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3-1.

The members of a truss are pin connected at joint O. y
Determine the magnitudes of F; and F, for equilibrium. SkN
Set u = 60°.
70 It
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SOLUTION

* OF, =0; F,sin70° + F, cos 60° - 5cos 30° — 2(7) =0

0.9397F, + 0.5F, = 9.930

+GOF, = 0;  F,cos70° + 5sin30° ~ F, sin 60° - 2(7) =0

0.3420F, - 0.8660F, = 1.7

Solving:
F, = 9.60 kN Ans.
F, = 1.83kN Ans. il !
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Ans:
F, = 9.60 kKN
F, = 1.83kN
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3-2.

The members of a truss are pin connected at joint O.
Determine the magnitude of F; and its angle u for
equilibrium. Set F, = 6 kN.

SOLUTION

4
t oF, = 0; 65in70°+FlcOSu—5COS30°—5(7)=O

F, cosu = 4.2920 -
3

+cOF, = 0; 6cos70° + 5sin30° - Fysinu - 5(7) =0
F; sinu = 0.3521

Solving:
u = 4.69° Ans.

F, = 431kN Ans.
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Ans:
u = 4.69°
F, = 4.31kN
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3-3.
Determine the magnitude and direction u of F so that the
particle is in equilibrium.
> X
5kN
Solution
Equations of Equilibrium. Referring to the FBD shown in Fig. a,
EIF =0 Fsinu+ 5 - 4cos60° - 8cos30° = 0
Fsinu = 3.9282 (1) F
+CXF, = 0; 85sin 30° - 4sin 60° - Fcosu = 0

F cos u = 0.5359 ) ’7‘

Divide Eq (1) by (2),
8kN
22?: = 7.3301
Realizing that tan u = , then
> utan u= 73301 ;7(” x

u = 82.23° = 82.2° Ans. &

Substitute this result into Eq. (1), 9
F sin 82.23° = 3.9282 F
F = 3.9646 kN = 3.96 kN Ans. 4“

(2 )

Ans:
u= 822°
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F = 3.96 kN
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*3-4.

The bearing consists of rollers, symmetrically confined
within the housing. The bottom one is subjected to a 125-N
force at its contact A due to the load on the shaft.
Determine the normal reactions Ng and N on the bearing
at its contact points B and C for equilibrium.

SOLUTION

+c©Fy=O; 125 - N¢ cos 40° = 0

N = 163.176 = 163 N Ans.
t oF, = 0; Np - 163.1765in 40° = 0 125N
Ngp = 105N Ans.
1
e
Ny ¥
126N

165165




© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
existxido Noioomiof thiighisataeiel rabynay beprephockddd, dnyarfigrioron by byryanyeansangitidtiioperpeissiiesi om writinii fippfmotie tpeitplisiesher.

Ans:
Ne = 163N
Ng = 105N
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3-5.

The members of a truss are connected to the gusset plate. If
the forces are concurrent at point O, determine the
magnitudes of Fand T for equilibrium. Take u = 90°.

SOLUTION

3
£ =90° - tan’laZb = 53.13°

¥ ©OF, = 0; Tecos53.13° - Fagb =0

a1 w
o
I
o
—

+cOF, = 0; 9 - Tsin53.13° - Fa

Solving,

T = 7.20 kN Ans.
q kN

F = 5.40 kN Ans.
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Ans:
T = 7.20kN
F = 5.40kN
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3-6.

The gusset plate is subjected to the forces of three members.
Determine the tension force in member C and its angle u for
equilibrium. The forces are concurrent at point O. Take

F = 8kN.

SOLUTION

* = v 4. _

z OF, =0 T cos ¥ - 8a5b =0 1)
3 .

+cOF, = 0; 9—8a5b-TS|nf:0 )

Rearrange then divide Eq. (1) into Eq. (2):

tan ¥ = 0.656, T = 33.27°
T = 7.66 kN Ans.

3
u=f+ tan"lazb = 70.1° Ans.
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Ans:
T = 7.66 kN
u=701°
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3-7.

The man attempts to pull down the tree using the cable and
small pulley arrangement shown. If the tension in AB is
60 Ib, determine the tension in cable CAD and the angle u
which the cable makes at the pulley.

SOLUTION
+ROF,, = 0; 60cos 10° - T - Tcosu = 0

+QOFy,; = 0; T sinu - 60sin 10° = 0

Thus,
T(1 + cosu) = 60 cos 10°

T(2cos? 22 ) = 60 cos 10° (1)

2T sin; cos; = 60 sin 10° )

Divide Eq.(2) by Eq.(1)

u
= tan 10°
tan 2

u = 20° Ans.

T = 3051Ib Ans.

Ans:
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c
1

20°
30.51b

—
1
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*3-8.

The cords ABC and BD can each support a maximum load
of 100 Ib. Determine the maximum weight of the crate, and
the angle u for equilibrium.

Solution

Equations of Equilibrium. Assume that for equilibrium, the tension along the
length of rope ABC is constant. Assuming that the tension in cable BD reaches the
limit first. Then, Tgp = 100 Ib. Referring to the FBD shown in Fig. a,

&R = 0; Wa%b - 100cosu = 0
W
100 cos u = 13 (8} 7;‘, ‘70‘
+CIF, = 0; 100sinu - W - WaIZb =0
13
. 25,
1 = W 2
00sinu 13 2) 9
Divide Eg. (2) by (1),
p, ¢
sinu
cosu
Realizing that tan u = : , 13
cos u
5
tanu =5
u = 78.69° = 78.7° Ans. W W
Substitute this result into Eq. (1), Ca')
5 o B
100 cos 78.69° = 13W
W = 50.991b = 51.01b 6 1001b (O.K) Ans.
Ans:
u= 787°
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W = 51.01b
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3-9.

Determine the maximum force F that can be supported in
the position shown if each chain can support a maximum
tension of 600 Ib before it fails.

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,
+C2Fy = 0; TABaéb - Fsin30°=0 Tag = 0.625 F
&EIF =0 Tac + 0.625 Fagb - Fcos30° =0 Tac = 04910 F

Since chain AB is subjected to a higher tension, its tension will reach the limit first.
Thus,

Tag = 600;  0.625F = 600

F = 960 Ib Ans.

37 he

(&)
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Ans:
F = 960 Ib

176176



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

3-10.

The block has a weight of 20 Ib and is being hoisted at
uniform velocity. Determine the angle u for equilibrium and
the force in cord AB.

Solution

Equations of Equilibrium. Assume that for equilibrium, the tension along the
length of cord CAD is constant. Thus, F = 20 Ib. Referring to the FBD shown in

Fig. a,
&3F = 0; 20sinu - Tagsin20° = 0
20sinu
Tas = gin 20° @
+CXF, = 0; Tpg €08 20° — 20cosu - 20 = 0 )

Substitute Eq (1) into (2),

ZUnS'Z”OS 005 20° - 20 cos U = 20

sin u cos 20° - cos usin 20° = sin 20°
Realizing that sin (u - 20°) = sin ucos 20° - cos usin 20°, then

sin (u - 20°) = sin 20°

u - 20° = 20°
u = 40° Ans.
Substitute this result into Eq (1)
20sin 40° _ _
Tag = g gge = 37591b = 37610 Ans. Zo/b
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Ans:
u = 40°
TAB = 3761b
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3-11.

Determine the maximum weight W of the block that can be
suspended in the position shown if cords AB and CAD can
each support a maximum tension of 80 Ib. Also, what is the
angle u for equilibrium?

. F
Solution
Equations of Equilibrium. Assume that for equilibrium, the tension along the
length of cord CAD is constant. Thus, F = W. Assuming that the tension in cord
AB reaches the limit first, then Tag = 80 Ib. Referring to the FBD shown in Fig. a,
EIF =0 W sinu - 80sin20° = 0
_ 80sin 20° 7‘
© sinu @ 74'3
+LIF, = 0; 80cos20° - W - Wcosu =0 @’
w = 8ocos @
1+ cosu
Equating Egs (1) and (2),
80sim20°  80cos 20° X

sinu 1+ cosu

sin ucos 20° - cos u sin 20° = sin 20°

Realizing then sin (u - 20°) = sin ucos 20° - cos usin 20°, then 0
sin (u - 20°) = sin 20° w F_‘W
u - 20° = 20° (a )
u = 40° Ans.
Substitute this result into Eq (1)
= szii]irllsom = 42.561b = 42.61b 6 801b (O.K) Ans.

Ans:
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u = 40°
W = 4261b
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*3-12.

The lift sling is used to hoist a container having a mass of
500 kg. Determine the force in each of the cables AB and
AC as a function of u. If the maximum tension allowed in
each cable is 5 kN, determine the shortest lengths of cables
AB and AC that can be used for the lift. The center of
gravity of the container is located at G.

SOLUTION

Free-Body Diagram: By observation, the force F; has to support the entire weight

Equations of Equilibrium:

t oF, = 0; Fac cosu - Fagcosu=0 Fao = Fpp = F .
+cOF, = 0; 4905 - 2Fsinu=0 F = 524525 cosu6 N <
Thus,

FAC = FAB =F = 52.45 cos ub kN AnNs.

If the maximum allowable tension in the cable is 5 kN, then

2452.5 cosu = 5000

— u = 29.37°

15
From the geometry, 1 = cos and u = 29.37°. Therefore

u

1.5

= = 172m
cos 29.37° Ans.
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Ans:
Fac = {2.45 cos u} kN
I =172m
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3-13.

A nuclear-reactor vessel has a weight of 500(10%) Ib.
Determine the horizontal compressive force that the
spreader bar AB exerts on point A and the force that each
cable segment CA and AD exert on this point while the

vessel is hoisted upward at constant velocity.

Solution
At point C :
EIF =0 Feg €05 30° — Fea €0s 30° = 0
Fes = Fea
+CZF, = 0; 500(10%) - Fcasin 30° - Feg sin 30° = 0
500(10%) - 2Fcasin 30° = 0
Fca = 500(10%) Ib Ans. 4
At point A:
&IF =0 500(103) cos 30° - Fag = 0 500(19%)1b
Fag = 433(10%) Ib Ans. -
+CZF, = 0; 500(10%) sin30° - Fap = O

U
) FCA 30 30. FCB
Fap = 500(10°) sin 30°

Fap = 250(10%) Ib Ans. \4’
: 5 2
I 5000 Ne
3n°
A
"8
Fap

Ans:
Fca = 500(10%) Ib
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433(10%) Ib
250(10%) Ib

Fas

Fap
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3-14.
Determine the stretch in each spring for equlibrium of the i
2-kg block. The springs are shown in the equilibrium
position. @'C
3m
SOLUTION
Fap = 2(9.81) = x4p(40) xap = 0.4905m Ans.
4 1
*t OF, = 0; FABa58 - Faca "_b =
22
+cOF, = 0; FACal b+FABSb—2(981):O
v 27 3 '
FAC = 1586 N
XAC = Ll = 0.793m Ans. Fae Fag
20 N | 95
0 4 "
FAB = 1401 N
. (9.81)
Xap = 1‘;81 = 0.467 m Ans. 230N
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Ans:

XaD
Xac

= 0.4905m
= 0.793m
0.467 m
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3-15.
The unstretched length of spring AB is 3 m. If the block is
held in the equilibrium position shown, determine the mass

of the block at D.

SOLUTION
F=kx =305 -3) =60N
4
* oF, = 0; Tcos 45° - GOaEb =0
T = 67.88N
. 3, -
+cOFy = 0; -W + 67.88sin 45° + 60a5b =0
W = 84N
84
m = = 8.56 k
9.81 g

i 3m 4m
c v
. N_..
7111 Kac = 20 N/m \NNNN
4 71,\ /\‘ Kas = 30 N/m

Ans.
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Ans:
m = 8.56 kg
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*3-16.
Determine the mass of each of the two cylinders if they

cause a sag of s = 0.5 m when suspended from the rings at
Aand B. Note that s = 0 when the cylinders are removed.

SOLUTION

Tac = 100 N>m (2.828 - 2.5) = 32.84 N

+c©OF, = 0;  32.84sin45° - m(9.81) = 0

m = 2.37 kg

Ans
im
LS g 2820 lﬂ-m
-
8 »as”
r
1
Tu-!:.!ﬂy
g Tas
l = A
mig- 1)
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Ans:
m = 2.37 kg
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3-17.

Determine the stiffness k; of the single spring such that the
force F will stretch it by the same amount s as the force F
stretches the two springs. Express k. in terms of stiffness k;
and k, of the two springs.

Solution
F = ks
S = Sl + SZ
G F_F,F
ke kg k
1 1 1
= + Ans.
kr ko ko

Unstretched
position

ke
WA+

ke Ky

L
7

Ans:

1

ke

1

1
ko
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3-18.

If the spring DB has an unstretched length of 2 m, determine
the stiffness of the spring to hold the 40-kg crate in the

position shown. V '\.,07 B

|
C
N, v
( \\1. ~
N
- N

. N
\ \
N N\‘\ K
N

2m 3m i

2

Solution
A
Equations of Equilibrium. Referring to the FBD shown in Fig. a, -
3 1 >4
K, = 0; Tepa b -Tepa__b=0 1 | i
&IF BDA 14s cod (1) - o
+CZF, = 0; T a2b+T alb 40(9.81) = 0 2 %
7o B0 133 R oY
Solving Egs (1) and (2)
Tgp = 28296 N Tep = 33296 N
The stretched length of the spring is
| = 28222 = 213m

Then, x = | - Iy = (143 - 2) m. Thus,

Fp = k282,96 = k(113 - 2)
k = 176.24 N>m = 176 N>m Ans.

Ans:
k = 176 N>m
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3-19.

Determine the unstretched length of DB to hold the 40-kg

. L. ‘ 2m 3m ‘
crate in the position shown. Take k =180 N>m. \ m " |
( Q | B
N
O
2m N\ NNN
) K

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,

: P

3
R = 0; Tgpa_ —b - Tcpa =b =0 1
IR 8D 173 cpd 15 @
+cXF, = 0; T 6172 b + T 6171 b - 40(9.81) = 0 2)
y = U BD 113 CcD 12 . = '7%

Solving Egs (1) and (2)
Tep = 282.96 N Tep = 33296 N 7;0

The stretched length of the spring is
l= 232+ 22= 213m

Then, x = | = 1y = 113 - Iy Thus

Fp = kg 282,96 = 180( 113 - 1)
lg = 2034 m = 2.03m Ans.

40(9.8)N
(A)

Ans:
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lp = 203 m
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*3-20.
A vertical force P = 10 Ib is applied to the ends of the 2-ft I Zﬁ—"‘i 2 ft b
cord AB and spring AC. If the spring has an unstretched A=
length of 2 ft, determine the angle u for equilibrium. Take °»* } <
k = 15 Ib>ft. BN . C
N, 1
.v‘h‘ lx,lx
N, At
A

SOLUTION {

)
t oF, = 0; F,cos ¥ - Tcosu =0 1 - [;“
+c©Fy:O; Tsinu+ Fsinf-10=20 ) e
s= 2@+ @7 - 2@)@) cosu-2=225- 4cosu — 2 P
F, = ks = 2k(25 - 4cosu - 1) T 3

From Eq. (1): T = F.a b
cos u

F
> 4
T = 2kh25 - 4cosu - 156 —=—U— L E:"'

25 - 4cosu  cosu

From Eq. (2):
— AT
2ka25-4cos - 1b(2 - cos u) 2ka25-4cosu — 1b2sinu

tanu + =10
—25—4cosu 225-4cosu

3
b:laﬁ
cos , 10k
W
1

a25-4cosu — 1b

. . 10
(2tanu - sinu + sinu) =
25-4cos U - 2k

tanua 25-4cosu - 1b .

25-4cosu 4k

Set k = 15 Ib>ft

Solving for u by trial and error,
u = 35.0° Ans.
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Ans:
u= 350°
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3-21.

| : d
Determine the unstretched length of spring AC if a force ‘ 2 ft
P = 801Ib causes the angle u = 60° for equilibrium. Cord
AB is 2 ft long. Take k = 50 Ib>ft. c

e
.ﬂ'ﬁs
A
' k

SOLUHON————

1= 242+ 22 - 2(2)(4) cos 60°

1=_212

212 _ 2

sin 60°  sin F

£ = osint¢ 200 5o
212

+cOFy = 0, T sin 60° + Fysin30° - 80 = 0

* oF, =0; -Tcos60°+ F,cos30° =0
Solving for F,
F, = 401b
EF = kx
40 = 50(212 - 1i) o1, 40
1= 212 - = 2.66 ft Ans,

50
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Ans:
| = 2.66ft
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3-22.
The springs BA and BC each have a stiffness of 500 N>m and an J
unstretched length of 3 m. Determine the horizontal force F Al —
applied to the cord which is attached to the small ring B so - __;}" g
that the displacement of the ring from the wall isd = 1.5 m. k500 N/m:'
S
& B
6’ 6/m
F Z
= Z
i %
SOLUTION k so0N/m L4 |
19
15 o o
* oF, = 0; MP) -F=0 G
* 21125 )
T = ks = 500(23% + (1.5)% - 3) = 177.05N I 4
F = 158 N Ans. 5

184184
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Ans:
F = 158N
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3-23.

The springs BA and BC each have a stiffness of 500 N>m and an
unstretched length of 3 m. Determine the displacement d of the
cord from the wall when a force F = 175 N is applied to the cord.

SOLUTION
* oF, = 0; 175 = 2T sinu
Tsinu = 875
d
TC S =875
232 + d?

T = ks = 500(23? + d? - 3)
3
dal - b = 0.175
29 + d?
By trial and error:

d =156m

“
— g
k =500 N/m =*
-
oy
B =
D F 4"7
2
Z,
7,
k = 500 N/m ]I
| I' .
&
™ d -
y T
[
1 ”-
TSIk [%a\
T
Ans.
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Ans:
d=156m
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*3-24.
Determine the distances x and y for equilibrium if F, =800 N [%ﬁ ‘ >
and F, = 1000 N, ' 9
2 \,C\\ D F1
S
y .\"\\
; &-—
4 F,
r B
2m »//
Solution 4 t)/
Equations of Equilibrium. The tension throughout rope ABCD is constant, that is = ) N
F, = 800 N. Referring to the FBD shown in Fig. a, X
+CIF, = 0; 800 sin ¥ - 800sinu = 0 =0
&3F = 0; 1000 - 2[800 cosu] = O u = 51.32°

Referring to the geometry shown in Fig. b,
y=2m Ans.
and

73= tan 51.32°; X = 1.601lm = 1.60m Ans.

;= 80oN ¢ @=5/32"

s
2 X m -Q=5/.32"
S k. =/000N
L A
F =8ooN |‘T—’

(&) (b)

Ans:
y=2m
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x = 1.60m
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3-25.
Determine the magnitude of F, and the distance y if x =15m [i\ - >
and F,=1000 N. o @
\b\ D F1
~—
\\m
y g
; e-—r
‘ F
// B 2
e
2 //
Solution r t*g/
Equations of Equilibrium. The tension throughout rope ABCD is constant, [ ' i
that is F,. Referring to the FBD shown in Fig. a, X
-y Z
+CXF, = 0; F b - b=0
g 18— 25
2y + 15
—_— 2
.y

2y? + 152 25

y=2m Ans.

&3IF, = 0 1000 - 2cF1%'255bd =0
F, = 833.33N = 833N Ans.

190190
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Ans:
y=2m
F, = 833N

191191



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

3-26.
The 30-kg pipe is supported at A by a system of ve cords. ;E
Determine the force in each cord for equilibrium. _f;ﬂ D
oot
X
.
A E
SOLUTION
At H:
+CXIF, = 0; Ta- 30(9.81) =0
Tua = 294N Ans.
At A: T
+c ZF, = 0; Tag sin 60° - 30(9.81) = 0 &
ETCR ]
Tag = 339.83 = 340N Ans.
k]
& IF =0; Tag - 339.83c0s60° = 0 e
wila T R
Tae = 170N Ans.
30(9300N
At B:
+CIF, =0; Tep aBSTb - 339.83sin 60° = 0
Tep = 490.50 = 490N Ans.
%
& IR =0; 490.50 a5b + 339.83 cos 60° - Tge = 0
Tge = 562N Ans.

Ans
Tua = 294N
Tag = 340N
Tae = 170N

192192
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TBD = 490 N
TBC = 562 N
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3-27.

Each cord can sustain a maximum tension of 500 N.
Determine the largest mass of pipe that can be supported.

SOLUTION

At H:

+cOF, = 0; Fyua =W

At A:
+cOF, = 0; Fag sin60° - W =10

Fap = 11547 W

T oF, = 0; Fag - (1.1547 W) cos 60° = 0

At B:
3
+cOF, = 0; Fgp a5b - (1.1547 cos 30°)W = 0
FBD = 1667W
*t oF, = 0;

4
~Fpo + 1667 Wa b + 1.15475in 30° = 0
FBC = 19107 W

By comparison, cord BC carries the largest load. Thus

500 = 1.9107 W
W = 261.69 N
261.69
- = 267k
M= 981 g

D
3
c
B
60° A E
H
Fi
H
w
|
Fas
&0’ Fam
A
o

Ans.

Ans:

194194
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m = 26.7 kg
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*3-28.

The street-lights at A and B are suspended from the two
poles as shown. If each light has a weight of 50 Ib, determine
the tension in each of the three supporting cables and the
required height h of the pole DE so that cable AB is
horizontal.

Solution
At point B :
1
+CZF, = 0; ;FBC -5 =0
Fec = 70.71 = 70.7 Ib
1
&3F = 0 1; (70.71) - Fag = 0
Fag = 50 1b Ans.
At point A: Y
Fee
&IF, = 0 50 - Fapcosu = 0 Ans. Fag g
+cZF, = O; FapsSinu - 50 = 0 g &
u= 450 50”»
Fap = 70.71b Ans.
h =18+ 5= 23ft Ans. Fap

Y
ﬁ:i_*
X
S0U,
S0l
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FAB =501Ib
FAD = 70.71b
h = 23ft
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3-29.

Determine the tension developed in each cord required for
equilibrium of the 20-kg lamp.

SOLUTION

Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram of joint D shown in Fig. a, we have

* OF, = 0 Fpy, sin 30° - 20(9.81) = 0 Fpr = 3924 N = 392N Ans.
+ cOF, = 0; 3924c0s30° - Fop = 0 Fop = 339.83N = 340N Ans.
9
Using the result F5 =339.83 N and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint D shown in Fig. b, we have
e
+ — . 3 o —
- OF, = 0; 339.83 - Fca a5b - Fep cos45° = 0 (D) ;.Zg %0°
_ & ) ®
+ coF, = 0; Foaay, - Ry sin4se = 0 2
v ; c cB Sin = ) J,
20(9-6{)N
Solving Egs. (1) and (2), yields (@)
Fop = 275N Fop = 243N Ans.
fea
Fp=339-83N
—
fes

Ans:

198198
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3-30.

Determine the maximum mass of the lamp that the cord
system can support so that no single cord develops a tension
exceeding 400 N.

SOLUTION

Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram of joint D shown in Fig. a, we have

+cOF, = 0;  Fpgsin 30° - m(9.81) =0 Fpg = 19.62m

k4
* OF, = 0; 19.62mcos30° - Fop = 0 Fop = 16.99m
Foe
Using the result F- = 16.99m and applying the equations of equilibrium along the [ o
x and y axes to the free-body diagram of joint D shown in Fig. b, we have 3 %
- b
t OF, = 0; 16.99m - Fgy a:;b - Fop cos45° = 0 (1)
4 o 1]
+ COF, = 0; FCAaSb - Fepsinds® =0 (2) m(9:81)
@)
Solving Egs. (1) and (2), yields
FCB = 13.73m FCA = 12.14m
-~
ﬁﬁ
Notice that cord DE is subjected to the greatest tensile force, and so it will achieve
the maximum allowable tensile force first. Thus Fea
Fpg = 400 = 19.62m
m = 20.4 kg Ans. 5 Boniettn
47y | ©
Re
®)
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Ans:
m = 20.4 kg
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3-31.

Blocks D and E have a mass of 4 kg and 6 kg, respectively. If ‘
X =2 m determine the force F and the sag s for equilibrium.

Solution D =

m

Equations of Equilibrium. Referring to the geometry shown in Fig. a,

cos f = s sin ¥ = 2
257 F 22 257 F 22
S — 4
cosu = sinu =
257 + 42 252 + 42

Referring to the FBD shown in Fig. b,

2 4

) 2b— bh=0
4(9.81)a

5 A081)

&3IF, = O; 6(9.81)a

4

25+ 2 2s° + 4°

s =3381m = 338m Ans.
TF, = 0 6(9.81) 3.381 b + 4(9.81) 3.381 b-F=0
+C = 0; . a + . a - =
y 233812 + 22 233812 + 42
F=759N = 76.0N Ans%

F.=W =6(9.81)N
Ao"'%:«?‘&')/d Ac 7%

o |

(as (b)
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Ans:
s = 3.38m
F=760N
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*3-32.

Blocks D and E have a mass of 4 kg and 6 kg, respectively. If
F =80 N, determine the sag s and distance x for equilibrium.

o
3

| /
i :
i A
- l
Solution = F E
Equations of Equilibrium. Referring to the FBD shown in Fig. a,
&R =0 6(9.81) sin ¥ - 4(9.81) sinu =0
) 2
sin ¥ = 3 sinu (8] ’y
+CIF, = 0; 6(9.81) cos ¥ + 4(9.81) cosu - 80 = 0
3cos F + 2cosu = 4.0775 = =é(95/)/d
| i Fa=W, 980N =Yt
Using Eq (1), the geometry shown in Fig. b-can_be constructed. Thus ¢
= 4sin“u 8
cos T = 3
Substitute this result into Eq. (2), 2
29 =4sin‘u
3a 3 b + 2cosu = 4.0775
29 - 4sinu = 4.0775 - 2cosu
9 - 4sinu = 4cos’u - 16.310 cos u + 16.6258 F=8ON
16.310 cos u = 4(cos? u + sinu) + 7.6258 (a)
Here, cos? u + sin?u = 1. Then
cosu = 0.7128 u = 44.54°
Substitute this result into Eq (1)
sin ¥ = isin 44.54° f = 27.388° 2sin@
A G;X = o x 3
From Fig.c,” _~ = tan 44.54° and ; = tan 27.88" 9- fS/n (o)
So then,
o p e |
6 - x X |
. + s = tan 44.54° + tan 27.88°
g = 1.5129
S
s =3.9659m = 3.97m Ans. 2788'
o\ = .
X = 3.9650 tan 27.88° Q=gp.54° N/ P20y
= 2.0978m = 2.10m Ans. CC.)

Ans:
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n
1

3.97m
2.10m

>
1
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3-33.

The lamp has a weight of 15 Ib and is supported by the six
cords connected together as shown. Determine the tension
in each cord and the angle u for equilibrium. Cord BC is
horizontal.

Solution

Equations of Equilibrium. Considering the equilibrium of Joint A by referring to

its FBD shown in Fig. a,
&R =0 Tac €0S 45° — Tpg €0s 60° = 0
+CIF, = 0; Tac Sin 45° + Tpgsin 60° - 15 = 0

Solving Egs (1) and (2) yield
Tag = 10.98 = 11.01b Tac = 7.7641b = 7.76 Ib

Then, joint B by referring to its FBD shown in Fig. b

+CXLF, = 0; Tggsin 30° - 10.98sin 60° = 0 Tge

&XIF = 0; Tgc + 10.98cos 60° - 19.02 cos 30°

0

19.021b = 19.0 Ib

@
@)

Ans.

Ans.

Tac = 10.981b = 11.01b  Ans.

Finally joint C by referring to its FBD shown in Fig. ¢
&R = 0; Tepcosu - 10.98 - 7.764 cos 45° = 0
Tepcosu = 16.4711
+CXF, = 0 Tepsinu - 7.764sin 45° = 0
Tep sinu = 5.4904
Divided Eq (4) by (3)
tan u = 0.3333 u = 18.43° = 18.4°
Substitute this result into Eq (3)
Tep cos 18.43° = 16.4711'( Tep = 17.361b = 17.41b

T

Tec=10-%81b

The=7764lb
)

®

4)

Ans.

Ans.

The
Te
60, 45°
X

L 4
5 1b
(a)

(.

Tee
7’

2, %
w.
The=10-961b

(b)
Ans
Tag = 11.01b
Tac = 7.76 b
Tec = 11.01b
Tee = 19.01b
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TCD = 1741b
u= 184°
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3-34.
Each cord can sustain a maximum tension of 20 Ib. t‘gﬁ*
Determine the largest weight of the lamp that can be | G
supported. Also, determine u of cord DC for equilibrium. ) “a\, -
o
i‘ 3%&--—-“--- 9&‘T’ '
30 Y £ u
B\ ,/ \C
too—% — 45
EA

Solution é

Equations of Equilibrium. Considering the equilibrium of Joint A by referring to
its FBD shown in Fig. a,

&R =0 Tac €0s 45° — Tag cos 60° = 0 (1) 7—-
Ab

+IF, = 0; Tac Sin 45° — Tpgsin 60° - W = 0 2) T;C
Solving Egs (1) and (2) yield

Tag = 0.7321W Tac = 05176 W 60. 49,
Then, joint B by referring to its FBD shown in Fig. b, X

+XIF, = 0; Tgesin30° - 0.7321Wsin 60° = 0 Tgg = 1.2679W

&EIF, = 0; Tge + 0.7321 W cos 60° - 1.2679 W cos 30° = 0

TBC = 0.7321 W v
Finally, joint C by referring to its FBD shown in Fig. c, W
&R =0 Tepcosu - 0.7321 W - 0.5176 W cos 45° = 0
Tep COS U = 1.0981 W ©) (6& )
+IF, = 0; Tepsinu - 0.5176 W sin 45° = 0
Tepsinu = 0.3660 W (@) y
Divided Eq (4) by (3)
tan u = 0.3333 u = 18.43° = 18.4° Ans. T

, : . e

Substitute this result into Eq (3),
Tep cos 18.43° = 1.0981 W Tep = 11575 W 30 7;(.
Here cord BE is subjected to the largest tension. Therefore, its tension will reach the o x
limit first, that is Tee = 20 Ib. Then b0
20 = 1.2679W; @W = 15771b = 15.81b Ans.
. 71;6: 0-732-/ w
Tc=072IW @ (b)
“« x
&-10-5/76)‘/
CC 2 Ans:
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u= 184°
W = 1581b
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3-35.

The ring of negligible size is subjected to a vertical force of o / \ W
200 Ib. Determine the required length | of cord AC such that C =y 40° v~ B
the tension acting in AC is 160 Ib. Also, what is the force in y

cord AB? Hint: Use the equilibrium condition to determine TS A o

the required angle u for attachment, then determine | using 8 .
trigonometry applied to triangle ABC.

fA

SOLUTION lzoom

=0 Fp cos40° — 160 cosu = 0

+cOF, = 0; 160sinu + Fupsin40° - 200 = 0

sinu + 0.8391 cosu = 1.25

Solving by trial and error,

u = 33.25°

FAB = 175 Ib AnSs.
2 _ 1

sin33.25°  sin40°

1=2341t Ans.

Also,

u = 66.75°

FAB = 82.4 Ib Ans.
2 _ 1

sin66.75° sin40°

1 = 1.40ft AnNSs.

Ans:

Fag = 175 1b
| = 2.34ft
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FAB = 8241b
| = 140 ft
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*3-36.

Cable ABC has a length of 5 m. Determine the position x
and the tension developed in ABC required for equilibrium
of the 100-kg sack. Neglect the size of the pulley at B.

SOLUTION

Equations of Equilibrium: Since cable ABC passes over the smooth pulley at B, the
tension in the cable is constant throughout its entire length. Applying the equation
of equilibrium along the y axis to the free-body diagram in Fig. a, we have

+cOF, = 0; 2T sin ¥ - 100(9.81) = 0 1)

Geometry: Referring to Fig. b, we can write

35 - x R S
cos T cos F

35
f = cos? a?b = 45.57°

Also,
x tan 45.57° + 0.75 = (3.5 - x) tan 45.57°

x = 1.38m Ans.

Substituting ¥ = 45.57° into Eq. (1), yields
T = 687 N Ans.

100(9.81) N
(@) Y
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Ans:
X = 1.38m
T = 687N
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3-37.

A 4-kg sphere rests on the smooth parabolic surface. y
Determine the normal force it exerts on the surface and the

mass mpg of block B needed to hold it in the equilibrium

position shown.

SOLUTION
A
Geometry: The angle u which the surface make with the horizontal is to be f -
determined first. y  Z.5x-
0.4 m
ay f
tan u = = 50x = 2.00 - —
x=04m AX y-gam =04 m 04m ‘ X
u = 63.43°

Free Body Diagram: The tension in the cord is the same throughout the cord and is
equal to the weight of block B, Wy = mp (9.81).
Equations of Equilibrium:

t oF, = 0; mp(9.81)cos 60° — Nsin 63.43° = 0

N = 5.4840mg [1]
+CcOK, = 0; mp(9.81) sin 60° + Ncos 63.43° - 39.24 = 0 .
8.4957my + 0.4472N = 39.24 [2] 'l
#61)392N My (F8I) ]
Solving Egs. [1] and [2] yields
myp = 3.58 kg N = 197N Ans. 60°
X
/ .
e343 N
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Ans:
mg = 3.58 kg
N = 19.7N
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3-38.
Determine the forces in cables AC and AB needed to hold
the 20-kg ball D in equilibrium.Take F=300N and d =1 m. i ""’@%
A
15m
. 2 \‘
€
SOLUTION d
Equations of Equilibrium: - A
F
SOF =0, 300- Fyga © b-TFea’ b=0
= Ok ; AB >aT AC o5
06247F\p + 0.89£FAC = 300 (D)
_ 5 1 _
+C©Fy =0; FABa _b + FACa _b - 1962 =0 %
271 25 fis
0.7809F p + 0.4472Fyc = 196.2 ) &
s
ER
Solving Egs. (1) and (2) yields = A
Fup = 986N F,o = 267N Ans. X
5
2¢¢981) 21962 N
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Ans:
FAB = 98.6 N
F/_\C = 267N
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3-39.
The ball D has a mass of 20 kg. If a force of F = 100 N is

applied horizontally to the ring at A, determinethe largest
dimension d so that the force in cable AC is zero.

SOLUTION

Equations of Equilibrium:

Z OF = 0; 100 - Fypcosu = 0 Fapcos u = 100 (1)
+cOF, = 0; Fygsinu— 1962 = 0  Fpgsinu = 196.2 )
Solving Egs. (1) and (2) yields
u=6299°  Fap = 22021N ¥
From the geometry, P
d + 1.5 = 2tan 62.99°
d=242m Ans. & oen

) ]

20981 +196-2 ¥

A5
926299"

Am
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Ans:
d=242m
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*3-40.

The 200-Ib uniform tank is suspended by means of a 6-ft-
long cable, which is attached to the sides of the tank and
passes over the small pulley located at O. If the cable can be
attached at either points A and B, or C and D, determine
which attachment produces the least amount of tension in
the cable. What is this tension?

SOLUTION

Free-Body Diagram: By observation, the force F has to support the entire weight
of the tank. Thus, F = 200 Ib. The tension in cable AOB or COD is the same

5

throughout the cable. v F=2001b
Equations of Equilibrium:
toF, =0; Tcosu- Tcosu=0  (Satisfied!) e 2 %
+cOF, = 0; 200 - 2Tsinu =0 T= " Q) e T
SIN u i |
From the function obtained above, one realizes that in order to produce the least 28t
amount of tension in the cable, sin u hence u must be as great as possible. Since the
attachment of the cable to point C and D produces a greater u Au = cos‘li3 = 70.53°8
as compared to the attachment of the cable to points Aand BAu = cos™? § = 48.19°8, 3
the attachment of the cable to point C and D will produce the least amount
of tension in the cable. Ans. 1t
E
Thus,
' 3t
—100—
T = = 106 Ib
sin 70.53° ol
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Ans:
T =1061b
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3-41.

The single elastic cord ABC is used to support the 40-Ib
load. Determine the position x and the tension in the cord
that is required for equilibrium. The cord passes through
the smooth ring at B and has an unstretched length of 6 ft
and stiffness of k = 50 Ib>ft.

SOLUTION

Equations of Equilibrium: Since elastic cord ABC passes over the smooth ring at B,
the tension in the cord is constant throughout its entire length. Applying the equation
of equilibrium along the y axis to the free-body diagram in Fig. a, we have
+c©Fy: O; 2TsinF-40=0 (1) T T
Geometry: Referring to Fig. (b), the stretched length of cord ABC is ¢ ¢
__Xx _5-x__5 X
lagc = + - = )
cos¥ cosF cosF
Also,
xtan F+1=(5-x)tan F
_Stanf-1 40 1b
T 2tan F (3)

«)
Spring Force Formula: Applying the spring force formula using Eg. (2), we obtain
Fp = K(lasc = lo)

T = 50¢ 64 (@)

cos T

Substituting Eq. (4) into Eq. (1) yields

- DX x |
5tan ¥ - 6sinf =04

Solving the above equation by trial and error A l h(t

T = 40.86°

Substituting £ = 40.86° into Egs. (1) and (3) yields
T =3061b x = 1.92 ft Ans.

(b)
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Ans:
T =3061Ib
X = 1.92ft
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3-42.

A “scale” is constructed with a 4-ft-long cord and the 10-Ib
block D. The cord is fixed to a pin at A and passes over two
small pulleys at B and C. Determine the weight of the

suspended block at B if the system is in equilibrium when

s=1.5ft.

SOLUTION

Free-Body Diagram: The tension force in the cord is the same throughout the cord,

that is, 10 Ib. From the geometry,

4 05

— einl /= _ o

u = sin al.ZSb = 23.58

Equations of Equilibrium:

t oF, = 0; 10sin 23.58° — 10sin 23.58° = 0  (Satisfied!)
+coF, = 0; 2(10) cos 23.58° -— Wi = 0

Wy = 183 1b Ans.

¥
101 005

9:23.58° 8=23.58"
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Ans:
W, = 1831b
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3-43.

The three cables are used to support the 40-kg flowerpot.
Determine the force developed in each cable for
equilibrium.

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,

1.5

EFZ = O, FAD

a b - 40(9.81) = 0
2152 + 22 + 152

Fap = 76269N = 763N Ans.

Using this result,

15
ZFX = 0; FAC - 762693 h = 0
2152 + 22 + 152
Fac = 3924 N = 392N Ans.
—_—
IF, = 0; Fag - 762694 b =0
2152 + 22 + 152
Fag = 5232 N = 523N Ans.

Ans:
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FAD = 763N
FAC = 392N
FAB = 523N
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*3-44.

Determine the magnitudes of F;, F,, and F; for equilibrium
of the particle.

Solution

Equations of Equilibrium. Referring to the FBD shown,

XF, = 0; 10a§gb - 4c0s30° - F,cos30° =0 F, = 7.085kN = 7.09kN Ans.
XK = 0; FL - 4sin30° - 1075125b =0 Fi = 4.80 kN Ans.
Using the result of F, = 7.085 kN,

XF, = 0; 7.085sin30° - F3 = 0 F3 = 3.543kN = 3.54kN Ans.

Ans:
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F, = 7.09 kN
F, = 480 kN
Fy = 354 kN

209209



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

3-45.

If the bucket and its contents have a total weight of 20 Ib, z
determine the force in the supporting cables DA, DB,

and DC.
SOLUTION
3. 15. 3
={" i-_ ~ k
Una = el ~ 45l * 45K
Une = {551+ 350 * 35K
3 15
©FX = 01 4.5FDA - 3.5FDC =0 .
©Fy =0; _ilgFDA - Fpg + 35FDC =0 3
' : Foa Fac
OF, =0, ,5tba + 55tpc ~20=0 FDB/
Fpa = 10.01b Ans. 2 l h
FDB = 111 Ib AnS. 40!6
FDC =1561b Ans.
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Ans

Foa = 10.01b
Fos = 1111b
Foc = 15.61Ib
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3-46.

Determine the stretch in each of the two springs required to z
hold the 20-kg crate in the equilibrium position shown.

© ‘_r
Each spring has an unstretched length of 2 m and a stiffness f !
of k = 360 N>m.
4 Bl
A —=% 1m
SOLUTION —
e 6 m
Cartesian Vector Notation: X 4m - %
‘?'.
o _ _ i-ﬁ%-‘i
Foc = K ¢6I+J+ <73Fi+2F'+6Fk
ocC ocC D24 42 4 197 = ,foc 7 oc) 7toc
T
Foa = -Foa Fog = -Fopi foc £
oA = ~Yoal oB = ~ToB!
fos
F = {-196.2k} N |
n .lz"’
Equations of Equilibrium: = T—7 7
Foa Vil
— ©F=O;7FOC+FOA+FO'B+F=O l,”
|
2 = 2
a?FOC ~ Fogbi + a27Foc ~ Foabj + a67Foc ~ 196.2bk = 0 |F'z“"(”') 162N
X
Equating i, j, and k components, we have
3
7Foc - Fop =0 1)
EF - Fopp =0
,roc 0A = )

6
SFoc - 196.2 = 0 @)

Solving Egs. (1),(2) and (3) yields

Foc = 2289N  Fop = 981N  Fon = 654N

Spring Elongation: Using spring formula, Eq. 3-2,the spring elongation is s = K

981

SOB = 500 = 0.327m = 327 mm Ans.
654

S0A = 300 =0.218m = 218 mm Ans.

Ans:
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327 mm
Soa = 218 mm
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3-47.

Determine the force in each cable needed to support the
20-kg flowerpot.

Solution

Equations of Equilibrium.

SF, = 0; FABa]iﬁsb ~ 20(9.81) = 0 Fag = 21936N = 219N Ans.
# #
ZFX = 0, FACalZOb - FADalZOb =0 FAC: FAD: F

Using the results of Fag = 219.36 N and Fac = Fap = F,

4 3
*F, = 0; 2cFa___bd - 219. b =
y =0 calzobd 936a145b 0
Fac = Fap = F = 54.84N = 548N Ans.

209.8)N f

(@)

Ans:
FAB = 219N
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FAC = FAD = 548N
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*3-48.

Determine the tension in the cables in order to supportthe z
100-kg crate in the equilibrium position shown.

SOLUTION
X
Force Vectors: We can express each of the forces on the free-body diagram shown

in Fig. (a) in Cartesian vector form as

Fap = Fap i

: ¢
Fac = -Fac

(-2-0)i+(2-0)j+(1-0)k 2 2 1

Fap = FapB R=-3Fapi+_ Fapj+.Fapk fac

2(-2-07 + (2-0)2 + (1-0) R ;P

m

W = [-100(9.81)K]N = [-981Kk]N
Equations of Equilibriumz Equilibritm requires X % ?

OF = 0; Fap + Fac + Fap + W =0 W=100(9:81) N

FAB i+ (_FAC j) + a—23 FAD i +2 FAD kb + (—981k) =0

3 Fap ] i1

3
2 . 2 . 1
aFAB - SFAD bi + a—FAC + 3FAD bJ P asFAD - 981bk =0

Equating the i, j, and k components yields

Fap - 3LFAD =0 1)
F 2 F
~Fac + gFap =0 )
1F 981 =0
g TAD ~ = 3
Solving Egs. (1) through (3) yields

Fap = 2943N = 2.94 kN Ans.

FAB = FAC = 1962 N = 1.96 kKN Ans.

218216
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Ans:
FAD = 2.94 kN
FAB = 1.96 KN
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3-49.

Determine the maximum mass of the crate so that the tension z
developed in any cable does not exceeded 3 kN.

SOLUTION -
X
Force Vectors: We can express each of the forces on the free-body diagram shown
in Fig. (a) in Cartesian vector form as
Fap = Fap i
. 72
Fac = -Fac
2 2 T £
FAD=FADB R=—FADi+ F j+ F AC
2(-2-07 + (2-0)2 + (1-0)7 3 3 APT T3 TAD fip 4D
Im
W = [-m(9.81)k] am
Equations of Equilibrium: Equilibrium requires X ‘ﬁb J
oF = 0, FAB + FAC + FAD + W =0 W‘-‘/n(q‘glj
Fapi+ (FFac ) + a—23 Fap T+ 23 Fap j -%—713 Fap kb + [-m(9.81)k] = 0

aFAB - éFAD bi + a—FAC +23 FAD bj + alSFAD - 9.81lmbk =0
Equating the i, j,and k components_yields

2
FAB - 3FAD =0 (1)

2
_FAC + 3FAD =0 (2)

1
3 FAD -98lm =0 (3)

When cable AD is subjected to maximum tension, Fap = 3000 N. Thus, by
substituting this value into Egs. (1) through (3), we have

FAB = FAC = 2000 N

m = 102 kg Ans.
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Ans:
m = 102 kg
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3-50.

Determine the force in each cable if F =500 Ib.

Solution 2 e
Equations of Equilibrium. Referring to the FBD shown in Fig. a, - 2t 7 3ft )
X
IR = 0; FABaSb - FAca3 b - FAD% b=0 1)
7 146 7
XF, = 0; —FABaZb - FACal b + FAD% b=0 2)
7 146 7
2k, = 0; —FABaGb - I:Aca6 b - FADg b +500=0 ?3)
7 146 7
Solving Egs (1), (2) and (3)
Fac = 113.041b = 1131b Ans.
Fag = 256.671b = 257 Ib Ans.
Fap = 2101b Ans.
=

Ans:
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FAC = 113 1b
FAB = 257 1b
FAD =2101b
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3-51.
Determine the greatest force F that can be applied to the z
ring if each cable can support a maximum force T
of 800 Ib. F
/N
/ l"‘ Lt
/ \ \ 6 ft
/ ! AC/ S - iﬂ
/ L
Solution 5 oo
Equations of Equilibrium. Referring to the FBD shown in Fig. a, ot e T
X
EF-O'Fa3b I:a3 b F%b—o ()]
X ’ AB 77 AC 146 AD Z
SR = 0; Fa2b IZa1 b+F§1b-0 2
y = U AB z AC 146 AD77 =
*F, = 0; -F a6b—|: a;b—ng+F—O ?3)
z — Y AB! 7 AC 146 AD 7 -

Solving Egs (1), (2) and (3)
Fac = 02261F  Fag = 05133F  Fap = 0.42F

Since cable AB is subjected to the greatest tension, its tension will reach the limit
first that is Fag = 800 Ib. Then

800 = 0.5133 F
F = 1558.44 Ib = 1558 Ib Ans.

7z
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Ans:
F = 15581b
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*3-52.
Determine the tension developed in cables AB and AC and z
the force developed along strut AD for equilibrium of the 2 ft
400-1b crate.
2 ft
B
C
4 ft
5.5 ft A
SOLUTION
Force Vectors: We can express each of the forces on the free-body diagram shown in D 251t
Fig. a in Cartesian vector form as
X 6 ft
(-2 - 0)i + (-6 - 0)j + (L5 - O)k 4 12 3 y
Fag = Eap C S=-__Fapi -, FEagj+. Fapk
AR AR 52202 + (<6 - 0) + (L5 - 0)2 137481 T gz AR T g Tan

(2—0)i+(—6—0)j+(3—0)kS 2

. 6 .3
Fac = Fac € = _Faci - S Fcl +5 Fack
22-02+(-6-0>+@3-0> 7 ! !

(0-0i+[0- (6L +[0-(-25k 12 . 5
Fap = Eap C =2 E Fyp k
Y T o002 10 - (<62 (0 - (-25F 13 Ap 1T 43 Tap
W = {-400Kk} Ib

Equations of Equilibrium: Equilibrium requires

gF=O, FAB+FAC+FAD+W:O
4 12 3 2 6 3 12 5

¢_13FABi - 13FABj +13FAB|(§+ ¢7FAci—7Fch +7FAck§ + ¢13FADj+1

4 2 12 6 12 3 3 5
¢_13FAB + 7FAcfi + ¢_13FAB - 7FAC + 13FADSJ- + ¢13FAB + 7FAC + 13FAD - 400<k =0

3 FAD k< + (—400k) =0

Equating the i, j,and k components yields

4 2
13 Fap + 7FAc =0 @
12 6 12
—13 FAB - 7 FAC + 13 FAD =0 (2)
3 3 5
Fag + _ Fae + Fap - 400 =0
13 AB T o tac * oo fap 3)

Solving Egs. (1) through (3) yields

Fag = 274 1b Ans.
FAC = 295 Ib Ans.
Fap =5471b Ans.
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] Ans:

FAB = 274 1b
5@/£ 295 Ib
‘ 7'““ 547 b
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3-53.

If the tension developed in each of the cables cannot
exceed 300 Ib, determine the largest weight of the crate that 2 ft
can be supported. Also, what is the force developed along 2 ft

strut AD?

4 ft

5.5 ft A

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram
shown in Fig. a in Cartesian vector form as o ft

(-2 - 0)i + (-6 - 0)j + (15 - O)k 4 12 3

Fag € = g s ‘13FABj+13FABk

= S
A 2(-2- 0 + (-6 - 0)2 + (L5 - 0)?

2 -0)i+(-6-0)j+@-0k
C( ) ( )J ( ) S=2FAci—67FACj+37FAck

Fao = E
AT o o+ (-6 02+ (3 -02 7
(0 -0)i+1[0-(-6)] +[0-(-25]k 12 .5
Fap = Fap C = "F Fan k
A A S0t [0 - (e + [0 - (25 13 ) T 13 A
W= —Wk

Equations of Equilibrium: Equilibrium requires
gF =0;  Fag + Fac + Fap + W =0
4 12 3 2 6 3 12 5
¢-13FABi - gtasl o Fa kS + ¢7FACi - e+ Hae kS + ¢13FADJ * 3 Tan kS + (-Wk) =0

4 2 12 6 12 3 3 5
¢‘13FAB * o Fcsi+ ¢‘13FAB - o Fac + 13FAD <+ ¢13FAB * o+ 13FAD - W<k=0

Equating the i, j, and k components yields

e
13748 * 7 Fac =0 )
12 6 12
1378 = Fac + g Fap =0 @
3 3 5

Fap - W =
13 Fap + 7FAC * 13 TAD @

Let us assume that cable AC achieves maximum tension first. Substituting
Fyc = 300 Ib into Egs. (1) through (3) and solving, yields

218216
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FAB = 27857 1b
Fop = 5571b W = 407 Ib Ans.
Since Fyp

= 278.57 Ib 6 300 Ib, our assumption is correct.
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3-54.

Determine the tension developed in each cable for
equilibrium of the 300-Ib crate.

SOLUTION

Force Vectors: We can express each of the forces shown in Fig. a in Cartesian vector
form as

-3 - 0)i + (-6 - 0)j + (2 - Ok
( )I2+( )12+( ) s=3F.i -CFpj+ 2Epk
2(-3- 0%+ (-6 - 0 + (2 - 0 7 v v

Fap = FapC

2-0i+(-6-0j+@-0k 2, . 6. .3
Fac = FacC e ) )25 = ;B -y Facd + 4 Exck

O0-0i+@B-0)j+ (@4 -0k 3 . 4
Fap = Fap C ;5 = gfan] + ; Fap K
20-0°+ @B -0+ @4 -0

W = {-300k} Ib

Equations of Equilibrium:Equilibrium requires — - - -
gF =0;  Fap + Fac + Fap + W =0

3 6 2 2 6 3 3 4
¢:7FAB|: 7FABj + 7FAB k< + ¢7FAci - 7Fch + 7FAC k< + ¢5FADJ + 5FAD k< + (—300k) =Z‘0

Equating the i, j, and k components yields

_7FAB + 7FAC =0 (1)
6 6 3
—7FAB = 7FAC + 5FAD =0 (2
2 3 4
7 Fap + 7 FAC + 5 Fap - 300 =0 3)

Solving Egs. (1) through (3) yields
FAB =79.21Ib FAC =1191b FAD = 283 1b Ans.
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3-55.

Determine the maximum weight of the crate that can be
suspended from cables AB, AC, and AD so that the tension
developed in any one of the cables does not exceed 250 Ib.

3ft
B
2 ft 2t
C
3ft
6 ft
X A
SOLUTION 3ft
Force Vectors: We can express each of the forces shown in Fig. a in Cartesian vector
form as
(-3-0)i+(-6-0)j+ (2 -0k 3 .6 .2
Fap = FapC = - Epli -7FABJ+7FABk

2(-3-02+ (-6 - 0)2 + (2 - 0)?

(2-0)i+(-6-0)j+@-0k 2. . 6 3
Fac = FacC 25 = o Ech - o Fed + o Fyck
22-0>%+(-6-0°2+@B-0

C(O—O)i+(3—0)j+(4—0)k 3

4
= FAD S = FA J + FA k
20-02+@B-02+@-07 57 54

=

= —ch

Equations of Equilibrium: Equilibrium requires
gF = 0; Fap + Fac + FaAp + W =0
3 6 2 2 6 3 3 4
¢—7FABi—7FABj+7FABkS+ ¢7FAci—7Fch+7FAck§+¢5FADj+5FADk<+(—ch):O

3 2 6 6 3 2 3 4
¢-7FAB +7FAC§i+ ¢—7FAB _7FAC +5FAD <j+ ¢7FAB +7FAC +5FAD - We<sk =0

Equating the i, j, and k components yields

3 2
_7FAB + 7FAC =0 (1)
6 6 3

_7FAB - 7FAC + 5FAD =0 (2
2 3 4 ~

7FAB+7FAC+5FAD—W0—O (3)

Assuming that cable AD achieves maximum tension first, substituting Fxp = 250 Ib
into Egs. (2) and (3), and solving Egs. (1) through (3) yields

FAB =701Ib FAC =105 1b

22@20
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We = 265 1b Ans.

Since F,g = 701b 6 250 Ib and Fy = 105 Ib, the above assumption is correct.
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*3-56.

The 25-kg flowerpot is supported at A by the three cords.
Determine the force acting in each cord for equilibrium.

SOLUTION

Fap = Fap (sin 30°i - cos 30°sin 60°j + cos 30° cos 60°K)

O.SFADi - 075FADJ + 04330FAD k

Fac = Fac (-sin 30°i - cos 30° sin 60°j + cos 30° cos 60°K)
= —O.SFAci = 075FACJ + 04330FACk
Fag = Fag(sin 45° + cos 45°k) = 0.7071F,pj + 0.7071F,5 k

F = -25(9.81)k = {-24525K}N
oF = 0; FAD+FAB+FAC+F:0

(0.5Fspi - 0.75F,p j) + 0.4330Fyp k + (0.7071F,g j + 0.7071F,g K)

+(~05Fygi - 0.75Fyqj + 0.4330F,ck) + (-245.25k) = 0

(0.5Fyp - 05F0)i + (-0.75F,p + 0.7071Fg - 0.75F,() j

+(0.4330F,, + 0.7071Fyz + 0.4330F,¢ - 245.25)k = 0

Thus,

@]Z?X = O, O.SFAD - O'SFAC = O [1]
©Fy = 0, _0'75FAD + O?O?lFAB - 075FAC = 0 [2]
©F, = 0;  04330Fsp + 0.7071F,p + 0.4330Fzc - 245.25 = 0 [3]

Solving Egs. [1],[2], and [3] yields:
FAD = FAC = 104 N FAB = 220 N Ans.
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Ans:
FAD = FAC = 104 N
FAB = 220N
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3-57.

If each cord can sustain a maximum tension of 50 N before
it fails, determine the greatest weight of the flowerpotthe
cords can support.

SOLUTION
Fap = Fap (sin 30° - cos 30° sin 60°j + cos 30° cos 60°k)
= 0.5F,p i - 0.75F,p j + 0.4330F,p k
Fac = Fac (-sin30° - cos 30° sin 60°j + cos 30° cos 60°k)
= —05F ci - 0.75F,c j + 0.4330F, ¢ k
Fap = Fap (sin 45°j + cos 45°k) = 0.7071F,p j + 0.7071Fp k
W = -Wk

©Fx =0; O.SFAD - 0'5FAC =0

Fap = Fac €))
©F = 0; -0.75F,p + 0.7071F,g - 0.75F;¢ = 0
07071FAB = 1'5FAC (2)

©OF, = 0;  0.4330F,p + 0.7071F, + 0.4330Fyc - W = 0
OSGGOFAC + 1'5FAC -W=0
2366FAC =W

Assume Fjc = 50 N then

1.5(50)
= = |
Fap = 797, = 106.07N 7 50N (N.GY)

Assume Fjg = 50 N. Then

0.7071(50)
AC = 15 = 2357N 650N (O.K)
Thus,
W = 2.366(23.57) = 55.767 = 55.8 N Ans.
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Ans:
W = 558N
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3-58.

Determine the tension developed in the three cables 4
required to support the traffic light, which has a mass of
15kg. Take h=4m.

Solution

. 3.

Upc = € - I—7j+ kf

Upp = €e_i=—_jFf _ _
3 6 4

IR =0 gFag - 7Fac *gFap = 0
4 3 3 %

TR =0, Fag - Fac - Fap =0 Fae
2

3F, = 0; Fac - 15(9.81) = 0
7 ) "
Fag = 441N Ans. i l Fae
Fac = 515N Ans. {S(9.21)N
Fap = 221N Ans.

Ans:
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FAB = 441 N
FAC = 515N
FAD = 221N
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3-59.

Determine the tension developed in the three cables
required to support the traffic light, which has a mass of
20 kg. Take h =3.5m.

Solution
3i + 4j + 0.5k 3i + 4j + 0.5k
u = =
= e 2y Y v
-6i - 3j + -6i - 3j+
2.5k 2.5k
Uac = = _
262 F (3 F 25 25125
4i - 3 + 05k 4i - 3 + 05k
u = =
AT o 225725
3 6 4
3F, = O; Fas - Fac + Fap = 0
22525 251.25
4 3 3
iR =0 — Fw-__ _Fac-__ _Fap=0
225.25 251.25 225.25
0.5 25 0.5
SF, = 0 Fag + Fac + Fap - 20(9.81) = 0
225.25 251.25 225.25
Solving,
Fag = 348N Ans.
Fac = 413N Ans.
Fap = 174N Ans.

§ e
fog i

/

2003 8N
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Ans

FAB = 348 N
FAC = 413 N
FAD = 174N

22929



© 0 1BPedrsars@u &chtoaniong Iint)ppapsadiiddRivieivex). NAI Al rtghtsseesedethis hisateaital ialpsqtectedtaddendal epyopyirighawisas tevhey rcemténtly
exisixiNo N phimiof thiithisatasizl rabynby beprephockd;dd, dnyarfigrioron by byyanyeansansithatiioperperssiissi am Wwritindi figpinotie tpeipliti esher.

*3-60.
The 800-1b cylinder is supported by three chains as shown.
Determine the force in each chain for equilibrium. Take

d=1ft
SOLUTION
Fap = Fap Sy + 122 = -0.7071F\pj + 0.7071F\pk
li + 1k

> = 0.7071F g+ 0.7071F k

-0.7071i + 0.7071j + 1k

Fap = Fa <
"’ "’ 2(-0.7071)? + 0.70712 + 12
Top 4 ';‘ FA‘“
= _O.SFABi + OSFABJ + 07071FAB k \/',- >
F = {-800k}Ib

OF =0; Fap + Fac * Fap + F=0
(-0.7071F,pj + 0.7071Fypk) + (0.7071Fy¢i + 0.7071F,ck)
+ (~0.5F,pi + 05F,pj + 0.7071F,5 k) + (~800k) = 0
(0.7071Fy¢ - 05Fp) i + (=0.7071Fp + 0.5Fp)j
+ (0.7071F,p + 0.7071F,¢ + 0.7071F, - 800)k = 0

OF, = 0; 0.7071Fy,c — 0.5F,g = 0
D
©Fy = 0; _07071FAD + O.SFAB =0 (2)
OF, = 0; 0.7071F,p + 0.7071F,c + 0.7071F,5 - 800 = 0
©)
Solving Egs. (1), (2), and (3) yields:
FAB = 469 Ib FAC = FAD =3311b Ans.
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Ans:
FAB = 469 1b
FAC = F/_\D =3311lb
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3-61.

Determine the tension in each cable for equilibrium.

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,

YK = 0; Faga b - Faca b - Fapa b=0
X ABY 157 AC% 138 AP 166

*F = 0; Faga b + Faca b - Fapa b=0
y AB 157 AC% 138 AP 1 66

5 5 5
 F, = 0. -F -F - F + =
= 00 -Faga ) b Aca 59~ Fapd 4 (b + 800 = 0

Solving Egs (1), (2) and (3)
Fac = 85.77N = 858N
Fag = 577.73N = 578 N
= 565.15N = 565N

>
v]
|

@

@

©)

Ans.

Ans.
Ans.

Ans:
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FAC = 858N
FAB = 578 N
FAD = 565 N
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3-62.

If the maximum force in each rod can not exceed 1500 N, z
determine the greatest mass of the crate that can be
supported.

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,

2 3 1
*F = 0; Foaa b - Foca b+ Fpga.b=0 1
X oal | ocd o8 d, 1)
R = 0; Fa?’ib+F afb+F a2b—0 2)
y 5 oA8 414 ocd oy o8 a5
ZF-O'Farb+F a:rb—F a2b—m(981)-0 3)
2= 9 Foad 4, oca 5y 0B 85 . =

Solving Egs (1), (2) and (3),
FOC = 16.95m FOA = 15.46m FOB = 7.745m

Since link OC subjected to the greatest force, it will reach the limiting force first, that
is FOC = 1500 N. Then

1500 = 16.95m
m = 88.48 kg = 88.5kg Ans.
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Ans:
m = 88.5 kg
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3-63.

The crate has a mass of 130 kg. Determine the tension
developed in each cable for equilibrium.

Solution

Equations of Equilibrium. Referring to the FBD shown in Fig. a,

2 2 2
Xk = 0; Fapa b - a b -Fpa,b=0 1
« AD3 | o Feo 16 CD37 @
XK =0; -F alb—F a1b+F a2b—0 2)
y 0 ADa | & B0 8,6 Cli3
ZF-O'Fa1b+FBa1b+F alb—130(981)—0 ?3)
z — ’ AD 16 D 16 CD3 0 -

Solving Egs (1), (2) and (3)

Fap = 1561.92N = 156 kN Ans.
Fap = 520.64N = 521N Ans.
Fep = 12753N = 1.28 kN Ans.

120(4-81)N

(2

Ans:
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FAD = 1.56 kN
Fap = 521N
FCD = 1.28 kN
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*3-64.

If cable AD is tightened by a turnbuckle and develops a
tension of 1300 Ib, determine the tension developed in
cables AB and AC and the force developed along the
antenna tower AE at point A.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. a in Cartesian vector form as

(=0 F (15 -0 * (-30 - 2 .3 . 6
Fap = Fap € S=_Fgpi - _Fupi-_Fgk
2(10 - 02 + (=15 - 0)? + (-30 - 0)? 7 7 7

-15 - 0)i -10 - 0)j -30 - O)k
Fro _ Ty ¢ (18700 +(-10 -0 £ (-30 - Ok 3

2. . 6
= - Fyi - Facl - Eack
2(-15 - 0)2 + (-10 - 02 + (-30 - Q)2 770 T 7

0 - 0)i + (125 - 0)j + (-30 - O)k

Fap = Fap C 5
20 - 0) + (125 - 0)° + (-30 - 0)?

S = {500j - 1200k} Ib

Fag = Fag K

Equations of Equilibrium: Equilibrium requires Z

g—F = 0, - FAB + FACTF FAD +7FAE =0
2 3 6 3 2 6

Equa;ing the iTj, and k components yields

2 3
7FAB —7FAC =0 1)
3 2
—7 FAB = 7 FAC + 500 =0 (2)
—s FAB = iFAC + FAE - 1200 =0 (3)

5 = 808 Ib

Solving Egs. (1) through (3) yields

> =
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Foc = 5381b
Fap = 23541b = 2.35ki
AR P Ans.
Ans.
Ans.
Ans
FAB = 808 1Ib
FAC = 5381b
FAE = 235 klp
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3-65.

If the tension developed in either cable AB or AC cannot z
exceed 1000 Ib, determine the maximum tension that can

be developed in cable AD when it is tightened by the

turnbuckle. Also, what is the force developed along the A
antenna tower at point A?
30 ft
€ ot
10 ft
SOLUTION B E
15 ft D 15 ft
Force Vectors: We can express each of the forces on the free-body diagram shown in 125 ft
Fig. ain Cartesian vector form as X y
(10 - 0)i + (-15 - 0)j + (-30 - O)k 2 .3 . 6
Fap = Fap C S=_Fpl - Fpl-_Fapk

2(10 - 0)2 + (-15 - 0)2 + (-30 - 0)? 7

=15 - 0)i + (-10 - 0)j + (-30 - O)k
o ( )i + ( i+ ( ) S=—3FAci—§Fch—$FAck

Fac = Fac
2(-15- 0)2 + (-10 - 0)2 + (-30 - 0)? 7

pe 0= 0 + (125 -0j + (-30 -0k o _5 . 12

FAD = = ] - Fk
200 - 0 + (125 - 0)2 + (=30 - 0)2 13 13
Fae = Fagp K
Equations of Equilibrium: Equilibrium requires
gF=0; Fap + Fac +* Fap + Fag = 0
2 3 6 3 2 6 5 12

¢ Fapi-  Fupj- Fpks+ ¢- Faci- Fcj- TFackS+ ¢ Fj- JFk+Fpk=0

2 3 3 2 5 6 6 12
¢7FAB - 7FAc§i + ¢_7FAB - 7FAC + 13Ffj + ¢_7FAB - 7FAC - 13F + Fag<k =0

Equating the i, j, and k components yields

2 3.

, Fap - ;Fac =0 (1)
3 2 5

‘7FAB - 7FAC + 13F =0 (2
6 6 12 )

‘7FAB - 7FAC - 13F +FE =0 3)

Let us assume that cable AB achieves maximum tension first. Substituting
Fag = 1000 Ib into Egs. (1) through (3) and solving yields
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FAC = 666.67 Ib
Fap = 29141b = 291kip  F = 16101b = 1.61kip Ans.

Since Fyc = 666.67 Ib 6 1000 Ib, our assumption is correct.

i Ans:
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3-66.

Determine the tension developed in cables AB, AC, and AD
required for equilibrium of the 300-Ib crate.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. (a) in Cartesian vector form as

-2-0i+@0-0j+ (2 -0k .
FAB=FABC( )2( 0+ ) S=-2FABi+1FABJ+2FABk
2(-2-07+ (1 -02+ (2 - 0)? 3 3 3
(-2 -0)i +(-2-0)j + (@1 -0k 2 ) .1
Fac = FacC S =-_Fpci-_F + ~ Fac k
AC AC D(C2- 07+ (-2 - 02 + (L - 0 grac! — g fac )+ o ¥ac
Fap = Fap i
W = [-300K] Ib

Equations of Equilibrium: Equilibrium requires
©F=O, FAB+FAC+FAD+W:0

2 -1 2 - 2 — 2 - 1 -
a_3FABi+3FABj +3FABkb + a_3FACi_ 3FACj + SFACkb +FADi+(—300k) =0

a—gFAB - éFAC + FADbi + algFAB —ZSFAcbj + 2123 Fag +l FAC - 300bk =0

3
Equating the i, j, and k components yields
2.2
-, Fap - ,Fac + Fap =0 1)
3 3
1 2
3FAB - g Fac =0 (2
1
32,FAB + 3 FAC -300=0 3

Solving Egs. (1) through (3) yields

FAB = 360 Ib AnS.
Fpc =1801b Ans.
Fap =3601b Ans.
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Ans

FAB = 360 1Ib
FAC = 1801b
FAD = 360 Ib
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3-67.

Determine the maximum weight of the crate so that the
tension developed in any cable does not exceed 450 Ib.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. (a) in Cartesian vector form as

(-2-0i+@-0j+@-0k _ _ 2

1 .2
Fapi+ _F + " Fun k
2(-2-02+ (1 -02+(2-0)7 g faB 1+ g Xap )+ 5 Xan

Fap = FapC

(-2 -0i+(-2-0j+(@1 -0k 2 2 1

Fac = FacC = - Faci-_Faci+,Fack
2(-2-07%+ (-2-07%+ (1 -0y 3 3 3

Fap = Fap i

W = -Wk

Equations of Equilibrium: Equilibrium requires

oF = O, FAB + FAC + FAD + W =0
2 -1 2 - 2~ - 1~
a_3FABi+3FABj+3FABkb+a_3FACi_3FACj+3FACkb+FADi+(_Wk)=0

2 2 . 1 2 . 2 1
a—3FAB - 3FAC + ]:‘lADbI + ESFAB - SFACbJ + aSFAB + 3FAC - Wbk =0

Equating the i, j,and k components yields

2 2
- Fap - Fac + Fap =0 1)
3 3
1 2 B
3 Fan - gFac =0 (2
2 1 _
SFAB +3FAC -W=0 (3)
Let us assume that cable AB achieves maximum tension first. Substituting
Fap = 450 Ib into Egs. (1) through (3) and solving, yields
Fac = 22510 Fap = 4501b
W =3751b Ans.
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Since Foc = 2251b 6 450 Ib, our assumption is correct.

Ans:
W = 3751b
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