES

4-161 The force F in Fig. P4-161
can be expressed in

Cartesian vector form as
F=6014+1003 + 120 K 1b

Determine the scalar
component of the moment
at point B about line BC.

-
——

Fig. P4-161

SOLUTION

-

A/B

91 +1873 + 32Kk in.

(18 -9) T + (30 -12)J+(32-0k

M =T, . x P=(91+1873+32%K) x (6071 + 10073 + 120 K)

B A
T 3 &
= 9 18 32
60 100 120

-1040 T + 840 3 - 180 Kk in.-1b

e, = -9 1+ 18 1| = -0.4472 T + 0.8944 )
(-9)% + (18)°
Mge = Ha'esc

1216 in.-1b

(-1040 T + 840 3 - 180 k)-(-0.4472 T + 0.8944 3)

Ans.
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4-162 A bent rod supports a
450-N force as shown
in Fig. P4-162.

{a} Replace the 450-N
force with a force
R through point O
and a couple C.

{b) Determine the
twisting moments
produced by force
F in the three
different segments
of the rod.

Fig. P4-162
SOLUTION
(a) R =XF =450 E N Ans.
T ,, = (0.425 cos 45° - 0.750) 1

+ (0.300 - 0.150) § - 0.425 sin 45° K

-0.4495 T + 0.1500 § - 0.3005 & m

C=r_ , xPF=(-0.4495 T + 0.1500 5 - 0.3005 k) x (450 k)

) j k
= |-0.4495 0.1500 -0.3005
0 0 450
= {67.50 T + 202.3 J) Nm & (67.5 T + 202 J) N-m Ans.
(b) Top ~ -0.750 ¥ - 0.150 )
i 3 k
ﬁB = FD/B x P =]-0.750 -0.150 0} =-67.51+ 337.5 J N°m
0 0 450
é,, = ~0.707 T + 0.707 k
My, = B -6, = (67.50 T + 202.3 J)-(1.000 J) = 202.3 N-m Ans,
My, = HB-eBA = (-67.5 T + 337.5 3)-(-0.707 T + 0.707 k)
= 47.7 N*m Ans.
Moo = M-8, =(-67.5T+337.5 J)-(-1.000 1) = 67.5 N-m Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W.

F. RILEY AND L. D. STURGES

5-1% Locate the center of gravity ¥
for the three particles shown
A
in Fig. P§-1 if W, = 25 lb, @
WB = 30 lbg and WC = 45 lb- . ,,I’ \\\\
f’ . \
’, \019" \‘
S— —
o ] ]
\\‘ 40 : 60° ”!
\ 1 P
1 1 P
i 1 s
B N 1 7’
S ! R -~
~. 1 .
e
Fig. P5-1
SOLUTION
W o= ZWi = WA + WB + WC =25 + 30 + 45 = 100 1b
ZWixi = WAxA + WBxB + chc
= 25(0) + 30(-10 cos 40°) + 45(10 cos 60°) = -4.813 in.-1b
DNy = Wy, + Woyg + Wy,
= 25(10) + 30(-10 sin 40°) + 45(-10 sin 60°) = -332.55 in.-1lb
WXG = Ewixi
YW ox
_ _i"i_ -4.813 _ _ . _ .
Xg = - = 100 - 0.04813 in. & -0.481 in. Ans.
WyG = Ewiyi
W y
_ ii _ =332.55 _ _ _ .
Vg = — = 100 - 3.3255 = -3,33 in. Ans,
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5-~2% Locate the center of mass

for the three particles shown
in Fig. P5-2 if m = 26 kg, o S R
m, = 21 kg, and m, = 36 ks. i Y
! \
;o fe S \
I S qf x
\ e ' ]
\ : J
A 1 /
B ! /I
i
]
1
1

SOLUTION

m = Emi =m, +m, +m, = 26 + 21 + 36 = 83 kg

Emixi = mX, + Xy + B X,

= 26(-200 cos 60°) + 21(-200) cos 30°) + 36(200) = 962.69 kg mm

Imy, = my, + my, * m.y,

= 26(200 sin 60°) + 21(-200 sin 30°) + 36(0) = 2403.33 kg-mm

mx, = Emlx1

Xg = Em;xi = 963569 = 11.599 mm & 11.60 mm Ans.
ny, = Im,y,

vg = Zm;y‘ - 2408:33 . 53,956 mm & 29.0 mo Ans.
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5-3 Locate the center of gravity
for the four particles shown
Fig. P§-3 if W, = 20 1lb,

in

WB = 25 1b, Wc = 30 1b, and
WD = 40 1b.
SOLUTION
W= Zwi = WA + WB + WC + WD = 20 + 25 + 30 + 40 = 115 1b
Myz = Ewixi = waA + WBxB + waC + WDxD
= 20{0) + 25{0) + 30(8) + 40(0) = 240 in.-1b
M, = INy, =Wy, + Wy + Wy + Wy,
= 20(12) + 25(12) + 30(12) + 40(0) = 900 in.-1b
Mxv ~ Ewizi = WAZA + WBzB + Wczc + WDZD
= 20(10) + 25(0) + 30(0} + 40(0) = 200 in.-1lb
i = - - ¥z _ 240 _ -
ka = Ewixi = Myz Xg = W =118 = 2.09 in. Ans.
Wy, = DW.y, = M__ yG=W£=%2—[5)-=7.83 in. Ans.
iz = SW oz = - Xy _ 200 _ -
sz = Zwizi = Mxy 2. = § =115 ° 1.739 in. Ans.
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5«4 Locate the center of mass
for the four particles shown
in Fig. P5-4 if m, = 16 kg,
my, = 24 kg, m, = 14 kg, and
m, = 36 kg.
SOLUTION
m = Zmi =m, +tm, t+om tmy = 16 + 24 + 14 + 36 = 90 ke
MYZ = Emixi = m,X, t+ BpXy t mX, + mX,
= 16(300} + 24(0) + 14(0) + 36(0} = 4800 kg mm
sz = Emiyi =my, T mg¥y oyt By,
= 16{(0) + 24(0) + 14(500) + 36(0) = 7000 kg*mm
Mxy = Emizi =mz, tmgZ, tmz, tompz,
= 16{(0) + 24(0) + 14(0} + 36(400) = 14,400 kg mm
- _ . _yz _ 4800 .
mx . = Emixi = Myz Xe * & =350 ° 533.3 mm Ans.
M
- - zx . 7000 _
my, = Zniyi =M _ Yo T o = 5o ° 77.8 mm Ans.
=Tz =M lay | 14,400 | o0 6 ng Ans
mz, = Im.z, =M zg = = T O m ns.

293




ENGINEERING MECHANICS - STATICS, 2nd.

Ed. W. F. RILEY AND L. D. STURGES

5-5% Locate the center of gravity

for the five particles shown

in Fig. P5-5 if WA = 25 1b,
WB = 35 1b, WC = 15 1b,
b = 28 1b, and WE = 16 1b.
Fig. P5-5
SOLUTION
w:Zwi=WA+WB+WC+WD+WE=25+35+15+28+16=1191b
Myz = Zwixi = WAxA + WBXB + chc + WDxD + WExE
= 25(10) + 35(10) + 15(0) + 28(10) + 16(0) = 880 in.*1lb
sz = zwiyi = WAYA + wByB + chc + wDyD + waE
= 25(0) + 35(11) + 15(16) + 28(16) + 16(0) = 1073 in.°1b
Mxy = Zwizi = WAzA + szB + wczc + WDzD + WEzE
= 25(0) + 35(0) + 15(0) + 28(11) + 16(11) = 484 in.*1b
= = - .yz _ 880 _ . .
WxG = ZWixi = Myz Xg = W =119 = 7.39 in. Ans.
Wy, = Zwiyi =M Vg © Wil = l%%% = 9.02 in. Ans.
Wz =Wz =M —-h-i—"—!-i8—4—407‘ A
Z, = (2 7 xy 2o = § =119 = 4 in. ns.
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5-6% Locate the center of mass .
for the five particles
shown in Fig. P5-6 if 200 mum E
m, = 2 kg, m, = 3 kg,
m, = 4 kg, m, = 3 kg,
and m, = 2 kg.
Fig. P5-6
SOLUTION
m= Zmi =m, +m, +m, +m t o = 2+3+4+3+2=14ksg
Myz = Zmixi = m,x, + mX, + BX, +ompxp + moXp
= 2{(300) + 3(150) + 4(300) + 3(300) + 2(0) = 3150 kg mm
M, =Imy =my, +my, + By, +my, +ny,
= 2(240) + 3(400) + 4(400) + 3(0) + 2(200) = 3680 kg mm
Moy = Imz, = mz, + myz, ¥ Mz, 4 Mz, + D7
= 2(0) + 3(0) + 4(270) + 3(270)+ 2(270) = 2430 kg*'mm
- - - vz _ 3150 _ .
mx . = Zmixi = Myz X6 % 7§ =7 ° 225 mm Ans.
- - - _zx _ 3680 _
my, = Zmiyi = sz Ve = 3 =7 - 263 mm Ans.
_ _ . o_xy _ 2430 _ .-
mz, = Zmizi = Mxy 2o =g 73 ° 173.6 mm Ans.
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W. F. RILEY AND L. D. STURGES

5-7 Locate the center of gravity
for the five particles shown
in Fig. P5-5 if WA = 15 1b,
WB = 24 1b, WC = 35 1b,
WD = 18 1b, and WE = 26 1b.
SOLUTION
W= Ewi = wA + WB + wc + wD + wE =15 + 24 + 35 + 18 + 26 = 118 1b
Myz = Ewixi = WAxA + WBXB + chc + WDxD + WExE
= 15(10) + 24(10) + 35(0) + 18(10) + 26(0) = 570 in.-1b
sz = Ewiyi = wAyA + wByB + wcyc + wDyD * waE
= 15(0) + 24(11) + 35(16) + 18(16) + 26(0) = 1112 in.-1lb
Mxy = Zwizi = WAzA + WBZB + WczC + WDzD + WEZE
= 15(0) + 24(0) + 35(0) + 18(11) + 26(11) = 484 in.*1b
e = - - yz _ 570 _ ;
WXG = Z‘Wixi = Myz Xg = % =118 = 4,83 in. Ans.
Sy - _ozx _ 1112 _ .
WyG = Zwiyi =M Ve =% =118 ° 9.42 in. Ans.
= - - _xy _ 484 _ ;
WZG = ZWizi = MxY 2=y 118 ° 4,10 in. Ans.
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W. F. RILEY AND L. D. STURGES

5-8 Locate the center of mass
for the five particles
shown in Fig. P5-6 if
m, = 6 kg, m, = 9 kg,
m, =9 kg, m = 7 kg,
and m, = 4 kg.
SOLUTION
m = Zmi =m, +m +m, +m +m = 6+ 9+5+ 7+ 4=231Kksg
LI Im X, = B,X, + BXp + B X, + WX, + mXp
= 6(300) + 9(150) + 5(300) + 7(300) + 4(0) = 6750 kg *mm
sz = Zmiyi =my, ¥ WYy oY + myYy tomeye
= 6(240) + 9(400) + 5(400) + 7(0) + 4(200) = 7840 kg mm
Mxy = Zmizi = m,z, + moz + m.z, + mpzp + m oz,
= 6(0) + 9(0) + 5(270) + 7(270)+ 4(270) = 4320 kg mm
mx, = Zmixi = Myz Xg = EZE = Q%%Q = 218 mm Ans.
my, = Emiyi = sz Vg = Eiﬁ = 1%%9 = 253 mm Ans.
Mey _ 4320
mz = Zmizi = Mxy e T = 139.4 mm Ans.
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5-9% Three bodies with masses of 2, 4, and 6 slugs are located at points
(2, 3, 4), (3, -4, 5), and (-3, 4, 6), respectively. Locate the
mass center of the system if the distances are measured in feet.

SOLUTION
m = .""..mi =m, +m, +tm, = 2+4+6=12 slug
Myz = Emixi =mx, +mXx, +BX
= 2(2) + 4(3) + 6(-3) = -2 slug-ft
M, =Iny, =my, +moy, + 0y,
= 2(3) + 4(-4) + 6{(4) = 14 slug+ft
Mxy = Emizi =Wz, + MZo + m.Z,
= 2{4) + 4(5) + 6(6) = 64 slug-ft
=Smx =M oDz 22 L g 667 £ A
X = 0%, = M, 6% m " 12° 7Y ns.
sz 14
my, = Emiyi = sz Ve * 3 T3 ° 1.167 ft Ans.
M
- - - Xy _ 64 _
mz, = Emizi = Mxy Ze =3 12 5.33 £t Ans.
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5-10 Three bodies with masses of 3, 6, and 7 kg are located at points
(4, -3, 1), (-1, 3, 2), and (2, 2, -4), respectively. Locate the
mass center of the system if the distances are measured in meters.

SOLUTION
m = Emi =m, +m, +m = 3+6+ 7= 16 kg
Myz = zmixi = WX, ot mpXp +omX,
= 2(4) + 6{-1) + 7(2) = -20 ke'm
sz = Emiyi = nAxA + meB + mCxC
= 3(-3) + 6(3) + 7(2) = 23 kg*m
Mxy = Zmizi = m X, + mX, + mX,
= 3(1) + 6(2) + T(-4) = =13 ke'm
M
- - - vz . 20 _ =
mx . = Zmixi = MYz X @ =16 ° 1.2 m Ans.
M
- _ o o_zx _ 23
my, = Imy, = M, Yo =m "1 1148 m Ans.
M
_ - . xy i3
Bz, = Emizi = Mxy 2o T 7 % Tig 0.813 m Ans.
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D. STURGES

5-11% Locate the centroid of the
shaded triangular area shown
in Fig. P5-11 if b = 12 in.

and h = 8 in.
F 4
: 4
Fig. P5-11
SOLUTION
For the differential element 3
of area shown in the sketch
at the right:
vy = - x
h ;r\\\\
dA = vy dx = E(b - x) dx b S
) xllléx
dmx=§dA=~"-‘-5(b-x)2dx
2b
h
dd = xdA = (b - x} x dx
b4 b
b, 2 2 b
Moo= P -0fa=Eo | -0 ax
0 2b 2b 0
2 3 b 2
b |2, n 2, X o bh
=" 2[b X bx + 3 ] ol
2b 0
b b
M=f9tb-x)xdx=—'3f (bx - x°) dx
¥ Ob bo
!g[bjx_a]"g_zh
bl 2 3l0 6
=1
A= 5 bh
M 2
_ -y _bh/6 b _12 _ :
Axc = My Xo = A " bh/2 "3 3° 4.00 in. Ans.
M 2
Ayc = Mx Vo = Ki = 25%%% = % = % = 2.67 in. Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
5-12% Locate the centroid of the
shaded triangular area shown
in Fig. P5-12 if b = 200 mm
and h = 300 mm.
x
Fig. P5-12
SOLUTION
For the differential elemen: 3
of area shown in the sketch
at the right:
y=1x
b Y
h
dA=ydx=Exdx x
2 ..l.“.ﬁ‘
dM‘z-gdA=h—-2-x2dx
2b
dM = x dA = h x2 dx
¥ b
b ,2 2 b 2 b 2
M= Bt B[ e s B S B
o 2b 2b” "0 2b 0
b b 3b
[ h_ 2 - h - hix bh
My = Io b X dx = b Jo x dx = b[ 3]0
1
A= 5 bh
M 2
- ..y _bh/ad _2,_2 -
Axc = My Xe =3 = bh/z - 3 b = 3(200) = 133.3 anm Ans.
M 2
- - _x_hb/6 _h_ 300
Ayc = Mx Ye =3 = on/2 - 3 3 = 100.0 mm Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F.

RILEY AND L. D. STURGES

5-13 Locate the centroid of the
shaded area shown in Fig.
P5-13.

Fig. P5-13

SOLUTION

For the differential element
of area shown in the sketch
at the right:

b 2 2
y-;a—x ‘i
X
dA=ydx=§/a-x dx ‘_X__.ILix
2
aM =% {y dx) —(a - x ) dx
x 2
2a
3qa 2
M = I Ya - x% dx = —-[a X - 5—] . &b
X 30 3
dM = x (y dx) = b X az— x2 dx
b a
a 2
T AR R Y/ AR
4 0
A= J y dx = g I /az - x2 dx
A 0
b[ z 2 2 . -1 x]a Tab
= —|x¥Ya - x + a sin - = e—
2a a 4
0
M 2
- _ .y _ab/3 _da
Axc = My X. = A " mab/d - 3n Ans.
M 2
- . .x_ab /3 _4b
Ay, = M, V¢ "% T mab/d - 3m Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-14 Locate the centroid of the

shaded area shown in Fid,

P5-14,
b
Fig. P5-14
SOLUTION
For the differential element H
of area shown in the sketch
at the right:
xz
g y
2 : p 3
dA:ydx=-§—bdx - K ,“ d%
v 4
dMd = dA) = — dx
x 2 8b°
x3
dMy = x dA = % dx
b 4 b S5qb 3
mo= ] e tae L] -5
o 8b 8b 0 8b 0
b 3 b 44b 3
" X 1 3 1 [x ] b
M = S dx = o x dx = 5|5 = 35—
y 2b 2b Io 2bl4 o 8
b 2 b 3-b 2
X 1 2 1 {x b
A= ydx =} ¢ dx = 5 xdx=—[—]=—
A Jo 2b 2b Jo 2bi3 o 6
M 3
AxC =M X, = XZ = Ezig = % b Ans.
4 b°/6
M 3
x b~ /40 3
Ay . = M y.=—=——==z==Db Ans.
C x C A b2/6 20




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F.

RILEY AND L. D. STURGES

5-15% Locate the centroid of the
shaded area shown in Fig.
pP5-15.

Fig. P5-15

SOLUTION

For the differential element
of area shown in the sketch H

at the right:
y = /x
Y
dA = y dx = /x dx
w®
dM:XdA=2-(-dx ‘__X_JLJ_K
x 2 2
dMy = x dA = x:”2 dx
b b 21b 2
- X - 1 _lix [ . b
Mx_IOZdX-ZIOXdX-Z[Z]O 1
b 32 2 5/2 2 .5/2
M = J X dx = [— X ] = b
Y o 5 o 3
b b
A= I v dx =I /% dx = [% xa/z] = % h3,2
A a 0
M 5/2
Axc = M Xo = Kl = ng?EZ_Q = % b Ans.
4 2b”" /3
M 2
Ayc = Mx Vo = Ii = —Egéé—— = = b“2 Ans,
2b /3




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

5-16 Locate the centroid of the

shaded area shown in Fig.

P5-16.
: x
R S —
Fig. P5-16
SOLUTION
Y
For the differential element
of area shown in the sketch at
the right:
, Y
vy =2x - 0.04 x X
dA = ydx = (2x - 0.04 xz) dx !—2£’~‘Ji§
M, =% da = %(Zx - 0.04x%1% dx = (2x% - 0.08x° + 0.0008x") dx
2 3
dMy = xdA = (2x° - 0.04x7) dx
50 2 3 4
M= I (x~ - 0.08x" + 0.0008x } dx
0
3 4 5450
- [2x~ _ 0.08x _ 0.0008x = 8333 mm°
3 4 5
Q
50 3 4950
M= [ 2x® - 0.04%) ax = [2" - 0'04"] = 20,833 mn°
¥ 0 3 4 o
50 50
A= f y dx = I (2x - 0.04 xz) dx = [x2 - Q§Q£ x3] = 833.3 mm2
A I\ 0
. =M M 20833 N
X =8y X¢ =3 T TB3z,3 - e W ns.
M
- - _x _ 8333 _
Ayc = Mx Yo =% ©833.3 - 10 mm Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5~17% Locate the centroid of the
shaded area shown in Fig,.
P5_170

SOLUTION

For the differential element
of area shown in the sketch
at the right:

2

- ay
X =
bz
2
dA = x dy = E%— dy x
b
ay’
de =y dA = bz dy
X 82V4
dMy = 3 dA = E;?— dy
PV V2 R
M=) o= 1T ST
ob 4b - 0
b 2 51b 2
- ay _|ay | _ab
My-f o d [ 4] ~ 10
o 2b 10b -0
b 2 b
A:dey= é%dy:[iLz] :-3’2
A ¢ b 3b -a
M 2
_ _ .y _ab/l0 _ 3a
Axc = My Xo = el "3375_ = 10 Ans.
M 2
_ . _.x _ ab /4 3b
Ayc Mx Vo = relle —2575 =3 Ans.,




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-18% Locate the centroid of the
shaded area shown in Fig. ¥
P5-18.

a

Fig. P5-18

SOLUTION

For the differential element 5
of area shown in the sketch
at the right:

da (x

2
- = - X
2 x1) dy = (y a ] dy

3
2
dM =y dA = [y - g%) dy

1 X
dMy = -z;(x2 + xi) dA
J1f2 -2 g = Lfe2s 1) g
=32(X2 T % Yy =31¥ a2 ¥
a 2 3 3 4+ a a3
I G S R R R IEE
0 0
a 4 3 5 a 3
M =f l[yz__}f_] dy==.l[y_._L] =§§
y o 2 a2 213 5a2 o 1
sl - eeF-g -
Ax _ = M x, = %= a /15 = 2a Ans.
C y C 8.2/6 5]
/12 a
Ay . = M v =X -8/ _2 Ans.,
C x C az/s 2




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-19 Locate the centroid of the

shaded area shown in Fig.

P5-19.
SOLUTION
Y
For the differential element
of area shown in the sketch .
at the right: ’¢'
p
’ y
y = /3x ’
L - X
dA = y dx = /EE dx
. X dx
- X - 3x
de 2 dA 5 dx
dMy = x dA = ¥3 x3f2 dx
5 2+5
szf g—xdx=[§§—] = 15.75 in>
2 2
5 §/2+5
M =j /3 <% ax = /3 |X = 34.81 in®
Y 2 5/2 2
5 3/245 2
A:f/&dx=f§["—-] = 9.644 in°
» 3/2 »
M
- . ¥ _ 34.81 _ -
AxC = My Xe =% °9.644 - 3.61 in. Ans.
M )
N _ _x _15.75 _ .
Ay, = M, Ye =% “ 5.644 - 1.633 in, Ans.




ENGINEERING MECHANICS - STATICS, 2Znd. Ed. W. F. RILEY AND L. D. STURGES

5-20 Locate the centroid of the

shaded area shown in Fig.

P5~-20.
X
Fig. P5-20
SOLUTION B
For the differential element
of area shown in the sketch
at the right: a
¥ x
x = y40y
dA = x dy = Y40y dy H
/
dM =y dA = y40 v ° dy Pid
x = b 4
- X 4o
dMy =3 dA 20 y dy
ap a/2 572790 4
M = [ /10 v%dy = /@0 [L| = 186,494 ma
x 0/2
25 25
90 2490 R
Moo= f 20 vy dy = 20[%—] = 74,750 mm
4 25 25
a0 3/2+90
A:f /307 dy = LY 1 © 3073
25 3/2
25
M
_ _ Ny 186,494 _
Axc = Mv Xe =T F 73073 = 24.3 mm Ans.
Ay = M S Tx IS0 oo 0o A
yC - x yC - A - 3073 - . 1] ns.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
5-21 Locate the centroid of the
shaded area shown in Fig.
P5-21.
x
Fig. P5-21
SOLUTION
For the differential element
of area shown in the sketch
at the right: H
az = r2 - {r - y)z
a = y2ry - yz ‘.,//
I, A
dA = a dy = ¥2ry - yz dy 2 .__J. 3
3
de = ydA = y ¥2ry - yz dy I bt
r J
MX=I y/2ry-y2dv
0
2.3/2 3 r
=[- (2”33’) +r(y2r)f2ry-y2+—sm’11~—;r]
0
- anr® - 4r’
- 12
N 4
A= 3 Xr
M - 3
AVC = Mx Yo Ei = (3nr 24r }/12 =r %% Ans.
nr /4
Similarly
- . ) o
Axc = My Xo = r I Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-22 Locate the centroid of the
shaded area shown in Fig.
p5-22,

ARt x

Fig. P5-22

SOLUTION

For the differential element
of area shown in the sketch
at the right:

b2 = r2 - (r - y)2
b = ¥2ry - yz
a=r-7y2ry - yz %
dA = a dy = [r -y 2ry - yzl dy
de =ydA =y [r - y2ry - yz dy
i 2
MX-IO [ry-y 2ry -y dy
2 2. 3/2 3 r
_iry (2ry-vy) _ry-r) / _ .2 _r . -ty-r
= [ ot 3 5 2ry - ¥y 5 sin r
_ (10 - 3myr°
- 12
A:rz_.l-n’r2=.(_4_——n-)r2
4
Ay, = M g = Mo _ 0 -3melaz | (10 - 3m) -
Similarly:
- _ (10 - 3=
Ax, = MY Xe = (12 < 3m) r Ans.

3))




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F., RILEY AND L. D. STURGES

5-23 Locate the centroid of the
volume obtained by revolving
the shaded area shown in Fig.
P5-23 about the x-axis.

P
-

4in,
Fig. P5-23

SOLUTION

For the differential element
of volume shown in the sketch
at the right:

2
y = %(16 -x) X
2 n 2.2
A=nry = 61(16 - x )
4 2.2
dvV = A dx = EZ{IG - x ) dx
i) 4
= 51(256 - 32x + x ) dx
4
M =f de:-’f—f (256x - 32x° + x°) dx
vz v 64 o
2 4 64
_ I |256x 32x X} _ =1
= 64[ > 1 + 3 ]0 = 33.51 in.
4 574
v=’-‘~j (256 - 32x + x') dx = =%[256x - 22X + X| - 26,81 in-
64 0 64 3 51,
M
_ _Vyz 33,51 _ . oo
VxC = Myz XV *3%6.81 - 1.250 in. Ans.
From symmetry:
Vo = 2o = 0 Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-24 Locate the centroid of the v
volume obtained by revolving
the shaded area shown in Fig.
P5-24 about the x-axis.

b 100 — ]

Fig. P5-24
SOLUTION
Y
For the differential element I - :
of volume shown in the sketch P |
at the right: s |
7/
’ 5 i
/ |
- - -t - : X
\\ I
\ |
b |
] R :
~o |
A= my = m(50x) = 50m x ~o |
“""J
dV = A dx = 507 x dx
b 31b - 3
M =f de:I 50m x2 dx = som{i-| = 20%b
yz 3 3
0 o
b 21b
Vo= j 50m x dx = 501:[’2‘—] = 25mb°
0 0
Vx =M X = Myz = 507”)3/3 - g b
C Yz C V 251Tb2 3
With b = 100 mm:
x = 2(100) = 66.7 mn Ans
C 3 L »
From symmetry:
Yo = 2. = 0 Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

RILEY AND L. D. STURGES

5-25 Locate the centroid of
the curved slender rod

shown in Fig. P5-25.

¢ 2Hin. )
Fig. P5-25
SOLUTION
For the differential element
of length shown in the sketch X dx J'.'l

at the right:

Jax)? + (dy)? = Jax/dy)® + 1 dy

dL =
2 _ dx _ ¥
y = bx dy - 3
dL = J(y/3)% + 1 dy = % v2+ 9 dy

a

12
M = J x dL = J %E yz /yz + 9 dy

L Q

4

='%§[x/(y2+9)3-%x yz

= 304.96 in-

12
+9 -2 In [y rye 49 ]}

AV_IH
xR

12 12
M = I v dL = I % /2 + 9 dy = %[% Jiy2 + 9)° ] = 207.28 in2
L

0

12 12
‘L = I % y2 + 9 = %[% 7 Z 4 9 + % In (y + fyz + 9 ]] = 27.88 in.
0 o
_ _ _y _ 304.96 _ .
LxC = MY Xe = 1 57.88 - 10.94 in. Ans,
M
_ . _x _ 207.28 _ .
Lyc = Mx Ye* T = 27.88 - 7.43 in Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

5-26 Locate the centroid of ¥
the curved slender rod A
shown in Fig. P5-26 if 'T
b = 50 mm. o .
y=35 3
|
b )
Fig. P5-26
SOLUTION
For the differential element y

of length shown in the sketch
at the right:
X dx
dL = J1dx)? + (dy)? = /1 + (dy/dx)® dx | Ia'j
. S dy _ x
T ax " b \Qﬁak Ig
%
dL = /1 + (x/b)? dx = % /b% + %% dx
M = J I X fb + x dx
X o 2b°
b
[ f(b 2 3 QE— Yb - —— In {x + fb + x ]]
2b o
2 2 2
- 0.2101b° 0.2101(50)° = 525.25 mm
b b
_ _ 1 2 2 i1 2 z 3
M, = jL x dL = IO Ly/b? e x® dx = b[3 (b2 + x2) ]0
= 0.6095b° = 0.6095(50)> = 1523.75 mm°
b J 2 b
L = J % /bz + x2 dx = % [% b2 + x2 + g— In (x + b2 + x2 ]]
0 1]
= 1.1478b = 1.1478(50) = 57.39 mm
- _ _y _ 1523.75 _
LxC = MY X = L = £7.39 - 26.6 mm Ans.
Mo
LyC = Mx Vo = fﬁ = 2%%4%% = 9,15 mm Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-27 Locate the centroid of the
volume of the portion of a
right circular cone shown

in Fig. P5-27.

Fig. P5-27
SOLUTION A
)
[
For the differential element ﬂ\\
of volume shown in the sketch :: \
at the right: 'y .
' “\
!
! ' ? \\ 1&2
From similar triangles: . | Y
'
1
r' = 1(h - z) M‘\ z
P | S VUV U
2 nrl 2 ',’ ----- /-)—_ B 4
a=gur’t = =—(h - z) ' -
2 ,’
Qv = Adz = Z(h - 2)° de *
4h
h 2 2 2 2 3 49h 2 2
M, =] zav={ B ah-a) dz_“‘"z[hzz Zhe +%-] - b
4 v o 4h 4h 0
3 2
ir’ 4 [nr ] 3 r
dM = <—dV = —=|]——=|th - z}  dz = —5 (h - z) dz
vz 3n 3 4p3 3h°
_ h r3 3 _ r3 {(h ~ z)4 n r3h
M , = -3 (h - z) dz = 3 1 12
v 0 3h 3h 0
) B ? » i el (h - z)a L
V = - {h - z) dz = > 3 = 3
0 4h dh 1]
M 3
h/12 r
Vx_ =M X, =y, = yz o L = = Ans.
c yz c C v “rzh/12 n
M 2.2
- _ xy _Ttr'h /48 _ h
Vzc = Mxy z, = v C > =3 Ans.
nr"h/12




ENGINEERING MECHANICS -~ STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-28 Locate the mass center of the
hemisphere shown in Fig. P5-28
if the density p at any point P
is proportional to the distance

from the xy-plane to point P.

Fig. P5-28

SOLUTION

For the differential element
of volume shown in the sketch
at the right:

2
r =y2+(r~z) -2
2 2
¥ = 2rz - 2 -z
dm = p dV = kz (ny’) dz
= kn(2rz° - z°) dz
r 3 4ar 4
m = kn J (2rz° - 2°) dz = kn rz_ _z | _ SkRr
3 4 12
o o
h 4 S r 5
M = f z dm = kn I (2r53 -z dz = kn[ irz  _ 5—] - Sknr
T o £ 5], 710
M .5
nzC = Mx zC = ;y = 3kﬂr4/10 = %% r Ans.
4 5krr' /12
From symmetry:
Xe 2 ¥, =0 Ans.




\ENGINEERING MECHANICS - STATICS, 2nd. Ed.

5-29 Locate the mass center of the
right circular cone shown in
Fig, 5-29 if the density p at
any point P is proportional
to the distance from the xy-

plane to point P.

SOLUTION

For the differential element
of volume shown in the gketch
at the right:

RILEY AND L. D.

Mxy - xknr’n’/5 _

dm = p dV = kz dV = kz (ny° dz)
2 2
= kz E(EE] dz = knr z3 dz
h 2
h
2 _h 2
Mx = f z dm = kn: I z4 dz = EE%“[%—
Y m h ) h
o o dr J"‘ 2 dg = knrz[_‘_ " _ k'’
n? Yo n? L1y 4
mz_ =M zZ_, =
C xy C m kﬂrzhz/é
From symmetry:
Xe = ¥ = 0

o




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W.

F.

RILEY AND L. D. STURGES

5-30 Locate the centroid of the

volume of the tetrahedron

shown in Fig. P5-30. %
e—
4
y,/ Fig. P5.30
SOLUTION

For the differential element
of volume shown in the sketch
at the right:

2 3
v I EEE (c - 2)°% dz = ﬁhE[czz - Zc; + g ]
0 2c 2c 1]
Ve = N - Mey _ abc’/24 _
2. < Xy c v - abc/6
Similarly: X4
Ye

=T

=0 o =

e |0

abc

Ans.

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. ¥. F. RILEY AND L. D. STURGES
5-31 Locate the centroid of
the slender rod shown
in Fig. P5-31. -
17 in. :
4[]
%f-—lOin.—'I
Fig. P5-31
SOLUTION
The rod can be divided into three parts.
The centroid for the composite rod is
determined by listing the length, the 2 3
centroid location, and the first moment
for the individual parts in a table and
applying Eqs. 5-13. Thus,
)
L, = Jio? + (1n)? = 19.723 in.
Part Li X My Yei Mx
{in.) (in.) (in%) (in.) (in%)
1 10 5 50 0 0
2 17 0 1] 8.5 144.5
3 19,723 5 98.62 8.5 167.865
z 46,723 148.62 312.15
LxC = ELixCi = MY Xe =1 % %6.793 - 3.18 in Ans.
Ly, = ELini = M Vo = fﬁ = %%%%%% = 6.68 in Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-32 Locate the centroid of

the slender rod shown _
in Fig. P5-32. |
100 mm
140 mm
100 mm
L.
PKDmmJ*KDmm*
Fig. P5-32
SOLUTION ‘a
|5
The rod can be divided into five parts.
The centroid for the composite rod is
determined by listing the length, the 3
centroid location, and the first moment
for the individual parts in a table and )
applying Eqs. 5-13. Thus,
Lzl
Part Li Xei My Yei Mx
(mm) (om) (an’) (mm) {mm°)
1 100 100 10,000 50 5000
2 100 50 5000 0 0
3 340 0 0 170 57,800
4 200 100 20,000 340 68,000
5 100 200 20,000 290 29,000
B840 55,000 159,800
e = TLx. =M _ T 58,000 _ g4 A
Xo = Xei = M, X =1 = 40 = .5 mm ns.
Ly = SLy. = _Tx 159,800 _ g0, A
Yo 7 2RV T8 Ye =T T T840 T -4 MR ns.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
5-33 Locate the centroid of
the shaded area shown
in Fig. P5-33.
!:li.n.'ll‘ 4in, ‘-!
Fig. P5-33
SOLUTION
The shaded area can be divided into
two rectangles. The centroid for the
composite area is determined by listing )
the area, the centroid location, and
the first moment for the individual
parts in a table and applying Eqs. 5-13. 2
Thus,
Part Ai Xey My Vei Mx
. . .3 . .
(inZ) (in.) (in) (in.) (in2)
1 6 6.5 3 3 18
2 4 3 12 0.5 2
= 10 15 20
M
- - - .y 15 _ :
Ax, = ZAixCi = My X. =7 T 1p = 1.5 in Ans.
- _ - _x .20 _ :
Ayc = EAini = Mx Ve =% 710 ° 2.0 in. Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5~34 Locate the centroid of

the shaded area shown

in Fig. P5-34,
X
b—t- 0|
20 mm
Fig. P5-34
SOLUTION
3
The shaded area can be divided into
three rectangles. The centroid for
the composite area is determined by 2
listing the area, the centroid
location, and the first moment for
the individual parts in a table and
applying Eqs. 5-13. Thus, J
Part Ai Xog My Yei Mx
(mn’) (um) (mm°) (mm) (um")

1 800 40 32,000 10 8000

2 2400 10 24,000 60 144,000

3 800 40 32,000 110 88,000

z 4000 88,000 240,000

M, 88,000

= = = 2L - 28T
AxC = ZAixCi = My X =3 4000 22.0 mm Ans.
Ay, = TAy. = M _ Tx 240,000 _ g A
Yo = “B¥e; & %% Ye ® & T Ta00p - V-V MR ns.
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ENGINEERING MECHANICS - STATICS,

2nd. Ed. W.

F. RILEY AND L. D. STURGES

5-35 Locate the centroid of
the shaded area shown
in Fig. P5-35.

y r4m1

A—5—h

ih

4in,

smlsm Lm

Fig. P5.35

SOLUTION

The shaded area can be divided into
a rectangle with two circles removed.
The centroid for the composite area
is determined by listing the area,
the centroid location, and the first
moment for the individual parts in a

®
Q

table and applying Eqs. 5-13. Thus,
Part Ai Xci My Yei Mx
(in%) (in.) (in?) (in.) (in3)

1 240 6 1440 10 2400

2 -12.57 3 -37.71 4 ~-50.28

3 -12.57 9 -113.13 16 -201.12

z 214,86 1289.16 2148.60

_ _ Uy _ 1288.16 _ .
Axc = EAixCi = My Xo =% —514.86 - 6.00 in Ans.

M, _2148.60 .

Ayc = zAini = Mx Ve =%  T214.86 - 10.00 in. Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-36 Locate the centroid of
the shaded area shown

in Fig. P5-36. ¥

-

mm'80 mum | 80 mm

Fig. P5-36

SOLUTION

The shaded area can be divided
into three rectangles. The

centroid for the composite area 3
is determined by listing the
area, the centroid location,

and the first moment for the )
individual parts in a table and
applying Eqs. 5-13. Thus,
Part Ai Xos My Yeou Mx
(mmz) {mm) (mma) {mm) (mma)
1 22,400 40 896,000 140 3,136,000
2 6400 120 768,000 240 1,536,000
3 12,800 200 2,560,000 200 2,560,000
E 41,600 4,224,000 7,232,000
M, 4,224,000
AxC = EAixci = My Xo = K! = —izi—éaa— = 101.5 mm Ans.
]
M 7,232,000
Ayc = EAini = Mx Yo 7 e = —lzijéaa— = 173.8 mm Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-37 Locate the centroid of
the shaded area shown
in Fig. P5-37.

SOLUTION
|:? |
The shaded area can be divided into
three rectangles. The centroid for
the composite area is determined by 2
listing the area, the centroid ) 1
location, and the first moment for
the individual parts in a table and
applying Eqs. 5-13. Thus,
Part Ai Xos Mv Yei Mx
(in%) (in.) (in}) (in.) (in?)

1 24 0 0 1 24

2 12 0 0 5 60

3 12 0 0 9 108

z 48 0 192

- - -y .0 _
Axc = EAixCi = My Xe T3 *48 " 0 Ans,

M

- - . _x _ 192 _ -

Ayc = ZAini = Mx Ve*7% =28 ° 4,00 in. Ans.

{Note symmetry about y axis)
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ENGINEERING MECHANICS - STATICS,

2nd. Ed.

W. F. RILEY AND L.

D. STURGES

5-38 Locate the centroid of
the shaded area shown
in Fig. P5-38.

SOLUTION

The shaded area can be divided into
three rectangles.
the composite area is determined by
listing the area, the centroid

location, and the first moment for
the individual parts in a table and

The centroid for

applving Egqs. 5-13. Thus,
Part Ai Xes MY Yeu Mx
() (mm) (om") (mm) (nm>)
i 3750 12.5 46,875 75 281,250
2 2500 75 187,500 87.5 218,750
3 1250 50 62,500 12.5 15,625
z 7500 296,875 515,625
M, 296,875
Axc = EAixCi = My Xe = Kl = _?366__ = 39.6 mm Ans.
M 515,625
Ayc = EAin1 = Mx Yo =3 < —?366—— = 68.8 mm Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-39 ILocate the centroid of
the shaded area shown
in Fig. P5-39.

SOLUTION

The shaded area can be divided into
two squares, a quarter circle, and a
triangle with a circle removed. The
centroid for the composite area is
determined by listing the area, the
centroid location, and the first
moment for the individual parts in a
table and applying Egs. 5-13. Thus,

212 1 2_ .2
A2 = 4nr = 4n(7) = 38.48 in.
_ _dr _ 4(7) _ .
Xeo = ¥e2 T35 = T3x 2.971 in.
A, = mr'= n(3)%= 28.27 in°
Part Ai Xes My Yoi Mx
(in’) (in.) (in3) (in.) (inS)
1 49 -3.5 -171.5 3.5 171.5
2 38.48 2,971 114.32 2.971 114.32
3 49 3.5 171.5 -3.5 -171.5
4 24.5 -2.333 -57.16 -2.333 -57.16
5 -28.27 0 0 0 0
= 132.71 57.16 57.16
M
- - ..y _ _37.2 _ ;
AxC = EAixCi = My Xe T % T 132,91 - 0.431 in. Ans.
My  57.2
Ay .= EA;YC1 =M Vo =% ° TﬁE??T = 0.431 in. Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-40 Locate the centroid of
the shaded area shown
in Fig. P5-40.

£

-3
A

e

i—‘75mm-l|i-75mm-ll

Fig. P5-40

SOLUTION

The shaded area can be divided into
a rectangle, and a quarter circle,
with a square removed. The centroid
for the composite area is determined
by listing the area, the centroid )
location, and the first moment for
the individual parts in a table and
applying Eqs. 5-13. Thus,

A, = iﬂrz = %nmo;z = 17,671 om°
_4r _ 4(150) _ .
Xeo = 3n o 63,66 mm
_am L 4 . 4(150) _
Vep = 50 + 3n - 50 + e = 113.66 mm
Part Ai xci My yCi Mx
(mmzl {mm) (mma) {mm) (mma)
1 7500 75 562,500 25 187,500
2 17,671 63.66 1,124,936 113.66 2,008,486
3 -5625 37.5 -210,938 87.5 -492,188
) 19,546 1,476,498 1,703,798
= TAx =M My | 1476498 | o . .
XC = ixCi = y XC = A = 19,546 = . mm ns.
M
_ _ _ x _ 1,703,798 _
Ay, = EAini =M Yo =3 ¢ _4157333* = 87.2 mm Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-41 {ocate the centroid of
the slender rod shown
/ Sin.
in Fig. P5-41. -I—- +
lZin.I!
) —— X
h—wqoh———4
Fig. P5-41
SOLUTION
The rod can be divided into four parts.
The centroid for the composite rod is 3
determined by listing the length, the
centroid location, and the first moment
for the individual parts in a table and
applying Eqs. 5-13. Thus, : ‘*
(4
L. =mnr = #{5) = 15.708 in.
3 /
L = inr = in(5) = 7.854 in
4 2 2 * L
Vo = 12+ 25 =12+ 203) - 15.183 in.
v, = 12 - 2= 12 - 28) - g.817 in,
s L 2r _ & 2(5) _ .
Xeq = 5 + w =9 + - = 8.183 1in.
Part Li Xeoq My Yei Mx
{in.) (in.) (in%) (in.) (in%)
1 10 5 50 0 0
2 12 0 0 6 72
3 15.708 5 78.54 15,183 238.49
4 7.854 B8.183 64.27 8.817 69.25
) 45,56 192.81 379.74
Ix = SLx. =M oy 192.81 oo A
c = ey M, X =1 = 4556 - & in. ns.
Ly = fLy. =M N1 T NP A
YC = iYC x yc =T S 45.56 - °* in. ne.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-42 Locate the centroid of

the slender rod shown
in Fig. P5-42,
X
Fig. P5-42
SOLUTION
The rod can be divided into four parts.
The centroid for the composite rod is 3
determined by listing the length, the
centroid location, and the first moment 4
for the individual parts in a table and
applying Eqs. 5-13. Thus,
« = in = 157.5°
=gt = R 2 )
Ly = 2roa = 2(100)(7n/8) = 549.78 mm —
_r sin « _ 100 sin 157,5° _
n, = p /8 = 13.92 mm
Yoq = 240 + 13.92 cos 22,5° = 252.86 mm
. o _ -
Xog = -13.92 sin 22.5° = =5,33 nm
Part Li Xey My Yei Mx
(mm) {mm) (mn®) {mm) (mmz)
1 120 60 7200 0 0
2 140 0 0 70 9800
3 549.78 -5.33 -2930 252.86 139,017
4 200 0 0 240 48,000
z 1009.78 4270 196,817
M
- _ - ¥ . 4270 _
LxC = ELixCi = MY Xe =1 1009.78 - 4.23 mm Ans.
M 196,817
- - - — - My =
LyC = ELini =M Ye =T = 1009.78 - 194.9 mm Ansg.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
5-43 Locate the centroid of y
the shaded area shown
in Fig. P5-43.
X
L—GhﬂﬂL-éh.
Fig. P5-43
SOLUTION
The shaded area can be divided into
a square, a half circle, and a quarter
circle with a circle removed. The
centroid for the composite area is
determined by listing the area, the
centroid location, and the first moment
for the individual parts in a table and
applying Egqs. 5-13. Thus,
1 o2 1 2_ . . 2
A2 = zﬂr = EH(G) = 56.55 in.
Yo, =6+ %—J‘% =6+ 4;? = 8.546 in.
21 2 1 2_ , 2
A3 = 4nr = 4n(6) = 28,27 in.
xC3=e+%§=s+%%’-=3.546 in.
Yeq = 6 - %% =6 - 4;ﬁ = 3.454 in.
A4 = nr2= n{3) = 28.27 in?
Part Ai Xci My Yoi Mx
(in®) (in.) (in>) (in.) (ins)
1 36 3 108 3 108
2 56.55 6 339.3 8.546 483.3
3 28.27 8.546 241.6 3.454 97.6
4 -28.27 6 -169.6 6 -169.6
z §2.55 519.3 519.3
M
- - - ¥ . 519.3 _ :
Axc = EAixcl = MY Xe = T = 95.85 5.61 in. Ans.
M
- _ - % - b19.3 _ -
Ayc = ZAin1 Mx Ve 92 55 = 5.61 in. Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D.

STURGES

5-44 Locate the centroid of

the shaded area shown
in Fig. P5-44,

SOLUTION

The shaded area can be divided into
a square with a circle and a quarter

circle removed.

The centroid for

the composite area is determined by

listing the area, the centroid

location, and the first moment for
the individual parts in a table and
applying Egs. 5-13.

2

A = nrl= m(60)2 = 11,310 oo’

2

Thus,

1 1 2
A3 = an = Zﬂ(IZO) = 11,310 mm
_ _ ar _ _ 4(120) _
Xeg = 240 3 - 240 I = 189.07 mm
_ _dr _ 401200 _
Veq = 240 an - 240 T 189.07 mm
Part Ai Xei My Yeu Mx
(mmz) {mm) (mn3) {mm) (mma)
1 57,600 120 6,912,000 120 6,912,000
2 -11,310 160 -1,131,000 80 -904,800
3 -11,310 189.07 -2,138,382 189.07 -2,138,382
z 34,980 3,642,618 3,868,818
M, 3,642,618
Axc = ):AixCi = My X. = KZ = W = 104.1 mm
1}
M
3,868,818
Ay = DAY, = M, Yo = Ki = dl§3?§§5_ = 110.6 mm

Ans.

Ans.
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5-45 Locate the centroid of
the shaded area shown y
in Fig. P5-45,
Fig. P5-45
SOLUTION
The shaded area can be divided into
a triangle and a rectangle with a
half circle removed. The centroid
for the composite area is determined
by listing the area, the centroid :
location, and the first moment for ' 3
the individual parts in a table and |
applying Eqs. 5-13. Thus, ! )
1.2 1 2_ .
A3 = Eﬂr = 2n(4) = 25.13 in.
_4r _ 4(4) _ .
Xeqg T35 T =m - 1.6977 in.
Y., = 10 + g = 11.667 in.
Part Ai Xoi My You Mx
(in%) (in.) (in®) {in.) (in>)
1 100 5 500 5 500
2 25 5 125 11.667 291.68
3 -25.13 1.6977 -42.66 5 -125.65
z 99.87 582.34 666.03
Ax_ = A x. =M x—M—"—582'34—583‘ A
c iXci = Ny c~a T 99,87 = %M ns.
Ay = TA = M _E_______aes.oa_ﬁs,,. A
YC lycl - * YC A 99.87 - * lnu nS.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D.

STURGES

5-46 Locate the centroid of

the shaded area shown

in Fig. P5-46.

G e

Fig. P5-46

SOLUTION

The shaded area can be divided
into a half circle with a square
and a triangle removed. The
centroid for the composite area
is determined by listing the area,
the centroid location, and the
first moment for the individual
parts in a table and applying

EQS- 5"13- ThuS,

"z =N 2 2
A1 = Er = 5{125) = 24,545 mm
_ 4r _ 4(125) _
Yoy = 3p = g = 53.05 mm
Part A Xo, My Yei Mx
(mmz) (mm) (mmg) {(mm) (mma)
1 24,545 0 0 53.05 1,302,112
2 -5625 37.50 -210,938 37.50 -210,938
3 -2813 -25.00 70,325 25.00 -70,325
r 16,107 ~140,613 1,020,849
Mo _140,613
- e — y— ol - —
AxC = ZAixCi = My X =5 = ——IETTB?- = -8.73 mm
M
_ ~ _ Ux _ 1,020,849 _ .
Ay = EAiYCi = M, Ye =& T 716,107 63.4 ma

Ans.

Ans.
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5-47% Locate the centroid of
the slender rod shown
iIl Figo P5_47|
SOLUTION
The centroid for the composite rod
can be determined by listing the
length, centroid location, and first
moments for the individual parts in
a table and applying Eqs. 5-13. )
Thus,
L3 = Rr = 7(9.90) = 31.1 in.
_ r sin o o _ 9.90 sin (n/2) o _ .
Vog = 7+ ———— cos 45" = T + w72 cos 45" = 11.457 in.
_ r sin o ., o _ 9,90 sin (7/2) . o _ .
Zog = 7+ ——— gin 45 = 7 + /2 sin 45 = 11.457 .in,
Part L. X . M v, M Z M
i Ci vz i zZX i Xy
. . . 2 . .2 . .2
{in.) (in.) (in. ) {(in.) {(in. ") {in.) {in. 7}
16.0 8 128 0 0 0
14.0 0 0 98 0
31.1 0 0 11.457 356.3 11.457 356.3
61.1 128 454.3 356.3
M
- - _ vz _ 128 _ ;
Lx, = ZLixCi = Myz X =1 TEL.1° 2,09 in. Ans.
M
= = - Zx _ 454.3 _ -
Ly, = ELini =M_ Yo T Bl 7.44 in. Ans,
M
_ - _ _xy _ 356.3 _ . :
Lz, = ZLizCi = Mxy A R T .83 in Ans,
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5-48 Locate the centroid of

the slender rod shown 2
in Fig. P5-48.
‘T\
200 mm
200 mm ¥
£ 7200 mm
Fig. P5-48
SOLUTION
The rod can be divided into three parts.
The centroid for the composite rod is 2.
determined by listing the length, the 3
centroid location, and the first moment
for the individual parts in a table and
applying EQS. 5_13- Thus, I
L. = inr = 1w(200) = 314.16 om
27 2 2 '
yCZ = ZCZ = % = g—(-g% = 127.32 mm
Part Li XCi Myz YCi sz z"Ci Mxy
(mm) {mm) (mmz) (mm) (mmz) {mm) (mmz)
1 800 100 80,000 100 80,000 ] 0
2 314.16 0 0 127.32 40,000 127.32 40,000
3 200 0 0 1] 0 100 20,000
= 1314.16 80,000 120,000 60,000
Mvz 80,000
— - — - b ] -
LxC = ELixCi = Myz Xe =7 = 1314.16 - 60.9 mm Ans.
Lo =T o M.« 120,000 _ o1.3 R
Yo = &% = Max Ve =T T i314.16 - 7o 0 ns.
Lz _=%Lz. =M z-M“Y-60’°°0-457n A
c T % T My ¢ T ° 1314.18 " ' MO ns.




ENGINEERING MECHANICS - STATICS, 2nd.

Ed. W. F. RILEY AND L. D. STURGES

5-49 A bracket is made of brass

{y = 0.316 1b/in ) and 3

aluminum (¥ = 0.100 1lb/in")

plates as shown in Fig. P5-49.

{a) Locate the centroid of
the bracket.

{b) Locate the center of
gravity of the bracket.

Aluminum

SOLUTION

For the aluminum plate:

v, = %(9)(9)(0.50) = 20.25 in>
W, = 7,V, = 0.100(20.25) = 2.025 1b
Xoa = 0.25 in. Yoa = 3.00 in. Zap

For the brass plate:

v = %n(9)2(0.5) - (7)(1.5)%(0.5) = 31.809 - 3.534

1}
DN
-+
W

_409)

T 3n

CB

v - _ ar
Wy = Y Vg = 0.316(28.275) = 8,935 lb A
_31.809(3.820) - 3.534(3.5) _ .
Xeg = 58.375 = 3.860 in.
_31.809(3.820) - 3.534(3) _ .
Ve = 38.275 = 3.922 in.
20.25(0.25) + 28.275(3.860) .
(a) x, = 20.25 + 28.275 = 2,35 in.
_20.25(3.00) + 28.275(3.923) _ .
Ve = 20.25 + 28,275 = 3.54 in.
_20.25(3.50) + 28.275(0.250) _ .
Zo = 20.25 + 28.275 = 1.606 in.
_2.025(0.25) + 8.935(3.860) _ .
(b) x, = 2.025 + 8.935 = 3.19 in.
_2.025(3.00) + 8.935(3.923) _ .
Vg = 2.025 + 8.935 = 3.7 in.
_ 2.025(3.50) + 8.935(0.250) _ .
zg = 2.025 + 8.953 = 0.850 in.

= 3.50 in.

28.275 in-

3.820 in,

= 0,25 in.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-50 A cylinder with a hemispherical
cavity and a conical cap is
shown in Fig. P5-50.

(a) Locate the centroid of
the composite volume if
R =140 mm, L = 250 mm
and h = 300 mm.

(b) Locate the center of mass
of the composite volume if
the cylinder is ladeaof
steel (p = 7870 kg/m ) and
the cap is made of aluminum
(p = 2770 kg/m" ).

SOLUTION

For the cone:

V= %ﬂrzh 2 %n(o.14o:210.3001 = 0.006,158 m°
m = yV = 2770(0.006,158) = 17.058 kg
e = = = . . 300 _
X, B ¥ B 0 z. = L + : * 250 + : : 325 mm

For the cylinder:

v = nelL = %(0.140)%(0.250) = 0.015,394 m°

m = yV = 7870(0.015,394) = 121.15 kg
X = ¥ = 0, z. = % B Q%Q = 125 mm
For the hemisphere:
v = 2ne® = mi(0.140)7 = 0,005,747 w°
m = yV = 7870(0.005,747) = 45.23 kg
X, = ¥ = 0, 2. =3 r=30140) = 52.5 mm

i) B 0.006,158(325) + 0.015,394(125) - 0.005,747(525) _ 229 mm P

c 0.008,158 + 0.015,394 - 0.005,747
X, =¥, 0 Ans.

_ 17.058(325) + 121.15(125) - 45.23(52.5) _
(b) z, = 17.058 + 121.15 - 45.23 = 197.0 ma Ans,
X, =Yg = 0 Ans.
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5-51 A bracket is
(y = 0.284 1
aluminum {7

plates as shown in Fig. P5-51,

(a) Locate t
the brac
{b) Locate t
gravity

made of steel
b/in,) and 3
= 0.100 1b/in.}
ket.

he centroid of ;Ej
Lj

he center of "
of the bracket.
h_trﬁ_é
* lin. 9““4L
1in.
Fig. P5-51

Aluminum

SOLUTION

H

For plate 1: V1

W1 =

Xoq = 5.00 in

For plate 2: V

2

¥s

x._ = 5,00 in.

c2z

For plate 3: V

3

8(1)(10) = 80 in>
v,V, = 0.100(80) = 8.00 1b

. Yoq = 0.50 in, Zo, 10.00 in.

11(10)(1) = 110 in’
¥V, = 0.284(110) = 31.24 1b
Yo, = 5.50 in. z., = 5.50 in.

5(1)(10) = 50 in>

W, = ¥V, = 0.100(50) = 5.00 1b
Xeq = 5-00 in. Yoy = 10.50 in. Zoy = 2.50 in.
_ 80(5.00) + 110(5.00) + 50(5.00) _ .
(a) c = 30 + 110 + 50 = 5,00 in.
_ 80(0.50) + 110(5.50) + 50(10.50) _ .
Yo = 80 + 110 + 50 = 4.875 in.
_ 80(10.00) + 110(5.50) + 50(2.50) _ N
Ze = 80 + 110 + 50 = 6.375 in.
_ 8.00(5.00) + 31.24¢5.00) + 5.00(5.00) _ .
(b) x4 = .00 + 31.24 + 5.00 = 5.00 in.
_ 8.00(0.50) + 31.24(5.50) + 5.00(10.50) _ .
Yg = 8.00 + 31.24 + 5.00 = 5.16 in.
, - 8:00(10.00) + 31.24(5.50) + 5.00{2.50) _ 5 o7 ;-

8.00 + 31.24 + 5.00

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
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5-52 A cylinder with a conical
cavity and a hemispherical cap
is shown in Fig. P5-52,

{a) Locate the centroid of the
composite volume if R = 200
mm, and h = 250 mm.

{b) Locate the center of mass
of the composite volume if
the cylinder is madeaof
brass (p = 8750 kg/m ) and
the cap is madg of aluminum
(p = 2770 kg/m ).

Fig. P5-52
SOLUTION
For the hemisphere:
v = Zne®= £(m)(0.200)° = 0.016,755 o’
m = 3V = 2770(0.016,755 = 46.41 kg
%, = ¥ =0 2, = h + 3r = 250 + 3(200) = 325 mm

For the cylinder:

V = mr’L = n(0.200)%(0.250) = 0.031,416 m°
m = 3V = 8750(0.031,416 = 274.89 kg
- - - L _ 250 _
Xo * ¥o = 0 2,25 =75 < 125 mm

For the cone:

%nrzh = %n(o.200)2(0.25o; = 0.010,472 n°

m = yV = 8750(0.010,472) = 91.63 kg

-3
n

Xo = ¥ = 0 Z, = 1 =7 = 62.5 mm
_ 0.016,755(325) + 0.031,416(125) - 0.010,472(62.5) _
(a) 2, = 0.016,755 + 0,031,416 - 0,010,472 = 231 mm  Ans.
Xo = V. = 0 Ans.
_ 46.41(325) + 274.89(125) - 91.63(62.5) _
(b} z, = 16.41 + 274.89 - 91.63 = 190.4 mm Ans.
Xg = ¥4 = 0 Ans.
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W. F. RILEY AND L. D. STURGES

5-53 Locate the center of

gravity of the bracket
gshown in Fig. P5-53 if
the holes have 6-in.
diameters.

SOLUTION

v, = %ﬂrzh = %ﬂ(6)2(7) = 395.8 in> ’
. 4r _ 4(6) _ .
Yegq = 20 + i 20 + A 22.55 in.
v, =V =V, = nrlh = n(3)%(7) = 197.9 in>
Part Vi xGi ¥z YGi sz ZGi Mxy
(in®)  (in.)  (ind)  (in.) (in?)  (in.)  (in))
1 1176 19 22,344 6 7056 3.5 4115
2 1680 6 10,080 10 16,800 3.5 5880
3 395.8 2375 22.55 8925 3.5 1385
4  -197.9 18 -3563 6 -1188 3.5 -693
5 -197.9 6 -1188 6 -1188 3.5 -693
6 -197.9 6 -1188 20 -3958 3.5 693
L 2658 28,860 26,447 9302
I =N _Mya 28,860 10.86 i A
Xs ~ iXgi T fyz Xe =7y T T2658 : in. ns.
. . M 26,447 _ 9.95 i A
Yo = “Vi¥a; T My Y¢ = 7v T T2658 T VU0 ns.
Vz_ = IV =N My w0240 A
ZG = izGi = Xy ZG = v = 2658 = . in. ns.
{Note that the plane z = 3.50 in. is a plane of symmetry)
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5-54 Locate the center of mass
of the machine component
shown in Fig. P5-54.3 The
brass (p = B750 kg/m )
disk C is mounted on_the
steel (p = 7870 kg/m )

shaft B.

SOLUTION

The machine component consists of
two solid circular cylinders and
a hollow disk.

For circular cylinder A:
v, = nrh = 7(0.075)2(0.300) = 0.005301 m"
m, = in‘ = 7870(0.005301) = 41.72 kg Yg1 = 0
For circular cylinder B:
v, = nr’h = n(0.040)%(0.300) = 0.001508 m"
n, = pzvz = 7870(0.001508) = 11.87 kg Y2 * 225 mm
For the hollow disk C:
2 2 2 2 a
Vy & l'r(r° - riih = n[(0.125)" - (0.040)7]1(0.100) = 0.004406 m
m, =PV, = 8750(0.004406) = 38.55 kg Yo3 = 325 mm
_ 41.72(0) + 11.87(225) + 38.55(325) _
Yo T 41.72 + 11.87 + 38.55 * 165.0 mm Ansi
From symmetry: Xy * 5 = 0 Ans.,
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5-55% Determine the surface area A
and volume V of the solid body
generated by revolving the
shaded area of Fig. P5-§5
through an angle of 360 about
the y-axis.

Fig. P5-55
SOLUTION
For the boundary line: - 2B L= mR
or the boundary line: XoL T o =
- - on[2R - 2
A= ZﬁxCLL = Zﬂ[ Tr](ﬂR) = 4RR Ans.
. - 4R = Lop?
For the shaded area: Xea = 31 A= an
_ _ oo f[4RY (L . 2) _ 4 .2
V = ZﬂXCAA = Zﬂ[3n]{§HR ] = 3ﬂR Ans.
5-56% Determine the surface area A
and volume V of the solid body
generated by revolving the
shaded area of Fig. P5—§6
through an angle of 360 about
the y-axis.
SOLUTION
. R 2 2
For the boundary line: Xy 53 L=R*+ R™ + h
A=2ﬂ(xCL)L=21I[g-][R+ R2+h2]=nR[R+ R2+h2} Ans.
For the shaded area: X -8 A= th
' CA 3 2
_ - on(R) (BD) _ Lyp?
1% 2ﬂ(xCA)A = 2“[3 [ 2] = ﬁﬂR h Ans,
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5-57 Determine the surface area A
and volume V of the solid body
generated by revolving the
shaded area of Fig. P5-57
through an angle of 360° about
the x-axis.

SOLUTION
For the boundary line: Voo = 2 in. L = 2(———2——;) = 4.619 in.
cos 30
A= 2my_ L = 2m(1)(4.619) = 29.02 in: & 29.0 in: Ans.
For the shaded area: Yea = % in. A = 2(2 tan 300) = 2.309 in?
2 .. 3 .. 3
V = ZﬂyCAA = Zﬂ[g](2.309) = 9.672 in., = 9,67 in. Ans,
5-58 Determine the surface area A
and volume V of the solid body v

generated by revolving the
shaded area of Fig. P5—§8
through an angle of 360 about
the y-axis.

Fig. P5-58
SOLUTION
For the boundary line: Xep = 200 mm L = 4(100) = 400 mm
3 2 3 2
A= ZuxCLL = 2n(200)(400) = 502.7(107) mm = 503(10 ) mm Ans.
For the shaded area: Vo = 200 mm A= (100)2 = 10,000 mm2

12.566(10%) mm° = 12.57(10°) mm°  Ans.

V= anCAA = 21(200)(10,000)
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5-59 Determine the surface area A
and volume V of the solid
body generated by revolving
the shaded area shown in Fig.
P5-59 through an angle of
360° about the y-axis.

oot ewd

Fig. P5-59
SOLUTION
B
For the boundary line: )q/l
.
1 1 ¢
LAB = Enr = Eﬂ(ﬁ} = 9.425 in.
_ _2r _ _ 2(8) _ .

(xc)AB = 12 el 12 & 8.180 in.

A, g = 27(x,), L, = 27(8.180)(9.425) = 484.4 in’

.2
ABC = Zﬂ(xC)BCLBC = 2n(12)(6) = 452.4 in.
.2
AAC = zn(xc)AcLAc = 2r{9)(6) = 339.3 in.
. 2

AS = AAB + ABC + AAC = 1276.1 = 1276 in. Ans.

For the shaded area:
A= %rz - %(5)2 = 28,27 in°
_ 1 _ae) -
(xc)A =12 I 12 an - 9.454 in.
v, = 2m(x,) A = 27(9.454)(28.27) = 1679 in? Ans.
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5-60 Determine the surface area A
and volume V of the solid
body generated by revolving
the shaded area shown in Fig.
P5-60 through an angle of
360° about the y-axis.

200 mm .I‘ 200 mm |
Fig. P5-60

SOLUTION

For the

AB

(x )AB

AB

AC

BC

boundary line:

1. -1 _

znr = 2N(ZOO) = 314.2 mm

200 + 2r _ 200 + 2(200) _ 327.3 mm
n b3

Zn(xC)ABLAB = 2m(327.3)(314.2) = 6

21t(xc)ACLAc = 2r({200)(200) = 251.3

Zn(xc)BCLBC = 21(300)(200) = 377.0

3 2
ALt AAC + ABC = 1274(107 ) mm =

shaded area:

%rz = %(200)2 = 31.42(10%) mn®
ir _ 4(200) _
200 + I = 200 + T = 284.9 mm

2m(x_, )A = om(284.9)(31.42(10%) = 56.2(10°%) mm"

Y
T\
c 8 %
46.1(10°) mn°
(10%) am”
(10%) om°
1.274(10°%) mm” Ans.
Ans.
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5-61 Determine the volume V of
the solid body generated #—— 9in. 9uL——ﬂ
by revolving the shaded
area shown in Fig. P5- 61
through an angle of 360°
about the x-axis.

Fig. P5-61
SOLUTION
Y
k‘/—
)
For the rectangle: X
. 2
A = 18(10) = 180 in.
Voq = 10 in.
For the half circle:
N, .2 _ . 2
A2 = 5(5) = 39.27 in.
- _4r _40) ;
Xop = 15 Iy = 15 3 - 12.878 in.
Vo= I2my A = 2y AL - ZRY oA,
= 2r(10)(180) - 2m(12.878)(39.27) = 8132 in? Ans.
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5-62 Determine the volume V of .
the solid body generated
by revolving the shaded
area shown in Fig. P5-62
through an angle of 360°
about the x-axis.

Fig. P5-62
SOLUTION B
)
For the half circle:
A, = %(150)2 = 35,343 an’ *
Veq = 250 mm

For the rectangle:

250(300) = 75,000 mm-

-
"

it

Yea 250 mm

For the triangle:

A, = %(300)(150) = 22,500 mm®
Vea = 250 mm
V= L2my A = 20y AL+ 2Ty A, - MY A,

2n{250)(35,343) + 2r(250)(75,000) - 2m(250)(22,500)
3

137.98(10°%) mm> & 138.0(10°) mn° Ans.
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5-62 Determine the volume V of
the solid body generated
by revolving the shaded
area shown in Fig. P5-63
through an angle of 180°
about the y-axis.

¥

Fig. P5-63

SOLUTION

&

K
For the half circle:
A, = %(8}2 = 100.53 in>
_4r _ 4(8) _ .
KXoy = " 3w - 3.395 in.
For the triangle:
! N ., 2
A2 = 2(12)(6) = 36 in.
X _ = %(6) = 2.00 in
cz 3 T e )
Vo= I0x A= Tx AL - XA,
= m(3.395)(100.53) - n(2.00)(36) = 846 in- Ans.
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5-64 Determine the volume V of
the solid body generated ¥
by revolving the shaded
area shown in Fig. P5-6g ,//)\
through an angle of 270
about the y-axis. \<

‘-ISOmm-'I
Fig. P5-64
SOLUTION
%
For the circular sector:
A, = rla = (300)2[g] = 47,124 pm°
_ 2r sin « _ 2(300) sin 30° _
Xoq = o = 3(7/6) = 190.99 mm
For the two triangles:
1 1 . o 2
A, = Z[Ebh] = 2[5](130)(300 sin 30°) = 27,000 am
_a+ b _ 300 cos 30° + 180 _
Xop = 3 = 3 = 146.60 mm
V=%¥0x_ A = éﬂx A, - Eﬂx A
Ci i 2 c1 1 2 cz2 2
= gn[190.99(47,124) - 146.60(27,000)]
= 23.76(10°%) mm” = 23.8(10°) am" Ans.
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5-65% Determine the volume V of
the solid body generated
by revolving the shaded
area shown in Fig. P5—6§
through an angle of 360
about the x-axis.

Fig. P5-65
SOLUTION
} o
]
]
H
]
21|
%
V= Iany A = 2Ny AL+ 2Ty A, +.2nyc3A3
= 2n(28)(80) + 2m{18)(64) + 2m(8)(48)]
_ a

23,725 in- & 23,700 im: - Ans.
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W. F. RILEY AND L. D. STURGES

5-66 . Determine the volume V of

the solid body generated
by revolving the shaded
area shown in Fig., P5-66
through an angle of 360°
about the y-axis.

Fig. P5-66

SOLUTION

For

the rectangle:

bh = 100(30) = 3000 mm>

150 mm

n

the half circle:

= grz = guom2 = 15,708 mm°
- g; - 4‘;20’ = 42.44 mn

the half circle removed:

w2 14 2 _ 2
= Er = 5(50) = 3%27 mm

. _Ar _ 4(50) _

- 3’1_ - 3’,t — 21022 mm

= EanCiAi = anCiA1 + 2nxC2A2 + 2rx_ A

6.493(10°%) mn®

c3 3

¥ 6.49(10°) mm”

w

P\ W,

2r(150)(3000) + 2m(42.44)(15,708) - 2m(21.22)(3927)

Ans.
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5-67 Determine the volume V of ¥
the solid body generated
by revolving the shaded
area shown in Fig. Pb-67
through an angle of 360°
about the y-axis.

Fig. P5-67
SOLUTION y
The area and centroid location for d3
the shaded area are not generally 1 %
known or listed in tables. Thus,
they must be determined. For the
element shown in the sketch: 7
Yy i
rI
X
dA = x dy = % 2 dy
2 12 12 2
A= I dA = f 3¥ dy = [%—] = 1.1667 in-
A 1 1
e e [T
My = J 3 dA = j 8 dy = [40] = 0.775 in.
A 1 1
M
- -y . _0.775 _ :
Axc = My Xe =% *71.1667 - 0.6643 in.
Vv = ZNXCA = 2n{0.6643){(1.1667) = 4.87 in? Ans.

When the area and centroid location are not known, the
volume is usually determined directly by integration.
Thus,

V= fl nx? dy = ﬁji L ay = [20 ]1 = 4.87 in-
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5-68 Determine the volume V of
the solid body generated
by revolving the shaded ¥
area shown in Fig. P5—6§
through an angle of 360
about the y-axis.

100 mm
Fig. P5-68

SOLUTION

The area and centroid location for
the shaded area are nct generally
known or listed in tables. Thus,
they must be determined. For the H
element shown in the sketch:

H %
— R Iuldx
dA = y dx = 5/x dx
100 100
A = I 5772 dx = [1% x3’2] = 3333 mn°
1] [4]
100 5/24100
M= f x dA = f 5x>'% dx = [12 ] = 200,000 mm°
y A 0 0
Mv 200,000
- = ¥ - 2,U0U
AxC = My Xy = i " 3333 60.0 mm
V = 2mx A = 27(60,0)(3333) = 1.257(10%) nm° Ans.

When the area and centroid location are not known the
volume is usually determined directly by integration.
Thus,

100 100
V= f anx (y dx) f 10mx°72 dx
Q 0

5/2 100 6 3
[4ﬂx ] = 1.257(10 ) mm
0
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5-69 Determine the resultant
R of the system of
distributed loads and
locate its line of action |
with respect to the left
support for the beanm
shown in Fig. PH-69.

100 1b/ft

BEE

HE e
T ol
} 3ft X 3ft , 3ft y
Fig. P5-69
SOLUTION
A,1 = 200(3) = 600 1b
Xog = 1.5 ft. . ) 2 3 Il
7T T
A2 = 150(3) = 450 1b
Xep = 4,5 ft.
A3 = 100(3) = 300 1b
Xeg = 7.5 ft.
R =Z%F = A1 + A2 + A3 = 600 + 450 + 300 = 1350 1b
R=1301 ¢ Ans.
+ C MA = A1XC1 + Azxc2 + A3xc3
= 600{1.5) + 4.50(4.5) + 300{7.5) = 5175 ft-1lb
Rd = M Q= A _BUT5 | gge e Ans
ToA "R T 1350 ~ y
13501,
umme——— oo,
: r Teeonnns -
! , ¥ H H
.23

I56




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

5-70 Determine the resultant
R of the system of M
distributed loads and
locate its line of action
with respect to the left
support for the beanm
shown in Fig. P5-70.

750 N/m

SOLUTION
A, = 2(750)(2) = 750 N
1 2
_ 2 -
Xoq T 3(2) = 1,333
21 -
A2 = 2(750)(4) = 1500 N
- 1 _
Xepy = 2 + 3(4) =z 3,333 m
R=2%LF = A1 + A2 = 750 + 1500 = 2250 N
R =2.25 kN Ans.
+ C MA = A1x01 + Azxcz
= 750(1.333) + 1500(3.333) = 6000 N-m
_ - _A _ 6000 _
Rd = MA d = 5 = 2500 - 2.67T m — Ans.
2.25 KN
"-""-1-.-
— Y LI
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D. STURGES

5-71 Determine the resultant
R of the system of Y
distributed loads and Ismnw&
locate its line of action R
with respect to the left
support for the beam
shown in Fig. P5-71.

250 Ib/ft

4 ft !

351t ]
Fig. P5-71
SOLUTION
N
_ _ ] |3 |
A1 = 250(4) = 1000 1b “
- ity
X = 2 ft
c1
21 -
A2 = 2(250)(4) = 500 1b
_ 1 -
Xep = 3(4) = 1.333 ft
A3 = 250(3.5) = 875 1b
Xoq = 5.75 ft
R =2XF = A1 + A2 + Aq = 1000 + 500 + 875 = 2375 1b
R =123715 1b { Ans.
+C M, = AjXey + A, + AKX,
= 1000(2) + 500(1.333) + 875(5.75) = 7698 ft-1b
Rd = M d-M—A-@-324ft—>. A
= M =R T 2375 Ans.
2375 )b
r~-~‘“‘— "
: Y L
L
Yyrr T
3.249




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-72 Determine the resultant
R of the system of
distributed loads and
locate its line of action 2.5kN/m
with respect to the left
support for the beam
shown in Fig. P5-72.

SOLUTION

A, = 2.5(4) = 10 kN

X = 4 m

A = %(2.5)(4) = 5 kN

_ 2 _
Xep = 2 + 3(4) = 4,667 m
R=ZF=A +A, =10+5=15kN
R = 15.00 kN {4 Ans.

ool
o
n
=
Q.
1
1
[

= ==z == 4,22 m — Ans.

)5.00 KN

359




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES
5-73 Determine the resultant

R of the gystem of y

distributed loads and 400 Ib/fi

locate its line of action
with respect to the left
support for the beam
shown in Fig. P5-73,

300 Ib/ft

SOLUTION
A, = 150(7 + 8) = 2250 1b
xg, = (7 + 8) = 7.50 ft.
A, = $(150)(7) = 525 1b
Xg, = %(7) = 2.333 ft.
A, = 3(250)(8) = 1000 1b
Xgy = 7+ %(8) = 12.333 ft.

R =2ZF = A, + A+ A S 2250 + 525 + 1000 = 3775 1b

3775 1b 4

+ C MA = A1XC1 + Azxcz + A3xC3

= 2250(7.50) + 525(2.333) + 1000(12.333)

Rd = M

Ans.,
= 30,433 ft-lb
A 30,433 oo X
=R "~ 3775 " U ns.
33751b
-l
."-.__- ‘-o"-‘ I'
| il - ]
! ik ot '
2 [l 1
|_ 8.06 5%




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W|

F. RILEY AND L. D. STURGES

5-74 Determine the resultant
R of the system of
distributed loads and
locate its line of action
with respect to the left
support for the beam
shown in Fig. P5-74.
Fig. P5-74
SOLUTION
A1 = 400(2.5) = 1000 N
X =1.25m 3
c1 |2 ifi‘q
I |
A, = 400(2.5) = 1000 N Trirtm T
Xep = 3.75 m
21 _
A3 = 2(400)(2.5) = 500 N
_ 2 -
Xeq = 2.5 + 3(2.5) = 4,167 m
A4 = 800(2.5) = 2000 N
Xog = 6.25 m
= XF = A1 + A2 + A3 + A4 = 1000 + 1000 + 500 + 2000 = 4500 N
R =450 N1 = 4.50 kN ¢ Ans.
+ C MA = A1XC1 + Azxcz + A3xC3 + A4xc4
= 1000(1.25) + 1000(3.75) + 500(4.167) + 2000(6.25) = 19,834 N*m
B = oA 19,580 ap L,
~a ) 4500 ~ ns
4.50 XN
—’.' ------- -‘
------ .—-f" !
: Y :
'77!37;1




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-75 Determine the resultant
R of the system of
distributed loads and
locate its line of action L 300 Ib/ft
with respect to the left AT
support for the beam
shown in Fig. P5-75.

3ft )
Fig. P5-75
SOLUTION
4
1 p
A, = 5(600)(3) = 900 1b 7
1) 2|3
Xaq = 1.0 ft 1 J
_1 - AR
A, = 5(300)(3) = 450 1b
Xep = 5.0 ft
A, = 300(3) = 900 1b
Xy = 1.5 ft
R=5F=A +A, +A +A, =900+ 450 + 900 = 2250 1b
R = 2250 1b = 2.25 kip ¢ Ans.
+C M, = AgXey * AKX, + AXg A X,
= 900(1.0) + 450(5.0) + 900(7.5) = 9900 ft-1b
Rd = M d = s 9900 4.40 ft A
=M, =R T 2250 T * - ns.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-76 Determine the resultant
R of the system of
distributed loads and
locate its line of action
with respect to the left
support for the beanm
shown in Fig. P5-76.

SOLUTION

=1 -
A, = 3(900)(3) = 1350 N

Xoq = 1.0 m

A, = 450(3) = 1350 N

Xep = 4.5 m

=1 -
Ay = 2(450)(3) = 675 N

Xoq = 7.0 m

R =ZLF = A1 + A2 + A3 + A4 = 1350 + 1350 + 675 = 3375 N

R=23375 N = 3.38 kN ¥ Ans.
+C My, = A Xoy + AX, + At AXey
= 1350(1.0) + 1350(4.5) + 675(7.0) = 12,150 N-m
Rd = M 4o oA 12,050 400, A
=M, ) 3375 -~ o0 m ns.
3.38 KN
F~s
: ‘\‘_r-v -----------
I 3.lOom




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

5-77 Determine the resultant
R of the system of
distributed loads and ’
locate its line of action
with respect to the left
support for the beam

w = 200Vx Ib/ft

shown in Fig. P5-77.

16 ft 1

Fig. P5-77

SOLUTION
Eﬂ——__-_l
Y™
b3
16
R=a-cx f W dx = f 200(x) 2 dx
A 0
= %(200)(x)3/2]16 = 8533 1b = 8530 1b
Q
R =853 1b ¢ Ans.
16 3/2 2 5/2
M, = j 200(x)%% dx = £(200)(x) ] = 81,920 ft-1b
a
Rd = M d = Th 81,920 g o0 s A
= My "R - "8533 7' ns.
85301
--------------- 1
- - :
 — ' ._I
% m#'”
I' 9..0 §t .

3¢9




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-78 Determine the resultant
R of the system of
distributed loads and
locate its line of action
with respect to the left
support for the beam
shown in Fig. P5-78,

SOLUTION
4 2 374
A, = f W odx = f (200x - 25x°) dx = [zogx - 25§ ] = 1066.7 N
A [4] 0
4 3, 474
M= j x dA = f (200x° - 25x°) dx = |200X _ 23X 1 . 5666.7 N-m
A 3 4
A [a) 0
M
My 2666.7 _ , -
Xe1 X, T 1066.7 2.500 m
A, = 400(2) = 800 N
Xe, = im
= IF = A, + A, = 1066.7 + 400(2) = 1866.7 & 1867 N
R=-187N1{ Ans.
+ ¢ M, = A;x., + AX,, = 1066.7(2.500) + 800(5) = 6666.7 N°m
Rd = N d oA 86667 _ g p A
= R " 1866.7 °° ns.
YB8LTI N
.—‘__—-- ----- 1
- |
/, ‘ .
__]




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-79 Determine the resultant
R of the system of
distributed loads and ¥
locate its line of action
with respect to the left
support for the beam

w=3x2 IbffL

shown in Fig. P5-79. _L:;";; r;;gi
10 fi L ft [
Fig. P5-79
SOLUTION
l |2

10 10
A = f W dx = I 3x2 dx = [x3] = 1000 1b
A 0 0
10 3 44 4
M, = f x da ={ 3x% dx = [—%—] = 7500 ft-1b
A 4] 0
M
x,, = =200 750 gt

j
n

300(5) = 1500 1b

=10 + %(5) = 12.5 ft

e
]

R=2XF = A_+ A, = 1000 + 1500 = 2500 1b

R=2500101 Ans.
+ CM, = Ax_ +Ax., = 1000(7.50) + 1500(12.5) = 26,250 ft-1b
My 26,250
_ - o, e My
Rd = MA d = 5= "os00 10.50 f¢t Ans,
2500 I,
e el
—"’ !
- = ¥
| I ]
R ATS— T
Yo.S0




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

5-80 Determine the resultant
R of the system of
distributed loads and
locate its line of action
with respect to the left
support for the beam
shown in Fig. P5-80,

w = 1002 N/'m

2m " 2m d
Fig. P5-80
SOLUTION
2 ) |2
f-/l\l
/]
7
2 32
s, = I W dx = f 100 x° dx = 102* ] = 266.67 N
A Q ¢
2 4 2
M, = J x dA = I 100 x° dx = 19%5—] = 400 N-m
A 8] 4]
M
_ A _ 400 _ =
Xeq 53 T 266.67 - 1900 m
A = & (400)(2) = 400 N
2 -2 -
X =2 +3(2)=2.667m
F 3 '
=TF = A + A, = 266.67 + 400 = 666.67 N & 667 N
BR=-667N14 Ans.
+ M, = Ax  +Ax., = 266.67(1.500) + 400(2.667) = 1466.8 N-m
Rd = M d = A 1466.8 _ , 0 L, A
A "R T 667.67 ns.
- LLT7 N
ﬂ ”, 1 ‘...-"’--
; -—", v ‘..“."k
|
/
.20
- 2.20m >




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W.

F. RILEY AND L. D. STURGES

5-81%

If the dam shown in Fig. P5-81
is 200 ft wide, determine the
magnitude of the resultant
force R exerted on the dag by
the water (¥ = 62.4 1b/ft™)
pressure,

T e

SOLUTION

max

yd = 62.4(20) = 1248 1b/ft°

hw
ps

1
2

- %(1243)(20)(2003
2.

496(10 ) = 2. 50(10 ) 1b

204t

‘ Ans.

5-82%

If the dam shown in Fig. P5-82
is 50 m wide, determine the
magnitude of the resultant
force B exerted on the dam by
the water {p = 1000 kg/m™)
pressure.

SOLUTION

max

ogd = 1000(9.81)(15)

= 147.15(10°%) N/m°

-y _1 hw
T oes zpmax cos 30°
15(50)

= %(147.15}(103) .
cog 30

S

} = 63.7(10%) N = 63.7 MN

Ans.

348
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5-83 A glass walled fish tank is 2 gt wide by 6 ft long by 3 ft deep.
wWhen the water (¥ = 62.4 1b/ft”) in the tank is 2.5 ft deep,
determine the magnitude of the resultant force R exerted on a 2 by
3-ft end plate by the water pressure and the distance from the
water surface to the center of pressure.

SOLUTION

pl“ax = Yd m-’

2 ,
= §2.4(2.5) = 156 1b/ft /
( ) ) / lgp / ot
- _ 1 ’
R = Vps - meaxhw Rl V:
1 ——l N
= 5(156)(2.5)(2) = 390 1b Ans. /,
L
S 2y .2 . >
d = 3d = 3(2.5) = 1,667 ft Ans. ):m“

5-84 A flat steel plate is used to seal an opening 1 m wide by 2 m high
in the vertical wall of a large water (p = 1000 kg/m )} tank. When
the water level in the tank is 15 m above the top of the opening,
determine the magnitude of the resultant force R exerted on the
plate by the water pressure and the distance from the centroid of
the area of the plate to the center of pressure.

SOLUTION F

2~
p, = pgd. = 1000(9.81)(15) T |¥5m
= 147,150 N/nm° R ¢
A
Py = pgdB = 1000(9.81)(&7) c
= 166,770 N/m"~ em
- - - h
Vps1 = pThw = 147,150(2)(1) = 294,300 N
PR -1 - -
Vp82 = 2(DB pT)hw = 2(166,770 147,150)(2¥(1) = 19,620 N
R=ZLF =V + V = 294,300 + 19,620
psl ps2 3
= 313,920 N & 314{107) N = 314 kN Ans.
MA = Vps1dC1 + VpdeCZ = 294,300(1) + 19,620(1.3333) = 320,460 N*m
My _ 320,460
= = o _ 941,304 _
de = MA dp =R < 313,920 - 1.0208 ft
d = dp - dC = 1.0208 - 1 = 0.0208 ft Ans.

367




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES -

5-85%

The width of the rectangular gate
shown in Fig., P5-85 is 8§ ft.
Determine the magnitude of the
resultant force R exerted on the 3
gate by the water (¥ = 62.4 1b/ft")
pressure and the location of the
center of pressure with respect to
the hinge at the bottom of the gate.

SOLUTION

p

ax

yd = 62.4(7) = 436.8 1b/ft°

=1
V = 2p hw

ps max

- %(436.8)(7)(8)

= 12230.4 1b = 12.23 kip Ans.

1, _ 1 -
§h = 3(7) = 2.33 ft

Ans.,

H=-

86

The width of the rectangular
gate shown in Fig. P5-86 is

2 m. Determine the magnitude
of the resultant force R
exerted on the gate by the
water (p = 1000 kg/m ) pressure
and the location of the center
of pressure with respect to the
hinge at the top of the gate.

SOLUTION

p

ma

R

x

pgh = 1000(9.807)(3) = 29,421 N/m° -

v = 1 hw

ps 2 max

- %(29.421)(3)(2)

= 88,263 N = 88,3 kN

1+ %(h) =1+ %(3) = 3m

¥
M
Ans. -Jl—- L&——A

Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

5-87% The width of the rectangular
gate shown in Fig. P5-87 is 4
ft. Determine the magnitude of
the resultant force R exerted
on the gatg by the water (7 =
62.4 1b/ft”) pressure and the
location of the center of
pressure with respect to the
hinge at the bottom of the gate.

Fig. P5-87
SOLUTION
dT =9 -6 sin 60 = 3.804 ft AT
Py = ?dT = $2,4(3.804) = 237.4 ft

p, = ¥d, = 62.4(9) = 561.6 ft

V.4 = Dyaw = 237.4(6)(4) = 5698 lb
1 1
V. .s = 3(pg - pylaw = 5(561.6 - 237.4)(6)(4) = 3890 b
R=EF=V _+V _ = 5608 + 3890 = 9588 1b = 9.59 kip Ans.
psl psd
M, = Vg, + V. dc, = 5698(3) + 3890(2) = 24,874 ft-1b
Rd = M d = T | A
b - A p ©R " 9588 - ° . ns.

371
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5-88% The width of the rectangular
gate shown in Fig. P5-88 is 4 m.
Determine the magnitude ¢f the
resultant force R exerted on
the gate hy the water (p =
1000 kg/m™ ) pressure and the
location of the center of
pressure with respect to the
hinge at the bottom of the gate.

Fig. P5-88

SOLUTION

3,5/sin 60° = 4.041 m

a

pgd = 1000(9.807)(3.5) = 34,325 N/m"

s}
il

max

- =1
R=V = 2p aw

max

= %(34,325)(4.041)(4)
= 277,415 N = 277 kN Ans.

(4.041) = 1.347 m Ans.

1 .
a8 =

p 3

[T

5-89 The width of the rectangular
gate shown in Fig. P5-89 is 3 ft.
Determine the magnitude of the
resultant force R exerted on
the gate by the water (¥ = 62.4
1b/ft") pressure and the location
of the center of pressure with
respect to the hinge at the

bottom of the gate. Fig. P5-89
SOLUTION
a = 8/sin 60° = 9.238 ft
p___ = Th = 62,4(8) = 499.2 1b/ft°
_ _1
R = vps - meaxaw
- %(499.2)(9.238)(3)
= 6917 1b = 6.92 kip Ans.
=1 _1 -
dp = 33 = 3(9.238) = 3.08 ft Ans,
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5-90 The width of the cylindrical
gate shown in Fig. P5-90 is
4 ft. Determine the magnitude
and the slope of the line of
action of the resultant force
R exerted on the gate by the
water (p = 1000 kg/m™)
pressure if d = 10 ft and

a=4 ft. BTN AP TN D
Fig. P5-90
SOLUTION
2 R
W=7V =17 %ﬂazw h"
= 62.4{%}(n)(4)2(4) = 3137 1b )
AE
p, = ¥d_ = 62.4(10) = 624 1b/ft° >
P
p, = ¥d, = 62.4(14) = 873.8 1b/ft? s
F. =V _ =op.aw= 624(4)(4) = 9984 1b
2 s2 T
P R
Fo =V .5 = Ppav = 624(4)(4) = 9984 1b
- =1 _
F4 - Vpsd - 2(pB pT)&W F3
- 1 _ _
= 5(873.6 - 624)(4)(4) = 1997 1b 5
F, = F, + W = 9984 + 3137 = 13,121 1b 4 W
F, = F, + F, = 9984 + 1997 = 11,981 1b —
R = /[sz + FHZ - /is121)2 + ( 11981)°
= 17,768 lb & 17.77 kips Ans,
« = tan v, tan”? 132121 o 47 g0 g
= tan F, 11,981 '
M, = F,(a/2) + W(4a/37) - F_(a/2) - F,(2a/3)
= 9984(2) + 3137(1.6977) - 9984(2) - 1997(2.667) = 0
Rd = M d =<2z —2 . 0 (R passes through 0)
p 0 p R 17,768
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5-91 Determine the magnitude
and locate the line of
action of the resultant
force R exerted by th
water (¥ = 62.4 1b/ft)
pressure on a 5-ft length
of the dam shown in Fig.
P5-91.
Fig. P5-91
SOLUTION 5
x =76 (9)?
av = Lx dy = 5/6 (y)*'% dy
24 1/2
v, = 5/6 (y) dy
'g 3s2.1%* 3
= |3(/6)y )] = 960 ft
L 0
24 2424
[ x - - |15y - 1
My, = | 3av= f 15y dy = [ : ] = 4320 ft
v 0 0
_ o1 _ 4320
Xey T " Tge0 T *O T
p = yd = 62.4(24) = 1497.6 lb/ft’
- _ 1 -
FH = Vpsz = 2(1497.6)(24)(5) = 89,856 1b
W= YV = 62,.4(960) = 59,904 1b
F
a -1 vV _ -1 59,904 _ o
« = tan FH = tan 89,856 - 33.77 9 Ans.
R = /F, + 2= /(89,856)2 + (59,904)% = 107,993 1b = 108,0 kip Ans.
Mo = Rd = Fudﬂ = de = 89,856(8) + 59,904(4.5) = 988,416 ft-1b
M
_ _0 _ 988,416 _ ’
d = "I Tﬁ7f§§§“ = 9.15 ft / Ans.
On the curved surface: y = %xz
Therefore: Ho = ny + Ryx

89,856(x2/6) + 59,904x = 988,416

x = 6.37 ft y = 6.76 ft ' Ans.
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5-92% A flat plate is used to

seal an opening in a
largg water (p = 1000
kg/m”) tank as shown in
Fig. P5~-92. 1If the
opening has the cross
section shown in Fig.
P5-92b, determine the
magnitude of the
resultant force R
exerted on the plate by
the water pressure and
the location of the
center of pressure with
respect to the bottom of
the opening if d = 5 m,
h=2m, and b = 2 m.

) ©) @

SOLUTION

da

dr

P/A

With

P/B

= pg(d + s sin 45°) s
= 1000(9.81)(5 + 0.7071s) ==4%
= 49,050 + 6937s b \ds ¢
_b -2 _
ol s ds = 5 s ds = s ds
= p dA = (49,050 + 6937s)(s ds) = (49,050s + 6937s>) ds
2 2
- f (49,050s + 6937s°) ds
0
2 32
= [24,5255 + 2312s ] = 116,596 N = 116.6 kN Ans.
(4]
2 3
= s dR = (49,0508 + 6937s”) ds
2 2 3 3 42
= f (49,0508 + 6937s”) ds = [16,3505 + 1734s ] = 158,544 N-m
0 0o
My 158,544 _ | 3508
=R " 116,596 = ° n
respect to the bottom of the opening:
=h-d,, =2-1.3598 = 0.6402 m  0.640 m Ans.
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5-93% A flat plate is used to
seal an opening in a
largeawater (y = 62.4
1b/ft™) tank as shown
in Fig. P5-92. If the
opening has the cross
section shown in Fig.
P5-92c, determine the
magnitude of the
resultant force R
exerted on the plate
by the water pressure
and the location of the
center of pressure with
respect to the bottom of
the opening if d = 15 ft,
h=25ft, and b = 5 ft.

) © @
Fig. P5-92

SOLUTION

p = ¥(d + s sin 45°)
= 62.4(15 + 0.7071s)
= 936 + 44.12s

)

_b
da = 2(h - s) ds
= %(5 - s)ds = (5 - s) ds

dR = p dA = (936 + 44.1s8)(5 - s) ds = (4680 - 715.4s - 44.1282) ds

5
R = f (4680 - 715.4s - 44.12s°) ds

0
S

= [46805 - 357.7s° - 14.70733] = 12,619 1b & 12.62 kip Ans.
[}

dM = s dR = (4680s - 715.4s> - 44.12s>) ds

s
M= J (4680s - 715.4s2 - 44.12s°) ds

0
5

= [234052 - 238.5s° - 11.03s‘] = 21,794 ft-1b
0
M

A _ 21,794

p/a SR - 12,619 - 17271 ft

With respect to the bottom of the opening:

d =h - dP/A =5 -1,7271 = 3.2729 ft = 3.27 ft Ans.
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5-94 A flat plate is used to
seal an opening in a
largg water (p = 1000
kg/m~) tank as shown in
Fig. P5-92. If the
opening has the cross
section shown in Fig.
P5-92d, determine the
magnitude of the
resultant force R
exerted on the plate
by the water pressure
and the location of the
center of pressure with
respect to the bottom of
the opening if d = 10 m,

and h = 1 m.
@
SOLUTION
p = pg(d + s sin 45°)
= 1000(9.81)(10 + 0.7071s) x

= 98,100 + 6937s

a = /(0.5) - (0.5 - )2

dA = 2a ds = 2(s - 32)1/2 ds
dR = p dA = [(196,200(s - s°)*'% + 13,874s(s - s°)'/?] ds
1 1
R = 196,200 I /s - s% ds + 13,874 f s /s - % ds
0 0
= 79.77(10%) N = 79.8 kN Ans.
dM, = s dR = [(196,200s(s - )12 4 13,8748%(s - )% ds
1 1
M, = 196,200 f s(s - s2)% ds + 13,874 f s?(s - 82)Y2 4s
(s (¢]
= 40,226 Nem
4 oma_ 20,226 oo
p/a - R 79,770 ~ 7° n
With respect to the bottom of the opening:
d,,,=h-d,, =1-0.5043 = 0.4957 m & 0,496 m Ans.
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5-95 A water (¥ = 62.4 lb/ft3) trough 6 ft wide by 10 ft long by 3 ft

deep has semicircular ends. When the trough is full of water,

determine the magnitude of the resultant force R exerted on an end
of the trough by the water pressure and the location of the center

of pressure with respect to the water surface.

SOLUTION J

p =7y
dA = 2x dy = 2/9 - yz dy
dR = p dA = 27y ¥9 - yz dy

3 3/293
R=27[y/9-y2dy=2w[—%[9—y2] ]
4]

0

= 18y = 18(62.4) = 1123.2 1b = 1123 1b

8 8 3, 78
My 8iny/s
RA = M d, =g = ‘IE%‘" = 1.767 ft

Ans.

Ans.
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5-96

A 4-m diapeter water (p =
1000 kg/m ) pipe is filled
to the level shown in Fig.
P5-96. Determine the
magnitude of the resultant
force R exerted on a 2-m
length of the curved section
AB of the pipe by the water
pressure and locate the line
of action of the resultant.

SOLUTION

Rd

F} y 2 ,,F%

Nyl
0o,
0

€

4 |3
-

Pa

pgV = 1000(9.31)@3(2)2(2) = 61,638 N

9810 N/m°

png 1000(9.81)(1)

pgd_ = 1000(9.81)(3) = 29,430 N/m°

B

v = p,rL 9810(2)(2) 39,240 N

ps2

9810(2)(2) = 39,240 N

Vps3 = pTrL

;=1 -1 - -
V.4 = 3(Pg = pIrL = 5(29,430 - 9810)(2)(2) = 39,240 N

W+F, = 61,638 + 39,240 = 100,878 N

F, +F, = 39,240 + 39,240 = 78,480 N

/%5 + Fi = /(100,878)2 + (78,480)2 = 127,810 N = 127.8 kN Ans.,

-1V _ -1 100,878 _ o
tan F tan —7§fZ§6 = 52.1 Ans.

Rd = Fz(r/Z) + W(4r/3m) - Fs(r/Z) - F4(2r/3)
= 39,240(1) + 61,638(0.8488) - 39,240(1) - 39,240(1.3333) = 0
M0 0
M, dp =g = 127,810 = 0 (R passes through 0) Ans.
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C5-97 A rectangular gate holds back water (y = 62.4 lb/ft3) as shown in

Fig. P5-97, The gate is 10 ft high and 8 ft wide and is pivoted

at a point 4.5 ft from its bottom edge. When the water level is
sufficiently low, the gate rests against the stop at C and does not
touch the stop at A. When the water level is sufficiently high,

the gate presses against the stop a A and does not touch the stop

at C.

(a) Plot FA, FBX, and Fc’ the horizontal components of the forces at

the two stops and the pivot, as a function of the water depth
h (5 £ h £ 35 ft).

{b) Plot d, the location of the
center of pressure relative
to the pivot B as a function
of the water depth h
(3 < h € 35 ft),.

{c) If the stop a A were removed,
at what depth of water would
the gate rotate and allow the
water to drain out? Where is
the location of the center of
pressure for this depth?

SOLUTIO
For h =
R

d

4.5C

B+ C

For h >

top

pbot

+ ¢ oM

N
15:
= 1tvth - 5)1¢h - 5)(8)
- Y VIR
= 4.5 - 3(h - 5) |
= Rd C = Rd/4.5"
= R B=R-C
B
+tn "——'Fl
15:
= y(h - 15) B
. i
= y(h - 5) ™ — C
1 bot
= y(h - 15){10)(8) + 5[7(10)](10)(8)
= R(5.5 + d)
= [y(h - 15)(10){8)1(5) + [{1/2)(¥)(10)(10)(8)1(2/3)(10)
_ 2(h - 16)(10)(8)(5) + (1/2)(¥)(10)(10)(8)(2/3)(10) _ ¢

R

380




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

C5-97 (Continued)

1Ifd> 0: A=20
C = Rd/4.5
B=R-C
If d < 0: cC=0
A = |Rd/5.5]
B=R-A
Water Forces on Gate Distance to C. P.
7 5
6 4
g° _ 2
g 3 k-]
1
& 2
1 Q
0 -
0 &5 10 15 20 25 30 35 o 5 10 15 20 25 30 3
h(m) h {ft)
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C5-98 A water tank at the aquarium
has a circular window 2 m in
diameter in a vertical wall
as shown in Fig. P5-98.

{a) Plot R, the resultant
of tBe water (p = 1000
kg/m” ) pressure on the
glass window, as a
function of the water
depth h (0.5 = h £ 5 m).

{b) Plot d, the location of
the center of pressure
relative to the center
of the circular window,
as a function of the
water depth h
{0.5 < h <5 m.

Fig. P5-98

SOLUTION

For h £ 2.5 m:

b a+ 0,5 -nh

/-'—‘
/az - b2

¢
n

tan 0 =

<
b

The shaded area A of water
at the window is obtained
by using the data in Table
5-1 for a triangle and a
gsector of a circle. Thus:

A=A -A =6a° - be

Location of the centroid of
area A with respect to the
center of the circle:

Baz{% é—ﬁéﬁ—g] - bc[% b] = %(a3 sin € ~ bzc)

AdC = Asds - Atdt

4 = Ad, - Ad - Z(a3 sin 6 - b°c)
¢ A, A 3(8a° - be)
R=pA= Y(dc - b)A
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C5-98 {(Continued)
21
d =z jA p(p dA)
2 2 Z
=1 [ etate - m12)/a® - p% do
b
3/2 2 3/2qa
T RN o NI G
R b
4 3/2 2 4 3/2
=2—;[’1‘L+§[a2-b2] - el az-bz-g—sini-:---g—[az-bz] ]
For h > 2.5
P = ¥(h - 1.5)
2 2
R=pA=np.ra”) = 7(h - 1.5)("a’)
d==x[ ptpda)
R L
+a
= L[ ol - 1.5 + )142) /a® - 0% ap
~ -a .
- 3/2 2
= 2—%-— %[az - pz] + g—-[p faz - pz + az sin_‘l %]
3/2+4 +a
+ %(h - 1.5)[&2 - pz] ]
-a
4 4 2
= iTa = ¥Ta = a
B 4pyn - sty AR 1D
Aquarium Window Force Aquarium Window Force
120 0.0 4
100 02
g o g 04
g 60 v .08
40
- 08
20
0 4.0
0 1 2 3 4 5 0 1 2 3 4 5
h {m) h (m)
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C5-99 A wine barrel is modeled as a circular cylinder 4 ft in diameter
and 6 ft long on its side as shown in Fig. P5-99,

{a} Plot R, the resultgnt of the
wine (y = 56 1b/ft ) pressure
on the end of the barrel, as
a function of the wine depth h
(0 s h<4ft).

(b} Plot d, the location of the
center of pressure relative to
the center of the circle, as a
function of the wine depth h
(0 £h=4ft).

SOLUTION

From the geometry of a cross
section through the cylinder:

: : aa; ? b’ ’Ah :
tan @ = £ /////////, —Trh

The cross sectional area A of the
wine is obtained by using the data
in Table 5-1 for a triangle and a
sector of a circle:

2
A=A - A =8a" - bc
s t
Location of the centroid of
area A with respect to the
center of the circle:

1l
h 23
Q.

I

b

=9

Ad

C - t t
- 0422 2 =in 6] _ bc(g b]
3 E] 3 Force on Wine Barrel
= %(a3 sin 6 - bZc)
Asds - Ad,
d, = ——=———
C AS - At
- 2(a3 sin & - bzc)
2
3(6a" - be) 00 05 10 15 20 25 30 35 40
R = pA = ¥(d, - blA Height, h (f)
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C5-99 (Continued)

=< [

jA p(p dA)

=TTy

f pl¥(p - b)1{2Wa® - o2 dp
b

as2 2 —_——
a
4 a/2 2 4
_ 2y |na b{ 2 .2 _ab 2 2 _a _. -1
=R [TE_ + 1 a b 8 re b g~ sin

Force on Wine Barrel

0.0
-5.0
-10.0

-15.0

Depth, d (in.)

-20.0

-25.0
00 05 10 15 20 25 30 35 40

Height, h (ft)

3/2qa

bl 2 2
o3l -]
b

)]

g Iz
i
w|T

388




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

C5-100 The tank shown in Fig. P5-100 is basically rectangular (1 m square

by 2 m long). It is being raised from its sade to its end. If the

tank is one-fourth full of oil (p = 850 kg/m™):

(a) Plot h, the depth of o0il in
the tank, as a function of
the angle 6 (0° < 6 < 90°).

{b) Plot R, the resultant of
the oil pressure on the end
of the tank, as a function
of 6 (0° <6 < 90°).

(c) Plot d, the location of the
center of pressure relative
to the center of the square,
as a function of the angle
e (0° <6 s 90°).

Fig. P5-100
SOLUTION
For 8 = 0°:
V= EH(Z)(I)(I)
= 0.5 = constant
For 0 < 0 < 91:
V= 0.5=2(b+c)(2)(1)
_h - _h
cos 8 = b b= cos O
tan @ = b ; < c=b-2 tan 6
2h _
b+c=2b-2 tan 6@ = g 2 tan 6 = 0.5
cos
h = 0.25 cos @ + sin O
21 1 _1
R = 2(Yh)(b)(l) d = 5~ 3 b
8 = angle at which c = 0
1
h
For 91 0= 92:
1 _
V = E(a + b)h = 0.5
_ _h -
= tan O b =h tan 6

386




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

C5-100 (Continued)

1/2 o b
h = tan 9 ™~
2
1 + tan” 6 é ‘1
B

c—-———}-l-—

" cos @

-1 =1 _
R = 2(1h)(c)(1) d = 5 C

8_ = angle at which c =1

d
-

V= 2(b + c)(1)(1) = 0.5 h
sin 8 = % ¢ = EIE_ﬁ
tan 6 = E—%-g b=c¢- E;%—g
b+c=2c taié)“ﬁga'tml:e:l Frer
h = gin 8 ; cos @ PBQT > BECOSB
Dy,p = V(b = cos 0) P, = Ih S b
R = (7(h - cos 8)1(1)(1) + 3[¥ cos 8] (1)(1)

d = %[v(h - cos 8}](0) + [% J cos eJ [% - %]

Force in Qil Tank Force in Oil Tank

Height (m)
Force, R (kN)
O = =2NNWWWwhLLL

0O 15 30 45 €6 75 90 0 15 30 4 60 75 90
Theta (deg) Theta (deg)
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5-101 Locate the centroid of the

shaded area shown in Fig.
P5-101.
2in.
y=0.5x2
I[‘ 2in.
Fig. P5-101
SOLUTION

For the differential element
of area shown in the sketch
at the right:

dA = {x, - x,) dy = [/Eyuz - %yz] dy

o
=
n

=
n

=
)
1]

o 9 20]
2 172 1 2 2/2 3/2 °
A= [ﬁy Ey] dy = [3 GL] = 1,3333 in®
0 o)
M
- _ _y . _1.200 _ .
Axc = My Xe =% *71.3333 © 0.900 in. Ans,
M
Ay, = M_ Vo =4 = T% = 0.900 in. Ans.
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5-102 Locate the centroid of the

shaded area shown in Fig.

P5-102.
40 mm
2 o (DT T .
—r_l'—ISOmm—'l'—wOmm—'l
Fig. P5-102
SOLUTION
The shaded area can be divided
into two rectangles and a circle
with a circle removed. The 3
centroid for the composite area
is determined by listing the area,
the centroid location, and the 2
first moment for the individual
parts in a table and applying ] ]
Egs. 5-13. Thus,
Part Ai Xos MY Yoi Mx
(mnz) {(mm) (mma) {mm) (mma)

1 14,400 4] 0 20 288,000

2 6400 0 0 120 768,000

3 31,416 0 0 300 9,424,800

4 -11,310 0 0 300 -3,393,000

z 40,9086 0 7,087,800

M

= .y . _0 _
AxC = My Xe =4 = 10,906 0 Ans,
a = Yy _ 7,087,800 _ .44 R

YC =M, YC A 40,906 = .J mm ns.

(Note that the composite area is symmetric

about the y-axis; therefore, X

= 0)
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5-103 Locate the centroid of
the volume shown in
Fig. P5-103 if R = 10

in. and h = 32 in.

Fig. P5-103
SOLUTION
r 4
For the differential element y d Ple
of volume shown in the sketch ,| /,’ |
at the right: - :}e
- - - !
=xTT o - —Y
55‘
* ‘. :
'\\ ]
M
2 nRz 4
dV = 7z dy = ——:1— dy
h
B ho i nRz Xi h nthz
sz = dv = ~— dy = 2 |5 = 3
v h 0 h 1]
2 _h 2 r 51h 2
v h 0 h 0
_Me: mr®h%s6 5
Vyczsz yC_V_ 2 -'gh
_ AR h/5
. . 5 5 .
With h = 32 in.: Ve § h = 6(32) = 26.7 in. Ans.
From symmetry: X, = 2. = 0 Ans.
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5-104 Two channel sections and r——“————2ﬂhmn———————1

a plate are used to form
the cross section shown

in Fig. P5-104. Each of
the channels has a cross-
sectional area of 2605 mm .
Locate the y-coordinate

of the centroid of the
composite section with
respect to the top surface
of the plate.

25 mm

—_—

203 mm

SOLUTION
A = 250(25) + 2(2605) = 11,460 mm”

M_ = 250(25)(-12.5) + 2(2605)(-126.5) = -737,190 o

Ay = M M _merias0 g, s .
Yo = % Ve % T 11,460 - %45 mm Ans.

5-105 Determine the volume
of material removed
when the groove is
cut in the circular
shaft shown in Fig.

P5-105.
SOLUTION .
2, = 2+ 2(2) = 3.333 in. 2"; 32"‘ ;"’ \
2m,
Zop, = 2+1=231in.
Zoy = 2 + 2(2) = 3.333 in. 2':;
A= A1 + A2 + A3 =2+6+2=10 in?
M, = Az + Az, + A2, = 2(3.333) + 6(3) + 2(3.333) = 31.33 in?
AzC = My Z. = ;l = Q%aéﬁ = 3.133 in.
V= 2mz A = 2m(3.133)(10) = 196.9 in: Ans.
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5-106 Locate the centroid and

L

the mass center of the
volume shown in Fig.
P5-106 which consists of

an aluminum cylinder
(p = 2770 kg/-al and a
steel (p = 7870 kg/m°)

cylinder and sphere.

100 mm 175 mm

100 mm 100 mm
Fig. P5-106
SOLUTION
For the aluminum cylinder:
. = 2 = 2 - 6 3 = =
b‘ =nr h = n(100)"(300) = 9.425(10 ) mm Xeq = 2., F 0
-3
m = p’V‘ = 2770(9.425)(10 ") = 26.11 kg Yoy ® 0
For the steel cylinder:
2 2 6 3 N ~
Vz =nar L = n(50)°(175) = 1.374(10 ) mm Xcz2 ® 30p ® 0
-3
m, = pzvz = 7870(1.374)(10 ") = 10.81 kg 187.5 mm
For the steel sphere:
4 3 _ 4 a_ 6 3 N ~
V3 = sur = 3ut100) = 4.189(10 ) mm Xog = 8pq = 0
<3
m, = pavg = 7870(4.189)(10 ") = 32.97 kg Vo3 ® 375 mm
_ 9.425(0) + 1.374(187.5) + 4.189(375) _
Ve = 9.425 + 1.374 + 4.189 = 122.0 == Ans:
From symmetry: Xe = 8, S 0 Ans.
. _ 26.11(0) + 10.81(187.5) + 32.97(375)
¥g = 26,11 + 10.81 + 32.97 = 206 mm Ans.
From symmetry: X, = 3, = 0 Ans.
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5-107 Determine the resultant
B of the system of y
distributed loads on the w = 200Vx Ib/ft w = 400 Ib/ft
beam of Fig. P5-107 and = 19 P o
locate its line of action
with respect to the left

support of the bean. l
4 ft q 4fi g 4ft
Fig. P5-107
SOLUTION
J 2 3
'nl%rrr T
4 1/2 2 3’2 4
A, = I w dx = I 200(x) "% dx = [5(200)x ] = 1066.7 1b
A ) )
4 3/2 /2 4
M= f x dA = f 200(x)%"% dx = [:(zOO)x‘ ] = 2560 ft-lb
A
A Q (4]
M _
) My 2360 _
Axc& - MA Xey © Al T 1066.7 2.400 ft
A, = 400(4) = 1600 1b X., = 6 ft
-1 'y - -
A, = 3(4001(4) = 800 1b X, = 9.333 ft

R =ELfF = Ayt A Ay = 1066.7 + 1600 + 800 = 3466.7 = 3.47 kip

B = 3.47 kip ¢ Ans.
3.97 K:P
My = AXoy A, AKX, I
-
= 1066.7(2.400) + 1600(6) 7 TNl
[ ‘d_l
¢ 800(9.333) = 19,626 ft*lb sy o - i
5.5t
Rd = M,
d = YA 19,626 L g ocepe 4
=R T 3466.7 7 ns.
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5-108 Determine the resultant
R of the system of y 900 N/m
distributed ioads on
the beam of Fig. P5-108
and locate its line of
action with respect to
the left support of the

beam.
——2m g 4m 1
Fig. P5-108
SOLUTION
3
) |2
r:;}nv -
A, = 3(900)(2) = 900 N yr7¥em
-2 -
Xoy = 3(2) = 1.333 m

A_ = 600(4) = 2400 N

- 1 _

Xep = 2+ 3(4) = 4.00 m

A, = %(900 - 600)(4) = 600 N
_ 1 -

Xey =2+ 3(4) = 3.333 m

3900 N = 3.90 kN

R =1IF = At A+ A= 900 + 2400 + 600

R =3.90 kN ¢

My = AgXeg + A%, + A,
= 900(1.333) + 2400(4.00) + 600(3.333) = 12,800 N-m
Rd = N gt 12800 g0
=M =R T 3900 T ve4°nm
3.90 KN
PR p
e 1
”
Z j
C -
7771‘;,77 'rm%m
3.28

Ans.

Ans.
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5-109 A square viewing window is

located in a larsge water
tank as shown in Fig. P5-109.
Determine the resultant force
R exerted by the water
pressure on the window and
locate its line of action
with respect to point A at
the top of the window if & =
35 ft and B = 25 ft. Use
62.4 lb/ft” for the specific
weight ¥ of water.

Fig. P5-109

SOLUTION

d. = 35 - 4 sin 457 = 32.17 ft <

b, = ¥d, = 62.4(32.17) = 2008 1b/ft>

p, = ¥d = 62.4(35) = 2184 1b/ft”

2 2 ‘QQ
V.., = Ppa’ = 2008(4)° = 32,128 1b
_ 1 - 2 _ 1 _ 2 _

Vo.a = 30 - Bp)a’ = 5(2184 - 2008)(4)" = 1408 1b

R=TF=V  +V ,=32128 + 1408 = 33,536 b & 33.5 kip Ans.

My =V, e, + Vo, = 32,128(2) + 1408(2.667) = 68,011 ft+1b
Rd = M d = o | sBL011 2.027 ft & 2.03 ft A

p = Ma p R " 33,636 _ “°° ' ns.
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6-1 Draw a free-body diagram
for the cantilever beam
shown in Fig. P6-1 which
has a weight W.

SOLUTION

The action of the fixed support
at the left end of the beam is
represented by force components
Kx and Ky and a moment HA. The
weight ¥ of the beam acts through
the center of gravity G of the
beam and is directed toward the

center of the earth.

6-2 Draw a free-bedy diagram
for the beam shown in Fig.

P6-2 which has a mass m.

SOLUTION

The action of the pin at support A
is represented by force components
Kx and Ky. Force B acts normal to
the supporting surface at B. The
weight W = m§ of the beam acts
through the center of gravity G of
the beam and is directed toward the

center of the earth.

376




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

6-3 Draw a free-body diagram for
the cylinder shown in Fig.
P6-3 which has a weight W.

30°

Fig. P6-3
SOLUTION
Forces ﬂ: and ﬂz act normal to ?
the surface of the cylinder at :
points of contact with the
supporting surfaces. The weight -—-N
@ of the cylinder acts through
the center of gravity G of the o 130
cylinder and is directed toward N. W Nz

the center of the earth.

6-4 Draw a free-body diagram
for the curved bar shown

in Fig. P6-4.

SOLUTION

The action of the pin at support A
is represented by force components
xx and Ky. The cable at B exerts a
tensile force T on the bar that is

tangent to the cable at point B.

Rx
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8=5 Draw a free-body diagram
for the curved bar shown

SOLUTION

The cable at B exerts a tensile
force T on the bar that is

tangent to the cable at point B.
The action of the pin at support C

is represented by force components

C and C .
x y
6~6 Draw a free-body diagram X
for the angle bracket & #,
gshown in Fig. P6-6.

Fig. P6-6
SOLUTION Y
!
. . — B
The action of the pin at support A | e Z—
is represented by force components i
Ex and Ky. The roller at B exerts T__., B
a compressive force B normal to the ’
surface of the bracket. Hx I - - %
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P
6-7 Draw a free-body diagram l
for the curved bar shown
in Fig. P6-7.

SOLUTION

The cable exerts a tensile force T -3
on the bar that is tangent to the ’]

cable at the point of attachment. -T-

The wheels at A and B exert forces
A and B on the bar that are normal B
to the surfaces supporting the wheels. fg

6-8 Draw a free-body diagram
for the beam shown in
Fig. P6-8.

SOLUTION

Y
The action of the pin at support A :
is represented by force components ! 24 T A
X and Ky. The cable is continuous R__ - = 2 '5)(1
over the pulley; thermefore, the Rx #
force in the cable is constant. At HS Y

points B and C the cable exerts
tensile forces T on the beam that

are tangent to the cable.
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6-9 Draw a free-body diagram
for the sled shown in
Fig. P6-9,

SOLUTION

The tow rope exerts a force P on
the sled that is tangent to the
rope at the point of attachment.
The box exerts normal and friction
forces ﬂ1 and F1 on the sled. The
support surface would exert only a
normal forces ﬂz on the sled since

it is assumed to be smooth.

6-10 Draw a free-body diagram
for the diving board shown

in Fig. P6-10.

SOLUTION

The action of the pin at support A hi
is represented by force components n R B 1
R

Kx and Ky. Support B exerts a C
normal force B on the board. The E;
diver exerts a normal force N on Hs

the board that is equal to his weight.
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6-11 Draw a free-bhody diagram
for the cart shown in Fig.
P6-11 which has a weight w.

Fig. P6-11

SOLUTION

The cable exerts a force T on the cart
that is tangent to the cable at the
point of attachment. The weight W of
the cart acts through the center of
gravity G of the cart and is directed

toward the center of the earth. The

support surface exerts normal forces ﬂ1
and ﬂz on the wheels since the surface

is assumed to be smooth.

6-12 Draw a free—body'diagram
for the lawn mower shown
in Fig. P6-12 which has a
weight W and is resting

on a rough surface.

SOLUTION

The weight ¥ of the mower acts through
the center of gravity G of the mower f:

and is directed toward the center of

the earth. The support surface exerts

normal forces ﬂl and ﬂz and frictional o o
forces F"l and Fz on the wheels since F y F,
the surface is assumed to be rough. N. W N?_

4ol
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{b)

(c)

through the center of gravity G of
the cylinder and is directed toward
the center of the earth. Forces “1
and ﬂz act normal to the surface of
the cylinder at points of contact
with the supporting bars.

Force A acts normal to the smooth
supporting surface at A. The cable
at A exerts a force T on bar ACE
that is tangent to the cable at A.
The action of the pin at C is
repregsented by force components

Cx and Cy. Force Rz acts normal
to the surface of bar ACE at the
point of contact with the cylinder.
Force B acts normal to the smooth
supporting surface at B. The cable
at B exerts a force T on bar BCD
that is tangent to the cable at B.
The action of the pin at C is
represented by force components

Cx and Cy. Force ﬂl acts normal
to the surface of bar BCD at the

point of contact with the cylinder.

6-13 Draw a free-body diagram for
{(a) the cylinder shown in
Fig. P6-13 which has a
weight w,
{(b) bar ACE shown in Fig.
P6-13.
(c) bar BCD shown in Fig.
P6-13.
Fig. P6-13
SOLUTION
(a) The weight W of the cylinder acts

qo2
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6~14 Draw a free-body diagram for

{a) the cylinder shown in Fig.

P6-14 which has a mass m.
(b) the frame shown in Fig.
P6-14, Neglect the weight

of the frame,

SOLUTION

{a) Forces ﬂ1’ Nz’ and Na act normal

to the surface of the cylinder

il ¥

at points of contact with the
frame and the wall. The weight
¥ of the cylinder acts through X%
the center of gravity G of the
cylinder and is directed toward

the center of the earth.

(b) The action of the pin at support
A of the frame is represented by ?
force components Kx and Kv' ]
i
Forces Nl and Nz act normal to the ‘H:'

surface of the frame at points of

contact with the cylinder. .|........’.’f‘.... %
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6=15 Draw a free-body diagram
for bracket AB shown in
Fig. P6-15.

Fig. P6-15

SOLUTION

The action of the pin at support
A of the bracket is represented
by force components Kx and Ky.
Forces N:’ Nz’ and ﬂa act normal
to the surface of the bracket at
points of contact with the
cylinders. Support B exerts a

normal force B on the bracket.

In a gimilar manner, the free-body
diagram can be drawn using x’ and

y' axes as:
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6-16 Draw a free-body diagram for
(a) bar AC shown in Fig. P6-186,
(b) bar DE shown in Fig. P6-16.

Fig. P6-16

SOLUTION

{(a) The cable exerts a force T on
bar AC that is tangent to the
cable at point A. The action
of the pin at support B is
represented by force components
ﬁx and By. The pin at C exerts
a force C on bar AC that is
normal to the surface of the
slot in bar DE.

{b) The action of the pin at support D
is represented by force components
ﬁx and ﬁy. The pin at C exerts a
force C on bar DE that is normal
to the surface of the slot in the

bar.

»----uc
v v}

[ <

)

Bx as”

L0

Sz SRt

- Dy
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6-17 Draw a free-body diagram for

{a} the cylinder shown in
Fig. P6-17 which has

a weight W,

{b} bar AC shown in Fig.
P6-17.

{c) bar BCD shown in Fig.
P6-17,

SOLUTION

{a)

(b}

(c)

Forces Ri, Rz’ and ﬂg act normal to
the surface of the cylinder at points )«3
of contact with the the bars and the
wall. The weight W of the cylinder
acts through the center of gravity G
of the cylinder and is directed toward

the center of the earth.

The action of the pin at support A
of bar AC is represented by force
components Kx and Ky. A force ﬂ1
acts normal to the surface of bar

AC at the point of contact with the

cylinder. The action of the pin at
C is represented by force components
€ and C .

2 y

A force Nz acts normal to the
surface of bar BD at the point
of contact with the cylinder.
The action of the pin at C is
represented by force components
Cx and Cv. The roller at B
exerts a force B on bar BD that

is normal to the supporting surface.

Joc
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6-18 Draw a free-body diagram for
{(a) bar AB shown in Fig. P6-18.
(b) bar CB shown in Fig. P6-18.

Fig. P6-18

SOLUTION

Y
L]
{a) The action of the pin at support ! B

' J

A of bar AB is represented by : *

force components A and A . The Ry ! 7N\ Bx

X y ﬂ[ l l —-x
action of the pin at support B ‘?1 7

of bar AB is represented by force

components Bx and By.

(b) The action of the pin at support
C of bar CB is represented by
force components Cx and Cy. The
pin at the right end of bar BC
transmits forces B and By from
bar AB to bar CB and supports
load Pz' The free-body diagram
for bar CB shows pin B as part
of the bar.

<07
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6-19 Draw a free-body diagram for
{a) bar BE shown in Fig. P6-19,
(b) bar DF shown in Fig. P6-19,

Fig. P6-19

SOLUTION

{a) The link at the left end of har
BE exerts a force B on the bar

that is directed along the axis

(> -- -
w
>
0o
x

of the link. The action of the == - =X

pin support at point C of bar
BE is represented by forces Cx
and Cy. The pin at E exerts
a force E on bar BE that is
normal to the surface of the
glot in bar DF.

{(b) The action of the pin support
at the right end of bar DF is
represented by force components
Fx and Fy. The pin at E exerts
a force B on bar DF that is
noreal to the surface of the

slot in the bar.
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6-20 Draw a free-body diagram for 7
(a) bar AC shown in Fig. P6-20. -:3!3_@4
(b} bar DF shown in Fig. P6-20. :

SOLUTION

(a) The cable at A exerts a force T on T
bar AC that is tangent to the cable
at the point of attachment. The Eis
action of the pin at support B is I
represented by force components ﬁx

and ﬁy. Bar DF exerts a force D_

at point D that is normal to bar

AC at the point of contact.

(b) The cable at F exerts a force T on
bar DF that is tangent to the cable
at the point of attachment. The
action of the pin at support E is
represented by force components Ex
and Ey' Bar AC exerts a force ﬁx
at point D that is normal to bar

AC at the point of contact.
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6-21 Draw a free-body diagram
for the bent bar shown
in Fig. P6-21 which is
fixed at the wall at A,

SOLUTION

The action of the fixed support
at the left end A of the bar is
represented by force components
Ix, xy, and Iz and by moment

components M ﬂAy, and HAZ.

Ax’

6-22 Draw a free-body diagram
for the bent bar shown
in Fig. P6-22 which is
fixed at the wall at A.

SOLUTION

The action of the fixed support "ﬂz Fé
at the left end A of the bar is Max sﬁn
represented by force components

Kx, Ky, and Kz and by moment n‘l "HH
components an’ HAy, and ﬂAz.
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6-23 Draw a free-body diagram
for the shaft shown in
Fig. P6-23. The bearing
at A is a thrust bearing
and the bearing at D is
a ball bearing. Neglect
the weights of the shaft

and the levers.

SOLUTION

The action of the thrust bearing
at support A is represented by
force components Kx, Ky, and Kz.
The action of the lever at B is
represented by a force component

Bz and a moment component HBy'

The action of the lever at C is
represented by a force component
Cx and a moment component Hcy.
The action of the ball bearing at
support D is represented by force

components ﬁx and ﬁz.

41]
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§~24 Draw a free-body diagram
for the block shown in Fig.
P6-24 which has a mass m.
The support at A is a ball
and socket. The support at

B is a pin and bracket.

Fig. P6-24

SOLUTION

The action of the ball and socket
joint at support A is represented
by force components Kx, Ky, and xz.
The action of the pin and bracket
at support B is represented by
force components By and B_. The

cable at C exerts a force T on the

>

block that is tangent to the cable

at the point of attachment. The A Hz

weight W = mg of the block acts f
y

through the center of gravity G of -
the block and is directed toward

the center of the earth. d Px
K

912
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6-25 Draw a free-body diagram
for the bent bar shown in
Fig. P6-25. The support
at A is a journal bearing
and the supports at B and

C are ball bearings.

Fig. P6-25

SOLUTION

The action of the journal bearing
at support A is represented by
force components Ky and Kz and
moment components Hy and Rz. The
ball bearings at supports B and
are represented by force components
Bx and Bv at bearing B and force

components Cx and Cz at bearing C.
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6-26 DPraw a free-body diagram
for the bar bracket shown
in Fig. P6-26. The support
at B is a ball and socket
joint. The ends of the
bars at A and C rest against

smooth surfaces.

SOLUTION

The action of the ball-and-socket
joint at support B is represented
by force components Bx, Ey, and Bz.
The smooth surfaces at A and C
exert forces A and C on the bar
bracket that are nornal to the

surfaces.
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6-27 Draw a free-body diagram ) z
for the bar shown in Fig.
p6-27. The bar rests
against a smooth vertical
wall at end D. The support
at A is a ball and socket.

The cable is not continuocus
at B.
SOLUTION

The action of the ball and socket
joint at support A is represented
by force components Kx, Ky, and Kz.
The smooth surface at D exerts a
force D normal to the surface. The
cables at B exert forces '.["l and T2
on the bar that are tangent to the

cables at the points of attachment.
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6-28 Draw a free-body diagram z
for the door shown in Fig.
P6-28 which has a weight W,

Fig. P6-28
SOLUTION 2z
i Cz
The cable at A exerts a force T on i A) M,
1 (
the door that is tangent to the '
]

cable at the point of attachment.
The action of the hinge at C is
represented by force components
Cx, Cy, and Cz and moment
components ﬁx and ﬂz. The weight
¥ of the door acts through the

center of gravity G of the door
and is directed toward the center
of the earth.
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6-29 Draw a free-body diagram
for the bent bar shown in
Fig. P6-29, The support
at A is a ball and socket
joint, the supports at B
are a cable and a link,
and the support at C is

a link,

SOLUTION

The action of the ball and
socket joint at support A
is represented by force
components Kx, Ky, and Kz.
The cable at B exerts a
force T on the bar that is
tangent to the cable at the
point of attachment. The

links at B and C exert

forces B and € on the bar
that are directed along the

axes of the links.
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6-30 Draw a free-body diagram .
for the bent bar shown in
Fig. P6-30. Supports at

B and C are ball bearings.

The horizontal and vertical

surfaces at A are smooth.

SOLUTION

The smooth horizontal and vertical

surfaces at A exert forces Kx and

A on the bar that are normal to u '
¥ C d""' i 05 “ TD
b3 1 2

at supports B and C are represented ng N E%ﬂ

the two surfaces. The ball bearings

by force components Bx and EY at
bearing B and force components Cx

and CY at bearing C.

418




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F, RILEY AND L. D. STURGES

8-31* A curved slender bar is loaded
and supported as shown in Fig,
P6-31. Determine the reaction

at support A,

Fig. P6-31

SOLUTION

A free-body diagram of the bar is
shown at the right. The reaction
250%

at support A is represented by

force components Ax and AY and a

moment MA.
————k
+ = FXF = A =0
.4 x
A =0
o
+# TIF =A ~250=0
y Yy
A = 250 1b
¥
K=4a T+4 7]
=250 §J lb=2501b T Ans,
+CIM, =M, -250(3) = 0
M, = 750 ft-1b
= 750 £ ft-1b = 750 ft*1b B Ans.

419
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6-32% A curved slender bar is loaded
and supported as shown in Fig.
P6-32. Determine the reactions

at supports A and B.

SOLUTION

A free-body diagram of the
bar is shown at the right.
The reaction at support A
is represented by force
components A_ and Ay. The
reaction at support B is
represented by a force B

normal to the surface of

the bar.
+ G ZM, = B(1.5 sin 45°) - 300(1.5) = O
= 424.3 N = 424 N
B - 424.3(-cos 45° T + sin 45° )
= -300 T + 300 J N = 424 N5 45°
+—-—>EFX=AX—Bcos45°
= A - 424.3 cos 45° = 0
+ 1 EFY = A, + B sin 45° - 300
= A, + 424.3 sin 45° - 300 = 0
X =A 1+ Ay 3

300 T N = 300 N —

k=g
H

300N

Ans.

300 N

Ans.,
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6-33 A beam is loaded and
supported as shown in
Fig. P6~-33. The beanm

has a uniform cross

section and weighs 250 A

2500 1b

6 I 61

1b. Determine the
reactions at supports
A and B.

ALt Py
_;,._..::

Fig. P6-33

7a5°\

SOLUTION

A free-body diagram of the beam is
shown at the right. The reaction
at support A is represented by ﬂx

2500 b

force components Kx and Ky. The XN
reaction at B is a force B normal Fl
h

to the support surface. The weight
W of the beam acts through the
center of gravity G of the beam

and is directed toward the center
of the earth,

+ ¢ IH,

B = 1944.5 1b & 1945 1b

Y- - —NR

Y
2501h

B(12 sin 45°) - 2500(6) - 250(6) = O

B - 1944.5(-cos 45° T + sin 45° J)

= -1375 T + 1375 § 1b = 1945 1b & 45°

+ > IF_= A - Bcos 45° = A - 1944.5 cos 45° = 0

A = 1375 1b

+ 1 IF = A, - 2500 - 250 + B sin 45°

A, = 1375 1b
A= /Qf + Aj - J(1375)% + (1375)2
A
_ -1 "y _ -1 1375 _ o
9 = tan Ax = tan 1395 = 45.0

A, - 2500 - 250 + 1944.5 sin 45° = 0

= 1844.5 1b & 1945 1b

A=1375 1T + 1375 J 1b = 1945 1b 2 45,0°

45°
e

Ans.

Ans.
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6-34 A beam is loaded and supported
The

beam has a uniform cross section

as shown in Fig. P6-34.

and a mass of 180 kg. Determine —
the reaction at support A. 2m Y 2m _|
Fig. P6-34
SOLUTION
I
A free-body diagram of the beam is ! 2KN
shown at the right. The reaction : 3XNem
[

at support A is represented by

force components Kx and

moment M . The weight ¥ = =g of
the beam acts through the center
of gravity G of the beam and is
directed toward the center of
the earth.

A and a
b4

W = mg = 180(9.807)

= 1765.3 N = 1,765 kN

+—=ZF =A =0 A =0
X X x
+TEZF =A -W-2
Yy Yy
=A, - 1.7653 - 2 =0
A, = 3.7653 kN & 3.77 kN
A=3.7T 3 kN=377TkN T
+ ¢ IM, = M, - 3 - 1.7653(2) - 2(4) = 0
M, = 14.531 kN'm & 14.53 kN*m
M, = 14.53 € kN'm = 14.53 kN°m @

Ans.

Ans,
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supported as
Fig. P6-35.

6-35% A beam is loaded and

shown in
The beam

has a uniform cross
section and weighs 425
1b. Determine the

S0U W 2501

b 400 1b

l |
A B c lD E

W of the beam acts

is directed toward

the earth.
+CEMA=
= 468.1 1b
E =468 3 1b
+—ZLF = A =0
x x
+ C M, = -A_(9) ¢
Ay = 606.9 1lb
A=6073F 1b

through the

the center of

& 468 1b

= 468 1b T

A =0

X

500(8)

« 607 1b

= 607 1b T

center of gravity G of the beam and

reactions at supports T
Fig. P6-
A and E. 'e- P6-35
SOLUTION y
|
; Soolb  250lb  4ocl),
A free-body diagram of the beam is |
shown at the right. The reaction ' l T l
at support A is represented by % J
force components Kx and Ky. The d e ——¢]---%X
reaction at E is a force E normal tﬂ Y
to the support surface. The weight Y 425 )b E

E{(9) - 500(1) + 250(4) - 425{(4.5) - 400{(7) = O

Ans.

250(5) + 425(4.5) + 400(2) = 0

Ans.
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6-36% A beam is loaded and

supported as shown in

Fig.

hag a uniform cross
section and a mass of
120 kg. Determine the
reactions at supports
A and B.

P6-36. The beam

SOLUTION

A free-body diagram of the beam is
shown at the right. The reaction nx

at support

A is represented by

force components xx and Ky. The Yoo N

reaction at B is a force B normal R
to the support surface. 3

The weight W of the beam acts
through the center of gravity
G of the beam and is directed W '1‘;"
toward the center of the earth. o
W = mg = 120(9.807) = 1176.8 N B
+ G EM, = ~1176.8(2 cos 30°) - 1600(3) + B(4 sin 30°) = 0
= 3419 N & 3.42 kN
B = 3.419(-cos 60° 1 + sin 60° J)
= -1.710 T + 2.96 J kN = 3.42 kN & 60° Ans.
+ = LF = A - 1600 cos 60° - 3419 cos 60° = 0
A, = 2510 N = 2.510 kN
+ 1 F, = A - 1176.8 - 1600 sin 60° + 3419 sin 60° = 0
AY = -39805 N % -00399 kN
A= /Qi + A: = /(251002 + (-398.5)° = 2541 N & 2.54 kN
A
- -1 'y _ -1 -398.5 _ . ]
| 9 = tan Ax = tan 2510 - 9,02
A=2517-0.39873 kN = 2,54 kN § 9.02° Ans.
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6-37 A structural member is
loaded and supported as
shown in Fig. P6-37.

The member has a uniform

2001k

]

el

20
A B I
cross section and weighs N Y 2%.1
' . 00t 100 Ib
208 1b. Determine the ol i
reactions at supports A 2n 41 & in A
and B. Fig. P6-37
SOLUTION y
i 200 \b
A free-body diagram of the beam is I é
shown at the right. The reaction — ]
at support A is represented by !
force components A and A . The Rx |
x v T e—e e X
reaction at B is a vertical force
B. The weight W of the beanm acts Ry 3o0lb
through the center of gravity G b | B v

of the beam and is directed toward
the center of the earth.

2081} Joolb

Ld, = L,d, + L,d, + Ld,
13d, = 6(3) + 4(6) + 3(7.5) d, = 4.962 ft
+ — EFx = Ax + 200 - 300=0
A = 100 1b
X
+ G EMB = —Ay(2) - 208(2.962) - 200(2) - 100(7) - 300(2) = O
A, = -1158.0 1b = -1158 1b
A = /ﬁf + Ai = /(100)% + (-1158)% = 1162.3 1b = 1162 1b
A
_ -1 8y -1 -1162 _ _ ° o _ o
8 = tan Ax = tan 100 - B5.08 & -85.1
A=100T - 1158 § 1b = 1162 1b % 85,1° Ans.

+ G EMA = B(2) - 208(4.962) - 200(2) - 100(S) - 300(2) = O

B = 1466.0 1b = 1466 1b
B =1466 J 1b = 1466 1b T

Ans.
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6-38 A beam is loaded and
supported as shown in
Fig. P6-38. The beam

has a uniform cross Y . 2 LN¢
section and a mass of £y e SEPSSLD
20 kg. Determine the ® L—mOOmm—mem«lrvsUmm—L—Jm
reaction at sunport A mm
and the tension T in 750N

the cable, Fig. P6-38

SOLUTION

The action of the pin at support A
is represented by force components
Kx and Ky. The cable is continuous

over the pulley; therefore, the
force in the cable is constant. At
points B and C the cable exerts
tensile forces T on the beam that
are tangent to the cable. The
weight W of the beam acts through
the center of gravity G of the

beam and is directed toward the
center of the earth.

W=mg = 20{9.807) = 196,14 N
+ G M, =T sin 24°(1.000) - 196.14(1.440)
~ 750(1.750) + T sin 70° (2880) = 0
T = 512.3 N = 512 N Ans.
+—>IF = A_ +T cos 24° - T cos 70°
= A_+512.3 cos 24° - 512.3 cos 70° = 0
A = -292.8 N & -293 N

+ 1 YF = A + T sin 24° - W - 750 + T sin 70°

A, + 512.3 sin 24° -196.14 - 750 + 512.3 sin 70° = 0

A, = 256.4 N & 256 N

A= /ﬁj + Aj = /(-292.8)% + (256.4)% = 389.2 N & 389 N Ans.
_ -1 _2b6.4 _ ° ©

6, = tan | —=20 = 138.79° ¥ 138.8

K=-203T+256 3 lb =389 1b & 41.2° Ans.
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6-39% A beam is loaded and D :
supported as shown in b
Fig. P6-39. The beam 1501 %o°
hag a uniform cross o
section and weighs 40 A 1 Y, c |
lb- The pulley at B - {::__)¢ 45°
weighs 50 1b. Determine —7j§kﬁr B
the reaction at support ' [
A and the tension T in 161in. 24 in. 1
the cable. Fig. P6-39
SOLUTION n 3 “5‘3‘5 8
) S X
From a free-body diagram 13 p—r ---%
for the beam:
Ry ‘40“; IB:I
+ ¢ EMA = By(40) - 150(16) - 40(20) = 0 Bv = 80 1b
+ ¢ EMB = -Ay(40) + 150(24) + 40(20) = 0 Ay = 110 1b
From a free-body diagram -T-
for the pulley:
3°°
+ ¢ IM_ = T,(68) -T (6) =0
Ti = T2 =T Bx 85 T
+TEFy=Tsin30°+Tsin45°-By—50 45°
= T gin 30° + T sin 45° - 80 - 50 = 0
T = 107.706 1b = 107.7 1b Ans.
+—->EFX=Tcos 30° + T cos 45°—Bx SO)L
= 107.70 cos 30° + 107.70 cos 46° - B_= 0
B = 169.43 1bh & 169.4 1b
From the free-body diagram
for the beam:
+ —ZF =B +4A =169.43 + A =0
X X x x
AX = —169043 lb o "169-4 lb
A= /Ai + Ai = /1-169.43)% + (110) = 202.0 1b = 202 1b
A
- -1 Ty _ 110 _ o o
@ = tan A = T169.43 147.01° = 147.0
A= -169.4 1T + 110 5 1b = 202 1b % 33.0° Ans.
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6-40*% An angle bracket is loaded

y

|}
and supported as shown in T—B ‘q
Fig, P6-40. Determine the 100 mm ;
reactions at supports A and B. o
500 N
L(M) nm
Al : ¢
!0 o] —x
L——— 224 mm ——*~l
BON
Fig. P6-40
SOLUTION
From a free-body diagram V'L.‘
for the angle bracket: B
Soo N
+ C ZMA = B{0.200) - 500(0.100} L
- 350(0.220) = 0O R
x ,
= 635 N 2]
B =-635 3 N=63 N «— Ans. I
Ry
— + TF = A +500 - B 3SO N
= A + 500 -635=20
A =135 N
o
+ TEZF = A -350=20
b4 y
4 = 350 N
y
A= Ai + A = /t135)2 + (350)2 = 375.1 lb & 375 1b
A -
= tan ! X = tan” ! 320 °
6 = tan Ax = tan 135 - 68.9
A=1351 + 350 j b =375 1b 2 68.9° Ans.

428




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-41 A 30-1b force P is applied
to the brake petal of an
automobile as shown in Fig.
P6-41. Determine the force
@ applied to the brake
cylinder and the reaction at

support A.

Fig. P6-41

SOLUTION

From a free-body diagram
for the brake pedal:

+ C M, = -30 cos 30° (11)

- 30 sin 30° (4) + Q(5.5) = 0
Q@ = 62.87 1b & 62.9 1b
3=62.97 1b = 62.9 1b « Ans.
[+]
+—)EFX=AX+PCOS30 - Q Hx--—x
= A_+ 30 cos 30° - 62.87 = 0

A = 36.89 1b & 36.9 1b
+1TZF = A =~ P sin 30°
y Y
= 4, - 30 sin 30° = 0

A = 15.00 1lb

/(36.89)% + (15.00)° = 39.82 1b & 39.8 1lb

NV

A

- -1 "y _ -1 15.00 _ o o
A=36.97T+1507 1b=239.81b 2 22.1° Ans.
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6-42 An angle bracket is loaded
and supported as shown in
Fig. P6-42., Determine the
force exerted by the cable
at A and the reaction at

support B.

SOLUTION

From a free-body diagram H
for the angle bracket:

+G M = 450(420 cos 30°)
- T cos 30°(140) = 0

T = 1350 N Ans.

-+
!
[~

x"’-‘]
1

Bx - T cos 30°

B_ - 1350 cos 30° = 0

B_ = 1169.1 N & 1169 N
+TZF =B - 450 - T gin 30°
Y Y
= B - 450 - 1350 sin 30° = 0

B = 1125 N

Y

B = {%i + Bj = /(1169.1)% + (1125)% = 1622.4 N & 1622 N

-1 By -1 1125 0

8 = tan B tan 1169.1 - 43.90 = 43.9

X

1169 1 + 1125 J N = 1622 N & 43,9° Ans.

=}
L1
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6-43*% Determine the reactions at

supports A and B of the

curved bar shown in Fig. . S0l
m,
P6-43.
cl
e i—r
Fig. P6-43
SOLUTION | f33
From a free-body diagram BX
for the curved bar: 5o “’
+ G DM = A sin 45°(6 + 6 sin 30"}
+ A cos 45°(6 cos 30°) O = —e e = — = = = == - =%
- 50{14 + 6 sin 30°) = 0
A = 84.68 1b = 84.7 1b R
A =84.7 1b & 45.0° Ans.
+ —XF =B +ACOS45°
x X
= B_+ 84.68 cos 45° = 0
B, = -59.88 lb & -59.9 1b
+TXF =B + A sin 45° - 50
Y Y
= B, + 84.68 sin 45° - 50 = 0
B, = -9.878 lb & -9.88 1b
B=yB. + B, = /159.88)2 + (9.88)° = 60.69 1b % 60.7 1b
8 = tan ® S . tan ? —2-88 _ _470.63° & -170.6°
= B~ a. -50.88 . :
B--59.97T-9.883N=60.7TN& 9.37° Ans.,
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-

6-44% Determine the force exerted . 850 N
by the cable at B and the
reaction at support A of

the curved bar shown in Fig.

P6-44. y
[f x
Uy
‘ L—..‘i()() mm 275 min —
Fig. P6-44
SOLUTION
50
From a free-body diagram 3 8 N
for the curved bar: :
1
I

+CEMA

T, cos 22°(0.300 tan 40°)

+ T sin 22%(0.300)

850(0.575) = 0

T, = 1413.46 N & 1413 N
+—%F =A -T_ cos 22°
= X B
= A_ - 1413.46 cos 22° = 0
A = 1310.5 N = 1311 N

+TZF =A + T sin 22° - 850
Y Y B

A, + 1413.46 sin 22° - 850 = 0

A, = 320.5 N & 321 N
A= /Qi + Aj = /(1310.5)% + (320.5)% = 1349.1 N & 1349 N
6 = tan ' Y. tan~ ! —520:5 _ 14 743° & 13.74°
= tan AT an  1310.5 ~ - .
A=13117T+321 JN=1349N 2 13.74° Ans.
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6-45 A rope and pulley systenm is
used to support a body as
gshown in Fig. P6-45. Each
pulley is free to rotate and
the ropes are continuous over
the pulleys. Determine the
force P required to hold the
body in equilibrium if the
weight W of the body is 400 1b.

SOLUTION

From a free-body diagram
for pulley A:

3]

+ T ZF 2T, - 400 = 0
y 1

T 200 1b

1

From a free-body diagram
for pulley B:

+ T EF 2T, - 200 = @
Yy 2

T 100 1b

2

From a free-body diagram
for pulley C:

2p - 100 = O

+ T ZF
Y

50 1b Ans.,

200 )}

-- -

433




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-46 A rope and pulley system is

used to support a body as shown
in Fig. P6-46. Each pulley is
free to rotate and the ropes are
continuous over the pulleys.
Determine the force P required

to hold the body in equilibrium

if the mass m of the body is
250 kg.

SOLUTION
W =mg = 250(9.807) = 2452 N

From a free-body diagram
for pulley A:

+ T ZFY =T, -2P=0

H
oo
=l

T,

From a free-body diagram
for pulley C:

+TIF =2P+T, -W=20
1 1
= 2P + 2P - 2452 = 0
P = 613 N Ans.
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6~47% A beam is loaded and
supported as shown in
Fig. P6-47. The beam

has a uniform cross

1000 ib
400 1b/M

6000 [-ib

gsection and weighs 975

———

1b. Determine the LH,IliI%ﬁm g uilTH;J
reactions at supports 3n ——ton 20
Fig. P6-47
A and B.
SCLUTION

The distributed load can he
represented on the free-body
diagram by a resultant R at
a distance dx from support A.

R = wL_ = 400(10) = 4000 1b

-1 -1 -
d = gL, = 3(10) = 5 ft

b4

From a free-body diagram
for the beam:

+ - EFx = Ax =0

A =0
+ ¢ IM_ = 6000 - Ay(lO) + 975(5.5) + 4000(5) - 1000(2) = O

A, = 2936 1b & 2940 1b

A =2940 3 1b = 2940 1b T Ans.
+ C M, = 6000 - 975(4.5) - 4000(5) + B(10) - 1000(12) = 0

= 3039 lb = 3040 1b
B=230403 1b = 3040 1 T Ans.
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6-48% A beam is loaded and
supported as shown in
P6-48. The beam

has a uniform cross

Figl

section and a mass of
275 kg.

reaction at support A.

Determine the

4200 N/m

" 3m

SOLUTION

The distributed load can be
represented on the free-body
diagram by a resultant R at
a distance dx from support A.

)
-
n

%(4200)(3) = 6300 N

d =3+ gL

x 3w

= 2.3y =
=3+35(3) =5n
W= mg = 275(9.807) = 2697 N

From a free-body diagram
for the beam:

+ 2> LZF =A =0 A =0
X X o
+ 1 sz = A - 2697 - 6300 = 0
A, = B997 N % 9000 N
A =190003N=9000NT
+ CIM =M, - 2697(3) - 6300(5) = 0
M, = 39,591 N'm & 39.6 kN-m
M, =39.6 & kN-m = 39.6 kN'm C

3m =
el

W= 2697N

Ans.

Ans.
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6-49 Determine the force P required

to push the 300-1b cylinder over
the small block shown in Fig.
P6-49.

Fig. P6-49

SOLUTION

From a free-body diagram

for

o
H

For

+ § Iy

the cylinder:

sin™ ' g = 41.81°

9 cos 41.81° = 6,708 in.

impending motion: A=0

L+]

P sin 20° {(d) - P cos 20° (6) + W sin 20° (6) + W cos 20° (d)

P sin 20° (6.708) - P cos 20° (6) + 300 sin 20° (6)
+ 300 cos 20° (6.708) = 0

[}

750 1b Ans.

o
L}
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6~50 The mass of the cylinder shown
in Fig, P6-50 is 100 kg.
Determine the reactions at
contact points A and B, All

surfaces are smooth.

SOLUTION

From a free-body diagram
for the cylinder:

¢ = tan % = 36.87°
_ -1 150 _ o
@ = cos 260 - 53.13
d = 250 sin 53.13° = 200 mm
W = mg = 100(9.807) = 980.7 N
+ G IM_ = 980.7(200) - A(200) - 300 cos 36.87° (150)
- 300 sin 36.87° (200) = 0
= 621.0 N
A=6213N=621NT Ans.
+ — IF_ = 300 cos 36.87° - B sin 53.13° = 0
= 300 N
B = 300(-cos 36.87° T + sin 36.87° §)

-240 T + 180.0 3 N = 300 N % 36.9° Ans.
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6-51% A lever is loaded and 401b

supported as shown in 4m:+h—4im::t:4ms4'
Fig, P6-51. Determine “h r _ _
Y ,;ﬁgyx:“ %‘f“fﬂ

the force exerted on
the lever by link CD

and the reaction at

60 Ib 801b

support A.

Fig. P6-51

A in.

SOLUTION
Ry

From a free-body diagram

}i 4olb Lolb

'

for the lever:
Rx

¢ = tan % = 26.57°

-0
+ C IM, = F., cos 26.57 {6)
+ 80(12) - 60(8) ~ 40(4} = 0

F.. = -59.63 1b = 39.6 1b (C)

. s ]
Ax + 125 + FCD cos 26,57

-+
l
™
rri
®
1

= A+ 125 + (-39.63) cos 26.57° = 0
A = -71.87 1b & -71.7 1b
+TSF =A -40 - 60 + B0 - F__ sin 26.57°
¥ b4 <o

= A, - 40 - 60 + 80 - (-59.63) sin 26,57°

——==X

=0

A, = -6.672 1b & -6.67 lb
A= /ﬁi + Ai = /(-71.67)% + (~6.672)% = 71.98 1b = 72.0 1b
6 = tan"! ¥ = pant 0612 | 174 6% w -174.7°

= an A = an '71.67 = . i 38

X

A=-71,7% - 6.67 JN=72,0N% 5.32°

Ans.
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6-52% Determine the reactions kN A kN
at supports A and B of 0.5m r‘lm“*h—“”2nr"—ﬂv-lm—1
N b

the curved bar shown in

Fig., P6-52, ZkN-T-—)

1.5m
SOLUTION
From a free-body diagram
for the curved bar: 2 KN
— Y
--—A

+ G IM = 2(0.5) + 3(3) + 4(1) - A(2) = 0

A= 7.00 kN

A=7.003 kN = 7.00 kN T Ans.
+— 3 =B +2=20

x x

B = -2.00 kN

x
+ TZF =B -4-3+A

¥ ¥

=B -4-3+7=20

B =20

Y

B =-2.001 kN = 2.00 kN «— Ans,
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6-53 Determine the force y
exerted by the cable at
B and the reaction at
support A of the bar
shown in Fig. P6-53.

8001b

-
|‘—3ﬂ——3ﬂ—l

SOLUTION .
Fig. P6-53

From a free-body diagram
for the bar:

T cos 20°(3)

+ G,

T sin 20°(3 tan 30°)

-+

B0OO(6) =0
T = 1407.02 1b = 1407 1lb Ans.

+ — %F = A - T sin 20°
x b1

A_ - 1407.02 sin 20° = 0

A = 481,2 lb = 481 1b

+TIP = A +1Tcos 20° - 800
= A + 1407.02 cos 20° - 800 = 0
A, = -522.1 1b & -522 1b
A = /Qf + Af - /(481.2)% + (-522.1)% = 710.03 1b & 710 1b
0 = tan 51 = tan | z92z2.1 _ -47.33° % -47.3°
A 481.2
A=-481 7 -522 3 1b = 710 1b ¥ 47.3° Ans.
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6-54 The man shown in Fig.
P6-54 has a mass of
75 kg; the beam has a
mass of 40 kg. The

beam is in equilibrium

with the man standing
at the end and pulling

on the cable. Determine

the force exerted on the L |G

cable by the man and the 15m *

reaction at support C.

.5 m

SOLUTION TT T

From a free-body diagram

Cx

for the beam and the man: B T
W =mg = 75(9.807) 735.53 N le Wb

392.28 N

40(9.807)

=
n
B
=4
o
n

+
£y
g
o)
"

W (3) - T(3) + W (1.5} - T{1.5)

735.53(3) - T(3) + 392.28(1.5) - T(1.5) = 0

621.11 N = 621 N

-3
1

+
[
v
x

1
(]
H
o
2
[]
o

+
—>
™
i
]

C +2T - W - W
Yy m b

Cy + 2(621.11) - 735.53 - 392.28 = 0

-114.41 N = -114.4 N

[
n

C=-114.4 3 N=114.4 N

Ans.

Ans.
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6-55% A rope and pulley system
is used to support a body
as shown in Fig. P6-55.
Each pulley is free to
rotate, and the ropes are
continuous over the pulleys.
Determine the force P
required to hold the body
in equilibrium if the weight
W of the body is 250 1b.

Fig. P6-55
SOLUTION ?
From a free-body diagram -Tl -Il R

for pulley A:

F = 3T, - W
Yy 1
= 3T1 -250 =0
T.L = 83.33 1b

1

From a free-body diagram
for pulley B:

EFY = 3T2 - T,
= 3T2 - 83.33 =0
T, = 27.78 1b

From a free-body diagram
for pulley C:

LF
y

2T2 - P

2(27.78) - P =0

55.56 lb =« 55.6 1b

-
n

~-55.6 §J 1b = 55.6 lb ¢

Ans.
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6-56% Pulleys 1 and 2 of the rope and
pulley system shown in Fig. P6-56
are connected and rotate as a unit.
The radii of the pulleys are 100 mm
and 300 mm, respectively. Rope A
je fastened to pulley 1 at point A’.
Rope B is fastened to pulley 2 at

point B'. Rope C is continuous

over pulleys 3 and 4. Determine
the tension T in rope C required to
hold body W in equilibrium if the
mass of body W is 225 kg.

Fig. P6-56

SOLUTION T TB T

)

From a free-body diagram
of pulley 4:

9 -
W=mg = 225(9.807) = 2206.6 N :
+T2Fy=2T+TB-2206.6=0 TR \:]
T, = 2206.6 - 2T
From a free-body diagram -—%
of pulley 3: ?
i
+T}3Fy=TA-2T=O ¥ T lFs
TA = 2T
From a free-body diagram of X
compound pulleys 1 and 2: - -
¢ ™™, = T,(100) - T, (300)
= 2T(100) - {2206.6 - 2T)(300) = O
TA Rl
= 827.5 N & 828 N
T--828 3 N=2828N1{ Ans.
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6-57 Pulleys A and B of the chain
hoist shown in Fig. P6-57 are
connected and rotate as a unit.
The chain is continuous and
each of the pulleys contain
slots that prevent the chain
from slipping. Determine the
force F required to hold a
1000-1b block W in equilibrium
if the radii of pulleys A and
B are 3.5 and 4.0 in.,

respectively.
Fig. P6-57
SOLUTION
T Y
et e
From a free-body diagram .
of pulley C: v
-—-X |
= - ‘
+ T EFy ar, - W |
|
= 2TC - 1000 = 0 Wi $

T, = 500 1b

From a free-body diagram of g -_———%

compound pulleys A and B:

+ § IM, = T (4.0) - T (3.5) - F(4.0)

Te Y% F
= 500(4.0) - 500(3.5) - F(4.0) =0
F = 62.5 1b
F=-62.53 1b =62.51b { Ans.
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6-58 A wagon with a mass of 3500
kg is held in equilibrium on
an inclined surface by using
a cable as shown in Fig.
P6-58. Determine the force
in the cable and the forces
exerted on the wheels at A

and B by the inclined surface.

SOLUTION
W = mg = 3500(9.807) = 34,325 N

From a free-body diagram
of the cart:

+ LF = T cos 38° - W sin 30°

T cos 38° - 34,325 sin 30° = 0

T = 21,780 N & 21.8 kN Ans.
+ C IM, = B(4) + W sin 30° (1.5) - W cos 30° (2)
- T cos 38° (3 tan 38°) - T sin 38° (5)
= B(4) + 34,325 sin 30° (1.5) - 34,325 cos 30° (2)
- 21,780 coe 38° (3 tan 38°) - 21,780 sin 38° (5) = 0
B = 35,245 N & 35.2 kN
B -2352k%60° Ans.
+ N ZF = A +B- W cos 30° - T sin 38°
= A+ 35,245 - 34,325 cos 30° - 21,780 sin 38° = 0
A = 7890 N = 7.89 kN
A = 7.80 kN & 60° Ans.
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6-59% The lawn mower shown
in Fig. P5-59 weighs
35 1b. Determine the
force P required to
move the mower at a
constant velocity and
the forces exerted on
the front and rear

wheels by the inclined

surface. Fig. P6-59

SOLUTION

From a free-body diagram
of the lawn mower:

+ /7 EFX = P cos 30° - W sin 15°
= P cos 30° - 35 sin 15° = 0
P = 10.460 1b = 10.46 1b
P - 10.46 1b ¥ 15° Ans.
+ C IM, = B(27) + W sin 15° (4) - W cos 15° (13)
= B(27) + 35 sin 15° (4) - 35 cos 15° (13) = 0
B = 14,936 1b = 14.94 1b
B -14.94 1b 5% 75° Ans.
+ \ZF = A+ B - Psin 30° - W cos 15°
= A+ 14,936 - 10.460 sin 30° - 35 cos 15° = 0
A= 24.10 1b
K =24.11p% 75° Ans.,
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$-60% The coal wagon shown in Fig.
P6-60 is used to haul coal
from a mine. If the mass of o
the coal and wagon is 2000
kg, determine the force p
required to move the wagon
at a constant velecity and
the forces exerted on the

front and rear wheels by

the inclined surface.

SOLUTION
W = 2000(9.807) = 19,614 N W
From a free-body diagram \\

of the coal wagon:

+ /7 TF_ =P - Wsin 30° \\/’
= P - 19,614 sin 30° = 0
= 9807 N & 9.81 kN
P = 9.81 kN 2 30° Ans.
+ CIM, =W cos 30° (1) + W sin 30° (1) ~ F, (3)
= 19,614 cos 30° (1) + 19,614 sin 30° (1) = F (3) = 0
o = 8931 N = 8.93 kN
F, = 8.93 kv & 60° Ans.
+ N ZFy =F_+F, - Wcos 30°
= F_ + 8931 - 19,614 cos 30° = 0
. = 8055 N x 8.06 kN
P =8.06 kN & 60° Ans.
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6-61 Bar AB is supported in a
horizontal position by
two cables as shown in
Fig. P6-61.

the magnitude of force

Determine

P and the force in each

of the cables.

0Ih
Fig. P6-61
SOLUTION T 3 Te
|
From a free—-body diagram ° 1 ©
of bar AB: _’:_0_ R B _{’9__%
. o -
+CEMB=300(L)—TAsm60 (L) =0 P
T, = 346.4 lb & 346 1b Ans. 3o0 )b
+ — LF = T_ cos 68° - T cos 60°
x B A
= TB cos 68° - 346.4 cos 60° = 0
T, = 462.4 1b & 462 1b Ans.
+ ¢ M, =T, sin 68° (L) - P(L)
= 462.4 sin 68° (L) - P(L) = 0
P = 428.7 1b = 429 1b Ans.
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| KOO N

6-62%x A frame is loaded and = ==-0-3 s 03 m——-y
supported as shown in 400 N/mt

Fig. P6-62. Determine

the reactions at

supports A and E.

SOLUTION

The distributed load can be
replaced on the free-body
diagram by a resultant force

R at a distance dx from joint C.

R

100{0.6) + %(400)(0.6)

240 + 120 = 360 N

Rd

x

360d
b4

A1d1 + Azd2

1t

400{0.6)(0.3) + %(400)(0.5;(0.4)

d

x

0.3333 m

From a free-body diagram
for the complete frame:

+ C IM, = E cos 30° (0.6) + E sin 30° (0.6 + 0.6 tan 15°)
- 360{(0.3333 + 0.6 tan 15°) = 0
E = 197.63 N = 197.6 N B =197.6 N& 150.0°  Ans.
+— IF = A - 197.63 cos 30°= 0 A= 171.15 N = 171.2 N

+ 1 TF = A+ 197.63 sin 30° - 360 = 0 A, = 261.19 N & 261 N

A= /{AX)2 + (Ay)z - /(171.15)2 + (261.19)° = 312.3 N & 312 N
0 = tan ! 28L:13 _ 56 76° x 56.8° R =312 N&256.8° Ans.
x 171.15 _
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6-63 The wrecker truck of Fig. P6-63 has a weight of 15,000 }b and a
center of gravity at G. The force exerted on the rear (drive)
wheels by the ground consists of both a normal component By and a
tangential component Bx while the force exerted on the front wheel
consists of a normal force Av only. Determine the maximum pull P
the wrecker can exert when
e = 30° if B_ cannot exceed
0.8By {because of friction
considerations) and the

wrecker does not tip over

backwards (the front wheels

remain in contact with the

ground}.

SOLUTION

From a free-body diagram
for the wrecker truck:

For impending tipping: A =0

W(8) - P sin 30° (10) - P cos 30° (5)
15,000(8) - P sin 30° (10) - P cos 30° (5) = 0

+ QM

P = 12,862 1b = 12,86 kip

+ T EFy = By - W - P cos 30°
B, - 15,000 - 12,862 cos 30° = 0

B, = 26,139 lb & 26.1 kip
+ — EFX = —Bx + P sin 30°
= -B_+ 12,862 sin 30° = 0
B = 6431 1b = 6.43 kip

0.8(26,139) = 20,911 1b > 6431 1b

Bx(max) = O.BBy

12.86 kip Ans.

Therefore: P
max
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6-64 Bar AB of Fig. P6-64 has a
uniform cross section, a
mass of 25 kg, and a length
of 1 m long. Determine the

angle 8 for equilibrium.

SOLUTION

From a free-body diagram
for the bar:

W =mg = 25(9.807) = 245.2 N

+ — EFx = A cos 60° - B cos 45° = 0
+ 1 EFY = A sin 60° + B sin 45° - W
= A sin 60° + B sin 45° - 245.2 = 0
Solving yields:
A= 179,50 N B = 126,92 N
+ G IM, = B sin 45° (L cos 8) + B cos 45° (L gin 8) - W(0.5L cos 8)

= 126,92 sin 45° (1 cos @) + 126.92 cos 45° (1 sin 8)

245.2(0.5 cos 9} = 0

89.75 sin 68 = 32.85 cos O
- -1 32.85 _ ©
6 = tan 89.75 - 20.1 Ans.
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6-65% The crane and boom, shown
in Fig. P6-65, weigh 12,000

ib and 600 lb, respectively. R0
When the boom is in the
position shown, determine u‘r//x§§\
(a) The maximum load that 12n i
can be lifted by the 10°- \\
crane.
{b} The tension in the cable ; 80 G
used to raise and lower E] G 41 30°

the boom when the load
being lifted is 3600 lb.
{c)} The pin reaction at boom =
support A when the load *”&a&rﬁiL::r=¢fw
being lifted is 3600 1lb. 6N on

SOLUTION

{(a) From a free-body diagram
for the crane:

N - WC - WB - W

+ T EFY L

N - 12,000 - 600 - L 0

N = 12,600 + L 1b

+ G EM, = W_(9) - W (12 cos 30° - 1) - W (24 cos 30° + 1 - 1) - Nd

H

12,000(9) - 600(12 cos 30° - 1)

- W, (24 cos 30° + 1 - 1) - (12,600 + W, )d

102,365 - 20,785 WL - (12,600 + WL)dX =0
For impending tipping: dx =0

102,365
- )
WL(max) = 50,785 - 4925 1b Ans,
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6-65 (Continued)

{b) From a free-body diagram
for the pullevy at B:

3545 1b

+— ZF = B - 3600 cos 10° = 0 B

+ T ZF
Y

B - 3600 ~ 3600 sin ¢ = 0 B 4225 1b
y Bn

From a free-body diagram
for the boom:

+ ¢ IM, = B (24 sin 30°) - Bv(24 cos 30°)
- W (12 cos 30°) + T{(24 sin 20°) = ©
= 3545(24 sin 30°) - 4225(24 cos 30°)
- 600(12 cos 30°) + T(24 sin 20°) = 0
T = 6275 1b = 6.28 kip Ans,

(c) + — EFx s A - Bx - T cos 10°

= A_- 3545 - 6275 cos 10° = 0 A= 9725 1b
+TZF =A -B - T sin 10° - 600
¥ b 4 Y
= A, - 4225 - 6275 sin 10° - 600 = O A, = 5915 b

A= /QAX)Z + (Ay)z = /(9725)% + (5915)% = 11,383 1b & 11.38 kip

- -1 5915 _ ° °
8 = tan oo = 31,31 # 31.3

[+

= 9,731 + 5.92 § kip = 11.38 kip & 31.3 Ans.

>
1
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STURGES

6~-66 The garage door ABCE shown
in Fig. P6-66 is being raised
by a cable DE. The one-piece

12 in

door is a homogeneous
rectangular slab weighing 225 _
1b. Frictionless rollers B /7
and C run in tracks at each “Q}/}
side of the door as shown. 6;;
Determine the tension T in

the cable and the forces B u 100 i,

and C on the frictionless

90 in.

rollers when d = 75 in.

Fig. P6-66

SOLUTION

From a free-body diagram
for the door:

_ -1 100 - 75 _ o
6 = cos 18 - 58.61
_ -1 12 - 6 sin 8
¢ = tan 75 - 6 cos ©
. - Lo
- tan-l 12 - 6 sin :)8.61o - 5.466°
75 - 6 cos 58.61
+ G IM_ = 225(36 cos 58.61°) + T sin 5.466° (6 cos 58.61°)

-T cos 5.466° (48 sin 58.61° + 6 sin 58.61°) = 0

T = 92.54 1b = 93.0 1b

+— IF =T cos ¢ - 2B = 92.54 cos 5.466° - 2B = 0
B = 46.06 1b = 46.1 1b
B =--46.1 17 1b = 46.1 1b «—

+ T EFY = 2C + T sin ¢ - 225 = 2C + 92.54 sin 5.466° - 225
C = 108.09 1b = 108.1 1b

€ =108.1 3 1b =108.11b T

0

Ans.

Ans.,

Ans.
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C6-67 The lever shown in Fig. P6-67
is formed in a quarter circular
arc of radius 20 in.. Plot A
and B, the magnitude of the pin
force at A and the force on the
smooth support B, as a function
of 6 (0°S g < 850), the angle at
which the support is located.

&
JE T

g i 20 in.
Fig. P6-67

SOLUTION

From a free-body diagram
for the lever:

125 b

+ ¢ IM, = B(20 cos 6) - 125(20) = 0
_ 125
B = cos 6
+-—> Y =A -Bsin 9 =20
X X
= A - (125/cos 6) gin @ = 0 A = 125 tan 8
+ TIZF = A + B cos 8 - 125
y y
= Ay - {(125/cos B) cos € - 125 = 0 Ay =0
Therefore:
A=A =125 tan 6

Forces on a Lever

Force {lb)

Theta (deg)
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C6-68 A lightweight pipe is
slipped over the handle
of a wrench to give
extra leverage (Fig.
P6-68). If the inside
of the pipe is smooth
and fits loosely about
the handle of the wrench,
plot the forces exerted
on the wrench at A and B
as a function of the
overlap distance d
(0 £ d < 200 mm).

225N

Fig. P6-68

SOLUTION

From a free-body diagram
of the pipe:

+ QM

B = 1353000 N

225(600) - Bd =0

+T2FY A-B+225=0

B~ 225 N

o
1]

Force (kN)

225N

Forces on a Pipe

125 180 175 200

25 S50 75 100
d {mm)
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C6-69 The crane and boom shown in Fig. P6-69 weigh 12,000 1b and 600 1b,

respectively.

The pulleys at D and E are small and the cables

attached to them are essentially parallel.

{a) Plot d, the location of the resultant force relatlve to point
C, as a function of the boom angle 8 (0° < 6 < 80° }, when the
crane is lifting a 3600-1b load.

(b}

(c)

Plot A, the magnitude of the reaction force on the pin at A,

as _a functiog of 6
{0 <0 < 80") when
the crane is lifting
a 3600-1b load.

It is desired that
the resultant force
on the tread always
be at least 1 ft
behind C to ensure
that the crane is
never in danger of
tipping over. Plot

W , the maximum
max

load that may be
llfted, as a functlon
of 6 (0°s 6 < 80°).

SOLUTION

{(a} From a free-body diagram
for the crane:

+ QM

+ T XF

For W

12,000{9)

(600)(12 cos O - 1)
W(24 cos 8 + 1 - 1)
Nd =0

N - 12,000 - 600 - W

12,600 + W

108,600 - 7200 cos ©

)2,000\b N

24W cos 6

N

3600 1b:

108,600 - 93,600 cos

D

16,200

N = 12,600 + 3600 = 16,200 1b
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C6-69 (Continued) |
]

{b) From a free-body diagram - -15{ -
of the pulley at B:

24 gin € - 6
24 cos & + 9

tan ¢ =

+ - EFx = Bx - 3600 cos @ = 0

B = 3600 cos ¢

E

-3

[~

o]
-

n

By - 3600 - 3600 sin ¢ = 0

B = 3600(1 + sin @)

From a free-body diagram
of the boom:

+ ¢ ™M, = B (24 sin 6) - B (24 cos )
- 600(12 cos ©) + T[24 sin (0 - ¢)] = 0

7200 cos € + 24By cos 6 - 24Bx sin 6

T= 54 sin (8 - &)
+ —ZXF =A - B ~Tcos $=10 A =B + T cos ¢
.4 x x X xX
+TXF = A -B -Tsin¢-600=20 A =B + T sin ¢ + 600
y y ¥ v

b4
A=/(Zx)2+ (A )2
¥
{c) For d = 1:
N = 12600 + W = 108,600 - 7200 cos © - 24W cos 6

_ 96,000 - 7200 cos ©
- 1 + 24 cos 8

Crane Equilibrium Crane Equilibrium

d ()
O = N W A O
Force (kips)

R

0O 10 20 30 40 50 60 70 80 20 30 40 50 60 70 80
Theta (deg) Theta (deg)
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C6-70 The tower crane shown in Fig. P6-70 is used to lift construction

materials. The counterweight C weighs 31,000 N; the motor M weighs

4500 N:; the weight of the hoom AB is 36,000 N and can be considered

as acting at point G; and the weight of the tower is 23,000 N and

can be considered as acting at its midpoint.

(a) If the tower is lifting a 9000-N load, calculate and plot the
reaction forces on the feet at D and E as a function of the
distance x at which the

weight is being lifted. .
{b} It is desired that the
reaction forces at the _7 G
feet D and E always be I ; B
greater than 4500 N to D= ! —,
ensure that the tower ¢ $“ﬁm_4
is never in danger of i Petin S
tipping over. Plot x {
W , the maximum load L E
max ‘I‘:L-.“"“".‘l'.:."!. PO
that can be lifted as a e
function of the distance mpem
x (0 £ x <36 m). 36m
Fig. P6-70
SOLUTION &
From a free-body diagram 3) o000 t,:ONl w
for the crane: 45 3L000N
\ZaoooN
+CEMH=3E—3D-WX f ‘1,
+ 31,000(5) + 4500(3) p It
- 36,000(6) =0
+TEF =D+E-W - 94,500 = 0 Forces on a Tower Crane
¥ 120 =
Solving yields: 100
W g ®
D = 39,333.3 + E(S - x) E 60
E = 55,166.6 + S(x + 3) 2 4
20
o . 0
(a) If W = 3000 N: 0O 5 10 15 20 25 30 35 40
D = 43833.3 - 1500x x (m)
E = 59666.6 + 1500x
D = 0 and the crane will tip if: x > 238333 _ 99 22 n
1500
(b) If D = 4500 N: w = 209,000
max x -3
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C6-71 The hydraulic cylinder BC is used to tip the box of the dump truck
shown in Fig. P6-71. If the combined weight of the box and the load
is 22,000 1b and acts
through the center of
gravity G
{a) Plot C, the force

in the hydraulic
cylinder, as a
function of the
angle ©
{0 s 8 5 80°).
{b) Plot A, the
magnitude of the
reaction force on
the pin at A, as a
function of 8
(0°< @ < 80°).

SOLUTION

a=12.5cos 8 - 2

b = 12.5 sin 6 + (.5
- -1b
¢ = tan a

From a free-body diagram
for the truck box:

4 = IF = A -Cecos ¢=0
X x
A =C cos ¢
x
+TIF =A + C sgin ¢ 3
y y =
- 22,000 =0 @
. g
Ay = 22,000 - C sin ¢ v
A=>/(Ax)2+(my)2 0 10 20 30 40 50 60 70 80
Theta (deg)
+ ¢ IM, = 8.5(22,000 cos 8)

- 2.5(22,000 sin &)
- 12.5(C sin(¢® - €)1 = 0

187,000 cos 8 - 55,000 sin 8
12,5 sin (¢ - 8)

C =

<4<
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C6-72 An extension ladder is being raised into position by a hydraulic
cylinder ag shown in Fig. P6-72. If the ladder has a mass of 500 kg

and center of gravity at G

(a) Plot B, the force
in the hydraulic
cylinder, as a
function of the
ang%e 6 o
(10 <0 =< 907).

(b) Plot A, the
magnitude of the
reaction force on
the pin at A, as
a function of ©
(10° < 6 < 90°).

SOLUTION

W

it

500(9.807) = 4904 N
1.5 + 3 sin 6
3cos @ -2

- -1 a
¢ = tan b

b

From a free-body diagram
for the extension ladder:

+ —LF =A +Bcos =90
xX x
+ T XF = AY + Bsgind -¥W=20
A = -B cos ¢
x
A =W -Bsin ¢
Y
2 2
A= /(Ax) + (Ay)
+ G IM, = (B sin 9)(3 cos 8)
- (B cos 9)(3 sin 0)
- {W cos 9)(8)
+ (W sin 8)(1) = 0

B = 8W cos 6 - W sin O
“ 3 cos 0 sin ¢ - 3 sin 6 cos ¢

Ladder Forces

Force (kN)

Theta (deg)
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6-73*% Determine the reaction
at support A of the
pipe system shown in
Fig. P6-73 when the
force applied to the

pipe wrench is 50 lb.

SOLUTION

From a free-body diagram
for the pipe system:

For force equilibrium:

iF = ﬁA + P
=R, T+R, 7+ (R, ~ 50) £E=-0
§A=Rﬁx1+RAyJ+RAzE
=01+03+50%K=5k1b=501b T Ans.

For the load P:

ro,,=-7TT+23F+10 £
HAP =Tp,, X B=(-7T+2373 +10%K)x(-50K)

= -1156 1 - 350 J in.-1b

For moment equilibrium:

ERA = CA + EAP = (M, —1150) T + (M, —350) F +M,, £E=0
C,=mn T+ M, T+ M, £ = 1150 T + 350 3 in.*1b Ans.
c, = /(MAX)B + (May)z = /(115002 + (350)% = 1202 in.-1b

4¢3
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6-74%

The rectangular plate of
uniform thickness shown
in Fig. P6-74 has a mass
of 500 kg. Determine the
tensions in the three

cables supporting the

plate.
SOLUTION 2
-Th ( T

From a free-body diagram : B
for the plate: R

- b Sallnt - B

¥ = ng = 500(9.807)(-K)
= -4904 k N
o . / \\
For moment equilibrium: \
4904N Yy

™

A

= (rBIA X TB} * {rCIA

1]

Solving yields:

X TC) + (FG/A x W)

((-1.5 T + 0.9 J) x (T, )] ¢« [(-0.5T + 2.5 §) x (T, K)i
+ [(-0.625 T + 1.25 J) x (-4904 £}]

(0.9T, + 2.5T_ - 6130) T+ (1.5T, + 0.5T_ - 3065) j=0

T, = 1393.2 N T, =1393kN=133N7T
T, = 1950.5 N T, 1951 B N =1951 N1
For force equilibrium:
EF=TA+TB+TC+W
= (T, + T, + T - 4904) Kk
= (T, + 1393.2 + 1950.5 - 4904) K = @
T, = 1560.3 N T, = 1560 £ ¥ = 1560 N T

Ans.

Ans.

Ans.
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6-75 A 500-1b homogeneous
circular plate is
supported by three
cables as shown in
Fig. P6-75. Determine

the tensions in the

three cables.

SOLUTION T;\ Z

From a free-body diagram
for the plate:

For moment equilibrium: N3 ~ 'j

2

A (rB/A

[(12 T + 30 J) x (T, )] + [(-24 T + 36 J) x (T, k)1

X TB) + (T, x Tc) + (T, X W)

# [(-9 T + 21 3) x (500 £)]

(30T, + 36T - 10,500} T + (-12T, + 24T, - 4500) 3 = 0

Solving vields:

78.13 1b = 78.1 1b 78.1 £ 1b=78.11b 7T Ans.

=
1l

227 £ 1b = 227 1b T Ans,

H

226,56 1b « 227 1b

-1
n

For force equilibrium:

ZF=TA+TB+TC+W
=(TA+TB+TC-500)E
= (T, + 78,13 + 226.56 - 500) £=0
T, = 195.31 1b & 195.3 1b TA =195.3 Kk 1b 195.3 1b T Ans.

4¢5
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6-76 The triangular plate
of uniform thickness
shown in Fig. P6-76
has a mass of 400 kg.

Determine the tensions

in the two cables

supporting the plate

and the reaction at

the ball support. Fig. P6-76

SOLUTION Zz

W = mg = 400(9.807) = 3923 N Th

From a free-body diagram
for the plate:

w®

\

p )
+—ta

c—-
T. =y
W= 3923 N Re

For moment equilibrium:

M = (T

C A/C
[(0.900 1 - 1.500 J} x (T, £Y1 + ((-1.500 3) x (T, E)]

X TA) + (FB/C X TB) + (FCIC x W)

+ [(0.300 T - 1.000 §) x (-3923 k)1

(-1.500T, - 1.500T, + 3923) 1+ (-0.900T, + 1176.9) i3=0

Solving yields:

T, = 1307.7 N = 1308 N TA = 1308 § N = 1308 N T Ans.
T, = 1307.7 N = 1308 N TB = 1308 £ N = 1308 N T Ans.
For force equilibrium:
ZF=RC+TA+TB+9
= (R, + 1307.7 + 1307.7 - 3923) k=0
R, = 1307.6 N & 1308 N RC = 1308 E N = 1308 N T Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6~77% The bent bar shown in Fig.
P§-77 is supported with
three brackets that exert
only force reactions on
the bar. Determine the
reactions at supports A,

B, and C.

SCLUTION

From a free~-body diagram
for the bar:

For moment equilibrium:

x B)

a = (Tgyp X B) + (To/a
[(-8 T +6%)x (B T+ B, 31
((-8T+93+1Kk)x(c T+cC, E)1l

4 [(-8 %) x (753501 + [(-87T + 14 E) x (50 T - 100 K)]

2

x C) + (FD/A x D) + (FE,A

.

(-6B + 9C )} T + (6B_ + 14C_ + 8C_ - 100) J

b4 Zz x x z

+ (-8B -9C -600) E=0
b4 x
For force equilibrium:
A+B+3+D+E
A, j+a k+B T+ B, Jrc T+cC, £+753+5071% -100%K
(B +C +50) T +(A +B +7) 3+ +cCc -100) k=0
x x b 4 y z z

)

Solving yields:

A, = 450 1b B, = ~450 1b c, = 400 1b
A = 450 1b B = -525 lb = -350 lb
z y z
=450 3§ + 450 kK 1b Ans.
B=--4501 - 525 5 1b Ans. C=4007% -350 % 1b Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D, STURGES
6-78% The bent bar shown in Fig. 450 mm

P6-78 is supported with o

two brackets that exert "’,dm)N

only force reactions on "“tsm)N

the bar. End C of the bar
rests against smooth
horizontal and vertical
surfaces., Determine the

reactions at supports A,

« K
200mm - 25

200 mm ;j‘ o

B, and C. 300 mm
y
X
Fig. P6-78
r
SOLUTION o 4oo N
|
From a free-body diagram 3°°N
for the bar:
i3x""’ 200N
For moment equilibrium: Hx/
. . Cx
M o=(r,,,xB)+(r, xC +(F,,, xD ) e
= [(0.200 &) x (B, 1 + B, 3)] * J
+ [(~0.300 T + 0.250 J - 0.300 k) x (c, T+c k)1 Cz
+ {(0.450 J + 0.400 k) x (-400 T + 300 § - 200 K)]
= (-O.ZUOBY + 0.250Cz - 210) 1
+ (0.200B_ - 0.300C_+ 0.300C_ - 180) § + (-0.250C_ + 180) k=0
For force equilibrium:
IF=RA+B+C+D
=A T+A J+B T +B J+C 1T+cC_ k-4007+3007-200EK
x y x y X z
={A +B +C =-400) T +{(A +#B +300)FJ+(c -200)%k-=03
x x x y b4 z
Solving yields:
Ax = -1900 N Bx = 1580 N Cx = 720 N
A = 500N B = -800 N C = 200N
Y b z
A=-1900 7T + 500 N Ans.
B-1580171-80073N Ans. C=7201T +200k N Ans.
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6-79 Bar AB is used to support
an 850-1b load as shown
in Fig. P6~79. End A of
the bar is supported with
a ball and socket joint.
End B of the bar is
supported with two cables.
Determine the components
of the reaction at support
A and the tensions in the
two cables.

Fig. P6-79

SOLUTION Cr-o Z_ TBe Taa,.,'D
| -
'

From a free-body diagram '

for the bar: :
! Rx

For moment equilibrium: */'f: -

‘ZEA = (16 T + 26 k) x (-Toe 3) + (323 +26 k) x (-Tgp 1)
+ (16 T + 32 3) x (-850 k)

= (26 T - 27,200) T+ (-26 Tgp + 13,600) 3
+ (=16 T, + 32 T ) k=0

From which:

i

1046.2 1lb = 1046 1b -1046 3 1b Ans,

BC BC

BD 523.1 1b = 523 1b BD

T

-523 1 1b Ans.

T

For force equilibrium:
5F = A + TBC + TBD + W

=AT+AT Azﬁ - Tge 3 - Tgpl - 850 k

(A, - 523.1) T+ (a, - 1046.2) § + (A, - 850) k=0

From which:

A =523.1 1b = 523 1b
A, = 1046.2 1b 1046 1b
A = 850 1b A=5237+ 1046 3 + 950 k 1b Ans.
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6-80 Bar AC of Fig. P6-80
rests against a smooth
surface at end C and
is supported at end A
with a ball-and-socket
Jjoint. The cable at B
is attached midway
between the ends of the
bar. Determine the
reactions at supports A
and C and the tension
in the cable at B.

SOLUTION

_ 400 T - 400 § - 600 K
FBE = 300[ y

(400)° + (-400)% + (-600)
388.1 1 - 388.1 F - 582.1 kK N

o= -400 1 + 800 J - 600 K
- °BD /

BD :
(-400)% + (800)% + (-600)> Tep
= T, (-0.3714 T + 0.7428 J - 0.5571 E) T~ D
- Py
- ”
From a free-body diagram e < -
for the bar: w E

For moment equilibrium:

IM = (T a X FBE) + (T, x TBD) + (Fc/Ax <)

A E
= {0.800 T + 0.400 3 - 1.200 K} x (388.1 T - 388.1 F - 582.1 k)
(1.600 J - 1.200 ¥) x (-0.37147, ¥ + 0.7428T 3 - 0.55717_ %)

+
+(0.800 T + 1.600 § - 1.200 &) x (C, &)

698.56) I + (0.4457T - 0.800C,) J
+ (0.5942T - 465.72) £=0

(1.600Cz

From which:

C, = 436.6 N x 437 N T =-1436.6 E N =437 E N =437 N1 Ang,
Typ = 783.7 N & 784 N TBD = -291,1 1 + 582.2 3 - 436.7 kN
«-291 7T +582 73 - 437 kN Ans.
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STURGES

6-B0 (Continued)

For force equilibrium:

b2

K+FBE+TBD+C

-~

= AT + ij + AZE +388.1 7 - 388,173 - 582.1 K

x

- 291.1 1 + 582,273 - 436.7 K + 436.6 k = 0

~

= (A +97.0) T +(A +194.1) J+(a_ ) K
X ¥ z

From which:

A = -97.0 N
x

A =-194.1 N
Y

A = 582,2 N A=-97.01T -194.13 + 582 KN

Ans.,
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6-81% A shaft is loaded through a pulley and a lever (see Fig. P6-81)
that are fixed to the shaft. Friction between the belt and pulley
prevents slipping of
the belt, Determine SO0 1h
the force P required
for equilibrium and T 150 1h
the reactions at -
supports A and B.
The support at A is
a ball bearing and
the support at B is
a thrust bearing.
The bearings exert
only force reactions
on the shaft.

Fig. P6-B1

SOLUTION Soel}

From a free-body diagram
for the system:

YSolb Ry

EMy = P(14) + 150(6) - 500(6) = 0

P=-1501b4 = -150 Kk 1b Ans. 2o001p

For moment equilibrium:

EHB = [(-187) x (A T +4A, )1 + [(-30 F + 6 &) x (-500 1)]
+ [(-30 F -6 &) x (-150 T)] + [(14 T + 14 J) x (200 F - 150 k)]
= (-184_ - 2100} T + (1BA_ - 16,700) £t=0
A=0927.87T - 116.67 & 1b =2 928 T - 116.7 K 1b Ans.
A= /(927.8)% + (-116.67)% = 935.1 1b & 935 1b

For force equilibrium:

Py

i

927.8?—116.s7k‘+Bx’1‘+Byj+Bzﬁ
-500 7 -1507 + 20073 - 150 Kk

(B, + 277.8) 1+ (B, + 200) 3+ (B, - 266.67) £t=0

B=38 1 +Byj“+Bzﬁ=-277.8'i - 2003 + 266.67 £ 1b
® -278 T - 200 5 + 267 £ 1b Ans.,

J(-277.8)% + (-200)2 + (266.67)% = 433.9 1b & 434 1b

v-]
1]
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6-82% The shaft with two levers
shown in Fig. P6-82 is 750 N
used to change the
direction of a force.
Determine the force B

200 mm

required for equilibrium =200 man

and the reactions at -ﬁ

supports A and B. The e o =1 .. ) b

support at A is a ball B "””’ o ; w--_____ X
bearing and the support 200 Zﬂ“m“»athﬁh ek
at B is a thrust bearing. thmﬂiiqﬂ“

The bearings exert only
force reactions con the

ir, PhH-
shaft. Fig. P6-82

SOLUTION

From a free-body diagram
for the system:

M
y
P

P(200) - 750(200) = 0
750 N 4 = -750 K N Ans.

For moment equilibrium:

ZHB = [(-650 J) x (A T + A, 'S}
+ [(-200 5 + 200 B) x (-750 1)1 + [(200 T - 450 3) x (-750 k)]
= (-650A_ + 337,500) T + (650A - 150,000) £E=0
A=230.83 +073F +519.2 kK N=2317T+519KkN Ans.
A = /(230.8)% + (519.2)° = 568.2 N & 568 N

For force equilibrium:

F

230.8 T + 519.2 £ + B T+ B, J +B, £E-7501 - 750 k

it

(B - 519.2) T +B J + (B -230.8) £=0
X y z

B=8B 1+8B J+B Kk
x y z

519.2 T + 0 3 + 230.8 K N =519 T + 231 KN Ans.

/(519.2)2 + (230.8)° = 568.2.0 N = 568 N

u e
"

473




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-83 The plate shown in Fig.
P6-83 is supported in a
horizontal position by
two hinges and a cable.
The hinges have been
properly aligned;
therefore, they exert
only force reactions on
the plate. Assume that
the hinge at B resists
any force along the axis
of the hinge pins.
Determine the reactions
at supports A and B and 00 1
the tension in the cable. Fig. P6-83

SOLUTION

From a free-body diagram
for the plate:

For moment equilibrium:

2

(FA/B x A} + (FC/B X TCD) + (FG/B x @) + {rE/B x P)

(20 1) x (ij +AR)+ (5T +207) x (-0.8660T  J + 0.5000T _ k)
(10 T + 10 5) x (-100 K) + (25 T + 20 ) x (-300 K)

+

(10T, - 7000) T + (2.500T, - 20A  + 8500) 3
+ (4.330T  + 20A ) £=0

From which:

-606.2 T + 350.0 F 1b

T., = 700 1b TCD =
A = 512,5 1b & 513 1b ® -606 1T + 350 F 1b Ans.
AY = -151.55 1b = -151.6 1b A=-151.6 J+ 513K 1b Ans.

For force equilibrium:

EF=K+B+TCD-W-P
=A, J+A E+B 1+ B, j+B K -606.27+350.0%~ 100K - 300k
=B T + (-151.55 + B, - 606.2) J + (512.5 + B_ - 50) k=0
From which: Bx =0 By = 757.75 = 758 1b
B, = -462.5 = -463 1b B=-7583-463Kk 1b Ans.
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6-84 The block W shown in Fig.
P6-84 has a mass of 250 kg. z
Bar AB rests against a 5 et
smooth vertical wall at end
B and is supported at end A
with a ball and socket
joint. The two cables are
attached to a point on the
bar midway between the ends.
Determine the reactions at
supports A and B and the
tensions in the two cables.

260 mm

I "
- }75(!‘(-1 e
;:;y//T‘YF

Fig. P6-84

SOLUTION

T T & =17 |-=0:200 T +0.200 § + 0.500 K
—0.200)% + (0.200}% + (0.500)°

cp - Tcp®csp T Tep v
/i
= T,,(-0.3482 T + 0.3482 j + 0.8704 &)

¥

mg = 250(9.807)(-K) = -2452 K N

From a free-body diagram ¥
for the bar: ! ¢
|
-

- 700 ': ---- ]
B - T ~[J 3001 200mm.
Pi;-J
1 e,y

For moment equilibrium: 24S2N nx

xB) + (T =W

D/A

zﬁn (Feoya X TCD) + (T
[(-0.300 J + 0.800 K) x (-0.3482T __ T + 0.3482T, J + 0.8704T )]
[(0.400 T - 1.000 7 + 0.600 &} x (B 3)

i

+ 110,200 T - 0.500 F + 0,300 B) x (-2452 K)1

+

~ -~

(-0.5397T, - 0.600B + 1226.0) T + (-0.2786T . + 490.4) ]
+ (~0.10446T _ + 0.400B) £-0
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6-84 (Continued)

Solving yields:

T, = 1760.2 N = 1760 N
TCD = 1760.2(-0.3482 T + 0.3482 J + 0.8704 %)

= -612.9 T + 612.9 J + 1532.1 K N

®-613 1 +613F + 1532 &N Ans.
B=459.7 3 Nw 460 J N Ans.

For force equilibrium:

tF=A+B+ TCD + ¥

A T+ A J+a £ + 459.7 3 - 612.9 T + 612.9 3 + 1532.1 & - 2452 k

X

H

(A, - 612.9) T + (A, + 1072.6) § + (A, - 919.9) k=0

>
H

612.9 T - 1072.6 J + 919.9 k

613 T - 1073 § + 920 k N Ans.

A= /QBIS.I)Z + (-1073.0)2 + (920.3)2 = 1540.8 N &« 1541 N
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6-85% The plate shown in Fig.
P6-85 weighs 200 1b and
is supported in a
horizontal position by

a hinge and a cable.

Determine the reactions

at the hinge and the

tension in the cable,

SOLUTION

TC = TCeC/B

T -121T-2037+2 Kk ]

C \
Ji-12)2 + (2002 + (20)2
-0.3586T, I - 0.7171T, J + 0.5976T k

n

From a free-body diagram
for the plate:

b3

A

"

CA + (FGM x W) + (Fau X Tc)

=M, T +M, £ + [(14 T) x (-200 £)]

+{(26 T + 11 J) x (-0.3586T T - 0.7171T_ J + 0.5976T £)1

= (M, +6.5736T.) T + (2800 - 15.5376T.) J + (M, - 14.7000T,) k-0

Solving yields:

CA =M, T +M £ =-1185 1 + 2649 k in.*1b Ans.
x AZ
o = 180.21 1b = 180.2 1b Ans.
T = 180.21(-0.3586 1 - 0.7171 J + 0.5976 k)

-64.62 T - 129.22 § + 107.69 & 1b

EF=K+TC+W
=A T+ A, J+a k-64.627-129.22 7 + 107.69 £-20£=10
= (A, - 64.62) T + (A - 129.22) Jra, -923) k=10
A=64.62 T +129.22 3 + 92.31 K

> 64,6 T + 129.2 3 +92.3 K 1b Ans.
A= /(64.62)% + (129.22) + (92.31)% = 171.45 1b & 171.5 1b
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6-86 Beam CD of Fig, P6-86 is
supported at the left end
C by a smooth pin and
bracket and at the right
end D by a continuous
cabie that passes around
a frictionless pulley.
The lines of action of
the force in the cable
pass through point D.
Determine the components
of the reaction at
support C and the force
in the cable when a 5-kN
load W is being supported
by the beam.

SOLUTION Z
1,71
Since the cable is continuous: .1 \ A
”’ | cg 1 ~
- 7 - - ¥
TAD - TBD =T : I
Caa o 21-83+3% .
TAD - reA!D =1 > > = :
ﬂz>+(-m + (3) %~

0.2279T T - 0.9117T 3 + 0.3419T &

N . -21-87+3%k
TBD - Tee/o =T > > é]
/Q*Z) + (=8) + (3)

= -0.2279T T - 0.9117T J + 0.3419T K

From a free-body diagram
for the beam:

For moment equilibrium:

M =C_ + (T

C C
Mo, 3+ M, B+ [(8F) x (-1.8234T J + 0.6838T k)|

) x (TAD + T ) + (T x W

D/C E/C

-+

(4 3) x (-3 B)]

(5.4704T - 20) T + (M ) T + (M) £E-0

Solving yields:

Cc = MCy Jt MCZ k=0 Ans.,

T = 3.656 kN & 3,66 kN Ans.
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6-86 (Continued)

TAD = 3.656(0.2279 T - 0.9117 § + 0.3419 k)
= 0.8332 T - 3.3332 J + 1.2500 kK kN
T, = 3-656(-0.2279 T - 0.9117 J + 0.3419 k)

-0.8332 T - 3.3332 J + 1.2500 K kN

For force equilibrium:

vF RC + TAD + TBD + @

=Ry, T+R,T+R, £ +0.8332 T - 3.3332 3 + 1.2500 k

- 0.8332 1T - 3.3332 3 + 1.2500 kK - 2.5 Kk

= (R. )1+ (R, - 6.6664) 3 + (R - 2.500) k=0

ﬁc =R, T +R T +R, k

6.666 J + 2.500 k kN

% 6.67 J + 2.50 £ kN Ans.

/16.666)2 + (2.500)% = 7.119 kN & 7.12 kN

=
H
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6-87*% The plate shown in Fig. 2
P6-87 weighs 150 1b and
is supported in a
horizontal position by
two hinges and a cable.
The hinges have been
properly aligned;
therefore, they exert
only force reactions on
the plate. Assume that
the hinge at B resists
any force along the axis
of the hinge pins.
Determine the reactions
at supports A and B and
the tension in the cable.

SOLUTION
oA _ 203 -227+18 Kk
Tc - Tcewc T c > 5 é]
/(20) + (-22)" + (18)
= 0.5754T, T - 0.6330T_ J + 0.5179T_ k 2

From a free-body diagram
for the plate:

For moment equilibrium:

M. = (T

B [
[(8 T +227) x (0.5754T, 1 - 0.6330T_ 7+ 0.5179T k)

P TC} + (T, . x K} + (T, q x W)

+

[(24 1) x (A, Jra BN+ (12T + 11 F) x (-150 K)]

(11.3938T, - 1650) 1+ (-4.1432T_ - 24A_ + 1800) ]

+ (-17.7228TC + 24Ay) £E=0
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6-87 {Continued)

Solving yields:

T. = 144.82 1b % 144.8 1b Ans.
T. = 144.82(0.5754 T - 0.6330 j + 0.5179 k)
=83.33 1T - 91.67 3 + 75.00 £ 1b
A = 106.98 1b
Y
A, = 50.00 1b
= 106.98 § + 50.00 B 1b = 107.0 J + 50.0 K 1b Ans.
{/ 2 2
A =/(106.98)° + (50.00)° = 118.09 1b = 118.1 1b

For force equilibrium:

tF=K+B+T, +W=106983+5000%+B T+8 J+B &

+83.33 17 - 91.67 3 + 75.00 k - 150 &

H

(B, + 83.33) 1 + (By + 106.98 - 91.67) )

+ (B_ + 50.00 + 75.00 - 150.00) k=0

X

B=B T+B j+B Kk
¥ z

-83.33 T - 15.31 J + 25.00 K 1b

&« -83.3 1T -15.31 7 + 25.0 K 1b Ans.

/(-83.33)% + (-15.31)° + (25.00)° = 88.24 1b = 88.3 1Ib

+=]
{]
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6-88% A bar is supported by a
ball-and-socket joint,

link, and cable as shown

| 1000 mm

in Fig. P6-88. Determine
the reactions at supports
A {ball-and-socket joint)
and B (link) and the

tension in the cable.

550 mim
3«——-—"""‘ X
\
Fig. P6-88
SOLUTION
oA _ -1.000 T - 2.050 § + 0.750 k
Tc B TceD/c - Tc > > 3
/ﬂ-1.000) + (-2.050)° + {0.750)

—0.4165TC i- 0.8538TC j+ 0.3124T £

From a free-body diagram
for the bar:

For moment equilibrium:

M = (r

A c/
[(2.050 J) x (-0.4165T 1- 0.8538T 3+ 0.3124T, )1

W X TC) + (FB,A x B) + (FE,A x B) \ﬂ

[(1.500 §) x (B )1 + [(0.900 J) x (-2.50 ¥)]

+

1]

(0.6404T_ - 2.250) T + (0.8538T_ - 1.500B) k-0
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6-88 (Continued)

Solving yields:

B = 2.000 kN = 2.00 kN B=20071KkN Ans.
o = 3.513 kN x 3.51 kN
T. = 3.513(-0.4165 T - 0.8538 J + 0.3124 k)
= -1.4632 T - 3.000 § + 1.0975 K kN
® -1,463 7 - 3.00 § + 1.098 kK kN Ans.

For force equilibrium:

F

RA+TC+B+F‘
(th - 1.4632 + 2.000) 1 + (RAy - 3.000) )

+ (R, + 1.0975 - 2.50) £=0

B =R T+0R _1+RAZE

-0.5368 T + 3.000 J + 1.4025 E kN

® -0,537 T + 3.00 7 + 1.403 & kN Ans.

/(-0.5368)% + (3.000)2 + (1.4025)% = 3.355 kN & 3.36 kN

=
]
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6-89 A beam is supported by a
ball-and-socket joint and
two cables as shown in
Fig. P6-898., Determine the
reaction at support A (the
ball-and-socket joint) and
the tensions in the two

cables.

SOLUTION

~ _ 0§ -11j+6k
TB TB a0 ° TB|:/ > > 2,]
0" + (-11)" + (8)

= -0.8779T, J + 0.4789T, k

~ -71-117+3FK
Tc Tc €c/p Tc 2 > 3
/1*7) + {(-11)" + (3)

= -0.5232T T - 0.8222T, J+ 0.2242T k

From a free-~body diagram
for the bar:

For moment equilibrium:

M = (T

. o/a X TB) + (FD,A x TC> + (FD/A X P1) + (T x P

E/A 2

[(11 J) x (-0.8779T_ 3 + 0.4789T k)]

B

-~

((11 3) x (-0.5232T_ T - 0.8222T_ 7 + 0.2242T £)]

+

({11 3) x (300 )] + [(6 §) x (~-800 E)]

E 3

H

(5.2679T, + 2.4662T, - 4800) 1 + (5.7552TC - 3300) k=0
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6-89 (Continued)

Solving yields:
642.7 1b = 643 1b

w3
it

573.4 1b = 573 1b

-3
1l

T = 642.7(-0.8779 J + 0.4789 k)

= -564.2 § + 307.8 Kk 1b

T = 573.4(-0.5232 T - 0.8222 J + 0.2242 k)

= -300.0 T - 471.4 5 + 128.6 k 1b

For force equilibrium:

oF RA + TB + Tc + Pi + P

-~

(R - 300.0 + 300.0) 1
AX

(R,, - 564.2 - 471.4) ]

(R,, + 307.8 + 128.6 - 800) £ =0

2

It

o+

-+

RA =R, T+R, T +ER, '

1035.6 j + 363.6 K 1b

%1036 3 + 364 & 1b

R = /(1035.6)° + (363.6)° = 1097.6 1b & 1098 1b

Ans.

Ans.

Ans.
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6-90 The plate shown in Fig.
P6-90 has a mass of 75
kg. The brackets at
supports A and B exert
only force reactions on
the plate. Each of the
brackets can resist a
force along the axis of
pins in one direction
only. Determine the
reactions at supports A
and B and the tension in

i
N
¥

the cable. ‘;;:~x<f
Fig. P6-90
SOLUTION
Cm oA _ -1.00 T - 1.40 cos 30° 3 + (1.20 + 1.40 sin 30°) K
Tc - Tcenlc =T

C v
/(=1.0012 + (-1.40 cos 30°)2 + (1.20 + 1.40 sin 30°)°

= -0.4056T_ T - 0.4917T_ 3 + 0.7706T_ K

W=mg = 75(9.81)(-Kk) = -735.75 kK N = -735.8 E N

X

From a free-body diagram ,’:
for the plate:

For moment equilibrium:

™M = (r

B C
[(1T+1.2%)x (-0.4056T_ T - 0.4917T_ J + 0.7706T,, )]

/B X Tc) t(r,,gx A+ (T px W)

-+

[(2 1) x (A, T +a k)]
+ ({1 T +0.70 cos 30° § - 0.70 ein 30° k) x (-735.8 E)]

(0.5900T, - 446.0) T+ (-1.2573T, - 2A_ + 735.8) 3

+ (~0.4917T, + 24 ) £=0
y
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6-90 {(Continued)

Solving yields:

TC = 755.9 N = 756 N Ans.

T. = 755.9(-0.4056 T - 0.4917 j + 0.7706 K)

= -306.6 T - 371.7 J + 582.5 K N

A = 185.84 N

A = -107.30 N

”~

A=185.84 F - 107.30 E N = 185.8 J - 107.3 k N Ans.

/(185.84)% + (-107.30)% = 214,59 N & 215 N

28
]

For force equilibrium:

ZF=K+§+TC+W=185.843—107.3OE+BX’1‘+By'j+BzE

-~

- 306.6 T - 371.7 J + 582.5 kK - 735.8 k

(Bx - 306.6) 1 + (By + 185.84 - 371.7) 3

+ (B, - 107.30 + 582.5 - 735.8) § = 0

B-p T+B J+B k
x ¥y z
= 306.6 T + 185.86 J + 260.6 & N
« 307 1T + 185.9 J + 261 kK N Ans.
/ 2 2 2
B = /(306.6)° + {185.86)° + (260.6)" = 443.2 N = 443 N
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6-91% A bar is supported by a
ball-and-socket joint T“Mi“ﬂ
and two cables as shown ij
in Fig. P6-91. |

Determine the reaction

at support A (the ball-

and-socket joint) and

the tensions in the two

cables, /})ﬁm.
x I‘/ISin.
500 1b
Fig. P6-91
SOLUTION
_ s . -22 T +24J+16 K
T, =T, 8, =1, = - =
V2212 + (24) + (16)
= -0.6064T_ T + 0.6616T_ 3 + 0.4411T_K z
B B B i
-~ L) |
P -1 5 =7 |08 T-14T+uEk o
C C C C = > 2 ,4 Sy
(-56)" + (-14)" + (24) S |
= -0.8958T_ 1 - 0.2239T_ J + 0.3839T, K 7 : L.
l o
' R
t
L

From a free~body diagram
for the bar:

For moment equilibrium:

R = (T

A rBIA

x B)

b TB) + (T X Tc) + (T

C/A E’a

[(2¢4 F + 16 k) x (-0.6064T, T + 0.6616T, J + 0.4411T_ £)]

[(-14 F + 24 E) x (-0.8958T T - 0.2239T 3+ 0.3839T, '3}

-+

[(38 T) x (-500 k)]

-+

(-9.7024T_ - 21.4992T _ + 19,000) J + (14.5536T, - 12.5412T ) t-=-0
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6-91 (Continued)

Solving yields:
548.31 lb = 548 1b Ans.

o)
n

636.31 1lb = 636 1b Ans.

—
"

T = 548.31(-0.6064 1 + 0.6616 J + 0.4411 k)

= -332.49 T + 362.76 J + 241.86 kK 1b
T = 636.31(-0.8958 T - 0.2239 J + 0.3839 k)

= -570,00 T - 142.47 § + 244.28 ¥ 1b

For force equilibrium:

iF

ﬁA + TB + TC + P = (R,, - 332.49 - 570.00) I
t (R, + 362.76 - 142.47) 3
+ (R, + 241.86 + 244.28 - 500) k = O

RA =R, T+R, T +R, k

902.49 T - 220.29 3 + 13.86 K b

x 902 1 - 2203 + 13.86 kK 1b Ans.

(902.49)° + (~220.29)° + (13.86)° = 929.09 lb = 929 1b

X
1t
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6-92 The plate shown in Fig. z
P6~92 has a mass of 100
keg. The hinges at
supports A and B exert
only force reactions on
the plate. Assume that
the hinge at B resists
any force along the axis
of the hinge pins.
Determine the reactions
at supports A and B and
the tension in the cable.

500 m

<

o

T

e ;ﬂ"”ﬁ )ll llll‘l‘\‘
e
Fig. P6-92
SOLUTION
5 - =0.500 T - 1.400 cos 30° J + (0.750 + 1.400 sin 30°) &
p/c

4 ~
Y(-0.500)% + (~1.400 cos 30°)% + (0.750 + 1.400 sin 30°)°
= -0.2557 T - 0.6201  + 0.7417 &

T.=T18,,.=-0.2557T_ T - 0.6201T_ § + 0.7417T, &

@ = ng = 100(9.807)(-K) = -980.7 K N

o~

F.,p = 1.000 T + 0.300 cos 30° j - 0.300 sin 30° £
= 1.000 T + 0.2598 § - 0.1500 K
T,,, = -0.800 cos 30° 3 + 0.800 sin 30° &
= -0.6928 J + 0.400 K
r,,, = 0.300 T ~ 0.400 cos 30° 5 + 0.400 sin 30° K
= 0.500 T - 0.3464 J + 0.200 k -
]
I
From a free-body diagram . ?’,—c

]
|
A
'

for the plate:
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6-92 {Continued)

For moment equilibrium:

™™ = (T

5 x T + (F, . x K+ (T, xW

C/B
= [(1.000 T + 0.2598 § - 0.1500 K)

x (-0.2657T_, 1 - 0.6201T, J + 0.7417T, k)
[(-0.6928 § + 0.400 k) x (4 T + A sin 30° J + A_ cos 30° K11
[(0.500 T - 0.3464 j + 0.200 k) x (-980.7 k)]
(-0.8000A + 0.0997T_ + 339.7) T + (-0.7033T  + 0.4000A  + 490.4) j
+ (-0.5537T_ + 0.69284 ) k-0

+ o+
I

Solving yields:
T = 1278.35 N ¥ 1278 N Ans.

F - 1278.35(-0.2557 T - 0.6201 J + 0.7417 &)
= -326.87 1 - 792.70 § + 948.15 kK N

A = 1021.68 N A = 583.94 N
A=A

X

(2]

+A J+a =4 1T+ A sin 30° F + A cos 30° kKN
y z X n n
1021.68 T + 291.97 J + 505.71 & N

1022 T + 292 3 + 506 k N Ans.

R

2

A (1021.68)2 + (291,87) + (505.71)2 = 1176.78 N & 1177 N

For force equilibrium:

oF K+B+TC+W

1021.68 T + 291.97 3 + 505.71 k + B T+ B, i+8B, 4
326.87 T - 792.70 § + 948.15 K - 980.7 k
(B_ + 694.81) T+ (B, - 500.73) J + (B_ + 473.16) £E=0

"

B=B T+ B, 3 +B £ - -694.81 1 + 500.73 § - 473.16 kK N

x

% -695 T + 501 F - 473 kN Ans.
B = /(~694.81)2 + (500.73)% + (-473.16)° = 978.45 N & 978 N
For Hinge B:
B_ =B sin 30° + B, cos 30°

Y
500.73 sin 30° - 473.16 cos 30° = -159.40 N
B, cos 30° - B_ sin 30°
500.73 cos 30° + 473.16 sin 30°

==}
"

670.22 N
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C6-93 An I-beam is supported by a ball-

and-socket joint at A, by a rope
BC, and by a horizontal force P as
shown in Fig. P6-93. In addition,
a 560-1b load is suspended from a
movable support at D. If the
uniform beam is 80 in. long and
weights 225 1b
(a) Plot the force P required to
keep the beam aligned with the
y-axis as a function of the
distance d (0 £ d < 80 in.).

{b) On the same graph plot TBC,

the tension in the rope, and
A, the magnitude of the force
exerted on the ball-and-socket
joint.

SOLUTION

T

BC

=)

)

=T

-40 T -80 3 + 30 Kk }

BC 2 2 2
/4-40) + (-80) + (30)

—~

-~

{(80 J) x (-0.4240TBC 1

-+

-9000 - 560d + 25.4399TBC =0
0=0
=60 P + 33.9199T =0

A +P- 0.4240TBC =0

Ay - 0.8480’1‘BC =0

A+ 0.3180T,. - 785 = 0

0.4240TBC - P

0.8480TBC

785 - 0.3180TBC

Ja 12+ (A2 + (a7
x y z

Force (kips)

~

0.8480T_ J +

-0.4240T . 1 - 0.8480T__ J + 0.3180T k

{(40 ) x (-225 K)] + ((d J) x (-560 k)] + [(60 F) x (P 1)1

0.3180T £)) =0

_ 9000 + 560d
BC ~ 25.4399
b - 33.9199TBC.
- 60

Beam Equilibrium

0

10 20 30 40 50 60 70 80
d (in.)
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C6-94 A hand winch is used to raise a 75-kg load as shown in Fig. P6-94.
If the force P is always perpendicular to both the handle DE and
the arm CD, plot A and B, the magnltudes of the bearing forces, as
a function of the angle 6 (0 = 0 < 360°).

SOLUTION

From a free-body diagram of
the system with the axes
centered in bearing A:

W=mg = 75(9.807) = 735.53 N

IF = (A +B_+ P cos €)1

+ (A +B - Psin 6 - 735.53) 3 =0

™M, = (400 K) x (B, T + B 3) + (-125 T + 200 k) x (-735.53 )

+ (400 8in 6 T + 400 cos © § + 700 k) x (Pcos 6T - Psin 8 3) =0

From force equilibrium:

1: A +B +Pcos9 =20
X X

~

5: A +B_ - Psin® - 735.53 = 0
Y ¥

From moment equilibrium:

1: -400 By + 700 P sin © + 147,106 = 0
j: 400 B_+ 700 P cos 8 =0

§: 91,941.25 - 400P cos® @ - 400P sin> € = 0
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C6-94 (Continued)

Solving yields:

P = 229.853 N

Ax = 172.390 cos ©

Ay = 367.765 - 172.390 sin &
2 2

A= /(Ax) + (Ay)

Bx = -402.243 cos O

By = 367.765 + 402,243 sin ©
2 2

B = /QBX) + (By)

Bearing Forces

Force (N)
58888838

0 60 120 180 240 300 360
Theta (deg)

119
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6-95% A curved slender bar is
loaded and supported as
shown in Fig. P6-95.
Determine the reactions
at supports A and B and

the tension T in the cable.

Iﬁ 24 in. |
Fig. P6-95
SOLUTION 3 ’50 “’
i
From a free-body diagram :
for the curved bar: i
+ ¢ TM, = B(28) - 150(16)
- T sin 60° (16) = 0
(a) 28BB - 13.856T = 2400

+ — EFx = A cos 45° - T cos 60° = 0

(b} A=0,7071T

+ T TF B + A sin 45° - T sin 60° - 150 = ©

{c) B + 0.7071A - 0.8660T = 150

Equations (a), (b), and (c) yield:

T = 498.9 1b = 499 1b T = 499 1b ¥ 60° Ans.
A = 352,77 1b = 353 1b A =353 1b 2 45° Ans.
B = 332.60 1b = 333 1b B=3331b 1 Ans.
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6-96% Determine the reactions at
supports A and B of the
truss shown in Fig. P6-96.

SOLUTION

From a free-body diagram
for the truss:

8 = tan ! % = 21.80°
+ — LF =
X
A = -3.714 kN & -3.71 kN

A_+ 5 sin 21.80° + 3 sin 21.80° + 2 sin 21.80° = 0

+ CoM = -A,(8) + 5(4 cos 21.80°%) + 3(2 cos 21.80°) = 0

A = 4.023 kN = 4.02 kN

A= /ﬁf + Aj = /1-3.714)% + (4.023)% = 5.475 kN & 5.48 kN
8 = tan Ay . tan” ! —:023 _ 145 40
s tan g ¢ -3.714 '

x

A=4a T+ A, 3

x

= -3.71 7 + 4.02 J kN = 5.48 kN & 47.3°

Ans,

+ G IM, = B(6) - 5(2 cos 21.80°) - 3(4 cos 21.80°) - 2(6 cos 21.80°) = 0

5,261 kN

w
n

B=5.263 kN =5.26 kN T

Ans.
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6-97 A cylinder is supported by a |4
bar and cable as shown in Fig. 1H?!
P6-97. The weight of the ;

cylinder is 150 lb and the
weight of the bar is 20 1b.
If all surfaces are smooth,
determine the reaction at
support C of the bar and the

tension T in the cable. 32in

~ -,

36in

" \;\\

~ig

Fig. P6-97

SOLUTION

From a free-body diagram
for the cylinder:

¢ = tan " % = 36.87°
+ T IF =D cos 36.87° - 150 = 0
D = 187.50 1b
From a free-body diagram
of the bar:
_ —‘I.],___ o
a = tan 35 = 20.56
+ G IM_ =T sin 20.56° (32) + T cos 20.56° (24) - 187.5(17) - 20(16) = 0
T = 104.06 1b & 104.1 1b
T = 104.06(-cos 20.56° T + sin 20.56° )
= -97.4 1T + 36.5 3 1b = 104.1 1b & 20.6° Ans.
+ > EF = C_+ 187.50 sin 36.87° - 104.06 cos 20.56° = 0
Cc = -15.068 1b % -15.07 1b
+ T IF =C_- 187.50 cos 36.87° + 104,06 sin 20.56° - 20 = 0
C = 133.46 1b & 133.5 1b
Y I )
C = /Ef + ci = /1—15.068)2 + (133.46)% = 134.31 1b = 134.3 1b
C
= -1y _ -1 _133.46 _ °
6 = tan Cx = tan ~15.068 - 96,4
& =-15.07 T +# 133.5 3 1b = 134.3 1b % 83.6° Ans.
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6-98% A cylinder is supported by a
bar and cable as shown in Fig.
P6~98. The mass of the 200-mm
diameter cylinder is 75 kg. 350

Determine the reaction at

support A and the tension T

in the cable. 300 mm

SOLUTION 5,’ ‘;‘
W =mg = 75(9.807) = 735.53 N x
e %
From a free-body diagram ' T
for the cylinder: !
Lo : B lSzo E
+T2Fy=Ecos52—W S
= E cos 52° - 735.53 = 0 : E = 1194.7 N
[}
+ —> % =B-E sin 52° -=%
x nx
= B - 1194.7 sin 52° = 0 Ry B =941.4 N
From a free-body diagram
for the bar:
+ G IM, = 941.4(0.300) - T sin 60° (0.850) =0
T = 383.7 N & 384 N
+—>2FX=AX+Tsin60°—B
= A+ 383.7 sin 60° - 941.4 = 0 A = 609.1 N = 609 N
+TZF = A -T cos 60°
Yy Yy
= A, - 383.7 cos 60° = 0 A, =191.91 N & 191.9 N
A= /Af + Aj = /(609.1)% + (191.91)% = 638.6 N & 639 N
A
= -1y _ -1 191.91 _ o
6 = tan Ax = tan 609.39 - 17.48
A=6097 +191.9 J N=639 N2 17.48° Ans.
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750 1b
6-99 Two beams are loaded

and supported as shown 25 Ibvin.
in Fig. P6-99,

Determine the reactions

at supports A, B, and C.

ERIEXX R SEART AR
20in. 10 in—e— ISiu.—ll
the beanms. Fig. P&-99

Neglect the weights of

SOLUTION Y Soelp 750)b

1
1

From a free-body diagram n H: t-'ﬂ'

of the horizontal beam: X

The distributed load is
replaced by a resultant
force R at a distance d
from the left support.

R = wL = 25(20} = 500 1b

[=9
[{]
|

=
|

1 _ .
x =3k, = -§(20) = 10 in. Q’V

+ G IM, = -500(10) - 750(30)
+ D cos 40° (45) = 0 D = 797.7 1b = 798 1b

512.8 1lb & 513 1b

+— EF = A - 797.7 sin 40° = 0 A

X

+ 1 EF, = A, - 500 + 750 + 797.7 sin 50° = 0 A, = 638.9 1b & 639 1b
A= /ﬁf + Aj = /(512.8)% + (638.9)% = 819.2 1b & 819 1b
A
- -1 Y -1 638.9 _ o °
8 = tan Ax = tan E12.8 - 51.24 & 51.2
A=5131+639 73 1b =819 1b & 51.2° Ans.
+ G IM, = -D(10) + C(40)
= -797.7(10) + C(40) = 0
C = 199.43 1b = 199.4 1b ¢ = 199.4 1b & 50.0° Ans.
+'\EFn=Bn-—D+C
=B - 797.7 + 199.4 = 0 B = 598.3 b 598 1b
+ / IF, =B, =0 B, =0

598 1b % 50.0° Ans.
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6-100 A bracket is loaded and
supported as shown in

Fig. P6-100. Determine

the reactions at

supports A and B.

Neglect the weight of
the bracket.

SOLUTION

From a free-body diagram
of the bracket:

The distributed loads are

! R
xﬂ

and Rz at distances dx and

replaced by resultants R

dy from the left support,

respectively.

R, = w,L_, = 500(4) = 2000 N

d =2l =54 =2n

R, = 3 w,L, = 3(600)(2) = 600 N
d, = 3L, = 1(2) = 0.6667 m
+—EF_=A_~-R, - 500

A - 600 - 500 = 0 A = 1100 N

+ ¢ M, = -A (4) + 800(2) + R, d - 300(2) + R,d_ + 500(2)
= -Ay(4) + 800(2) + 2000(2) - 300(2) + 600(0.6667) + 500(2) = 0

A, = 1600 N
A= /ﬁi + Ai = /(1100)% + (1600)% = 1941.6 N = 1942 N
A
= tan ! Y = tan- ! 1600 _ ° o
Gx = tan Ax =t 1700 - 55.49 & 55.5
A=11007T + 1600 J N = 1942 N & 55.5° Ans.
+ C IM, = B(4) - 800(2) - 2000(2) - 300(6) + 600(0.6667) + 500(2) = 0
B = 1500 N B=1500 3 N=1500N7 Ans.
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6-101*% The shaft shown in Fig. P6-101 is part of a drive system in
a factory. Friction between the belts and pulleys prevents
slipping of the belts,
Determine the torque T
required for equilibrium
and the reactions at
supports A and B. The
support at A is a journal
bearing and the support
at B is a thrust bearing.
The bearings exert only
force reactions on the
shaft.

Fig. P6-101

From a free-body diagram

SOLUTION
} 200)b
l

for the shaft: {

IM, = T + 50(3) - 150(3)
+ 50(3) - 200(3) =0
T =750 3 in.*1b Ans.

For moment equilibrium:

M, = ((-36 3) x (A T + A £)] + [(-14 5 + 3 &) x (-200 1)]
+ [(-14 3 -3K) x (-50 T)1 + [(31-283) x (150 k)]
+ ((-3 1T -2873) x (50 %k)1 +75073
= (-36A_ - 5600) 1 + (36A - 3500) k-0
A=97.221 - 155.56 kK 1b = 97.2 T - 155.6 kK 1b Ans.

A= /197.22}2 + (—155.56)2 = 183.44 1b = 183.4 1b

For force equilibrium:

*F = 97.22 T - 155.56 K + B_ 1 + B, j+B, k
-2001T -507% +150%k +50%k
= (B_- 152.78) 1 + B, I+ (B, + 44.44) k=0
B-B 1+ B, J+B, £ =152.781T +03 - 44.44 Kk 1b

~ 152.8 T - 44.4 & 1b Ans.

B = /(152.78)2 + (—44.44)2 = 159.11 1b = 159.1 1b

S0/




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-102% A beam is loaded

and supported as
shown in Fig.
P6-102. Determine

the reactions at

A
supports A a.nd. B E]E-m':wwi‘u';;- T T A T AT Nt
when m, = 75 kg .LSZ{)mm———ﬂ—“Omm—ll
and mz = 225 kg. Fig. P6-102
SOLUTION ?
1
W, = mg = 75(9.807) = 735.5 N f 735.SN
W, = m,g = 225(9.807) = 2207 N ‘ ———x
2207 N
From a free-body diagram T
of masg m,: )qa
+ P IF = N_ + 735.5 - 2207 = 0 Y
2
o - s x i | B
= . t
2 Rx g ﬁ
S =g - - o - “-=R
From & free-body diagram
of the beam: })ﬂ
¢ = tan % = 63.43°
+ ¢ IM, = B sin 63.43° (1000) - 1471.5(520) = 0 B = 855.5 N & 856 N
B = 855.5(cos 63.43° T + sin 63.43° 3)
=383 T + 765 J N = B56 N 2 63.4° Ans.
+—IF_ = A_+ B cos 63.43° = A+ 855.5 cos 63.43° = 0
A, = -382.7 N ¥ -383 N
+ 1 EFY = A, - 1471.5 + B sin 63.43° = A, - 1471.5 + 855.5 sin 63.43° = 0
A, = 706.4 N & 706 N

-
n
b
E )
q
.

- /(-382.7)% + (706.4)% = 803.41 N & 803 N
_ i J06.4 _ o o
Gx = tan Ax tan 382 7 118.44 = 118.4

Ans.

>
n
1
[4+]
[» =]
[aN-]
[~
-
|
o
o
)
=
"
[+.]
(=)
(<]
A
s
(=13
[y
f=r)
-}

So2




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-103 A bar is loaded and
supported as shown
in Fig. P6-103. End
A of the bar is
supported with a ball-
and-socket joint.
Determine the
components of the
reaction at support
A and the tension
in the cable.

Fig. P6-103
SOLUTION
S I E_| . 0.3180r. T - 0.8480T. F + 0.4240T_ K
BC Ve 5 3 BC 2 BC BC
(3) + (-8) + (4) .
C_-" 1
From a free-body diagram -~ . 'ﬂz
for the bar: ~

For moment equilibrium:

™™

R (rB/AxTBC) + (rBIAxﬁ) %=’
- - - B
(8 3) x (0.3180T . T - 0.8480T . J + 0.4240T k)

(83) x (-750 T - 500 kK + B k)

+

(3.392T_ - 4000 + 8B) T + (-2.544T__ + 6000) k=0

From which:

T, = 2358.5 1b & 2.36 kip
L. = 2358.5(0.3180 T - 0.8480 J + 0.4240 &)

= 750 T - 2000 3 + 1000 k 1b Ans.

B = -500 lb B =-500 K 1b = 500 1b 4 Ans.

For force equilibrium:

ZF=KA+B+T,_ - 7501 - 500 k
=AT+ Ay'j +A Kk -500 &
+ 750 T - 2000 3 + 1000 £ - 750 T - 500 k = O

>,

2000) 3 + (A)) £E=0 = 2000 3 1b Ans.

(A) T+ (A
x y

Jo3




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. ¥, RILEY AND L. D. STURGES

6-104 A bar is loaded and
supported as shown in Fig.
P6-104. End A of the bar
is supported with a ball-
and-socket joint.
Determine the components
of the reaction at support
A and the tensions Tc and
TD in the two cables.

iom__“HE_J

Fig. P6-104

SOLUTION

~

_ 1.5 % - 4.0 3 _ . _ -
T.. = TBC[/ ] = Tp(0.3511 T - 0.9363 J)

]

(1.5)2 + (-4.0)2

T, =T, -1.57-4.07+0.5% = T,,(-0.3487 T - 0.9300 § + 0.1162 k)
Y (<1.51% + (~4.0)2 + (0.5)°

From a free-body diagram
for the bar:

For moment equilibrium:

*-”
- - . 1Soo N Y
L‘BA = (T ,, X TBC) + (T, X TBD) +(Fy,, X B)
= (4,05 + 1.5 K) x (0.3511T__ 1 - 0.9363T,, 3}
+ (4.0 3+ 1.5 ) x (-0.3487 T T - 0.9300 T, J + 0.1162 T k)
+ (4.0 5 + 1.5 £) x (-1500 &)
= (1.4045T  + 1.8598T -~ 6000) T + (0.5267T, - 0.5231T ) J
+ (-1.4045T_ + 1.3948T ) k=0
T,. = 1831.01 N & 1831 N T, = 1843.54 N & 1844 N
g = 1831.01(0.3511 T - 0.9363 J) = 643 T - 1714 J N Ans.
ap = 1843.54(-0.3487 T - 0.9300 F + 0.1162 &

= 643 T - 1714 § + 214 kK N Ans.

For force equilibrium:

!

A+ TBC + TBD - 1500 k
A T+ A, A k+643 7T - 1714 3
- 643 1T - 1714 F+ 214 E N - 1500k =0

H

(A ) T+ (A)) 3+ (A - 1286) £=0 A=-1286 kN Ans.

Soq



ENGINEERING MECHANICS - STATICS,

2nd. Ed. W. F. RILEY AND L. D. STURGES

6-105% The 200-1b plate shown in

Fig. P6-105 is supported
in a horizontal position
by two hinges and a
continuous cable. The
hinges have been properly
aligned; therefore, they
exert only force reactions
on the plate. Assume that
the hinge at B resists any
force along the axis of
the hinge pins. Determine
the reactions at supports
A and B and the tension T
in the cable.

Fig. P6-105

SOLUTION
T =1
()2 + (-28)% + (19)2
. -13T -285+19Kk
TE -t Yy 2 2 2]
" (-13)° + (-28)° + (19)

From a free-body diagram

for

For

M

A

the plate:

moment equilibrium:

(Tp/a X B) + (Ty/a

[ 1 1 - 3 3
411-287+19K ] = 7(0.1174 T - 0.8218 ' + 0.5576 §) 1b

= T(-0.3586 - 0.7724 J§ + 0.5242 k) 1b

X TD) + (FE/A X TE) + (FG/A x W)

(-14 1) x (B, T+B J+B k)

z
(-3 1T +21 k) x (0,1174 T T - 0.8218 T J + 0.5576 k)

+
+ (-20 T + 21 k) x (-0.3586 T
+ (-7 1T +1473) x (-200 k)

T -0.7724 T J + 0.5242 k)

(33.4782 T - 2800) T + (14 B, +7.0916 T - 1400) 3

+ (-14 By +17.9134 T) £ =0

83.64 1b = 83.6 1b

Ans.

SoS




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-105 (Continued)

T

D

For

83.64(0.1174 T - 0.8218 § + 0.5576 k)

9.82 1 - 68.7 § + 46.6 kK 1b

83.64(-0.3586 - 0.7724 J + 0.5242 K)

-30.0 T - 64.6 3 + 43.8 kK 1b

107.02 1b = 107.0 1b B, = 57.63 1b = 57.6 lb

force equilibrium:

=K+B+TD+TE+W

(A J+4 K)+ (B T +107.03 +37.6 k)
¥ z x

+(9.82 T - 68,73 + 46.6 £) + (-30.0 1 - 64.6 J + 43.8 k) - 200 k

(B_ - 20.174) T+ (A, - 26.319) J + (A_ - 51.888) k=0

20.2 T + 107.0 3 + 57.6 kK 1b Ans.,

20.174 1b = 20.2 1b B

26.319 1b = 26.3 1b

1]

26.3 § + 51.9 k& 1b Ans.

b 7}
n

51.888 1b = 51.9 1b

Soé




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

6-106 A bent bar is loaded and
supported as shown in Fig.
P6-106. End A of the bar S00N
is supported with a ball- 325 mm
and-socket joint, point B Rt
with a cable and link, i)
and point C with a link. ///////
Determine the components
of the reaction at support 250 mm |
A and the forces in the Vg A0
cable and links. A -

]

200

Fig. P6-106

L~
nun

600N

SOLUTION 1z Soo N

From a free-body diagram
for the bar:

For moment equilibrium:

™M = (TF x B) + (T

A D/A

x C) + (FF/A
= (0.325 3) x (-500 k) + (0.650 3) x (B, T +B_K)
+(0.200 T + 0.650 J) x (600 J) + (0.650 J + 0.400 T) x (-C_ k)
+ (0.400 T + 0.650 J + 0.250 k) x (-750 1)
= (0.650 B, - 0.650 C_ - 162.5) T + (-0.400 C, - 187.5) 3

+ (-0.650 B + 607.5) k = O

X F1) + (T X F‘z) + (FC/A

B/A E/A

B = 934.6 N = 935 N
935 T + 719 k N

B =718.8 N = 719 N

-469 kK N

C_ = -468.8 N = -469 N

For force equilibrium:
+2F‘=K+§+C+F1+F2+F3
=AT+ ij + AZE +934.6 T + 718.8 k
- 468.8 k - 500 K + 600 J - 750 1
(A +184.6) T + (A, + 600) 3+ (A, - 250) k=0

-184.62 = -184.6 N = -600 = -600 N

>
H

A
y
250 N A=-184.6 1T -600 3 + 250 kK N

>
1}

Ans.

Ans.

Ans.

So7
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