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Problem 3.25 A traffic engineer wants to suspend a  Solution:

200-1b traffic light above the center of the two right 6 2

lanes of a four-lane thoroughfare as shown. Determine > F.: —ETAB + TSTBC =0
the tensions in the cables AB and BC.

1 1
Fy:—=Tps+ —=Tsc —2001b=0
Z i g ieet glec

|
20 ft»‘ .
i ¢ Solving: | Tag = 304 Ib, Tac =335 Ib

— ‘

k& I 301t

s

[ 80 ft

—
10vft

Problem 3.26 Cable AB is 3 m long and cable BC is .
4 m long. The mass of the suspended object is 350 kg. =)
Determine the tensions in cables AB and BC. A

Solution:

3 4
ZFX:_ETAB+5TBC =0

4 3
ZFY: gTABJréTBC —343kN=0

| Tag = 2.75 kN, Tpe = 2.06 kN
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Problem 4.73 ThetensioninthecableBD is1 kN. As  Solution: We have the force and position vectors
aresult, cable BD exerts a 1-kN force on the “ball” at
B that points from B toward D. Determine the moment F= M(—4i +2j +4k), r=AB=(4i+3+k)m
of this force about point A. 6
The moment is then
y

M =r x F = (1.667i — 3.33] + 3.33k) kN-m

C
(0.4, -3)m

0.5.5m (4.3,1)m

/! :

z

X

Problem 4.74* Suppose that the mass of the sus Solution: We have the following forces applied at point B.
pended object E in Problem 4.73 is 100 kg and the mass

of the bar AB is 20 kg. Assume that the weight of the F1=—(100 kg)(9.81 m/s?)j, Fa= E(—4i +j — 4K),
bar acts at its midpoint. By using the fact that the sum V33

of the moments about point A due to the weight of the

T o
bar and the forces exerted on the “ball” at B by the three F3= %(-4. +2j +4k)
cables BC, BD, and BE is zero, determine the tensions
in the cables BC and BD. In addition we have the weight of the bar F4 = — (20 kg)(9.81 m/$);

The moment around point A is
My = (4 + 3 +k) mx (F1+F2 +Fs)
+(2i+15 +05k) mx F4 =0
Carrying out the cross products and breaking into components we find
M, = 1079 — 2.26Tgc + 1.667Tpp =0
M, =2089Tpc —3.333Tpp =0
M, = —4316 + 2.785T 3¢ + 3.333Tpp = 0

Only two of these three equations are independent. Solving we find

Tpc =886 N, Tpp =555N
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6.13 (Continued)

(4) Joint A:

AC
ZFy:Ay—TZ:O’

from which AC = LfF =42 kN (T).

AC
ZFX:AB—Q—E =0,

from which AB = —%F = —4 kN (C).
(5) Joint C:

AC
ZFy:BCJrTsz:O,

AC 1
from which|BC = F — — = —=F = —-1KkN (C).
V2 3
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Problem 6.14 If you don’t want the members of the
truss to be subjected to an axial load (tension or compres-
sion) greater than 20 kN, what is the largest acceptable
magnitude of the downward force F?

Solution: Start with joint A

ZFX { —Fxp€0836.9° — FocSin30.5° =0

> Fy:—Fapsin36.9" — F4cc0s305 — F =0

A

FAC

Now work with joint C

ZFX :—Fcp — Fpcsin36.9° + Fycsin30.5° =0

Z F, : Fpc c0536.9° + Fyc €0s30.5° = 0

Finally examine joint D

ZFy:FBD:O

FBD

>
D Fep

Solving we find

Fap = 1.32F, Fac = —2.08F, Fcp = —2.4F,
Fpc =224F, Fpp =0

The critical member is CD. Thus

24F =20 kN = F = 8.33 kN
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Problem 9.22 In Example 9.2, what clockwise couple

M would need to be applied to the disk to cause it to M . .
rotate at a constant rate in the clockwise direction? o Chu F I\
=h 1 r D
2 E_____ B l— )
Ih T ,—32'_‘—‘——&_ —i
2y Al
— 45

Solution: Assume that the disk is rotating in the clockwise direc-
tion. From the free-body diagram of the disk,

IMp : —M + (Rsin6y)r = 0.
From the free-body diagram of the brake,
My 0 —F(3h) + (Rcost)h + (Rsingg)b = 0.

Solving these two eguations yields

_ %hrF,uk
T h+ by

F

4>

AX
f
Ay
Problem 9.23 The homogeneous horizontal bar AB st

weighs 20 Ib. The homogeneous disk weighs 30 Ib. The
coefficient of kinetic friction between the disk and the
sloping surface is u; = 0.24. What is the magnitude of
the couple that would need to be applied to the disk
to cause it to rotate at a constant rate in the clockwise

direction?

Solution: From the free-body diagram of the bar, A4, J‘ 20 1b AR
$Mp (20 1D)(25 ft) + A,(5 ft) = 0 \ Y } N
=A,=-101b. A, B,

From the free-body diagram of the disk.

SF,: Ay, +Nsin20° + u;N cos20’° = 0,

XF,:Ncos20° — xNsin20° —30 Ib=0,

SMy : —M + wN(L ft) = 0.

Solving yields Ay = —26.5 Ib, N = 46.6 Ib, M = 11.2 ft-Ib.

M =112 ft-lb.
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Problem 10.13 Determine the internal forces and

moment at A. 300 1t ft

200 1t/ fl{
Zo: ° @ )
A_t—%

i 6 ft ‘ ‘
| 8 ft ‘ 4 ft

Solution: Use the whole body to find the reactions
> M : —B(8 ft) + (1600 Ib)(4 ft)

+ (400 1b)(2.67 ft) — (600 Ib)(1.33 ft) = 0
= B=28331Ib

400 Ib

1600 Ib 600 1b

. 'Y
.

B Cc

Now examine the section to the left of the cut
> FyiPy=0

> Fy:B-12001b—2251b—V, =0

> My —B(6 ft) + (1200 Ib)(3 ft)

+ (225 1b)(2 ft) + M4 = 0

Solving | Py=0, V4=—592Ib, M, =950 ft-Ib

2251b

12001b | | -1 275 1yt

ERSLEREEE EERD SRRR 1 200 b/t
Ma

-

6 ft -/ Pa

Va
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Problem 11.49 The systemisin equilibrium. The total
weight of the suspended load and assembly A is 300 Ib.

(& By using equilibrium, determine the force F.

(b) Using the result of (a) and the principle of virtual
work, determine the distance the suspended load
rises if the cable is pulled downward 1 ft at B.

Solution:

(8 Isolate the assembly A. The sum of the forces: F

> Fy=-W-3F=0,

where F is the tension in the cable, from which

w
F=— =100 Ib.
3

(b) Perform a virtua trandation of the assembly A in the vertical
direction. Thevirtual work: U = —W§y + Féx = 0, from which

ox w

sy F

The ratio of trandations of the assembly A and the point B is

1
— =3, from which y; = 3 ft
YA

Problem 11.50 The system is in equilibrium.

(@ By drawing free-body diagrams and using
equilibrium equations, determine the couple M.

(b) Using the result of (a) and the principle of virtual
work, determine the angle through which pulley B
rotates if pulley A rotates through an angle o.

Solution: The pulleys are frictionless and the belts do not slip.
Denote the left pulley by A and the right pulley by B. Denote the
upper and lower tensions in the belts at pulley A by T3, T4, a B by
T1, T>.

(@ For pulley A: (1) (T3—T4)(0.1)=200N m, For pulley
B (2) M = (T1 — T2)(0.2). For the center pulley, (3) (T1—
T2)(0.1) = (T3 — T4)(0.2). Combineand solve: M = (4)(200) =
800 N m

(b) Perform a virtua rotation of the pulley A. The virtua work of
the system is U = M 18 — M 80 = 0O, from which

80 My 200 1
So M ~ 800 4’

. o
from which 9 = 2
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