o

Problem 5.1 In Active Example 5.1, suppose that the 4kN
beam is subjected to a 6kN-m counterclockwise couple A
at the right end in addition to the 4-kN downward force.
Draw a sketch of the beam showing its new loading.
Draw the free-body diagram of the beam and apply the |
equilibrium equations to determine the reactions at A. I Zm
Solution: The equilibrium equations are
YF,:A, =0
TFy,:Ay,—4kN=0
EMy i My — (4 kKN)(2 m)
+ (6 kN-m) =0
Solving yields
A, =0
Ay, =4kN
My =2 kN-m
4 kN
6 kN-m
A
2m
4 kN
4, 6 kN-m
( :
4, 2m
M,
Problem 5.2 The beam has afixed support at A and is 4kN 2 kN
loaded by two forces and a couple. Draw the free-body 6 kN-m I
. - . . A 60°
diagram of the beam and apply equilibrium to determine A=
the reactions at A. T
L*] m#kl.S mAF*LS m-—>
Solution: The free-body diagram is drawn. y 4 kKN 2 kN
. . v 6 kN-m T /
The equilibrium equations are
SF, Ay + (2kN)cos60” =0 ‘ )\ | ‘ 60°
TF, 1Ay + (4kN) + (2kN)sin60° = 0 y
My Mg + (6 KN-m) + (4 kN)(2.5 m) + (2 kN)Sin60°(4 m = 0) M, Tolm 1.5m 1.5m
We obtain: | A, = —1 kN, A, = —5.73 kN, M4 = —22.9 kN-m ‘

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

268




o

Problem 5.3 The beam is subjected to a load F = F
400 N and is supported by the rope and the smooth
surfaces at A and B.

(@) Draw the free-body diagram of the beam.
(b) What are the magnitudes of the reactions at A

and B?

Solution: y A E
i X \i45° je— 156m —> \B
ZFX:O: Acos45® — Bsin30° = 0 = ~
le—12m - } 1m N

Y Fy=0: Asn45 +Bcos30 —T —400 N =0 . o
,( +3 My=0 - 12T —2.7(400) + 3.78 cos30° = 0
Solving, we get
A=271N
B=383N
T =124N
Problem 5.4 (a) Draw the free-body diagram of the
beam. (b) Determine the tension in the rope and the
reactions at B. 30° i

4 307600 1b
A I’ - B
} 5ft } 9 ft }
Solution: Let T be the tension in the rope. T
- | 302/ 600 1b
The equilibrium equations are: 30°
B
YF,:—Tsin30° — (600 Ib)sin30° + B, =0 x
¢
$F, : T cos30° — (600 Ib)cos30° + B, =0
51t 9 ft

SMp : (600 Ib) cos30°(9 ft) — T cos30°(14 ft) = 0 B

Solving yields| T = 368 Ib, B, = 493 Ib, B, = 186 Ib
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Problem 5.5 (a) Draw the free-body diagram of the  Solution: The system isin equilibrium.
60-1b drill press, assuming that the surfaces at A and B

are smooth. (@ The free body diagram is shown.

(b) The sum of the forces:

(b) Determine the reactions at A and B.
Y Fx=0, > Fy=Fys+Fz—60=0

The sum of the moments about point A:

> Ma = —10(60) + 24(Fp) =0,

600
from which Fp = — =251
om which Fpg 2 5 1b

Substitute into the force balance equation:

Fy=60—Fp=235Ib
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Problem 5.6 The masses of the person and the diving Solution:
board are 54 kg and 36 kg, respectively. Assume that
they are in equilibrium. @

(@) Draw the free-body diagram of the diving board.
(b) Determine the reactions at the supports A and B. () Y Fx=0 Ax=0

> Fy=0: Ay + By — (54)(9.81) — 36(9.81) = 0
> My =0 12By — (2.4)(36)(9.81)

—(4.6)(54)(9.81) =0

Solving: Ax =0N
Ay = —1.85kN
By = 2.74 kN
t+—-—— 24m
~ 12m -, l
AX
-“: — -3
?AY ?BY lWD %WP
Problem 5.7 The ironing board has supports at A and y
B that can be modeled as roller supports.
(@) Draw the free-body diagram of the ironing board. A B @‘
(b) Determine the reactions at A and B. C & D — X
( ) 101b 3lb
~—12in } 10in } 20in }
Solution: The system isin equilibrium. Substitute into the force balance equation:
(@ The free-body diagram is shown. Fu=13— Fg = +15.8331b
(b) The sums of the forces are:
Z Fx =0,

ZFy:—FA-l—FB—lO—S:O.

t=—12in 4101
The sum of the moments about A is

]

ZMA = 12F — 22(10) — 42(3) = 0, e TFB 110 o J, b

346
from which Fg = = 28.833in.
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Problem 5.8 The distance x = 9 m. 110 kN
(@ Draw the free-body diagram of the beam. A F
(b) Determine the reactions at the supports. e
~—6 m—»‘
—
Solution: 10kN
(& TheFBD
(b) The equilibrium equations A, x=9m
> FiiA=0
6m
> Fy:Ay+By,—10kN =0 A
By
> My :By(6m)— (10 kN)(©Q m) =0
Solving we find
Ay =0, Ay=—5kN, B, =15kN
Problem 5.9 In Example 5.2, suppose that the 200-Ib
downward force and the 300 ft-Ib counterclockwise
couple change places; the 200-Ib downward force acts
at the right end of the horizontal bar, and the 300 ft-Ib
counterclockwise couple acts on the horizontal bar 2 ft
to the right of the support A. Draw a sketch of the object
showing the new loading. Draw the free-body diagram
of the object and apply the equilibrium equations to
determine the reactions at A.
Solution: The sketch and free-body diagram are shown. 100 Ib
The equilibrium equations are 30°
YF, : A, + (100 Ib)cos30° = 0
300 ft-Ib 2 1t l 200 Ib
F,:A,+ (100 Ib)sin30° — 200 Ib =0
BM : Ma + (300 ft-Ib) K ‘
A
+ (100 Ib) sin30° (4 ft) 2 ft 2 fi 2 ft
— (100 Ib) cos30° (2 ft) A
100 Ib
— (200 Ib)(6ft)=0
30°
We obtain
A, =—8661b A
4, =150 b A 300 fi-lb 2 ft 200 1b
My =873 ft-Ib
g’ a ‘
A, 2t 2 ft 2 ft
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Problem 5.10 (&) Draw the free-body diagram of the  1001b 400 1b
beam. 900 ft-Ib
(b) Determine the reactions at the supports. i K-\j |
AT - 1B
3ft - 4ft 3ft 4ft—|

Solution: (a) Both supports are roller supports. The free body

diagram is shown. (b) The sum of the forces: ﬂt 100 Ib 4001b
| 3ft —|—4ft 1;{_\3ft.__ 4ft—]
> Fx=0, ) _—
A ~—7 900 ftIb Bf:
255, 25
and > Fy = Fy + Fp+100— 400 = 0. A1001b 4001b
L 3ft +4ft 3ft~l——4ft
The sum of the moments about A is ;l;) — |
" 4 -
~—~900ftIb
> M4 = —3(100) + 900 — 7(400) + 11F = O. Fa Fg

2200
From which Fg = T 200 Ib

Substitute into the force balance equation to obtain

Fp=300— Fp =1001b

Problem 5.11 The person exerts 20-N forces on the
pliers. The free-body diagram of one part of the pliers
is shown. Notice that the pin a C connecting the two
parts of the pliers behaves like a pin support. Determine
the reactions at C and the force B exerted on the pliers
by the bolt.

Solution: The equilibrium equations

> M :B(25 mm) — 20 N cos45°(80 mm)

— 20 N sin45°(50 mm) =0

ZFX :Cy —20N sin45° =0

> Fy:Cy—B—20N cosd5 =0

Solving:

‘B =735N, C, =1414N, C,=877N
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Problem 5.12 (&) Draw the free-body diagram of the S kKN S kN
beam. 2 kN-
< . 30~ B
Af
(b) Determine the reactions at the pin support A. A (\/) %

600 500 600 ‘ 600
mm mm mm | mm

Solution: 8kN 8kN

(@ TheFBD
(b) The equilibrium equations

> M4 — (8 kN)(0.6 m)+ (8 kN)(1.1 m) — 2 kNm

—Bcos30°(23m)=0

S F.:A, —Bsn30° =0 Ay

> Fy:Ay—8kN+8KN — Bcos30" =0

Solving

‘Ax = 0502 kN, A, = 0.870 kN, B = 1.004 kN

Problem 5.13 (a) Draw the free-body diagram of the y
beam. A |

(b) Determine the reactions at the supports. ‘
6 m

Solution:
A
(& The FBD
(b) The equilibrium eguations
> Mp:—(40 kN)(@ m)+AB M) =0 40 kN
> Fyi—A+B,=0 B,

> Fy:40kN+B, =0

—
I
(=)
~
Z

Solving we find

[A=B.=267KN, B, = —40kN
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Problem 5.14 (@) Draw the free-body diagram of the A 2kN-m

beam. “‘I (.—) )
—
2

(b) If F =4 KN, what are the reactions at A and B?

Solution:

A
(@ The free-body diagram (
(b) The equilibrium equations <

F=4kN
> Ma:—2KkN-m—4kN(0.2 m)+ B(1L.O m) =0

> FiiA—4kN=0

> Fy:A,+B=0 A
Solving:

‘ A =4kN, A, =—28kN, B=28kN
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Problem 5.15 In Example 5.3, suppose that the attach-
ment point for the suspended mass is moved toward
point B such that the horizontal distance from A to
the attachment point increases from 2 m to 3 m. Draw
a sketch of the beam AB showing the new geometry.
Draw the free-body diagram of the beam and apply the
equilibrium equations to determine the reactions at A
to B.

Solution: From Example 5.3, we know that the mass of the
suspended object is 2-Mg. The sketch and free-body diagram are
shown.

The equilibrium equations are

SF, A+ B, =0
¥Fy : By — (2000 kg)(9.81 m/$) = 0
EMp :Ax(3m)

+ (2000 kg)(9.81 m/$)(1 m) = 0

We obtain
Ay = —6.54 kN
B, = 6.54 kN
B, =19.6 kN

* 2 Mg (9.81m/s?)
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Problem 5.16 A person doing push-ups pauses in the
position shown. His 180-1b weight W acts at the point
shown. The dimensionsa =15in, b = 42 in, and ¢ = 16
in. Determine the normal force exerted by the floor on
each of his hands and on each of his feet. ¢

Solution: The free-body diagram is shown. The equilibrium
equations are

$F,:2H +2F — 180 b = 0

 Mp :—Wa+2F(a+b)0

We find that
H =663Ib, F=2371b

W=1801b
b

Thus

66.3 |b on each hand
23.7 b on each foot

2F

Problem 5.17 The hydraulic piston AB exerts a400-1b
force on the ladder at B in the direction parallel to the
piston. Determine the weight of the ladder and the reac-
tions at C.

Solution: The free-body diagram of the ladder is shown.
The angle between the piston AB and the horizontal is

o =tan"1(3/6) = 26.6°
The equilibrium equations are
YF, : C,+ (400 Ib) cosa = 0
XFy:Cy+ (400 Ib)sina —W =0
EMc : W(6 ft) — (400 Ib) cosa(3 ft)
— (400 Ib)sina(3 ft) = 0

Solving yields

C,=-3581b,C, =89.41b,W =268 Ib
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Problem 5.18 Draw the free-body diagram of the T— e as D
structure by isolating it from its supports at A and E. 4001b
Determine the reactions at A and E. i 7 |
L v ) 200 ft-Ib
1ft |« |A B C
! —_—
l*ft 100 Ib
t A E
2 ft a2 ft—>=—2 ft—~
Solution: The free-body diagram is shown. 400 1b
The equilibrium equations are Ay
YF, A, +(1001b)=0 ¢
$Fy Ay — (400 Ib) + E, =0 —P
My : (100 Ib)(1 ft) — (400 Ib)(6 ft) A
X
1001 — » 200 fi-Ib
— (200 ft-Ib) + Ey (4 ft) = 0
Solving yields
A, =—1001b
A, =—2251b E,
E,=6251b

Problem 5.19 (@) Draw the free-body diagram of the

)

beam. T
it 4
(b) Determine the tension in the cable and the reactions "
B O
30— Ysws
30—+ 30 in |
Solution: T T
(& TheFBD
(b) The equilibrium equations A, 30°
|
> My :— (800 Ib)(60 in) + T(30 in) J
+Tsin30°(90in) =0 v
> Fi:Ar—Tcos30° =0 A, 800 Ib

D Fy:Ay+T+Tsin30° — 800 Ib =0

Solving:

‘Ax=554|b, A, =—1601b, T =640 Ib
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Problem 5.20 The unstretched length of the spring CD

is 350 mm. Suppose that you want the lever ABC to
exert a 120-N normal force on the smooth surface at A. T
Determine the necessary value of the spring constant & 0
and the resulting reactions at B. 450
[ mm
180
mlm
Solution: We have 330 300
F = k(1/(0.23 m)2 + (0.3 m?) — 0.35 m) | mm mm
A=120N
N
> Mp:- 39 F(0.45 m) + A cos20°(0.18 m) 23| §
V1429 LN
30
+Asin20°(0.33m) =0
30
> Fy:AC0S20" + By + ——F =0
V1429 —_—
A
. 23 Bx
F,:—Asn20°+B, — ——F =0
D_Fyi=ASN20 4B, - - A

Solving we find: \ By
20°

[k=3®ONm B = 18N B,—987N] T
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Problem 5.21 The mobile is in equilibrium. The fish
B weighs 27 oz. Determine the weights of the fish A, C,
and D. (The weights of the crossbars are negligible.)

12in 3in

6in

Solution: Denote the reactions at the supports by F4z, Fcp, and
Fpep as shown. Start with the crossbar supporting the weights C
and D. The sum of the forces is

ZFy=*C*D+FCD=O»

from which Fep = C + D.

For the cross bar supporting the weight B, the sum of the forces is

ZFy=—B+FBCD—FCD=0,

from which, substituting, Fgcp = B+ C + D.

For the crossbar supporting C and D, the sum of the moments about
the support is

> Mcp=7D+2C=0,

from which D = 27C

For the crossbar supporting B, the sum of the moments is

ZMBCD =6Fcp —2B=0,
from which, substituting from above

2B 2C 9C
FCD_E_C+D_C+7_7’

or C =7B/27 =7 oz,
and D=2C/7=2o0z

The sum of the moments about the crossbar supporting A is

ZMAB =12A — 3Fpcp =0,
from which, substituting from above,

3B+ CHD) 214742

12 4 90z

A
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Problem 522 The car's wheelbase (the distance
between the wheels) is 2.82 m. The mass of the car is
1760 kg and its weight acts at the point x = 2.00 m,
y=0.68 m. If the angle « = 15°, what is the tota
normal force exerted on the two rear tires by the sloped
ramp?

Solution: Split W into components:
W cosa acts L to theincline

W sina acts paralléel to the incline

Y Fxi f—Wsna=0
o =15°

> Fy: Ng+Np—Wcosa=0

ZMR: (—=2)(W cosa) + (0.68)W sina + 2.82Nf = 0

Solving: Ng = 5930 N, Ny = 10750 N

W= (1760X9.81) N

Problem 5.23 Thelink AB exerts aforce on the bucket
of the excavator at A that is paralel to the link. The
weight W = 1500 Ib. Draw the free-body diagram of the
bucket and determine thereactions at C. (The connection
a C is equivalent to a pin support of the bucket.)

Solution: The free-body diagram is shown.
The angle between the link AB and the horizontal is

o = tan~1(12/14) = 40.6°
The equilibrium equations are
YFy:Cy+Tyapcosa =0
SFy:Cy+Tagsina — (1500 Ib) =0

M : (1500 Ib)(8 in) — Tap cosa(4 in)

— TagsSina(16in) =0

Solving yields

W=1500 1b

Typ=8921b,Cy =—6771b,Cy, =919 Ib
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Problem 5.24 The 14.5-Ib chain saw is subjected to
the loads at A by the log it cuts. Determine the reactions
R, By, and B, that must be applied by the person using
the saw to hold it in equilibrium.

y
| R
/N
)| N y
15in By 7in
=== - .
51b )
101b 1451b
‘ 13in l 6in—
2in

Solution: The sum of the forces are

ZFX = —5+ By — Rcos60° = 0.

> Fy =10-145+ By — Rsin60° = 0.
The sum of the moments about the origin is
> Mo = TR cos60° + 8By — 2(14.5) — 13(10) — 5(1.5) = 0.

From which 7R cos60° + 8By — 166.5 = 0. Collecting equations and
reducing to 3 equations in 3 unknowns:

Bx +0By —05R =5
OBx + By — 0.866R = 4.5

0Bx + 8By + 3.5R = 166.5.

Solving:
Bx = 11.257 Ib,
By = 15.337 Ib,

and R = 12514 |b

Problem 5.25 The massof thetraleris2.2 Mg (mega
grams). The distances ¢ =2.5m and » =5.5m. The
truck is stationary, and the wheels of the trailer can turn
freely, which means that the road exerts no horizontal
force on them. The hitch at B can be modeled as a pin
support.

(8 Draw the free-body diagram of the trailer.

(b) Determinethetotal normal force exerted on the rear
tiresa A and the reactions exerted on the trailer at
the pin support B.

— J— —
()
° [0 ds
e (—
W
A
a b

Solution:

(& The free body diagram is shown.
(b) The sum of forces:

> Fx=Bx=0.

Y Fy=Fs—W+Fp=0.
The sum of the moments about A:
Y Ma=—aW +(a+bFg=0,
from which

aW  25(2.2 x 10%)(9.81)

= = 6.744 kN
a+b (25+5.5)

Fp=
Substitute into the force equation:

Fy=W — Fp=14.838 kN

N
10
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Problem 5.26 The total weight of the wheelbarrow
and itsload is W =100 Ib. (a) What is the magnitude of
the upward force F necessary to lift the support at A off
the ground? (b) What is the magnitude of the downward
force necessary to raise the wheel off the ground?

Solution: The free-body diagram is shown. The equilibrium
equations are

YFy:A+B+F-W=0
M, B(26in) — W(12in)
—F0in)=0
(@ SetA =0 and solve. We find that
F=2121Ib

(b) Set B =0 and solve. We find that

F=-301Ib

So we have| (@) 21.2 b, (b) 30 Ib.
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Problem 5.27 The airplane’s weight is W = 2400 |b.
Its brakes keep the rear wheels locked. The front (nose)
wheel can turn freely, and so the ground exerts no hori-
zontal force on it. The force T exerted by the airplane’'s <« < i =

; : =
propeller is horizontal. At y o=

(@ Draw the free-body diagram of the airplane. Deter- AQ W 'DB
mine the reaction exerted on the nose wheel and ‘RS fta%ﬁ‘
the total normal reaction on the rear wheels

(b) whenT =0,

(c) when T = 250 Ib.

Solution: (a) Thefree body diagram is shown. (b) The sum of the
forces:

> Fx=Bx=0
> Fy=Ay—W+By =0.
The sum of the moments about A is

ZMA = —5W + 7By =0,

5w
from which By = - = 17143 1b
Substitute from the force balance equation:

Ay =W — By =685.7 |b

(c) The sum of the forces:

> Fx=-250+Bx =0,

from which By = 250 |b

> Fy=Ay—W+By =0.

The sum of the moments about A:

> Ma = (250)(4) — 5W + 7By =0,

from which By = 1571.4 |b. Substitute into the force balance equation
to obtain: Ay = 828.6 Ib

Bx

] B
Al 5ft |2ftTBY
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Problem 5.28 A safety engineer establishing limits on
the load that can be carried by a forklift analyzes the
situation shown. The dimensions are a = 32 in, b = 30
in, and ¢ = 26 in. The combined weight of the forklift and
operator is W = 1200 Ib. As the weight W, supported
by the forklift increases, the normal force exerted on the
floor by the rear wheels at B decreases. The forklift is
on the verge of tipping forward when the normal force
at B is zero. Determine the value of W that will cause
this condition.

Solution:  The equilibrium equations and the special condition for
this problem are

XF,:A+B—-W;— (1200 lIb) =0

SMp:Wra—Wgb+Bc=0

B=0

We obtain
Wi =11251b
W

—
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Problem 5.29 Paeontologists speculate that the ste-
gosaur could stand on its hind limbs for short periods
to feed. Based on the free-body diagram shown and
assuming that m = 2000 kg, determine the magnitudes
of the forces B and C exerted by the ligament—muscle
brace and vertebral column, and determine the angle «.

%Ee
Swer g M |
§ d
P . ) o . P 790
Solution: Take the origin to be at the point of application of the ! /4 415 mm
force C. The position vectors of the points of application of the forces : ‘ - ;‘L mm
B and W are: B

rg = —415i 4+ 160j (mm),
rw = 790i + 580] (mm).
The forces are
C = C(icos(90° — ) 4+ j SiN(90° — )
= C(isna +j cosa).
B = B(i cos(270° — 22°) + ] sin(270° — 22°))
= B(—0.3746i — 0.9272j).
W = —2(9.81)] = —19.62j (kN).
The moments about C,
i i k

Mc=| —-415 160 0
—0.3746B —0.9272B 0

i ik
+(79 580 0/=0
0 -1962 0

= 444.72B — 15499.8 = 0,
from which

154998

= =3485kN.
444.72 3485

The sums of the forces:
Y Fx = (Csina — 0.3746B)i =0,
from which C sina = 13.06 kN.
> Fy = (Ccosa — 0.9272B — 19.62)j =0,

from which C cosa = 51.93 kN.

The angle « is

The magnitude of C,

C = +/13.06% + 51.93? = 53.55 kN
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Problem 530 The weight of thefanis W = 20 Ib. Its
base has four equally spaced legs of length b = 12 in.
Each leg has a pad near the end that contacts the floor
and supports the fan. The height 2 = 32 in. If the fan's
blade exerts a thrust 7 = 2 |b, what total normal force
is exerted on the two legs at A?

Side View

Solution: The free-body diagram is shown.

The equilibrium equations are
XFy:A+B-W=0

M 'Wb A2b Th=0
SRRV, B -

We obtain

Problem 531 The weight of the fanis W = 20 Ib. Its
base has four equally spaced legs of length b = 12 in.
Each leg has a pad near the end that contacts the floor
and supports the fan. The height 2 = 32 in. Asthe thrust
T of the fan increases, the normal force supported by the
two legs at A decreases. When the normal force at A is
zero, the fan is on the verge of tipping over. Determine
the value of T that will cause this condition.

Side View Top View
Solution: The free-body diagram is shown.
The equilibrium equations are
SFy:A+B-W=0

wl a4 _m—o
V2 oV2 B

We set A = 0 and solve to obtain

XMp
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Problem 5.32 In a measure to decrease costs, the
manufacturer of the fan described in Problem 5.31
proposes to support the fan with three equally spaced
legs instead of four. An engineer is assigned to analyze
the safety implications of the change. The weight of the
fan decreases to W = 19.6 |b. The dimensions b and h
are unchanged. What thrust T will cause the fan to be
on the verge of tipping over in this case? Compare your
answer to the answer to Problem 5.31.

Solution: The free-body diagram is shown.

The equilibrium equations are

SF,:A+B-W=0 3 )

Mg : Wbcos60” — A(b + bcos60°) — Th =0

We set A = 0 and solve to obtain W

This configuration is less stable than the one in Problem 5.31 using

four legs.
| Fp
FA
A B
Problem 5.33 A force F = 400 N acts on the bracket. =
What are the reactions at A and B? A
i TaVg el
80 mm
B
320 mm
Solution: The joint A is a pinned joint; B is a roller joint. The A {F
pinned joint has two reaction forces Ay, Ay. The roller joint has one 4 b v l
reaction force Bx. The sum of the forces is
80
ZFx=Ax+Bx=0, om
> Fy=Ay—F =0,
from which

Ay = F =400 N.
The sum of the moments about A is
> Ma =0.08Bx — 0.320F =0,

from which

_0.320(400)

- — 1600 N.
X 0.08

Substitute into the sum of forces equation to obtain:

Ay = —By = —1600 N
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Problem 5.34 The sign’s weight Wg = 32 |b acts at
the point shown. The 10-Ib weight of bar AD acts at the
midpoint of the bar. Determine the tension in the cable
AE and the reactions at D.

Solution: Treat the bar AD and sign as one single object. Let Tz
be the tension in the cable. The equilibium equations are

SF,:Tapcosl5’ +D, =0
Fy : TapSn15 + Dy — W, — (10 1b) =0
YMp : —Tpg cos15°(52 in)tan 30°

— T SiN15°(52 in)

+ (32 1b)(33 in) + (10 1b)(26 in) = 0

Solving yields

Tag =310 1b
D, =-2991b
D, =3401b

11 in

30 in 11 in—

33in
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Problem 5.35 The device shown, caled a swape or Solution:

shadoof, helps a person lift aheavy load. (Devices of this

kind were used in Egypt at least as early as 1550 B.C.  »_Mo : (441N —F)(3.6 m cosf)
and are still in use in various parts of the world.) The

dimensions a = 3.6 m and b = 1.2 m. The mass of the — (883 N)(1.2 m cosf) =0

bar and counterweight is 90 kg, and their weight W acts

at the point shown. The mass of the load being lifted  Solving we find

is 45 kg. Determine the vertical force the person must F=1472N
exert to support the stationary load (a) when the load
is just above the ground (the position shown); (b) when
the load is 1 m above the ground. Assume that the rope
remains vertical.

Notice that the angle 6 is not a part of this answer therefore

@
®

883N

441N

Problem 5.36 This structure, called a truss, hasapin  Solution:
support at A and a roller support at B and is loaded by )
two forces. Determine the reactions at the supports. D My —(AKN)W2b — (2 kN cos30')3 b

Strategy: Draw afree-body diagram, treating the entire +(2kN sin30°)b + B(4 by =0
truss as a single object.
D F A +4kN snd5” — 2 kN sin30° =0

45° 30°/ 2 kN
4 KN —
| > Fy:A,—4kN cos45’ — 2 kN cos30° +B =0
(L yé < Solving:

b
< ~ | | Ax = —1828KN, 4, = 210 kN, B =246 kN
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Problem 5.37 An Olympic gymnast is stationary in
the “iron cross’ position. The weight of his left arm
and the weight of his body not including his arms are
shown. The distances are a = b =9in and ¢ = 13 in.
Treat his shoulder S as a fixed support, and determine
the magnitudes of the reactions at his shoulder. That
is, determine the force and couple his shoulder must
support.

b3

81lb

Solution: The shoulder as abuilt-in joint has two-force and couple
reactions. The left hand must support the weight of the left aam and
half the weight of the body:

144
FH:7+8=80Ib.

The sum of the forces on the left arm is the weight of his left arm and
the vertical reaction at the shoulder and hand:

Zszsxzo.

ZFy:FH—Sy—S:O,

from which Sy = Fy — 8 = 72 |b. The sum of the moments about the
shoulder is

> Ms=M+(b+c)Fy —b8=0,
where M is the couple reaction at the shoulder. Thus

1f
M = b8— (b+c)Fy — —1688 in Ib = 1688 (in Ib) <T|tn>

= 140.67 ft Ib
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Problem 5.38 Determine the reactions at A.

A ‘
3001b 5ft
800 ft-Ib \
? R
) 2001b
2001b
6t } 3ft—]

Solution: The built-in support at A is atwo-force and couple reac-
tion support. The sum of the forces for the system is

> Fx=Ax+200=0,
from which
Ax =—2001b
> Fy =Ay +300—200 =0,

from which Ay = —100 Ib

The sum of the moments about A:
ZM = —6(300) + 5(200) — 800 + M4 = 0,

from which M4 = 1600 ft Ib which is the couple at A.

A

i

MR TAC T
5ft;
S R G

e e

zzo'oglb{;g 4.2001b -
f el b (RLIN CS U
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Problem 5.39 The car's brakes keep the rear wheels
locked, and the front wheels are free to turn. Determine
the forces exerted on the front and rear wheels by the
road when the car is parked (@) on an up slope with
a = 15°%; (b) on a down slope with @ = —15°.

Solution: The rear wheels are two force reaction support, and the
front wheels are a one force reaction support. Denote the rear wheels
by A and the front wheels by B, and define the reactions as being
parallel to and normal to the road. The sum of forces:

ZFX = Ay — 3300sin15° = 0,

from which

Ax = 854.11b.

ZFY = Ay — 3300c0s15° + By = 0.

Since the mass center of the vehicle is displaced above the point A,
a component of the weight (20W sina) produces a positive moment
about A, whereas the other component (36W cosa) produces a negative
moment about A. The sum of the moments about A:

Z M, = —36(3300c0s15°) + 20(3300sin15") 4+ By (106) = 0,

from which

97669

- — 9214 Ib.
Y 06 0 b

Substitute into the sum of forces equation to obtain Ay = 2266.1 Ib
(b) For the car parked down-slope the sum of the forces is

> Fx =Ax +3300sin15 =0,

from which Ax = —854 |b

> Fy =Ay —3300cos15° + By = 0.

The component (20W sina) now produces a negative moment about
A. The sum of the moments about A is

ZMA = —3300(36) cos15° — 3300(20) sin15° + 106By = O,

from which
131834
By = 06 1243.7 Ib.

Substitute into the sum of forces equation to obtain Ay = 1943.8 Ib
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Problem 5.40 The length of the bar is L = 4 ft. Its
weight W = 6 |b acts at the midpoint of the bar. The
floor and wall are smooth. The spring is unstretched
when the angle « = 0. If the bar is in equilibrium when
«a = 40°, what is the spring constant k?

Solution: The free-body diagram is shown.

The stretch in the spring is L — L cosa, so the upward force exerted on
the bar by the springis F = kL (1 — cosc). Let N and R be the normal
forces exerted by the floor and the wall, respectively. The equilibrium
equations for the bar are

YF,:R=0

SF,:F+N—-W=0
L .
=M pottom W5 sina — RL cosa

— FLsina=0

Because R = 0, the moment eguation can be solved for the force
exerted by the spring.

F =0.5W =3Ilb=kL (1 - cosa)

Solving yields | k = 3.21 Ib/ft

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

294

o



o

Problem 541 The weight W of the bar acts at its
midpoint. The floor and wall are smooth. The spring is
unstretched when the angle « = 0. Determine the angle
a at which the bar is in equilibrium in terms of W, k,
and L.

Solution: The free-body diagram is shown.

The stretch in the spring is L — L cose, so the upward force exerted on
the bar by the spring is F = kL(1 — cosw). Let N and R be the normal
forces exerted by the floor and the wall, respectively. The equilibrium
equations for the bar are

YF,:R=0

SF, F+N—-W=0
L .
S M pottom WE sina — RL cosa

— FLsna=0

Because R = 0, the moment eguation can be solved for the force
exerted by the spring.

w
F = 5= kL(1 — cosa)

w
Solving yield =cos1(1-—
ving yields | o« = cos ( 2L>
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Problem 5.42 The plate is supported by a pin in a
smooth slot at B. What are the reactions at the supports?

Solution: The pinned support is a two force reaction support. The
smooth pin is aroller support, with a one force reaction. The reaction
a B forms an angle of 90° + 60° = 150° with the positive x axis. The
sum of the forces:

ZFX = Ay + Bcos150° = 0

ZFy:Ay+Bsin150° =0

The sum of the moments about B is

ZMB:—ZAy+2—6=O,

from which
4
Ay = 5= —2 KkN.

Substitute into the force equations to obtain

~ sin150°

=4 kN,

and Ay = —Bcos150° = 3.464 kN.

The horizontal and vertical reactions at B are
By = 4c0s150° = —3.464 kN,

and By = 4sin150° = 2 kN.
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Problem 5.43 Determine the reactions at the fixed y

support A. 301b 401b
Solution: The free-body diagram is shown. 1 150 ft-1b

The equilibrium equations are ‘ A

YFy 1Ay + (40 Ib)cos45’ =0

) 45° Dx

‘km ! 3ft ! 6 ft |

XF,: Ay + (30 1b)
+ (40 Ib)sind5” = 0
IMy i Ma + (30 Ib)(3 ft)
+ (40 Ib) sin45° (6 ft)
+ (150 ft-Ib) = 0
Solving yields| A, = —28.31b, A, = —58.3 Ib, M4 = —410 ft-Ib. ‘
301b
y 40 Ib
A 150 ft-Ib
45°
A 3t 3 ft 6 ft

X

M,

Problem 5.44 Suppose the you want to represent the y

two forces and couple acting on the beam in Problem | F

5.43 by an equivalent force F as shown. (a) Determine F /
A

x axis. (b) Assume that F is the only load acting on the

beam and determine the reactions at the fixed support A.

and the distance D at which its line of action crosses the
Compare your answers to answers to Problem 5.43. D

Solution: The free-body diagram is shown.
(@ To be equivalnet, F must equal the sum of the two forces: Y
F = (30 Ib)j + (40 Ib)(c0s45’i + Sin457) ) 4)’
: . A
| F = (28.3i + 58.3)) Ib x D

The force F must be placed so that the moment about a point due to
F is equal to the moment about the same point due to the two forces
and couple. Evaluating the moments about the origin,

(58.3 Ib)D = (30 Ib)(3 ft) 4 (40 Ib) sin45’(6 ft) + (150 ft-Ib)

The distance

(b) The equilibrium equations are

TF, A+ (2831b)=0
$F,: Ay + (5831b) =0

SMy Mg+ (58.3 1b)(7.03 ft) = 0

Solving yields| A, = —28.3 Ib, Ay, = —58.3 |b, M4 = —410 ft-Ib.
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Problem 5.45 The bicycle brake on the right is pinned
to the bicycle's frame at A. Determine the force exerted
by the brake pad on the wheel rim at B in terms of the
cable tension 7.

T

Brake pad
Wheel rim

40 mm

Solution:  From the force balance equation for the cables: the force
on the brake mechanism Ty in terms of the cable tension 7T is

T —2Tpsin35° =0,

T
from which 7 = ——— = 0.8717T.
B~ 2¢n3m

Take the origin of the system to be at A. The position vector of the
point of attachment of B isrp = 45 (mm). The position vector of the
point of attachment of the cable is r¢ = 40i + 85) (mm).

The force exerted by the brake pad is B = —Bi. The force vector due
the cable tension is

it

Tp = Tp(icoslds’ +jsin145%) = Tp(—0.8192i + 0.5736)).

The moment about A is

Ma=rgxB+recxTg=0

ik i j k
Moi=| 0 45 45/+| 40 85 85|T5=0
-B 0 0| |-08192 0573 0

M4 = (458 + 92.576T)k = O,

2.576T
from which B = % = 2.057Tp.

Substitute the expression for the cable tension:

B = (2.057)(0.8717)T = 1.793T
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Problem 546 The mass of each of the suspended
weightsis 80 kg. Determine the reactions at the supports
a A and E.

Solution: From the free body diagram, the equations of
equilibrium for the rigid body are

> Fi=Ax+Ex =0,
> Fy=Ay —2(80)(9.81) =0,

and ZMA = 0.3Ex — 0.2(80)(9.81) — 0.4(80)(9.81) = 0.

We have three equations in the three components of the support
reactions. Solving for the unknowns, we get the values

Ay = —1570 N,
Ay = 1570 N,

and Ex = 1570 N.

300 mm

~—200 mm%« 200 mm

Y

AYt—- 0.2 m—4—0.2 m—j
R 1 X

Problem 5.47 The suspended weightsin Problem 5.46
are each of mass m. The supports at A and E will each
safely support aforce of 6 kN magnitude. Based on this
criterion, what is the largest safe value of m?

Solution: Written with the mass value of 80 kg replaced by the
symbol m, the equations of equilibrium from Problem 5.46 are

Y Fx=Ax +Ex =0,

D> Fy=Ay —2m(9.81) =0,
and » M4 = 0.3Ex —0.2m(9.81) — 0.4 m(9.81) = 0.
We also need the relation

|A| = /A% + A% = 6000 N.

We have four eguations in the three components of the support
reactions plus the magnitude of A. This is four equations in four
unknowns. Solving for the unknowns, we get the values

Ay = —4243 N,
Ay = 4243 N,
Ex = 4243 N,

and m = 216.5 kg.

Note: We could have gotten this result by alinear scaling of al of the
numbers in Problem 5.46.
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Problem 548 The tension in cable BC is 100 Ib. c _
Determine the reactions at the built-in support.
6 ft
LA B
M o
300 ft-Ib
200 Ib
-3 ft | 3ft - 6t —

Solution: The cable does not exert an external force on the system,
and can be ignored in determining reactions. The built-in support is a
two-force and couple reaction support. The sum of forces: Ay

Ma 300 ft-Ib

S Fx=Ax=0. Ax_e

| 3 ft |-

200 1b

ZFysz—ZOOZO,

from which Ay = 200 Ib.

The sum of the moments about A is
> M =My — (3)(200) — 300 =0,

from which M, = 900 ft Ib

Problem 5.49 The tension in cable AB is 2 kN. What
are the reactions at C in the two cases?

—2m—1m }~— —2m—1m [~
@ (b)
Solution: First Case: The sum of the forces:
T T tCY
> Fx =Cx—Tcos60" =0, 60° )
}*Cx
=2 me—|+1 me “Mc
from which Cx = 2(0.5) = 1 kN Case (a)
> Fy=Cy+Tsn60" +T =0, c
f Y
from which Cy = —1.866(2) = —3.732 kN. c
X
Mc
The sum of the moments about C is Case ()

ZM =Mc —Tsin60° — 3T =0,

from which M = 3.866(2) = 7.732 kN

Second Case: The weight of the beam is ignored, hence there are no
external forces on the beam, and the reactions at C are zero.
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Problem 550 Determine the reactions at the supports.

} 6in } 5 in—»‘
501b
T . A
3£n 100in-Ib
Solution: The reaction at A is a two-force reaction. The reaction _ m
at B is one-force, normal to the surface. 3£n
The sum of the forces: < 30°
> Fx =Ax — Bcos60° — 50 = 0.
ZF i BO° Ay
y =Ay + Bsin60’ = 0. hethms e
l} A, 501b 1
The sum of the moments about A is 6in.
100 l
> M4 =—100+ 11BSn60° — 6B cos60° = 0,
B
: —1Lin ——]
from which 60°
100
B= =153 b.
(11sin60° — 6.c0s60°)
Substitute into the force equations to obtain
Ay = —Bsin60° = —-13.3 |b
and Ay = Bcos60° +50=57.71b
Problem 551 The weight W = 2 kN. Determine the
tension in the cable and the reactions at A. 7
A 30°
») P
"
~—06m—=—06m
Solution:  Equilibrium Eqns: Ay
T, T
S Fx=0 Ay+Tcos30° =0 /
Ay {30°
. H ©
> Fy=0. Ay+T+Tsn30 —W =0 }<__ 06m - oom _7‘5

,( +3 Ma=0: (=0,6)(W)+ (0.6)(Tsin30")

+@L2)(T)=0
Solving, we get
Ax = —693 N,
Ay =800 N,
T =800 N

W=2kN =2000N

V
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Problem 552 The cable shown in Problem 5.51 will
safely support atension of 6 kN. Based on this criterion,
what is the largest safe value of the weight W?

Solution:  The equilibrium equationsin the solution of problem are

ZFX =0 Ax+Tcos30° =0
» Fy=0. Ay+T+Tsn30 —W =0

L+ Ma=0 (=0.6)(W)+ (0, 6)(Tsin30)

+@,2(T)=0
We previously had 3 equations in the 3 unknowns Ax, Ay and T (we
knew W). In the current problem, we know 7T but don't know W.
We again have three equations in three unknowns (Ax, Ay, and W).
Setting T = 6 kN, we solve to get
Ax = —5.2kN
Ay = 6.0 kN

W =15.0 kN

clamp exert a 200-N force on the pin a D that points
from A toward D. The threaded shaft BE exerts a force
on the pin at E that points from B toward E. 50 mm

Problem 5.53 The blocks being compressed by the <125 mm »‘«125 mm+r125 mm »‘

(@) Draw afree-body diagram of the arm DCE of the = 50 mm
clamp, assuming that the pin at C behaves like a S
pin support.

(b) Determine the reactions at C.

Solution:

(8 The free-body diagram
(b) The equilibrium equations o}

ZMC : (200 N)(0.25 m) — Fpg(0.1 m) = 0O

200N
> Fi:Ci+ Fpe=0 C,

> Fy:Cy—200N=0

Solving

C,=-500N, C, =200N
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Problem 554 Consider the clamp in Problem 5.53.
The blocks being compressed by the clamp exert a 200-
N force on the pin at A that points from D toward A.
The threaded shaft BE exerts aforce on the pin at B that
points from E toward B.

(@) Draw afree-body diagram of the arm ABC of the
clamp, assuming that the pin at C behaves like a
pin support.

(b) Determine the reactions at C.

Solution:

(@ The free-body diagram
(b) The equilibrium equations

ZMC : —(200 N)(0.25 m) + Fpz(0.1 m) =
D Fii—Fp+Cy=0

> Fy:200N+Cy =0

Solving we find

C,=500N, C, =—200N

Fge

200N G

Problem 5.55 Suppose that you want to design the
safety valve to open when the difference between the
pressure p in the circular pipe (diameter = 150 mm)
and the atmospheric pressure is 10 MPa (megapascals,
a pascal is 1 N/m?). The spring is compressed 20 mm
when the valve is closed. What should the value of the
spring constant be?

Solution: The area of the valve is

0.15\?
a=m <7> = 17.671 x 1073 m?

The force at opening is

F = 10a x 10° = 1.7671 x 10° N.

The force on the spring is found from the sum of the moments about
A,

ZMA = 0.15F — (0.4)kAL = 0.

Solving,
0.15F  0.15(1.7671 x 10°)
T 04aL (0.4)(0.02)

N
=3.313 x 10° —
m

—=150 mm 250 mm——=
k

(o

D]

Q)
A L
P

|€

-
A o gl

150 mm

’%T

Al >

K1

F

-‘—*—l-.——-‘-
0.15 0.25

m m
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Problem 556 The 10-Ib weight of the bar AB acts
at the midpoint of the bar. The length of the bar is 3 ft.
Determine the tension in the string BC and thereactions — ——
aA.

Solution: Geometry:

3ft—3ft sin30°

tnf = o
A= TH 13t cos30

= 0.4169 = 6 = 22.63°
The equilibrium equations

ZMA : Tpe cosO(3 ft sin30°) + Tye Sind(3 ft cos30°)
— (10 Ib)(1.5 ft cos30°) =0
ZFX : —Tpc oSO+ A, =0

ZFy:TBCsine—lolb+A,.:0

Solving:

A, =5031b, A, =7901b, T=5451Ib
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Problem 5.57 The crane's arm has a pin support at A.

The hydraulic cylinder BC exerts a force on the arm at >
C in the direction parallel to BC. The crane’s arm has a 5
mass of 200 kg, and its weight can be assumed to act at a o
point 2 m to the right of A. If the mass of the suspended

box is 800 kg and the system is in equilibrium, what 5C
is the magnitude of the force exerted by the hydraulic
cylinder? 24m A
T ©°
1m B
L o
| |
AL
~1.8m=12m~—

Solution: The free-body diagram of the arm is shown.

2.4
The angle 6 = tan™ ! <ﬁ) =63.4°
The equilibrium equatioﬁs are
YFy  Ax+ Fpycosd =0
EFy 1 Ay + Fpy sinf — (200 kg)(9.81 m/s)

— (800 kg)(9.81 m/s?) =0

YMy : Fgsinf(3 m) — Fy cosd(1.4 m)
— (200 kg)(9.81 m/s?)(2 m)

— (800 kg)(9.81 m/s?)(7 m) = 0

We obtain A, = —12.8 kN, A, = —15.8 kN, F; = 28.6 kN

Thus| Fg = 28.6 kN

Problem 5.58 In Problem 5.57, what is the magnitude

of the force exerted on the crane’ s arm by the pin support 5 >
a A? 5
(e)
Solution:  See the solution to Problem 5.57. 5
Ay = —128 kN, A, = —158 kN, Fi; = 286 kN ﬂ‘(
2.4 m o
IA] = V/(—12.8 KN)2 + (—15.8 kN)2 = 20.3 kN Im B
o

|
LL
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Problem 559 A speaker system is suspended by the
cables attached at D and E. The mass of the speaker
system is 130 kg, and its weight acts at G. Determine
the tensions in the cables and the reactions at A and C.

‘O.Sm 0.5m‘0.5m

Solution: The weight of the speaker is W = mg = 1275 N. The
equations of equilibrium for the entire assembly are

ZFA.=CX =0,

ZF},:Ay+Cy—mg:0

(where the mass m = 130 kg), and

> Mc=—(DAy — (L5)mg = 0.

Solving these equations, we get

115 m_,
Cx =0, &1 mf
i 1T,
Cy = 3188 N, !
T !
and Ay = —1913 N.
From the free body diagram of the speaker aone, we get mg

N Fy=T1+T2-mg=0,
and ZM left support = —(1)mg + (1.5)T2 = 0.
Solving these equations, we get
T1=425.N

and To = 850 N
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Problem 5.60 The weight W, = 1000 Ib. Neglect the
weight of the bar AB. The cable goes over a pulley at
C. Determine the weight W, and the reactions at the pin
support A.

Solution: The strategy is to resolve the tensions at the end of bar
AB into x- and y-components, and then set the moment about A to
zero. The angle between the cable and the positive x axis is —35°.
The tension vector in the cable is

Ty = Wy(icos(—35°) + j Sin(—35°%)).

= W>(0.8192i — 0.5736j )(Ib).

Assume a unit length for the bar. The angle between the bar and the
positive x axis is 180° — 50° = 130°. The position vector of the tip of
the bar relative to A is

rp =icos(130%) +j sin(130°), = —0.6428i + 0.7660; .

The tension exerted by W; is T1 = —1000j. The sum of the moments
about A is:

D Ma=(pxT)+ (g xTo)=rpx (T1+T2)
i i

=L| —0.6428 0.7660
0.8191W, —0.5736W, — 1000

> My = (—0.2587W; + 642.8)k =0,

from which W, = 24835 Ib

The sum of the forces:
ST Fx = (Ax + W2(0.8192))i = 0,
from which Ay = —2034.4 |b
> Fy = (Ay — W2(0.5736) — 1000)j = O,

from which Ay = 24245 |b
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Problem 5.61 The dimensionsa =2mandb =1 m.
The couple M = 2400 N-m. The spring constant isk =  —— ‘
6000 N/m, and the spring would be unstretched if 2 = 0.
The system is in equilibrium when 2z =2 m and the
beam is horizontal. Determine the force F' and the reac- h
tions at A. l
M
A A
- DI D
N—
:
! a ~—b—
Solution:  We need to know the unstretched length of the spring, Zo l — Unstretched __>§
N NANNA e —
lo=a+b=3m — _b
We aso need the stretched length (@+b)
12=h2+ (a+b)y? Ayf
M 9 {'
[=361m A N
T y !
Fs =kl —lo) [ — ¥ =l — b |
tang =
(a+b)
0 = 33.69°

Equilibrium egns:
ZFX: Ax — Fgcosf =0
ZFy: Ay + Fgsin0—F =0

(+ZMA © M —aF + (a+b)Fssind =0
a=2m, b=1m, M = 2400 N-m,

h=2m, k=6000N/m.

Substituting in and solving, we get

Fg = 6000( — Ig) = 3633 N

and the equilibrium equations yield

Ax = 3023 N
Ay = —-192 N
F=1823N
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Problem 5.62 The bar is 1 m long, and its weight W
acts at its midpoint. The distance » = 0.75 m, and the
angle « = 30°. The spring constant isk = 100 N/m, and
the spring is unstretched when the bar is vertical. Deter-
mine W and the reactions at A.

Solution: The unstretched length of the springisL = v/b2 + 12 =
1.25 m. The obtuse angle is 90 + «, so the stretched length can be
determined from the cosine law:

L3 =12 4 0.75% — 2(0.75) cos(90 + a) = 2.3125 n?

from which L, = 1.5207 m. The force exerted by the spring is

T = kAL = 100(1.5207 — 1.25) = 27.1 N.

The angle between the spring and the bar can be determined from the
sine law:

b 15207
sng ~ sin(0+a)’

from which sing = 0.4271,
B =25.28".

The angle the spring makes with the horizontal is 180 — 25.28 — 90 —
o = 34.72°. The sum of the forces:

ZFX = Ay — T c0s34.72° = 0,

from which Ay = 22.25 N.
> Fy=Ay—W—Tsin3472 =0.

The sum of the moments about A is
w
> Ma=Tsin2528 — <?> sina =0,

from which

wo 2LSnB28 s,
SNno

Substitute into the force equation to obtain: Ay = W + Tsin34.72° =
61.66 N
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Problem 5.63 The boom derrick supports a suspended
15-kip load. The booms BC and DE are each 20 ft long.
The distances are ¢ = 15 ft and b = 2 ft, and the angle
6 = 30°. Determine the tension in cable AB and the reac-
tions at the pin supports C and D.

Solution: Choose a coordinate system with origin at point C, with
the y axis paralel to CB. The position vectors of the labeled points
are:

I'D=2i

rg =rp+20(3isin30° + j cos30%)

=12 +17.3j,
. The components:
rg = 20j,
D, = 0.6|D| = 7.67 kip,
fra = —15i.

The unit vectors are: D, = 0.866|D| = 13.287 kip,

rg—r = =11 i
eor = £ _ 05 4 0.866j, and €y = 1iC| = 11.94 kip
Ire —rpl
rp—TIEg . "
egp = —— = —0.976i + 0.2179].
Irg —rgl
rg—r
ecp = u — lj,
Irg —rcl
ra—r . .
es=——2 = _06i—08].
[ra —rgl
Isolate the juncture at E: The equilibrium conditions are

> Fy=05|D| - 0.976[Tp| =0,

> Fy=0.866|D| + 0.2179Tzp| — 15 =0,

: Juncture B Juncture E
from which

ID| = 15.34 kip
and |Tgp| = 7.86 kip.
Isolate the juncture at B: The equilibrium conditions are:
> Fi=0[C| — 0.6]Tap| +0.976/Tpsl,
and) " Fy = 1|C| — 0.6/Ts| — 0.2179T 5| =0,
from which
[Tagl = 12.79 kip,

and |C| = 11.94 kip.
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Problem 5.64 The arrangement shown controls the
elevators of an airplane. (The elevators are the horizontal
control surfaces in the airplane’s tail.) The elevators are
attached to member EDG. Aerodynamic pressures on the
elevators exert a clockwise couple of 120 in-lb. Cable
BG is dlack, and its tension can be neglected. Determine
the force F' and the reactions at pin support A.

Solution: Begin at the elevator. The moment arms at £ and G are
6 in. The angle of the cable EC with the horizontal is

12

1195 =5734".

o =tan"!

Denote the horizontal and vertical components of the force on point
E by Fx and Fy. The sum of the moments about the pinned support
on the member EG is

> Mg =25Fy +6Fx —120=0.
This is the tension in the cable EC. Noting that
Fx = Tgc COSa,

and Fy =Tgc sina,

120

then T = |
EC 2.5sna + 6cosa

The sum of the moments about the pinned support BC is
> Mpc = —2Tgc Sina + 6T k¢ cose — 2.5F = 0.
Substituting:
P <@> ( 6cosa — 2sina )
25 6cosa + 2.55nw

= (48)(0.9277) = 44.53 |b.
The sum of the forces about the pinned joint A:
> Fy=A.—F+Tgccosa=0
from which A, = 25.33 Ib,

> Fy=Ay+Tecsina=0

from which A, = -1.93 Ib

6in B E Elevator

N

ST

in 2in— H 25in 25inj+
| 120in

(Not to scale)

w

Ul [-—|O1
m
(@]
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Problem 5.65 In Example 5.4 suppose that o = 40°,
d=1m, a =200 mm, b =500 mm, R =75 mm, and
the mass of the luggage is 40 kg. Determine F and N.

Solution:  (See Example 5.4.)

The sum of the moments about the center of the wheel:
ZMC = dF cosa + aW sina — bW cosa = 0,

(b —atana)W

from which F = =130.35 N.

The sum of the forces:
> Fy=N-W+F=0,

from which N = 262.1 N

Problem 5.66 In Example 5.4 suppose that o = 35°,
d=146in,a=10in,b =14 in,R = 3 in, and you don't
want the user to haveto exert aforce F larger than 20 Ib.
What is the largest luggage weight that can be placed on
the carrier?

Solution:

the force is

(See Example 5.4.) From the solution to Problem 5.65,

(b —atana)W
F = —

Solve for W:

Fd

W=—-—.
(b —atana)

For F = 20 Ib,

W =13147=13151b

Problem 5.67 One of the difficulties in making design
decisionsis that you don't know how the user will place
the luggage on the carrier in Example 5.4. Suppose you
assume that the point where the weight acts may be
anywhere within the “envelope’ R < a < 0.75¢c and 0 <
b<075d. 1f a=30°,c=141in,d =48in, R=3in,
and W = 80 Ib, what is the largest force F the user will
have to exert for any luggage placement?

Solution:
the force is

(See Example 5.4.) From the solution to Problem 5.65,

_ (b—atana)W

F
d

The force is maximized as
b — 0.75d,

and a — R.
Thus

(0.75d — Rtana)W

Fuax = y =57111b
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Problem 5.68 In our design of the luggage carrier
in Example 5.4, we assumed a user that would hold
the carrier’s handle at & = 36 in above the floor. We
assumedthat R =3 in,a =61in,and b = 12 in, and we
chose the dimension d = 4 ft. The resulting ratio of the
force the user must exert to the weight of the luggage
is F/W = 0.132. Suppose that people with a range of
heights use this carrier. Obtain a graph of F/W as a
function of 4 for 24 <h < 36 in.

Solution:  (See Example 5.4.) From the solution to Problem 5.67, F/W versus height
the force that must be exerted is I/: 2
o (b—atnaw \{"-19\
d d -18
|
m .17 >
from which -~ — w. S 16 \\
w d s ~
i 15 ™.
The angle ais given by 0 \\
| .14 <]
L (h-R X 13
o =sn ) e 24 26 28 30 32 34 36
height h, in
The commercia package TK Solver Plus was used to plot a graph of
£ as a function of h.
w
Problem 5.69 (a) Draw the free-body diagram of the 20N-m B
beam and show that it is statically indeterminate. (See ".\) =
Active Example 5.5.) r— A

(b) Determine as many of the reactions as possible.

Solution: (a) The free body diagram shows that there are four
unknowns, whereas only three equilibrium equations can be written.

A
\
\
A B
(b) The sum of moments about A is [O} ) {o)
~r

ZMA =M +1.1By = 0,

f hich B 20 18.18 N ———DCAX ) ](B—X
rom which By = -, .
The sum of forces in the vertical direction is Av 800 mm __.*-300 mm By

> Fr=Ay+By =0,
from which Ay = —By = 18.18 N.

The sum of forces in the horizontal direction is

> Fx=Ax+Bx =0,

from which the values of Ax and By are indeterminate.
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Problem 5.70 Consider the beam in Problem 5.69.
Choose supports at A and B so that it is not statically
indeterminate. Determine the reactions at the supports.

Solution: One possibility is shown: the pinned support at B is A 0N-m sty
replaced by aroller support. The equilibrium conditions are: L‘\) o
/7@‘77 ~ B
> Fx=4x=0.
f——800 mm-~—}-300 mm -
The sum of moments about A is 20N-m
B £y =~
S My=M+118y =0 * ~
4 : ’ Avl___800 mm——}-300 mm By

20
from which By = —— = —18.18 N.
1.1
The sum of forces in the vertical direction is
> Fr=Ay +By =0,

from which Ay = —By = 18.18 N.

Problem 5.71 (&) Draw the free-body diagram of the
beam and show that it is statically indeterminate. (The /‘\MO
external couple My is known.) e

A B

(b) By an analysis of the beam’s deflection, it is deter- |

|
: . . L
mined that the vertical reaction B exerted by the roller \ |
support is related to the couple Mo by B = 2M /L. What
are the resctions at A?
Solution: Eqgn (3) and Egn (4) yield
@ Y Fxi Ax=0 (1) My =Mo—2Mo
ZFY: Ay +B=0 (@] My =—-Mp
( +ZMA: Mjo—Mo+BL=0 (3) M 4 was assumed counterclockwise
Unknowns: My, Ay, Ay, B. M4 = |Mg| clockwise
Ax =0
3 Egns in 4 unknowns Ay = —-2Mo/L
. Satistically indeterminate
(b) GivenB=2Mo/L (4) Ay
Mo
We now have 4 egns in 4 unknowns and can solve. Ma i
A4 f
Eqgn (1) yieldsAx =0 B
qn (1) yields Ax Ax [

Eqgn (2) and Eqgn (4) yield

Ay = -2Mo/L
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Problem 5.72 Consider the beam in Problem 5.71.
Choose supports at A and B so that it is not statically
indeterminate. Determine the reactions at the supports.

Solution: This result is not unique. There are several possible
answers

ZFX: AX:O
ZFy: Ay +By =0

ZMA: —M,+BL=0

Ax =0
B=Mo/L
Ay = —Mo/L

Problem 5.73 Draw the free-body diagram of the
L-shaped pipe assembly and show that it is statically
indeterminate. Determine as many of the reactions as
possible.

Strategy: Place the coordinate system so that the x
axis passes through points A and B.

Solution: The free body diagram shows that there are four reac-
tions, hence the system is statically indeterminate. The sum of the
forces:

> Fx=@Ax+Bx) =0

and szZAy +By+F=0.

A strategy for solving some statically indeterminate problems is to
select a coordinate system such that the indeterminate reactions vanish
from the sum of the moment equations. The choice here is to locate
the x axis on a line passing through both A and B, with the origin at
A. Denote the reactions at A and B by Ay, Ap, By, and Bp, where the
subscripts indicate the reactions are normal to and parallel to the new
x axis. Denote

F=80N,

M = 100 N-m.

The length from A to B is

L =+/0.32 +0.72 = 0.76157 m.

The angle between the new axis and the horizonta is

0.3
6 =tan~? (0—7> =232

B -
80N T
300
100 N-m mm
A A ¢
I A\ o)
_ el
-+-300 mm*‘ 700 mm

The moment about the point A is
Ms =LBy —0.3F +M =0,

—M + 0.3F —76

= = —-99.79 N
L 0.76157 ’

from which By =

from which

The sum of the forces normal to the new axisis
> Fy=Ay+By+ Fcos =0,
from which

Ay = —By — F cost = 26.26 |b

The reactions parallel to the new axis are indeterminate.

(-l N2 )]
|_ {-l ~—100 N-m
300 —4—— 700
mm mm
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Problem 5.74 Consider the pipe assembly in Problem
5.73. Choose supports a A and B so that it is not
statically indeterminate. Determine the reactions at the
supports.

Solution: This problem has no unique solution.

Problem 5.75 State whether each of the L-shaped bars
shown is properly or improperly supported. If a bar
is properly supported, determine the reactions at its
supports. (See Active Example 5.6.)

Solution: A

A
(1) is properly constrained. The sum of the forces f—L— LL—» 45°
0 @

Y Fx=-F+Bx=0,

from which By = F.

> Fy=By+A,=0,

from which B, = —A,. The sum of the moments about B:
> Mp=—LAy +LF =0,

from which Ay = F, and B, = —F

(2) isimproperly constrained. The reactions intersect at B, while the
force produces a moment about B.

(3) is properly constrained. The forces are neither concurrent nor
paralel. The sum of the forces:

ZFX = —Ccos45° — B —Acosd5’ + F = 0.

> Fy =Csin45’ —Asinds’ =0
from which A = C. The sum of the moments about A:

> Ma=—3LF + LCcos45° + LCsin45" =0,

F
from which C = ——. Substituting and combining: A = ,
272 g g
s F
T2

2/2
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Problem 5.76 State whether each of the L-shaped bars
shown is properly or improperly supported. If a bar
is properly supported, determine the reactions at its
supports. (See Active Example 5.6.)

Solution:

(1) isimproperly constrained. The reactions intersect at a point P,
and the force exerts a moment about that point.

(2) isimproperly constrained. The reactions intersect at a point P
and the force exerts a moment about that point.

(3) isproperly constrained. The sum of the forces:

Y Fx=C-F=0,
from which C = F.
> Fy=-A+B=0,

from which A = B. The sum of the moments about B: LA +
L ) 1 1
EF — LC =0, from which A = EF' and B = EF
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Problem 5.77 The bar AB has a built-in support at A
and is loaded by the forces

Fs = 2i + 6 + 3k (kN),
Fo=i—2 + 2k (kN).

() Draw the free-body diagram of the bar.
(b) Determine the reactions at A.

Strategy: (a) Draw adiagram of the bar isolated from
its supports. Complete the free-body diagram of the bar
by adding the two external forces and the reactions
due to the built-in support (see Table 5.2). (b) Use the
scalar equilibrium equations (5.16)—(5.21) to determine

the reactions.
Solution: Ay
Ax Ma=Maxi + Mayj + Maz K
[\ :MAXi+MAYj+MAZk \\A
(b) Equilibrium Eqgns (Forces) /\‘
-~ /B N“\\\“j c
ZFX: Ax + Fpy +Fcy =0 Az S 1im R,
~—ca \X
> Fy: Ay +Fp, +Fc, =0 Fe

> Fz: Az+Fp, +Fc, =0
Equilibrium Equations (Moments) Sum moments about A
rap x Fg = 1i x (2i + 6] + 3k) kN-m
rag x Fg = —3j 4+ 6k (kN-m)
rac x Fc = 2i x (1i — 2 + 2k) kN-m

rac x Fe = —4j — 4k (kN-m)

1Y Ma: Ma, +6-4=0

Solving, we get
Ax = —3 kN,
Ay = —4 kN,
Az = —5kN

May =0,

My =7 KN-m,

My, = —2 KN-m
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Problem 5.78 The bar AB has a built-in support at A. y

at A.

Solution:
MA = MAxi +Mij +MAzk

We need the unit vector egc

(¢ —xp)i+ (yc — yp)j + (zc —zp)K
€pc =
Ve —x8)2+ (ye — y8)2 + (zc — 25)2

epc = 0.816i + 0.408] — 0.408k

Tac = (8 kN)epc

Tse = 6.53i + 3.27] — 3.27k (kN)

The moment of Tgc about A is

i i k

2 0 0
6.53 327 -327

Mpc =rap x Tpc =

Mpc =rap X Tpec = 0i 4+ 6.53] + 6.53k (kN-m)

Equilibrium Egns.

D Fx: Ax+Tpey =0
> Fy: Ay+Tpc, =0
> Fz: Az+Tpc, =0
> Mx: Max +Mpcy =0
> My: May +Mpc, =0
> Mz Maz+Mpc, =0
Solving, we get

Ax = —6.53 (kN),

Ay = —3.27 (kN),

Az =3.27 (kN)
My, =0,

My, = —6.53 (KN-m),

M. = —6.53 (KN-m)

Thetension in cable BC is8 kN. Determine the reactions ‘

z
\/ (3,0.5-0.5m
\X
Ay . .
% Ma=Maxi + Mayj + Mpz K
Az
4

BC

~~8
C(3,05,-0.5)
X

T

B (2 0,0)
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Problem 5.79 The bar AB has a fixed support at A. y

The collar at B is fixed to the bar. The tension in the B (6,6,2) ft
rope BC is 300 Ib. (a) Draw the free-body diagram of

the bar. (b) Determine the reactions at A.

C (8,0,3) ft

Solution:
B

(& The free-body diagram is shown.
(b) We need to express the force exerted by the rope in terms of its

components.
A, My, A

The vector from B to C is

rgc =[(8—6)i + (0—6)] + (3—2)k] ft
| T 4o=300 Ib

=@ -6 +k)ft
The force in the rope can now be written

I'BC

Irecl

The equilibrium equations for the bar are

T = The = Tpc(0.312i — 0.937] + 0.156k)

$F, 1Ay +0.312T5c =0
$F, Ay —0.937Tpc =0
XF. A, +0.156Tpc =0

i j k

EMAZMAXi-l-Mij-‘rMAZk-ﬁ- 6 ft 6 ft 2 ft =0
0.312Tgc —0.937Tpc 0.156T ¢

These last equations can be written as
M, = —(0.218 f)Tpc, M4, = (0.312 )T gc, M4, = (7.50 ft)Tpc

Setting Tpc = 300 Ib, expanding and solving we have

A, =-9371b,A, =2811b,A, = —46.9 Ib
M, = —843 ft-lb, Ma, = 93.7 ft-Ib, M, = 2250 ft-Ib
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Problem 5.80 The bar AB has a fixed support at A. y
The collar a B is fixed to the bar. Suppose that you

don’t want the support at A to be subjected to a couple

of magnitude greater than 3000 ft-1b. What is the largest

allowable tension in the rope BC?

Solution:  See the solution to Problem 5.79. The magnitude of the
couple at A can be expressed in terms of the tension in the rope as

B (6,6,2) ft

Mal = /M2 + May? + Ma? x

= /(—2.81 ft)2 + (0.312 ft)2 + (7.50 ft)2T5¢ C (8,0,3) ft

Setting [M 4| = 3000 ft-Ib and solving for Tc yields| Tpc = 374 1b <

Problem 5.81 The total force exerted on the highway

y
sign by its weight and the most severe anticipated winds F e |
is F = 2.8i — 1.8j (kN). Determine the reactions at the = %

/

fixed support. _

Solution: The applied load isF = (2.8i — 1.8)) kN applied at r =
(8 +8k) m

The force reaction at the base is Sm ~AY 0\
R =0:i+0,j+ 0k

The moment reaction at the base is

MoIMoxi-i-Moyj-l-Mozk Z
For equilibrium we need
> F:28kN+0,=0

D F=F+R=0=14 > F,:-18kN+0,=0
M F.:040.=0

0, = —2.8kN
=| 0,=18kN
0.=0

> M, :144KN-m+ Mo, =0
S M=rxF+Mp=0={ > M, :224kN-m+ Mo, =0
> M. =224 kN-m+ Mo, =0

Moy = —14.4 kN-m
=| Mo, = —22.4kN-m

Mo, = 22.4 kN-m
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Problem 5.82 The tension in cable AB is 800 Ib.
Determine the reactions at the fixed support C.

Solution: The force in the cable is

2i—4j—k)

F=8001b
(7

We aso have the position vector

rea = (4i +5k) ft

The force reaction at the base is

R=Cyi+C,j+Ck
The moment reaction at the base is B (6,0,4) ft
Mc =Mcid + Mcyj +Mck
For equilibrium we need

> F:Co+3491b=0
> F=F+R=0=¢ > F,:C,—6%8Ib=0
> F.:C.-1751b=0

Cy=-3491b
=| c,=698lb
C.=1751b

> My :Mc,+3490 ftlb=0
D> M=r+F+R=0=1¢> M,:Mc,+240ftlb=0
D> M. :Mc.— 2790 ft-lb=0

Mcx = —3490 ft-Ib
=| Mc, = —2440 ft-Ib
Mc, = 2790 ft-lb
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Problem 5.83 The tension in cable AB is 24 kN.

Determine the reactions in the built-in support D.

Solution: The force acting on the device is
F = Fxi+ Fyj + Fzk = (24 kN)eag,
and the unit vector from A toward B is given by

1i — 2 + 1k
— %

The force, then, is given by

€B =

F = 9.80i — 19.60j + 9.80k kN.
The position from D to A is
r=2+2 +0km.
The force equations of equilibrium are
Dx + Fx =0,
Dy + Fy =0,
and Dy + F7 =0.
The moment equation, in vector form, is
> M=Mp+rxF.
Expanded, we get
i i k

2 2 0
9.80 —19.60 9.80

ZM:MDXi+MDYj+MDZk+ =0.

The corresponding scalar equations are
Mpyx + (2)(9.80) =0,
Mpy — (2)(9.80) = 0,

and Mpz + (2)(—19.60) — (2)(9.80) = 0.

Solving for the support reactions, we get

Dx = —9.80 kN,
Oy = 19.60 kN,
0z = —9.80 kN.

Mpx = —19.6 KN-m,

Mpy = 19.6 kN-m,

and Mpy; = 58.8 kN-m.

N

N

3m
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Problem 5.84 The robotic manipulator is stationary
and the y axisisvertical. The weights of thearms AB and
BC act at their midpoints. The direction cosines of the
centerline of arm AB are cos6, = 0.174, cos6,, = 0.985,
cosf, = 0, and the direction cosines of the centerline
of arm BC are cosf, = 0.743, cosd, = 0.557, cosf, =
—0.371. The support at A behaves like a built-in support.

(& What is the sum of the moments about A due to
the weights of the two arms?
(b) What are the reactions at A?

Solution: Denote the center of mass of arm AB as Dy and that of
BC as D». We need

FAD,

FaB,
and rpp,.

To get these, use the direction cosines to get the unit vectors e4p and
epc. Use the relation

e = cosfyi + cosfyj + cosbzk
eap = 0.174i 4+ 0.985] + Ok
egc = 0.743i + 0.557] — 0.371k
rap, = 0.3e43 M
rag = 0.6e43 M
rgc = 0.6egc M
rgp, = 0.38sc M
Wp = —200] N
Wpe = —160j N
Thus ryp, = 0.0522i 4 0.2955] m
rap = 0.1044i 4+ 0.5910] m
rgp, = 0.2229 + 0.1671j — 0.1113k m
rpc = 0.4458i + 0.3342] — 0.2226k m
and rap, =rag +pp,

rap, = 0.3273i + 0.7581j — 0.1113k m

600 mm

(& We now have the geometry determined and are ready to deter-

(b)

mine the moments of the weights about A.

> My =rap1 x W1+ rap2 x W2

where
i j k
rap1 x Wp =10.0522 0.2955 0
0 —-200 O
rap1 x W1 = —10.44k N-m
and
i j k
rap2 x Wo =10.3273 0.7581 —0.1113
0 —160 0

rap2 x Wy = —17.81i — 52.37k
Thus,

> My = —17.81i — 62.81k (N-m)
Equilibrium Egns

> Fx: Ax=0

> Fy: Ay —W1i—Wz=0

Zin Az =0

Sum Moments about

AMsA+) My =0
> My: Mg, —17.81=0 (N-m)

> My: May+0=0

> Mz Mz —6281=0(N-m)
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5.84 (Continued)
Thus. Ax =0, Ay =360 (N), Az =0,

My, = 17.81 (N-m), MAy =0, My, =6281 (N-m)

MAa=Maxi + My + Mk

W, = 200 N
W, =160 N
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Problem 5.85 The force exerted on the grip of the
exercise machine is F = 260i — 130j (N). What are the
reactions at the built-in support at O?

T

Solution: y 015/ p
nm

Mo k
Mo = Moy + Moyj + Mok o | X F=260i-130] (N)
X (\
S

rop = 0.25i + 0.2) — 0.15k

Equilibrium (Forces)
D Fx: Ox+Fx=0x+260=0(N)
> Fy: Oy+Fy=0y-130=0(N)

ZFZ: Oz-‘rFZzOZzO(N)

Thus, Ox = —260 N, Oy = 130N, Oz =0
Summing Moments about O

ZMxi Moy +Mpy =0

ZMy: MOy +Mpy =0

> Mz Mo, +Mp, =0
where

[ j k
025 02 -015
260 —130 0

MF:I’OPXF:

My = —19.5i — 39j — 84.5k (N-m)

and from the moment equilibrium egns,
Mo, =19.5 (N-m)
Mo, =39.0 (N-m)

Mo, = 84.5 (N-m)
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Problem 5.86 In Active Example 5.7, suppose that y
cable BD is lengthened and the attachment point D 400
moved form (0, 600, 400) mm to (0, 600, 600) mm. mm
(The end B of bar AB remains where it is) Draw a D B/
sketch of the bar and its supports showing cable BD in

its new position. Draw the free-body diagram of the bar
and apply equilibrium to determine the tensions in the
cables and the reactions at A.

—200j (N)
z
Solution: The sketch and free-body diagram are shown. y
We must express the force exerted on the bar by cable BD in terms of 1 400 mm
its components. The vector from B to D is 000 mm
rgp = [(O — 1000)i + (600 — 600)]
S 600
+ (600 — 400)k] mm '$ mm
= (—1000i 4 200j) mm
600 % X
The force exerted by cable BD can be expressed as
y p! m,m -
op 22— Tpp(—0.981i + 0.196K) -200j(N)
IrBD]
The equilibrium equations are
z y
TF, 1A, —0.981Tp =0 1000 mm Ty
¥Fy:A, —200N =0 &
s[4 Tw 600
XF,:A, +0.196Tpp — Tpc =0 'S mm
i i k I >
IMy 1 0.6 0.4 +105 03 02|/=0 600 + A
—0.981T 0 0.19Tgp —T 0 —-200 O x
BD BD BC m’m
Expanding and solving these equations, we find -200] (N)
X
A, =166.7N,Ay =200 N,A; = 66.7 N, Tpc = 100 N,
Tgp =170 N zZ
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Problem 5.87 The force F acting on the boom ABC y
at C points in the direction of the unit vector 0.512i —
0.384j + 0.768k and its magnitude is 8 kN. The boom A,

is supported by a ball and socket at A and the cables BD 1L5m™ ], -=m
and BE. The collar at B is fixed to the boom.

(@ Draw the free-body diagram of the boom.
(b) Determine the tensions in the cables and the reac-
tions at A.

Solution:

(& The free-body diagram

(b) We identify the following forces, position vectors, and reactions A,
Fac =4 mi, F=8KkN(0.512i — 0.384j + 0.768K) \Axk/
Tor =T (—2i+2j+1.5k>
I I J/10.25
rap =2 mi, S
—2i+j—2k
Tpe = TgE — 3

R=A+Aj +Ak
Force equilibrium requires:

ZF=R+TBD+TBE+F=O-

In component form we have

+10.25 3

2 1
> Fy:A,—8KkN(0.384) + ——Tpp + =Tpr =0

2 2
ZFX Ay + 8 KN(0.512) — ———Tgp — =Tpg =0

J10.25 3
BD

15 2
F.:A. +8KN(0.768) + ————Tpp — =Tz =0
D OFA ( ) 0.5 37BE

Moment equilibrium requires:
ZMA =143 % (Tpp+Tpe)+Trac xF=0.

In components:

ZMX:O=O

+/10.25

> M, —8kN(0.768)(4 m) — Tgp(2 m)

2
+ éTBE(z m)=0

2
M, : —8 KN(0.384)(4 ——Tpgp(2
> oM. (0.38)(4 m) + ———Tpp(2 M)

1
+ éTBE(z m)=0

Solving five equations for the five unknowns we find

A, =819kN, A, = -3.07 kN, A, =6.14 kN,

Tpp = 0, Tge = 18.43 kN

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

328




o

Problem 5.88 The cablesBD and BE in Problem 5.87
will each safely support a tension of 25 kN. Based on
this criterion, what is the largest acceptable magnitude
of the force F?

Solution: We have the force and distances:

fac =4 mi, F = F(0.512i — 0.384j + 0.768k)

. (—2i+2j +l.5k>
3p=Tpp | —F—=—
r4p = 2 mi, . ;0'25
-2i+j—-2k
Tpe = Tpe 3

The moment equations are

15 2
> M,y —F(0.768)(4 m) — oo @M+ 3The@m) =0

> M. —F(0.384)(4 m) + LTBD(z m) + }TBE(Z m)=0

4/10.25 3
Solving we find
Tpe = 2.304F, Tpp =0
Thus:

25 kN = 2.304F = F = 10.85 kN
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Problem 5.89 The suspended load exerts a force F =
600 Ib at A, and the weight of the bar OA is negligible.
Determine the tensions in the cables and the reactions at
the ball and socket support O.

Solution:  From the diagram, the important points in this problem
are A (8, 6, 0), B (0, 10, 4), C (0, 6, —10), and the origin O (0, 0, 0)
with all dimensions in ft. We need unit vectors in the directions A to
B and A to C. Both vectors are of the form

&p = (xp —xa)i + (yp — ya)j + (zp — za)K,

where P can be either A or B. The forces in cables AB and AC are
Tap = Tap € = Tapxi + Tapyj + TapzK,

and Tac = Tac € = Tacxi + Tacyj + TaczK.

The weight force is

F = 0i — 600 + Ok,

and the support force at the ball joint is

S = Sxi + Syj + Szk.

The vector form of the force equilibrium equation (which gives three
scalar equations) for the bar is

Tap+Tac+F+S=0.

Let us take moments about the origin. The moment equation, in vector
form, is given by

D Mo =roaxTap+roa x Tac
+roa xF=0,

where rps = 8i + 6] + 0k.

The cross products are evaluated using the form

ik
M=rxH=| 8 6 0
Hy Hy Hyz

where H can be any of the three forces acting at point A. The vector
moment equation provides another three equations of equilibrium.
Once we have evaluated and applied the unit vectors, we have six
vector equations of equilibrium in thefive unknowns Tag, Tac, Sx, Sy,
and Sz (there is one redundant equation since all forces pass through
the line OA). Solving these equations yields the required values for
the support reactions at the origin.

B‘@Xxxxxs

(0, 10, 4) ft

If we carry through these operations in the sequence described, we get
the following vectors:

€15 = —0.816i + 0.408] + 0.408k,
eic = —0.625i + 0j — 0.781k,
Tap = —387.1i + 193.5] + 193.5k Ib,

|Tap| = 474.1 Ib,

Tac = —154.8i 4 0 — 193.5k Ib,
[Tacl = 247.9 b,

Mg = roa x Tap = 1161i — 1548] + 3871k ft-Ib,
Mac = roa x Tac = —1161i + 1548j + 929K ft-Ib,

and S = 541.9i + 406.5] + Ok Ib
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Problem 590 In Problem 5.89, suppose that the
suspended load exerts a force F = 600 Ib at A and bar
OA weighs 200 Ib. Assume that the bar’s weight acts at
its midpoint. Determine the tensions in the cables and
the reactions at the ball and socket support O.

Solution:  Point G is located at (4, 3, 0) and the position vector of
G with respect to the origin is

roc =4+ 3j + 0k ft.

The weight of the bar is

W;g = 0i — 200 + Ok Ib,

and its moment around the origin is

Mywp = 0i + 0j — 800k ft-Ib.

The mathematical representation for all other forces and moments from
Problem 5.89 remain the same (the numbers change!). Each equation

of equilibrium has a new term reflecting the addition of the weight of
the bar. The new force equilibrium equation is

Tap+Tac +F+S+Wp=0.
The new moment equilibrium equation is
D Mo =roxx Tap+ros x Tac

+roa xF+roc xWp=0.

Asin Problem 5.89, the vector equilibrium conditions can be reduced
to six scalar equations of equilibrium. Once we have evaluated and
applied the unit vectors, we have six vector equations of equilibrium
inthefiveunknowns Ty, Tac, Sx, Sy, and Sz (Asbefore, thereisone
redundant equation since all forces pass through the line OA). Solving
these equations yields the required values for the support reactions at
the origin.

If we carry through these operations in the sequence described, we get
the following vectors:

€1 = —0.816i + 0.408] + 0.408k,
eic = —0.625 + 0j — 0.781k,

Tag = —451.6i + 225.8] + 225.8k Ib,

T4z = 553.1 Ib,

Tac = —180.6i + 0j — 225.8k Ib,

ITac| = 289.2 b,

Mg = roa x Tap = 1355 — 1806j + 4516k ft-Ib,

MAC =Tropa X TAC = —1354i + 1806] + 1084k ft'lb,

and S=632.3i +574.2) +- Ok Ib
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Problem 591 The 158,000-kg airplane is at rest on
the ground (z = 0 is ground level). The landing gear
carriagesareat A, B, and C. The coordinates of the point
G at which the weight of the plane acts are (3, 0.5, 5) m.
What are the magnitudes of the normal reactions exerted
on the landing gear by the ground?

— n =3 —x
r—i\jG, i A
- 22C¢
em Bl g
y
Solution:
mg
S Fy = (N +No)+Np =W =0 3m 2Am  —
Mg =-3mg+2INp =0 - \A‘\ -
Z R F Sde ) y X
View
Solving, R F
(N_+Ng)
Np=2214kN (1) N
7 F
(Ni +Ng) = 13286 kN (2)
W l}/O.Sm

Y Fr=Nr+NL+Np—W=0
(same equation as before)

Front
View

{+X_Mo=05W—6Np)+6N)=0 (3)

Solving (1), (2), and (3), we get

Np =221.4 kN
Ng =728.9 kN
Ny =599.7 kN
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Problem 592 The horizontal triangular plate is y
suspended by the three vertical cables A, B, and C.
The tension in each cable is 80 N. Determine the x
and z coordinates of the point where the plate’s weight
effectively acts.

Solution: 80N
S M. : (240 N)z — (80 N)(0.4 m) = 0 80N
> M. : (80 N)(0.3 m) — (240 N)x =0 80N .
Solving X
x=01m, z=01333m
. 240N
Z
Problem 593 The 800-kg horizontal wall section is
supported by the three vertical cables, A, B, and C. What B
are the tensions in the cables? W
Sa—|-Tm —s
Solution: All dimensions are in m and all forces are in N. Forces G c 7m/
A, B, C, and W act on the wall at (0, 0, 0), (5, 14, 0), (12, 7, 0), A %
and (4, 6, 0), respectively. All forces are in the z direction. The force 1 | )z
equilibrium equation in the z direction is A+B+C — W = 0. The 6m | 7m
moments are calculated from —~ } =
A4m-<—8m -
Mp =rop x BK, mg
Mc =roc X Ck,

and Mg =rog X (7W)k

The moment equilibrium equation is
ZMonB-‘rMc-FMG:O.

Carrying out these operations, we get

A =3717 N,
B =259 N,
C =1534 N,
and W = 7848 N.
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Problem 5.94 The bar AC is supported by the cable
BD and a bearing at A that can rotate about the z axis.
The person exerts a force F = 10j (Ib) at C. Determine
the tension in the cable and the reactions at A.

B
B c
le—8 in — 14 in—»

D (18, —8,7) in

Solution: The force in the cable is

100 — 8j + 7k>
V213

We have the following six eguilibrium equations

Tsp =Tap (

10
D FiAc+ mTBD =0

8
Fy: A, — ——Tpp+101b=0
Dy J213 P Teo

7
F. A+ Tgp =0
SO At T

ZMX "My =0

7 ,
D> My May - mTBD(S in=0

> oM %TBD(S in) + (10 1b)(22 i) = 0

Solving we find

Ay =-3441b, Ay =1751Ib, A, =-2411b

My = 0, MAA\‘ =192.5 |biﬂ, Tep = 50.2 1b
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Problem 595 The L-shaped bar is supported by a y
bearing a A and rests on a smooth horizontal surface
a B. The vertical force F =4 kN and the distance
b = 0.15 m. Determine the reactions at A and B.

Solution:  Equilibrium Egns:
> Fx: 0=0

ZFY: Ay+B—-F=0

ZFZ: Az =0

Sum moments around A

x: Fb—0.3B=(4)(0.15)-03B=0

y: MAYZO

2 Ma, +02F —02B=0

Solving,
Ax =0,
Ay =2 (kN),
Az =0
Moy =0,
My, =0

M, = —0.4 (kN-m)

Problem 5.96 In Problem 5.95, the vertical force F =
4 kN and the distance b = 0.15 m. If you represent the
reactions at A and B by an equivalent system consisting
of a single force, what is the force and where does its
line of action intersect the x—z plane?

Solution: We want to represent the forces at A & B by a single zr(4) = (+0.3)(2)
force. From Prob. 5.95

zg = +0.15m
A =+2 (kN),
xr(4) =0.2(2)
B =42 (kN)
xg=01m
My = —0.4k (KN-m)

We want a single equivalent force, R that has the same resultant force
and moment about A as does the set A, B, and My4.

R=A+B =4 (kN)

Let R pierce the x—z plane at (xg, zg)

ZMX: — xR = —0.3B

ZMZ: —xrR =0.24y
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Problem 5.97 In Problem 5.95, the vertical force F =
4 kN. The bearing at A will safely support a force of
2.5-kN magnitude and a couple of 0.5 kN-m magnitude.
Based on these criteria, what is the allowable range of
the distance b?

Solution: The solution to Prob. 5.95 produced the relations
Ay +B—F=0 (F=4kN)
Fb—-03B=0
My, +0.2F —0.2B =0
Ax =Az =May =My, =0
Set the force at A to its limit of 2.5 kN and solve for 4. In this case,

M4, = —0.5 (kN-m) which is at the moment limit. The value for b is
b=0.1125m

We make Ay unknown, b unknown, and B unknown (F = 4 kN,
My,, = +0.5 (KN-m), and solve we get Ay = —2.5 at b = 0.4875 m
However, 0.3 is the physical limit of the device.

Thus, 0.1125m<b <03 m
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Problem 598 The 1.1-m bar is supported by a bal y
and socket support at A and the two smooth walls. The
tension in the vertical cable CD is 1 kN.

(@) Draw the free-body diagram of the bar.
(b) Determine the reactions at A and B.

/ X
600 mm
700 mm
z

Solution: From which,
(@ The ball and socket cannot support a couple reaction, but can 0.3819

support a three force reaction. The smooth surface supports one- Bz = 06 0.6365 kN,

force normal to the surface. The cable supports one force parallel

to the cable. 0.4455
(b) The strategy is to determine the moments about A, which will By = 06 0.7425 kN.

contain only the unknown reaction at B. This will require the

position vectors of B and D relative to A, which in turn will The reactions at A are determined from the sums of the forces:

require the unit vector parallel to therod. The angle formed by the

bfar with the horizontal is required to determine the coordinates Z Fx = (Bx + Ax)i = 0, from which Ay = —0.7425 kN.

of B:

L (VFFoR > Fy = (Ay — 1)j =0, from which Ay = 1kN.
o = CO0S — | =33.1"°.
11
> "Fz = (Bz +Az)k =0, from which A7 = —0.6365 kN

The coordinates of the points are: A (0.7, 0, 0.6), B (0,1.1

(sin33.1°), 0) = (0, 0.6, 0), from which the vector parallel to the

bar is

Fg
rap=rp—ra=-07 + O.Gj — 0.6k (m)
The unit vector parallel to the bar is
T Fy
e = B — _0.6364i + 0.5455] — 0.5455k
M ' ' ‘ —_—
F
) ) ) ) A/F X
The vector location of the point D relative to A is z

rap = (1.1 —0.4)e43 = 0.7e4

= —0.4455] + 0.3819j — 0.3819k.

The reaction at B is horizontal, with unknown x-component and
z-components. The sum of the moments about A is

R A
> Ma=r45xB+rapxD=0=|-07 06 —06
Bx 0 Bz
i i k
+|-04455 03819 —0.3819| =0
0 -1 0

Expand and collect like terms:

> My = (0.6B; — 0.3819)i — (0.6Bx — 0.7B2)j

+(—0.6Bx + 0.4455)k = 0.
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Problem 5.99 The 8-ft bar is supported by a ball and
socket at A, the cable BD, and aroller support a C. The
collar at B is fixed to the bar at its midpoint. The force
F = —50k (Ib). Determine the tension in the cable BD
and the reactions at A and C.

Solution: The strategy is to determine the sum of the moments
about A, which will involve the unknown reactions at B and C. This
will require the unit vectors parallel to the rod and parallel to the cable.

The angle formed by the rod is

a=sn"1 <§> =22°.
8

The vector positions are:
ra =3,
rp =4+ 2k
and r¢ = (8€0s22°)i = 7.4162i.
The vector paralléel to the rod is
fac =Tfc —ra = 7.4162i — 3j.
The unit vector parallel to the rod is
esc = 0.9270i — 0.375j.
The location of B is
rap = 4e4c = 3.7081li — 1.5].
The vector paralle to the cable is
rgp =rp — (ra +rap) = 0.2919 — 1.5 + 2k.
The unit vector parallel to the cable is

egp = 0.1160i — 0.5960] + 0.7946Kk.

The tension in the cable is T = |T|egp. The reaction at the roller
support C is norma to the x—z plane. The sum of the moments about
A

ZMA:l‘ABXF-‘,-I’ABXT-‘rrACxC:O

i j k
=|37081 -15 O
0 0 -50
i i k
+|T||{37081 -15 0
0.1160 —0.5960 0.7946
i ik
+|74162 -3 0(=0
0 Cy O

= 75i + 185.4j + |T|(~1.192i — 2.9466] — 2.036k)

+ 7.4162Cyk = 0,

75
from which |T| = ——— =62.92 1b
1.192

_2.038]T|

- —17.27 In.
Y= 762

The reaction at A is determined from the sums of forces:
> Fx = (Ax +0.1160[T|)i = 0,

from which Ax = —7.29 Ib,

> Fy = (Ay — 0.590|T| + Cy)j =0,

from which Ay = 20.23 |b

> Fz = (Az +0.7946]T| — 50)k =0,

from which A; =0 Ib
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Problem 5.100 Consider the 8-ft bar in Problem 5.99.
Theforce F = F,j — 50k (Ib). What is the largest value
of F, for which the roller support a C will remain on
the floor?

Solution: From the solution to Problem 5.99, the sum of the
moments about A is

i j k
ZMA: 37081 -15 O
0 Fy —50
i j k
+|T||3.7081 -15 0
0.1160 —0.5960 0.7946
i ik
+|7.4162 -3 0|=0
0 Cy O

= 75i + 185.4j 4 3.7081Fyk
+ |T|(—1.192i — 2.9466] — 2.036k)

+ 7.4162Cyk =0,

) 75
from which, |T| = 1Tio3 = 62.92 |b.

Collecting terms in k, 3.7081Fy + 2.384|T| — 7.4162Cy = 0.

128.11
For =0, Fy = —— =34541
or Cy =0, Fy 3708 34.54 1b
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Problem 5.101 The tower is 70 m tall. The tension in
each cable is 2 kN. Treat the base of the tower A as a
built-in support. What are the reactions at A?

Solution: The strategy is to determine moments about A due to
the cables. This requires the unit vectors parallel to the cables.

The coordinates of the points are:

A(0,0,0), B(0,70,0), C(—50,0,0),

D(20, 0,50), E(40, 0, —40).

The unit vectors parallel to the cables, directed from B to the points
E,D,and C z

{ -
50m
20m / X
Fpe = 40i — 70] — 40k,
The force reactions at A are determined from the sums of forces. (Note
rgp = 20i — 70j + 50k, that the sums of the cable forces have already been calculated and used
above)
I'pc = —50i — 70].
> Fx = (Ax +0.17932)i =0,
The unit vectors parallel to the cables, pointing from B, are:

from which Ay = —0.179 kN,
epr = 0.4444i — 0.7778) — 0.4444k,

> Fr = (Ay —4.7682)j =0,
egp = 0.2265i — 0.7926] + 0.5661K,

from which Ay = 4.768 kN,
epc = —0.5812i — 0.8137) + Ok.

The tensions in the cables are: >_Fz=(Az+02434k =0,

Tup = 265 = 045291 — 1.5852] + 1.1323k (KN), from which Az = —0.2434 kN

Tse = 2epr = 0.8889i — 1.5556] — 0.8889k (kN),
Tpc = 2epc = —1.16251 — 1.6275) — Ok.
The sum of the moments about A is
ZMA =MA +r4p x Tge
+ rapXTpp+rapxTpc=0

=M+ 145 x (Tgg + Tgc + Tap)

i i k
> Ma=MA4| 0 70 0 |=0
01793 —4.7682 0.2434

= (M4 + 17.038)i + (M4 + 0)j
+ (M4 —12.551)k =0
from which

M#% = —17.038 kN-m,

M4 = 12.551 kN-m.
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Problem 5.102 Consider the tower in Problem 5.101.
If the tension in cable BC is 2 kN, what must the ten-
sions in cables BD and BE be if you want the couple
exerted on the tower by the built-in support at A to be
zero? What are the resulting reactions at A?

Solution: From the solution to Problem 5.101, the sum of the
moments about A is given by

ZMA =M + 145 x (Tpg + Tpc + Tap) = 0.

If the couple M4 = 0, then the cross product is zero, which is possible
only if the vector sum of the cable tensions is zero in the x and z
directions. Thus, from Problem 5.101,

€ - (Tpc + |Tpelese + [Tpplesp) =0,

and e - (Tpc + |Tpelese + [ Tpplesp) = 0.

Two simultaneous equations in two unknowns result;
0.4444|T g | + 0.2265|Tpp| = 1.1625

—0.4444|T p¢| + 0.5661|Tzp| = O.

Solve:
ITge| = 1.868 kN,
[Tsp| = 1.467 kN.

The reactions at A oppose the sum of the cable tensions in the x-, y-,
and z-directions.

Ax =0, Ay =4243kN, Az =0.

(These results are to be expected if there is no moment about A.)
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Problem 5.103 The space truss has roller supports at
B, C, and D and is subjected to a vertical force F =
20 kN at A. What are the reactions at the roller supports?

Solution: Thekey to this solution is expressing the forces in terms
of unit vectors and magnitudes-then using the method of jointsin three
dimensions. The points A, B, C, and D are located at

A(4,3,4) m, B(0,0,0) m,
C(5,0,6) m, D(6,0,0) m

we need esp, €sc, €n, Esc, Esp, and ecp. Use the form

(xg —xp)i + (yp — yp)i + (20 —zp)K

€pp = : . =
"0 [ — )2+ (g — yp)2 + (2 — 2p)2] 12 Joint A
esp = —0.6251 — 0.469] — 0.625k
exc = 0.267i — 0.802] + 0.535k Tas Tap
esp = 0.371i — 0.557] — 0.743k A Tac ' D
B'_~ A - -
epc = 0.640i + 0f + 0.768k ~ [
v
— 1i + G Cc
egp = 1i + 0) + Ok
ecp = 0.164i 4 0j — 0.986k Joint B N
-TAB , 1™
We will write each force as a magnitude times the appropriate unit / TBD .
vector.

Tas = Tap€as, Tac = Tac€ac
Tap = Tap€ap, Tec = Tacere

Tsp = Trpesp, Tco = Tep€ep

Each force will be written in component form, i.e.

Tapy = Tapeapy

Tapy = Tapeany p €tc.

Tap, = Tapeas,
JointA: Tap+Tac+Tap+F=0 Joint D : A,
AT

Tapy +Tacy +Tapy =0

TaBy +Tacy +Tapy —20=0

Tap, +Tac, +Tap, =0
Joint B —Tag+ Tac + Tpp +Npj =0
Joint C: —Tac —Tgc+Tep +Ncj =0
Joint D —Tap—Tgp—Tep+Npj =0

Solving for al the unknowns, we get

Np = 4.44 kN
N¢c =222kN
Np =13.33 kN

Also, Tap = —9.49 kN, Tac = —16.63 kN

Tap = —3.99 kN, Tpc =7.71 kN

Tgp = 0.99 kN, T¢cp = 3.00 kN
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Problem 5.104 In Example 5.8, suppose that the cable
BD islengthened and the attachment point B is moved to
the end of the bar at C. The positions of the attachment
point D and the bar are unchanged. Draw a sketch of
the bar showing cable BD in its new position. Draw the
free-body diagram of the bar and apply equilibrium to
determine the tension in the cable and the reactions at A.

Solution: The sketch and free-body diagram are shown.
We must express the force exerted on the bar by cable BD in terms of y D
its components. The bar AC is 4 ft long. The vector from C to D is

rep = [(2—4c0s30%)i + (2 — {—4sin30°})j

+(=1-0)] ft

rep = (—1.46i + 4] —k) ft
The force exerted by the cable CD can be expressed A

;
P — 7(—0.335i + 0.914j — 0.229k)

Irenl C
The equilibrium equations are
-100j(1b)

SF,:A,—0335T =0
XF,:A,+0914T —100Ib=0 y D
YF,: A, —0229T =0
SMa I My -‘rMij
i j k
+ | 3.464 -2 0 =0
—0.3357 0.9147 — 100 —0.229T

Expanding the determinant and solving the six equations, we obtain

T =1391b,A, =464 1b,A, = —26.8Ib,A. =317 Ib
My, = —63.4 ft-Ib, My, = —110 ft-Ib

-100j(Ib)
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Problem 5.105 The 40-Ib door is supported by hinges y
at A and B. The y axis is vertical. The hinges do not
exert couples on the door, and the hinge at B does not ™

exert a force parallel to the hinge axis. The weight of E p "
the door acts at its midpoint. What are the reactions at i BB\

A and B?

Solution:  The position vector of the midpoint of the door: 5 ft
rem = (2cos50%)i + 3.5 + (2cos40°)k

= 1.2856i + 3.5 + 1.532k.

The position vectors of the hinges:

ra=j, rp=6.

The forces are: W = —40j,

A = Axi + Ayj + AzK,

B = Bxi + Bzk.

The position vectors relative to A are

fracm =Vem —ra = 1.2856i + 25] + 1532'(,

rap =Ip—1T4 =5j.

The sum of the moments about A

ZMA:rACMXW+rABXB

i j k i ok
=|1285% 25 1532|+|0 5 0|=0
0 -40 0 By 0 By

S My = (5B7 + 40(1.532))i + (—5By — 40(1.285))k = 0,

from which B; = w =-12.256Ib
and By = M = —10.28 Ih.

The reactions at A are determined from the sums of forces:
ZFX = (Ax +Bx)i =0,

from which Ay = 10.28 |b,
> Fy = (Ay —40)j =0,

from which Ay = 40 Ib,
> Fz=@Az+Bpk=0,

from which Az = 12.256 |b
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Problem 5.106 The vertica cable is attached at A. y
Determine the tension in the cable and the reactions at
the bearing B due to the force F = 10i — 30j — 10k (N).

Solution: The position vector of the point of application of the
force is

rp =0.2i —0.2k.

The position vector of the bearing is

'p = 0.1i.

The position vector of the cable attachment to the wheel is

rc = 0.1k.

he position vectors relative to B are:
rpc =rfc—rfp= —0.1i + Olk,

Ipp =Ip —I'p = 0.1i — 0.2k.

The sum of the moments about the bearing B is

ZMB:MB+rBFXF+rBC'XC:0a

R R i)k
oY Mg=Mp+|01 0 -02/+|-01 0 01
10 -30 -10 0 -T 0

= (=64 0.17)i + (Mpy — 1)j
+ Mpz —3+01T)k =0,

6
f hichT = — =60 N,
rom wnic 01

Mpy = +1 N-m,

Mpy; = —0.1T + 3= —3 N-m.

The force reactions at the bearing are determined from the sums of
forces:

> Fx = (Bx+10)i =0,
from which By = —10 N.

> Fy = (By —30—60) =0,
from which By =90 N.

> Fz=(Bz - 10)j =0,

from which B = 10 N.
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Problem 5.107 In Problem 5.106, suppose that the z
component of the force F is zero, but otherwise F is
unknown. If the couple exerted on the shaft by the
bearing a B is Mz = 6] — 6k N-m, what are the force
F and the tension in the cable?

Solution: From the diagram of Problem 5.106, the force equilib-
rium equation components are

ZFx:BX"FFX:Os
> Fy=By+Fy=0,

and Y F.=Bz+Fz=0,

where Fz =0 is given in the problem statement. The moment
equations can be developed by inspection of the figure also. They are

ZMX =Mpx +Max + Mpx =0,
ZMY =Mpy +May + Mpy =0,

and ZMZ =Mpz +Mpz +Mpz =0,

where Mp = 6] — 6k N-m. Note that Mgy = 0 can be inferred. The
moments which need to be substituted into the moment equations are

M4 = (0.1)Ai + 0j + (0.1)AK N-m,

and My = (0.2)Fyi — (0.2)Fxj + (0.1)Fyk N-m.

Substituting these values into the equilibrium equations, we get F =
30i — 60j + 0k N, and A = 120 N.
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Problem 5.108 The device in Problem 5.106 is badly
designed because of the couples that must be supported
by the bearing at B, which would cause the bearing to
“bind”. (Imagine trying to open a door supported by 100 mm
only one hinge.) In this improved design, the bearings

a B and C support no couples, and the bearing at C Qmm
does not exert a force in the x direction. If the force
F =10i — 30] — 10k (N), what are the tension in the
vertical cable and the reactions at the bearings B and C?
F

Solution: The position vectors relative to the bearing B are: the N
position vector of the cable attachment to the wheel is R T

rpr = —0.05i + 0.1k.

The position vector of the bearing C is:

'pc = 0.1i.

The position vector of the point of application of the force is:

rpr = 0.15i — 0.2k.

The sum of the moments about B is

ZMB:rBTxT+ch><C+rBF><F:O

[ ik ik
ZMB: —-005 0 01|+(01 0 ©
0 -T O 0 Cy Cyz
i j k
+]/015 0 -02/=0
10 -30 -10

> Mp = (0.AT - 6)i + (—0.1C7 + 1.5 — 2)]

+ (0.05T + 0.1Cy — 4.5)k = 0.

From which: 7 = 60 N,

—05
=""2__5N
Cz=791
45— 0.05T
Cy = —15N
Y 0.1

The reactions at B are found from the sums of forces:
> Fx=Bx+10i=0,

from which By = —10 N.
S Fy =By +Cy T —30) =0,

from which By = 75 N.

> Fz=(Bz+Cz—10k=0,

from which B = 15 N
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Problem 5.109 The rocket launcher is supported by
the hydraulic jack DE and the bearings A and B. The
bearings lie on the x axis and support shafts parallel to
the x axis. The hydraulic cylinder DE exerts a force on
the launcher that points along the line from D to E. The
coordinates of D are (7, 0, 7) ft, and the coordinates of
E are (9, 6, 4) ft. The weight W = 30 kip acts at (4.5,
5, 2) ft. What is the magnitude of the reaction on the
launcher at E?

Solution: The position vectors of the points D, E and W are
rp =7+ 7k,

re =9 + 6 + 4k (ft),

rw = 4.5 + 5 + 2k (ft).

The vector parallel to DE is

frpe=rg—rp=2+6 —3k.

The unit vector parallel to DE is

epr = 0.2857i + 0.8571j — 0.4286k.

Since the bearings cannot exert a moment about the x axis, the sum of
the moments due to the weight and the jack force must be zero about
the x axis. The sum of the moments about the x axis is:

1 0 0 1 0 0
> Mx=|45 5 2|+|Fpel| 9 6 4 |=0
0 -30 0 0.2857 0.8571 -0.4286
=60 — 6|Fpz| = 0.
From which

60
IFpE| = 5= 10 kip
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Problem 5.110 Consider the rocket launcher described
in Problem 5.109. The bearings at A and B do not exert
couples, and the bearing B does not exert a force in the
x direction. Determine the reactions at A and B.

Solution: See the solution of Problem 5.109. The force Fpg can
be written

Fpe = Fpe(0.2857i + 0.8571j — 0.4286k).

The equilibrium equations are
> Fx =Ax +0.2857Fpp =0,
> Fy =Ay + By +0.8571Fpz — 30 =0,

Z F; = Az + Bz — 0.4286F pg = 0,

i j ok i j ok

> M@ign=|3 0 0|+[6 0 0
Ax Ay Az| |0 By By

i j k

+ Fpg 7 0 7

0.2857 0.8571 —0.4286

i j k
+|45 5 2|=0
0 -30 0

The components of the moment eg. are
—5.9997Fpg +60 =0,
— 347 — 6Bz + 5.0001F pr = 0,

3Ay + 6By + 5.9997Fpr — 135=0.

Solving, we obtain
Fpe = 10.00 kip, Ax = —2.86 kip,

By =357 klp, Bz = 12.38 klp
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Problem 5.111 The crane's cable CD is attached to a
stationary object at D. The crane is supported by the
bearings E and F and the horizontal cable AB. The
tension in cable AB is 8 kN. Determine the tension in
the cable CD.

Strategy: Since the reactions exerted on the crane by
the bearings do not exert moments about the z axis, the
sum of the moments about the z axis due to the forces
exerted on the crane by the cables AB and CD equals
zero. (See the discussion at the end of Example 5.9.)

Solution: The position vector from C to D is
rep=3i—6 —3k (m),

so we can write the force exerted at C by cable CD as

r
Tep = TCD% = T¢p(0.408i — 0.816] — 0.408K).
CD

. 4
The coordinates of pt. B are x = 5(3) =2m,y=4m.

The moment about the origin due to the forces exerted by the two
cablesis

i ok i j k
Mo=|2 4 0/+| 3 6 0
-8 0 0| |0.408T¢cp —0.816Tcp —0.408Tcp

= 32k — 2.448T ¢pi + 1.224T cpj — 4.896T cpk.

The moment about the z axisis
k-Mp=32-4.89%Tcp =0,

so T¢p =6.54 kN.
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Problem 5.112 In Example 5.9, suppose that the cable
CE is shortened and its attachment point E is moved to

the point (0, 80, 0) mm. The plate remains in the same
position. Draw a sketch of the plate and its supports
showing the new position of cable CE. Draw the free-
body diagram of the plate and apply equilibrium to deter-
mine the reactions at the hinges and the tension in the

cable.

Solution: The sketch and free-body diagram are shown.
The vector from C to E is

rce = [(0— 200)i + (80 — 0)j + (0 — 0)k] mm
= (—200i + 80j) mm

The force exerted by cable CE can be expresses as

7IE _ 10928 +0.371))

Ireel

The equilibrium equations for the plate are

SF, 1A, + B, —0928T =0
SF,:A,+B,+0371T —400 N = 0

F, A +B,=0

i ik
SMp:| 02 0 o
—0.9287 0.371T 0
i ik ik
+/0 0 02/+]02 0 02/=0
Ac Ay O 0 —400 0

Expanding and solving we find

A, =0,A, =400 N, T = 1080 N
B, = 1000 N, B, = —400 N, B, =0,

—400j (N)

-400j(N)
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Problem 5.113 The plate is supported by hinges at A y

and B and the cable CE, and it is loaded by the force at

D. The edge of the plate to which the hinges are attached /

lies in the y—z plane, and the axes of the hinges are /3m 2~ 6] (kN)

parallel to the line through points A and B. The hinges
do not exert couples on the plate. What is the tension in
cable CE?

Solution:

> F=A+B+Fp+Tce=0

However, we just want tension in CE. This quantity is the only
unknown in the moment eguation about the line AB. To get this, we
need the unit vector along CE.

Point C is at (2, —2sin20°, 2cos20°) Point E is at (0, 1, 3)

l'ce

€ce =
Ircel

ece = —0.703i 4- 0.592] + 0.394k

We also need the unit vector ey5. A(0, 0, 0), B(0, —2sin20°, 2c0s20°)

esp = 0i — 0.342] + 0.940k

The moment of Fp about A (a point on AB) is

Mg, =Tap x Fp, = (21) x (2i — 6])

Mg, = —12k

The moment of T about B (another point on line CE) is
Mz =rpc x Tce€ce = 2i x Tcr€ck,

where ecg is given above.

The moment of Fp about line AB is

Mpp,; =Mpp - €p

Mpp,,; = —11.27 N-m

The moment of T'cg about line AB is

Mcg,, = Tce(2 X €cg) - €as

McE,, = Tep(—0.788) 4 1.184k) - exp

Mck,, = 1.382T ¢k

The sum of the moments about line AB is zero. Hence
Mprpyy, +Mcg,; =0

—11.27+1.382T¢cg =0

Tce = 8.15 kN
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Problem 5.114 In Problem 5.113, the hinge at B does
not exert aforce on the plate in the direction of the hinge
axis. What are the magnitudes of the forces exerted on
the plate by the hinges at A and B?

Solution: From the solution to Problem 5.113, T¢r = 8.15 kN y
Also, from that solution,

F=+2i —6j (kN)
Ay
eus = Oi — 0.342] + 0.940k Ay \ D

Az

We are given that the force at force at hinge B does not exert a force ~
parallel to AB at B. Thisimplies

B-esp =0. By

B-ew = —0.342By + 0.940B; =0 (1) C(2,-2sinB, + 2cosb)

We also had, in the solution to Problem 5.113
ecy = —0.703i + 0.592] + 0.394k

and Tcg = Tceece (KN)

For Equilibrium,

S F=A+B+Tcr+F=0

ZFX: Ax +Bx + Tceecexy +2=0(kN) (2)
ZFyi Ay + By + Tcgecey, — 6 =0 (kN) (3)

Z Fz: Az + Bz +Tcgece, =0 (kN) 4
Summing Moments about A, we have
rap x F+Tac xTce+rapxB =0
rap x F=2i x (2i — 6)) = —12k (kN)
rac X Tcg = (—2sin0Tz — 2¢osOTy)i
+ (2cosOTx — 2T 7)j
+ (2Ty + 2Tx sin6)k
rce X B = (—2Bzsinf — 2By cosb)i
+ (2Bx cos0)j + (+2Bx sinH)k
> Ma=0,
Hence
x: —2s8infTz — 2cosOTy — 2Bz sinf
— 2By cosfd =0 (5)
y: 2c0s6Txy — 2Tz + 2Bx cos6 = 0 (6)

z: —12+2Ty+2TXSin0+ZBXSin0:O (7)

Solving Egns (1)—(7), we get

IA| = 853 (kN), |B| = 10.75 (kN)
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Problem 5.115 The bar ABC is supported by ball and
socket supports a A and C and the cable BD. The
suspended mass is 1800 kg. Determine the tension in
the cable.

(-2,2,-D)m ”

Solution: We take moments about the line AC to eliminate the
reactions at A and C.

We have

—2i+2]—k
rap=—(@m)k, Tpp =Tpp <7j>

3

Faw = (2 — 4k) m, W = —(1800 kg)(9.81 m/s?)]

S e S RPN
AN BN
17.66 KN
The one equilibrium equation we need is
G,
ZMAc=eCA-(l’AB><TAB+fAW><W)=0 (0¥

This equation reduces to the scalar equation

—[2 m][17.66 kN]k) =0

1
J2
Solving we find

(3 {{g m] Tsp — [4 M|[17.66 kN]}—i— 2{[2 m]|[17.66 kN]}> =0

Tpp = 17.66 kN
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Problem 5.116* In Problem 5.115, assume that the
ball and socket support at A is designed so that it
exerts no force parallel to the straight line from A to
C. Determine the reactions at A and C.

Solution: We have

-2i+2—k
Tsp =Tsp <+>

There are 7 unknowns. We have the following 6 equilibrium equations

2
ZFX A+ Cy — ETB[) =0

2
D FyiA +Cy+ 37> — 1766 kKN =0

1
ZFZ:AZ-i-CZ—éTBD:O

> M —Cyam) =0
> My:C(dm)—A(6m)=0

D M. :Ay(6m)— (17.66 kN)(2 m) = 0

The last equation comes from the fact that the ball and socket at A
exerts no force in the direction of the line from A to C

o —6i + 4k 1
A+ A +AK) - [ ) = = (—6A, +44,) =0
(A, vl :K) < NG ) @( )

Solving these 7 equations we find

A, =362kN, A, =589 kN, A, =543 kN
C,=815kN, C, =0, C, = 0.453 kN

Tpp = 17.66 kN

17.66 kN

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

355




o

Problem 5.117 The bearings a A, B, and C do not
exert couples on the bar and do not exert forces in the
direction of the axis of the bar. Determine the reactions
a the bearings due to the two forces on the bar.

Solution: The strategy is to take the moments about A and solve
the resulting simultaneous equations. The position vectors of the bear-
ings relative to A are:

rag = —0.15 + 0.15j,

rac = —0.15i + 0.33] + 0.3k.
Denote the lower force by subscript 1, and the upper by subscript 2:

fa1 = —0.15i,

r12 = —0.15i + 0.33j.
The sum of the moments about A is:

ZMA=rA1><F1+I’ABXB+TA2><F2+TAC><C=0

ik i ik
> Ms=|-015 0 0 |+|-015 015 0
0 0 100 By 0 B
i ik i ik
+|-015 033 0|+|-015 033 03|=0
200 0 0 Cx Cy O

Z M4 = (0.15Bz — 0.3Cy)i + (15 + 0.15B; + 0.3Cx)j
+ (—0.15Bx — 66 — 0.15Cy — 0.33Cx )k = 0.

Thisresultsin three equations in four unknowns; an additional equation
is provided by the sum of the forces in the x-direction (which cannot
have a reaction term due to A)
> Fx = (Bx + Cx + 200)i =0.
The four equations in four unknowns:

0Bx +0.15B; + 0Cx — 0.3Cz =0

0Bx + 0.15B; + 0.3Cx + 0Cy = —15
—0.15Bx + 0Bz — 0.33Cx — 0.15Cy = 66

Bx + 0Bz + Cx + 0Cz = —200.

(The HP-28S hand held calculator was used to solve these equations.)

The solution:
By =750 N,
Bz = 1800 N,
Cx = —950 N,
Cy =900 N.

The reactions at A are determined by the sums of forces:

> Fy = (Ay + Cy)j =0, from which Ay = —Cy = —900 N

Z F; = (Az + Bz + 100)k = 0, from which Az = —1900 N
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Problem 5.118 The support that attaches the sailboat’s
mast to the deck behaves like a ball and socket support.
The line that attaches the spinnaker (the sail) to the top
of the mast exerts a 200-1b force on the mast. The force
isin the horizontal plane at 15° from the centerline of the
boat. (See the top view.) The spinnaker pole exerts a 50-
Ib force on the mast at P. The force is in the horizontal
plane at 45° from the centerline. (See the top view.)
The mast is supported by two cables, the back stay AB
and the port shroud ACD. (The forestay AE and the
starboard shroud AFG are dack, and their tensions can
be neglected.) Determine the tensions in the cables AB
and CD and the reactions at the bottom of the mast.

Solution: Although the dimensions are not given in the sketch,
assume that the point C is at the midpoint of the mast (25 ft above
the deck). The position vectors for the points A, B, C, D, and P are:

ra = 50j,

rg = —21i,

rp =6,

re = 25 — 7.5k.

The vector parallel to the backstay AB is
rap =rp—raq =—21i — 50j.

The unit vector parallel to backstay AB is
esp = —0.3872i — 0.9220].

The vector parallel to AC is

fac =rc —ra = —25 — 7.5k.

The forces acting on the mast are: (1) The force due to the spinnaker
at the top of the mast:

Fa = 200(i cos15° + k cos75°) = 193.19i + 51.76k.

(2) The reaction due to the backstay:

Tas = |Tasl€ss

(3) The reaction due to the shroud:

Tac = ITacleac

(4) The force acting on the cross spar CE:

Tcee =—(K-Tac)k =0.2873|Tac k.

o A
50 ft
C F
g P
x—' EE= DS
Side View ~—21ft (15 ft—
Aft View
Top View Z (Spinnaker not shown)
2001b =
o e [€]
15° R
X B
E\b\ E
45%5{” D

(5) The force due to the spinnaker pole:
Fp = 50(—0.707i + 0.707k) = —35.35i + 35.35k.
The sum of the moments about the base of the mast is
Mo =raxFa+raxTap+raxTac+rcxTce
+rpxFp=0
> Mo =tax Fa+Tap+Tac)+rcxTep+1pxFp=0.
From above,
Fa+ Tap + Tac = Frxi+ Fryj + Frzk
= (193.2 — (0.3872)|Tap|)i + (—0.922|T 45|

— 0.9578Tac|)j + (51.76 — 0.2873| Tac|)K

0k i k
> Mg=| 0 5 5 (+|0 25 75
Frx Fry Frz| |0 0 0.2873Tac|
I R
+| 0 6 6 |=0
-3535 0 3535

= (50F 7z + (25)(0.2873)|Tac| + 212.2)i
+ (=50F7x + 212.1)k = 0.
Substituting and collecting terms:

(2800 — 7.1829| Tac|)i + (—9447.9 + 19.36/ T4/ )k = O,

from which
2800
Tacl = =22 _ 389.81 Ib,
Tacl = 77529
[Tag| = 488.0 Ib.
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5.118 (Continued)

The tension in cable CD is the vertica component of the tension
inAC,

[Tepl = Tacl( - €ac) = 1Tacl(0.9578) = 373.37 Ib.
The reaction at the base is found from the sums of the forces:
Z Fx = (Ox + 193.19 — 35.35 — |T45((0.3872)) = 0,
from which Ox = 31.11 Ib
> Fy = (Qy — 0.922[Tsp| — 0.9578|Tsc|)j =0,
from which Qy = 823.24 Ib
> Fz=(Qz +51.76+ (0.2873(Tac|
—0.2873|Tac| + 35.35)k =0,

from which 9 = —87.11 |b

Collecting the terms, the reaction is

Q = 31.14i + 823.26] — 87.12k (Ib)

- Tag
A oof Tee

B .
" SIDEVIEW z AFTVIEW &
:j:jF._A'EiQB,'-j:j{
R, . oo
S 'Q.X-FpTAE}. DR

- TOPVIEW
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Problem 5.119* The bar AC is supported by the cable
BD and a bearing at A that can rotate about the axis AE.
The person exerts a force F = 50j (N) at C. Determine
the tension in the cable.

Strategy: Use the fact that the sum of the moments
about the axis AE due to the forces acting on the free-
body diagram of the bar must equal zero.

Solution: We will take moments about the line AE in order to
eliminate al of the reactions at the bearing A. We have:

0.1 — 0.3k
A

Fag = (0.16i + 0.06] + 0.03K)m,

= 0.316] — 0.949%

0.24i — 0.46j + 0.17k
Tep =Tap <—J>

4/0.2981
rac = (0.52i +0.2] + 0.1k)m, F = (50))N
Then the equilibrium equation is

> Map =6z (tap x Tap +Tac x F)=0

This reduces to the single scalar equation

Tpp =1745N

(0.3,0.5,0) m

(0.82,0.60, 0.40) m

03.04/03)m B\(0.46,0.46,033) m

(0.7,0,0.5) m

Problem 5.120¢ In Problem 5.119, determine the
reactions at the bearing A.

Strategy: Write the couple exerted on the free-body
diagram of the bar by the bearing as M,y = M4, i +
Muyj +Mak. Then, in addition to the equilibrium
equations, obtain an equation by requiring the
component of M4 parallel to the axis AE to equal zero.

Solution: Seethe previous problem for setup. We add the reactions
(force, moment)

A=A, +ij + Ak, My = Mgy +Mij + Mak

This gives us too many reaction moments. We will add the constrain
that
My -eg =0

We have the following 6 equilibrium equations:

> Fy:Ac+0.440Tp5, =0

> Fy:Ay—0843Tpp +50 N =0
D Fi A +0311T5, =0

ZF=A+TBD+F=O:>

ZMA:MA+rABXTBD+rAC><F:O

D May i May — 5 N-m+ (0.0440 m)Tp = 0
= ) May : My, — (0.0366 m)Tsp =0
> Ma:: My + 26 N-m — (0.161 m)Tpp = 0

e -Myu=0 = 0316MA‘ — 0949MAZ =0

Solving these 7 equations we find

Ay =-767N, Ay =970N, A, = -543N
My, = —2.67 N-m, My, =6.39 N-m, My, =213 N-m

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

359

o



o

Problem 5.121 In Active Example 5.10, suppose that i
the support at A is moved so that the angle between the {
bar AB and the vertical decreases from 45° to 30°. The '
position of the rectangular plate does not change. Draw F |
the free-body diagram of the plate showing the point _'/E*Nu—**‘_\_ > ‘.C
P where the lines of action of the three forces acting A.‘«w‘\ S ’
on the plate intersect. Determine the magnitudes of the T 4ft— -
reactions on the plate a B and C. 7“""

Solution: The equilibrium equations are

¥F, :Bsin30° — Csin30° =0

XF, :Bcos30" 4+ Ccos30° — 100 Ib=0

Solving yields

B=C=5771lb
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Problem 5.122 The magnitude of the reaction exerted
on the L-shaped bar at B is 60 Ib. (See Example 5.11.)

(a) What is the magnitude of the reaction exerted on the
bar by the support at A?

(b) What are the x and y components of the reaction
exerted on the bar by the support at A?

y

Fm in»‘
e

17 in

Solution: The angle between the line AB and the x axis is 14 in

6 = tan~1(17/14) = 50.5°

(@ The bar is atwo-force member, so the magnitude of the reaction 9 B

aAis

(b) Thereaction at A must be parallel to the line from A to B, but it 17 in
may point either from A toward B or from B toward A.
In the first case, the components are

Ay = (60 Ib)cose, A, = (60 Ib)sind

In the second case the components are

A, = —(60 Ib)cos6, A, = —(60 Ib)sing j
A

Thus|A, =38.11b,A, =463 Ibor A, = —38.11b,A, = —463 Ib
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Problem 5.123 The suspended load weighs 1000 |b.
The structure is a three-force member if its weight is  ——
neglected. Use this fact to determine the magnitudes of
the reactions at A and B.

‘ 10t

Solution: The pin support at A is a two-force reaction, and the
roller support a B is a one force reaction. The moment about A is
M4 = 5B — 10(1000) = 0, from which the magnitude at B is B =
2000 Ib. The sums of the forces:

ZFX = Ay + B = Ay + 2000 = 0, from which Ay = —2000 Ib.

ZFy = Ay — 1000 = 0, from which Ay = 1000 Ib.

The magnitude at A is A = /20002 + 10002 = 2236 Ib

ol
—h
-

i 10 ft e |-

Problem 5.124 The weight W =501b acts at the
center of the disk. Use the fact that the disk is a three-
force member to determine the tension in the cable and
the magnitude of the reaction at the pin support.

Solution: Denote the magnitude of the reaction at the pinned joint
by B. The sums of the forces are:

ZFX =By — TsSn60° =0,

and ZFY = By + T cos60° — W = 0.

The perpendicular distance to the action line of the tension from the
center of the disk is the radius R. The sum of the moments about
the center of thedisk isM¢ = —RBy + RT = 0, fromwhich By =T.
Substitute into the sum of the forces to obtain: 7 + 7(0.5) — W = 0,
from which

T= %W =33.331Ib.

Substitute into the sum of forces to obtain

By = Tsin60° = 28.86 Ib.

The magnitude of the reaction at the pinned joint is

B=+/3333+28862=44.11b
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Problem 5.125 The weight W =40 N acts at the E
center of the disk. The surfaces are rough. What force 150 mm
F is necessary to lift the disk off the floor?

w
50mm
Solution: The reaction at the obstacle acts through the center of F 150 mm
the disk (see sketch) Denote the contact point by B. When the moment
is zero about the point B, the disk is at the verge of leaving the floor,
hence the force at this condition is the force required to lift the disk. 50 -
The perpendicular distance from B to the action line of the weight is Y

d = R cosa, where « is given by (see sketch)

R—h 150 — 50
=snl(=—= =9 -1 = °
a=4gn ( R > sin < 150 > 41.81°.

The perpendicular distance to the action line of the force is

D = 2R — h =300 — 50 = 250 mm.

The sum of the moments about the contact point is

Mp = —(Rcosa)W + (2R — h)F =0,

_ (15000s41.81°)W

from which | F
250

= 0.4472W = 17.88 N
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Problem 5.126 Use the fact that the horizontal bar is
a three-force member to determine the angle « and the
magnitudes of the reactions at A and B. Assume that
0<a=<90.

Solution: Theforcesat A and B are parallel to the respective bars a
since these bars are 2-force members. Since the horizontal bar is a 3 kN
3-force member, al of the forces must intersect at a point. Thus we

have the following picture:

From geometry we see that
d=1m cos30°

dsin30” = esina

dcos30° + ecosa =3 m

Solving we find

To find the other forces we look at the force triangle

Fp =3 kN c0s40.89° = 2.27 kN
F4 =3 kN sin40.89° = 1.964 kN
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Problem 5.127 The suspended load weighs 600 Ib.
Use the fact that ABC is a three-force member to
determine the magnitudes of the reactions at A and B.

Solution: All of the forces must intersect at a point.

From geometry

3ft

tnf=
N = 31 45c0s30) /1

= 0.435

= 6 =235

Now using the force triangle we find

Fp =600 Ib cotd = 1379 Ib

F4 =600 Ib csco = 1504 Ib
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Problem 5.128 (@) Is the L-shaped bar a three-force 2kN
member?
(b) Determine the magnitudes of thereactionsat A and B. @ t
l 5 3kN-m 300 mm
(c) Are the three forces acting on the L-shaped bar

concurrent? 150 mm

-
A\

700 mm

A

E——N

250 500
mm mm

Solution: (a) No. The reaction at B is one-force, and the reaction
at A istwo-force. The couple keeps the L-shaped bar from being athree
force member.(b) The angle of the member at B with the horizontal is

150
o =tan1 <ﬁ> =30.96°.

The sum of the moments about A is

> My =-3-05(2)+0.7Bcosa =0,

from which B = 6.6637 KN. The sum of forces:
> Fx =Ax + Bcosa =0,

from which Ay = —5.7143 kN.

> Fy=Ay —Bsina—2=0,

from which Ay = 5.4281 kN. The magnitude at A:

A =+/5.712 +5.432 = 7.88 kN (c) No, by inspection.
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Problem 5.129 The hydraulic piston exerts a hori-
zontal force at B to support the weight W = 1500 |b
of the bucket of the excavator. Determine the magnitude
of the force the hydraulic piston must exert. (The vector
sum of the forces exerted at B by the hydraulic piston,
the two-forces member AB, and the two-force member
BD must equal zero.)

Solution:  See the solution to Problem 5.23.

The angle between the two-force member AB and the horizontal is

o = tan~1(12/14) = 40.6°
and the magnitude of the force exerted at B by member AB is
Tap =892 1b

in the direction from B toward A. Let F be the force exerted by
the piston, and let Tpp be the force exerted a B by member BD
in the direction from B toward D. The angle between member BD and
the horizontal is

B =tan"1(16/12) = 53.1°
The sum of the forces at B is
SFy:F+Tppcosp — Tapcosa =0
XF,:=Tpgpsing—Typsna=0

Solving yields Tpp = —726 |b, F = 1110 |b
Thus| F = 1110 Ib

Problem 5.130 The member ACG of the front-end
loader is subjected to aload W = 2 kN and is supported
by a pin support at A and the hydraulic cylinder BC.
Treat the hydraulic cylinder as a two-force member.

(@) Draw a free-body diagrams of the hydraulic
cylinder and the member ACG.
(b) Determine the reactions on the member ACG.

Solution: Thisis avery simple Problem. The free body diagrams
are shown at the right. From the free body diagram of the hydraulic
cylinder, we get the equation By + Cx = 0. Thiswill enable usto find B
Byx once the loads on member ACG are known. From the diagram of
ACG, the equilibrium equations are

ZFx=Ax+Cx=0,
Y Fy=Ay-w=0,

and ZMA = (0.75)Cx — (3)W = 0.

Using the given value for W and solving these equations, we get

Ax = —8 kN,
Ay = 2 kN,
Cx = 8kN,

and By = —8 kN.
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Problem 5.131 In Problem 5.130, determine the reac-
tions of the member ACG by using the fact that it is a
three-force member.

Solution: The easiest way to do this is take advantage of the fact y
that for athree force member, the three forces must be concurrent. The A l

fact that the force at C is horizontal and the weight is vertical make \_

it very easy to find the point of concurrency. We then use this point A ' T~
to determine the direction of the force through A. We can even know e — —
which direction this force must take aong its line—it must have an \ l 51
upward component to support the weight — which is down. From the im

geometry, we can determine the angle between the force A and the 4 l

horizontal. G‘ W=2kN

tand = 0.75/3,

or 6 =14.04°.

Using this, we can write force equilibrium eguations in the form
> Fy=—Acoso+ Cx =0, and

D> Fy=Asing—Ww=0.

Solving these equations, we get A = 8.246 kN, and Cx = 8 kN. The
components of A are as calculated in Problem 5.130.
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Problem 5.132 A rectangular plate is subjected to B
two forces A and B (Fig. &@). In Fig. b, the two forces
are resolved into components. By writing equilibrium =
equations in terms of the componentsA,, A,, B, and By,
show that the two forces A and B are equal in magnitude, A h
oppositein direction, and directed along the line between l
their points of application. A2 —
b |
|
@
y
By
o B
B X
|
4 l
A o A - X
b |

Solution: The sum of forces:
> Fx=Ax+Bx =0,
from which Ay = —Bx

> Fr=Ay+By =0,

from which Ay = —B,. These last two equations show that A and B
are equal and opposite in direction, (if the components are equal and
opposite, the vectors are equal and opposite). To show that the two
vectors act along the line connecting the two points, determine the
angle of the vectors relative to the positive x axis. The sum of the
moments about A is

My = By(h) — bBy =0,

from which the angle of direction of B is

B h
tan~1 (B—Y) =tant <Z> = ag.
X

or (180 + ap). Similarly, by substituting A:

A h
tan! (A—Y> =tant <E> =ayu,
X

or (180 + a4). But

h
o =tan1 <7>
b

describes direction of the line from A to B. The two vectors are opposite
in direction, therefore the angles of direction of the vectors is one of
two possibilities: B is directed aong the line from A to B, and A is
directed along the same line, oppositely to B.
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Problem 5.133 An object in equilibrium is subjected F,
to three forces whose points of application lie on a
straight line. Prove that the forces are coplanar.

Solution: The strategy is to show that for a system in equilibrium F,
under the action of forces alone, any two of the forces must lie in
the same plane, hence al three must be in the same plane, since the
choice of the two was arbitrary. Let P be a point in a plane containing
the straight line and one of the forces, say F,. Let L aso be a line,
not parallel to the straight line, lying in the same plane as F», passing
through P. Let e be a vector paralel to this line L. First we show
that the sum of the moments about any point in the plane is equa to
the sum of the moments about one of the points of application of the
forces. The sum of the moments about the point P:

M=rixFi+raxFy+rz3xFz=0,
where the vectors are the position vectors of the points of the applica-

tion of the forces relative to the point P. (The position vectors lie in
the plane.) Define

dip=ra—ry,
and d13 =Tr3—1rj.
Then the sum of the moments can be rewritten,
M=r1x (F1+F2+F3)

+diz x F2 +diz x F3 =0.
Since the system is in equilibrium,
Fi+F2+F3=0,
and the sum of moments reduces to

M =dpp x Fa+diz3 xF3 =0,
which is the moment about the point of application of F;. (The vectors

dip, di3 are paralel to the line L.) The component of the moment
paralel to the line L is

e- (di2 x Fp)e+e- (diz3 x F3)e=0,

or Fy-(di2 x e)e+ F3-(diz3 x €)e=0.

But by definition, F2 lies in the same plane as the line L, hence it is
normal to the cross product di, x e # 0, and the term

Fy-(di2 xe)=0.
But this means that
F3-(diz x e)e=0,
which implies that F3 also lies in the same plane as F», since

dizxe#0.

Thus the two forces lie in the same plane. Since the choice of the point
about which to sum the moments was arbitrary, this process can be
repeated to show that F; lies in the same plane as F,. Thus all forces
lie in the same plane.
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Problem 5.134 The suspended cable weighs 12 Ib.

(@) Draw the free-body diagram of the cable. (The
tensions in the cable at A and B are not equal.)

(b) Determine the tensions in the cable at A and B.

(c) What isthetension in the cable at its lowest point?

Solution:

(@ TheFBD
(b) The equilibrium equations

ZFX : —T, c0s32° + T cos50° = 0

> Fy:T4sin32 4+ Tpsin50—121b=0

Solving we find

To=7791b, Tp =10.28 1b

(c) Consider the FBD where W represents only a portion of the total
weight. We have

ZFX ©—T4c0832° +T =0

Solving
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Problem 5.135 Determine the reactions at the fixed -

support. 4kN
3m
A
= 20 kN-m
1 2kN
3kN
Solution: The equilibrium equations 4>
> FyiAc+4kN=0 4 kN
> Fy:Ay—2kN—-3kN=0 L
A
S Ma My~ 2KN)(E M) — (4 kN)@ m) | | | 20kN-m
— (3KN)(8 m)+20 kN-m =0
Mg A
Solving 2kN 3kN
‘Ax =—4kN, A, =5kN, M4 =26 kN-m
Problem 5.136 (@) Draw the free-body diagram of the y
50-1b plate, and explain why it is statically indeterminate.
(b) Determine as many of the reactions at A and B as A
possible. f S
12in

Solution:

(& The pin supports a A and B are two-force supports, thus there
are four unknown reactions Ay, Ay, Bx, and By, but only three
equilibrium equations can be written, two for the forces, and one
for the moment. Thus there are four unknowns and only three
equations, so the system is indeterminate.

(b) Sums the forces:
> Fx=Ax+Bx =0,

or Ay = —By, and

ZFy:Ay+By—50=O.

The sum of the moments about B 1AY
Ax
Mp = —20Ax — 50(20) = 0, i
12 m#
3
from which Ay = —50 Ib, ginf JBv
B X
and from the sum of forces By = 50 Ib. X '20_ 501b
in.
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Problem 5.137 The mass of the truck is 4 Mg. Its
wheels are locked, and the tension in its cable is T =
10 kN.

(@) Draw the free-body diagram of the truck.
(b) Determine the normal forces exerted on the truck’s
wheels by the road.

L*Z m—<~—25 m—»‘kZ.Z m—-»
mg

Solution: The weight is 4000(9.81) = 39.24 kN. The sum of the
moments about B

> Mp =—3Tsin30° — 2.2T cos30° + 2.5W — 454y =0

from which
2.5W — T(3sin30° + 2.2cos30°)
Ay =
4.5
_ 80 N
4.5

The sum of the forces:
ZFY =Ay — W+ By —Tcos30° =0,

from which By = T'cos30° — Ay + W = 33.67 N
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Problem 5.138 Assume that the force exerted on the
head of the nail by the hammer is vertical, and neglect
the hammer’s weight.

(& Draw the free-body diagram of the hammer.

(b) If F =10 Ib, what are the magnitudes of the forces =
exerted on the nail by the hammer and the normal
and friction forces exerted on the floor by the 1lin.
hammer?

Solution: Denote the point of contact with the floor by B. The 65°

perpendicular distance from B to the line of action of the force is 11
in. The sum of the moments about B is Mp = 11F — 2Fy = 0, from

. . . 11F
which the force exerted by the nail head is Fy = - = 5.5F. The
sum of the forces:

> Fx=-Fcos25+H, =0,
from which the friction force exerted on the hammer is Hy = 0.9063F .
> Fy =Ny —Fy+Fsn25° =0,

from which the normal force exerted by the floor on the hammer is
Ny = 5.077F

If the force on the handle is

F=101b,
then Fy = 55 Ib,
Hyx =9.063 Ib,

and Ny = 50.77 Ib
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Problem 5.139 The spring constant is k = 9600 N/m
and the unstretched length of the spring is 30 mm. Treat
the bolt at A as a pin support and assume that the surface
at C is smooth. Determine the reactions at A and the 24 mm
normal force at C.

Solution: The length of the spring is —

I = /302 + 302 mm = /1800 mm L 30mm 50 mm

1 =424 mm=0.0424 m

The spring force is k8§ where § =1 — lp. g is give as 30 mm. (We
must be careful because the units for k are given as N/m) We need to
use length units as al mm or al meters). k is given as 9600 N/m. Let
us use [p = 0.0300 m and / = 0.0424 m

Equilibrium equations:
> Fx =0 Ay —k(l —1lo)sin45’

— N¢cos60’ =0

ZFY =0 Ay — k(I — lp) coS45°

Solving, we get
+N¢singd® =0
Ax =126.7 N
> Mp=0: (~0.024)Ax + (0.050)(Nc sin60°)
Ay =105 N
— (0.015)(N¢ cos60°) =0
N¢ =851N
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Problem 5.140 The engineer designing the release
mechanism shown in Problem 5.139 wants the normal
force exerted at C to be 120 N. If the unstretched length
of the spring is 30 mm, what is the necessary value of
the spring constant k?

Solution: Refer to the solution of Problem 5.139. The equilibrium
equations derived were

> Fx=0: Ax —k(l —1lp)sin45— N¢ cos60° = 0
> Fy=0: Ay —k(l —1lo)cos45+ Nc sin60° = 0

ZMB =0: —0.024Ax + 0.050N¢ sin60°

— 0.015N ¢ cos60° = 0

where [ = 0.0424 m, [p = 0.030 m, N¢c = 120 N, and Ay, Ay, and k
are unknowns.

Solving, we get
Ax = 179.0 N,
Ay = 151N,

k = 13500 N/m
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Problem 5.141 The truss supports a 90-kg suspended
object. What are the reactions at the supports A and B?

k 400 mm } 700 mm

300 mm ‘

Solution: Treat the truss as a single element. The pin support at
A is a two force reaction support; the roller support at B is a single
force reaction. The sum of the moments about A is

M4 = B(400) — W(1100) = 0,

1100w

from which B = = 2.75W

B = 2.75(90)(9.81) = 2427.975 = 2.43 kN.

The sum of the forces:

Zszszo

ZFY =Ay+B-W=0,

from which Ay = W — B = 882.9 — 2427.975 = —1.545 kN
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Problem 5.142 The trailer is parked on a 15° slope.
Its wheels are free to turn. The hitch H behaves like a
pin support. Determine the reactions at A and H.

Solution: The coordinate system has the x axis parallel to the road.
The wheels are a one force reaction normal to the road, the pin H is
a two force reaction. The position vectors of the points of the center
of massand H are:
ry = 1.4i +2.8j ft and
rg = 8i + 1.6j.
The angle of the weight vector realtive to the positive x axis is
a = 270° — 15° = 255°,
The weight has the components
W = W (i cos255° + j sin255°) = 870(—0.2588i — 0.9659;)
= —225.173i — 840.355] (Ib).

The sum of the moments about H is

My =(w—Tg)x W+ (rg—rgy) x A,

i j k ik
My=| -66 12 0|+|-8 —16 0|=0
—225355 840355 0| |0 Ay O

= 5816.55 -84y =0,

5816.55

from which Ay = =727.11b.
The sum of the forces is

> Fx = (Hx — 225.173)i = 0, from which Hy = 2252 b,

> Fy = (Ay + Hy — 840.355)] = 0, from which Hy = 1133 Ib
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Problem 5.143 To determine the location of the point
where the weight of a car acts (the center of mass),
an engineer places the car on scales and measures the
normal reactions at the wheels for two values of «,
obtaining the following results:

o A, (kN) B (kN)
10° 10.134 4.357
20° 10.150 3.677

What are the distances b and h?

Solution: The position vectors of the cm and the point B are These two simultaneous eguations in two unknowns were solved using
the HP-28S hand held calculator.

rem = (2.7 — b)i + hj,
b=1.80m,
g = 2.7i.
h=050m
The angle between the weight and the positive x axisis g = 270 — a.
The weight vector at each of the two angles is

W1 = W (i cos260° + j sin260°)

Wio = W(—0.1736i — 0.9848))

Woo = W (i cos250° + j sin250%) or

Wao = W(—0.3420i — 0.9397j)

The weight W is found from the sum of forces:
> Fy=Ay+By+Wsng=0,

Ay + By
sng -’

from which Wy =

Taking the values from the table of measurements:

10.134 + 4.357
= T 14714 KN,
V1o Sn260°
10.150 + 3.677
check :Wyp = ————————— = 14.714 kN check
[ 2 Sn250° ]

The moments about A are

Mg=rcy xW+rpxB=0.

Taking the values at the two angles:

[ j k i ik
MO =|27-p h 0|+|27 0 0]|=0
—25551 —14.4910 0 0 4357 0
= 14.4903b + 2.5551/ — 27.3618 = 0
[ j k i i ok
M2 =|27—p h O|+(27 0 0
-5.0327 -13.8272 0 0 3677 0

= 013.8272b + 5.0327h — 27.4054 = 0
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Problem 5.144 The bar is attached by pin supports to
collarsthat dide on the two fixed bars. Its massis 10 kg,
itis 1 m in length, and its weight acts at its midpoint.
Neglect friction and the masses of the collars. The spring
is unstretched when the bar is vertical (« = 0), and the
spring constant is k£ = 100 N/m. Determine the values
of « in the range 0 < o < 60° a which the bar is in
equilibrium.

Solution: The force exerted by the spring is given by Fg = k(L — 0000 Spring Constant (K) in N/m vs Alpha (deg)
L cosa). The equations of equilibrium, from the free body diagram, are ]
80000
Z F,=Ng=0 70000 1 "
X — - ]
5000 J}
S Fy=Fs+Ny—mg=0, 00 !
40000
L 30000 ‘
and ZMB:(—Lsmoz)NA—i- <§S|noz> mg = 0. 20000 ‘
These equations can be solved directly with most numerical solversand .
the required plot can be developed. The plot over the given « range is 0 .
o 10 20 30 40 50 60

shown at the left and a zoom-in is given at the right. The solution and
the plot were developed with the TK Solver Plus commercia software
package. From the plot, the required equilibrium value is o = 59.4°.

Alpha (deg)

16 Spring Constant (K) in N/m vs Alpha (deg)

114

112 -~

110 S
=108. \

N
| 106

m
104 ~
102 [

100

98
55 55.5 56 56.5 57 575 58 58.5 59 59.5 60
Alpha (deg)
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Problem 5.145 With each of the devices shown you
can support a load R by applying a force F. They are
called levers of the first, second, and third class.

(@ Theration R/F iscalled the mechanical advantage.
Determine the mechanical advantage of each lever.

(b) Determine the magnitude of the reaction at A for
each lever. (Express you answers in terms of F)

Solution:

(3 FirstClass My :LF —LR=0= F =R
Second Class M, : 2LF — LR = 0= F = R/2
Third Class My : LF — 2LR = 0= F = 2R

(b) FirstClassTF,:—F+A—-R=0=
Second Class XFy:A—R+F=0=
Third Class $F, A+ F —R=0=

}L»LL,

Second-class lever

L L—

First-class lever

]

Third-class lever

—L—

Problem 5.146 The force exerted by the weight of the
horizontal rectangular plate is 800 N. The weight of the
plate acts at its midpoint. If you represent the reactions
exerted on the plate by the three cables by a single
equivalent force, what is the force, and where does its
line of action intersect the plate?

Solution: The equivalent force must equal the sum of the
reactions: FEQ =Ta+Tp+Tc. FEQ = 300 + 100 + 400 = 800 N.
The moment due to the action of the equivalent force must equal the
moment due to the reactions: The moment about A is

ik
15 0 -1
0 400 O

i
x 0
0 800

My = + =

onN =

i k
0 0
100 ©

o N X

M, = 400i 4+ 800k = —(800z)i + (800x)k,

from which z =—-0.5m, and x =1 m, which corresponds to the
midpoint of the plate. Thus the equivalent force acts upward at the
midpoint of the plate.

a
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Problem 5.147 The 20-kg massis suspended by cables
attached to three vertica 2-m posts. Point A is at
(1, 1.2, 0) m. Determine the reactions at the built-in
support a E.

Solution: All distances will be in meters, all forces in Newtons,
and all moments in Newton-meters. To solve the three dimensional
point equilibrium problem at A, we will need unit vectors ey, €sc,
and e4p. To determine these, we need the coordinates of points A, B,
C, and D. The rest of the problem will require knowing where points
E, G (under C), and H(under D) are located. From the diagram, the
required point locationsare A (0, 1.2, 0), B (0.3, 2, 1), C (0, 2, —1),
D (2,2, 0), E (—03,0, 1), G(0, 0, —1), and H(2, O, 0). The required
unit vectors are calculated from the coordinates of the points of the
ends of the lines defining the vector. These are

esp = —0.228i + 0.608] + 0.760k,

eic = 0i + 0.625) — 0.781k,
and e4p = 0.928i + 0.371j + Ok.
The force T4p in cable AB can be written as
Tag = Tapxi + Tagyi + TapzK,

where T4px = |Tapleanx, €tc. Similar equations can be written for the
forces in AC and AD. The free body diagram of point A yields the
following three equations of equilibrium.

> Fy=Tapx + Tacx + Tapx =0,

ZFy =Tapy + Tacy +Tapy —W =0,
and ZFZ =Tapz + Tacz + Tapz =0,
where W = mg = (20)(9.81) = 196.2 N. Solving the equations above
after making the substitutions related to the force components yields
the tensions in the cables. They are

[Tagl = 150 N,
[Tac| =146 N, and

|Tapl = 36.9 N.
Now that we know the tensions in the cables, we are ready to tackle
the reactions at £ (also G and H). The first step is to draw the free
body diagram of the post EB and to write the equations of equilibrium
for the post. A key point is to note that the force on the post from

cable AB is opposite in direction to the force found in the first part of
the problem. The equations of equilibrium for post EB are

> Fy=Ex—Tapx =0,
ZFy=EY*TAB}’=O,
ZFz=Ez—TABz=0,

and, summing moments around the base point E,

> M =Mg+(2)) x (~Tap) =0.

0]

The couple Mg isthe couple exerted on the post by the built in support.
Solving these eguations, we get

E=-342i+913 + 1141k N
and Mg = 228.1i + 0] + 68.44k N-m.
Also, |Mg|=238.2 N-m.
Using a procedure identical to that followed for post EB above, we
can find the built-in support forces and moments for posts CG and
DH. The results for CG are:
G =0i+91.3 — 1141k N
and Mg = —228.1i + 0j + Ok N-m.
Also, |Mg| = 228.1 N-m.
The results for DH are:
H =34.2i 4+ 13.7) + O kN
and My = 0i + 0j + 68.4k N-m.

Also, |Mg| = 68.4 N-m

B C ~Tap_mD
e —Tac
Z ZM M G
Mg H 9y
E G \ X
Gz
H -~
E/TE\p AN ¥
Y X Y X / HY
74 |
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Problem 5.148 In Problem 5.147, the built-in support
of each vertical post will safely support a couple of
800 N-m magnitude. Based on this criterion, what is the
maximum safe value of the suspended mass?

Solution: We have al of the information necessary to solve this
problem in the solution to Problem 5.147 above. All of the force and
moment equations are linear and we know from the solution that a
20 kg mass produces a couple of magnitude 238.2 N-m at support
E and that the magnitudes of the couples at the other two supports
are smaller than this. All we need to do is scale the Problem. The
scale factor is f = 800/238.2 = 3.358 and the maximum value for
the suspended mass is mmax = 20f = 67.16 kg
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Problem 5.149 The 80-1b bar is supported by a ball
and socket support at A, the smooth wall it leans against,
and the cable BC. The weight of the bar acts at its
midpoint.

(@ Draw the free-body diagram of the bar.
(b) Determinethetensionincable BC and the reactions
a A.

Solution: (a) The ball and socket is a three reaction force support;
the cable and the smooth wall are each one force reaction supports.
(b) The coordinates of the points A, B and C are A (3, 0, 3), B (5, 4,
0), and C(O, 4, 3).

The vector paralel to the bar is

rap=rp—1ra=2+4j —3k.

The length of the bar is

Irapl = V22 + 42 + 32 = 5.3852.

The unit vector parallel to the bar is

esp = 0.3714i + 0.7428] — 0.5571k.

The vector parallel to the cable is

rgc =rc —rp = -5 + 3k.

The unit vector parallel to the cable is

epc = —0.8575i + 0.5145k.

The cabletensionis T = |T|epc. The point of application of the weight
relative to A is

raw = 2.6936€e4p

raw = 1.000i + 2.000] — 1.500k.

The reaction at B is B = |BJk, since it is normal to awall in the y—z
plane. The sum of the moments about A is

Mg =raw XW+r45xB+r4xT=0

i k ik
Mi=|1 2 —15/+|2 4 -3
0 -8 0 0 0 |B|

i ik
+| 2 a4 -3 ||TI=0

—0.8575 0 0.5145

M4 = (=120 + 4|B| + 2.058|T|)i — (2|B| — 1.544|T|)j

+ (3.43T| — 80)k = 0.

Solve:

80
T = 545 = 23321

120 — 2.058|T|

1Bl = 7

=18.00 Ib.
The reactions at A are found from the sums of forces:

> Fx = Ay —[T|(0.8575) = 0 from which Ax = 20 Ib
> Fy =Ay —80=0, from which Ay =80 Ib

> Fz = Az +T|(0.5145) + [B| = 0, from which A4z = —30 Ib

384
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Problem 5.150 The horizontal bar of weight W is
supported by aroller support at A and the cable BC. Use
the fact that the bar is a three-force member to determine
the angle «, the tension in the cable, and the magnitude
of the reaction at A.

JQ)L >

W
} L/2 } L/2

Solution: The sum of the moments about B is

L
MB:—LAy-l-(E)W:O,
. w
from which Ay = TR The sum of the forces:

ZFX = T cosa = 0,

from which T = 0 or cosa = 0. The choice is made from the sum of
forces in the y-direction:

ZFY =Ay —W+Tsina=0,

. . w . . .
fromwhichTsina =W — Ay = > This equation cannot be satisfied

if T=0, henCGCOSa:O,OI’a:QO",andT:K
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