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3-1.

Determine the magnitude and direction 6 of F so that the

particle is in equilibrium.

SOLUTION

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

X3IF =0 Fsin® + 5 — 4 cos 60° — 8 cos 30° = 0

Fsin 6 = 3.9282

+]2F, = 0; 8sin30° — 4sin 60° — Fcosf = 0
Fcos 6§ = 0.5359
Divide Eq (1) by (2),
SO _ 5 3301
cos 6

in 0
Realizing that tan § = &, then
cos 0
tan § = 7.3301
0 = 82.23° = 82.2°
Substitute this result into Eq. (1),
Fsin 82.23° = 3.9282

F = 3.9646 kN = 3.96 kN

8 kN

@
2 7'
8kN
30" >
Ans. éd 5k~
o
Ans. 4 M F
(2 )
Ans:
0 = 82.2°
F = 396 kN
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3-2.

The members of a truss are pin connected at joint O.
Determine the magnitudes of F; and F, for equilibrium.
Set 6 = 60°.

SOLUTION

4
4 \\
—'bEFXZO; Fzsin70°+Flcos60°—5c0530°—§(7):0 7 kN Fy
0.9397F, + 0.5F; = 9.930
3
+13F, = 0; cmos70°+55in30°—Flsin60°—§(7)=0

0.3420F, — 0.8660F, = 1.7

1
Solving: ska
ar
F, = 9.60 kN Ans. N
. L ’
F, = 1.83 kN Ans. s sy
O]
=,
2kN

Ans:
F = 9.60 kN
F = 1.83kN
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3-3.
The members of a truss are pin connected at joint O.

Determine the magnitude of F; and its angle 6 for
equilibrium. Set F;, = 6 kN.

SOLUTION

BIF, =0 6sin70°+Flcose—500s30°—%(7):0
Ficos 6 = 4.2920
+12F,=0; 6cos70° + 5sin30° — Fysinf — %(7) =0
Fisin 6 = 0.3521
Solving:
0 = 4.69°

F, = 431 kN

Ans.

Ans.

Ans:
= 4.69°
F, = 431kN
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*3-4,

The members of a truss are connected to the gusset plate. If
the forces are concurrent at point O, determine the
magnitudes of F and T for equilibrium. Take 6 = 90°.

SOLUTION
S (3 )
¢ =90° — tan"!{ | = 5313
B IF, =0; T cos53.13° — F(g) -

+15F,=0; 9 - Tsin53.13° - F(g) =0

5
Solving,
T =720kN Ans.
F = 540 kN Ans.

Ans:
T = 720 kN
F = 5.40 kN

166




© Pearson Education Limited 2017. 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.

3-5.

The gusset plate is subjected to the forces of three members.
Determine the tension force in member C and its angle 6 for
equilibrium. The forces are concurrent at point O. Take
F = 8kN.

SOLUTION

B 3F, =0, Tcos¢>—8<%) =0

+13F, =0, 9- 8@) —Tsing =0

Rearrange then divide Eq. (1) into Eq. (2):
tan ¢ = 0.656, ¢ = 33.27°

T = 7.66 kN

0=¢ + tan*l(%) =70.1°

@

2

Ans.

Ans.

Ans:
T = 7.66 kN
0 = 70.1°
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3-6.

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

SOLUTION
+1SF, =0; 125 — Nccos40° = 0
N¢ = 163.176 = 163N Ans.
B SF, =0, Ny— 163.176sin40° = 0 125N
Ng = 105N Ans.
b
SNe
Ny
126N
Ans:
N = 163N
Ny = 105N
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3-7.

Determine the tension developed in wires CA and CB
required for equilibrium of the 10-kg cylinder. Take 6 = 40°.

SOLUTION

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

L SF. =0, Fepcos40° — Feycos30° = 0 ) %
+13F, =0 Fepsin40° + F,sin 30° — 10(9.81) = 0 Q)
Solving Egs. (1) and (2), yields

Feqa = 800N Fep = 904N Ans.

(0(9-81) N
(@

Ans:
FCA = 80.0N
FCB = 904N

169




© Pearson Education Limited 2017. 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.

*3-8.

If cable CB is subjected to a tension that is twice that of
cable C A, determine the angle 6 for equilibrium of the 10-kg
cylinder. Also, what are the tensions in wires CA and CB?

@

SOLUTION
Equations of Equilibrium: Applying the equations of equilibrium along the x and
y axes,

—tEFx=0; Fepcos® — Feycos30° =0

+13F, =0; Fegsin @ + Feysin30° — 10(9.81) = 0

However, it is required that

Fep = 2Fcy

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

0 = 64.3° FCB = 852N FCA =426 N

(2)

3)

Ans.

N

4
/0(9-81) N
()

Ans:

0 = 64.3°
Fep = 852N
FCA = 426 N
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3-9. Determine the force in each cable and the force F
needed to hold the 4-kg lamp in the position shown. Hint:
First analyze the equilibrium at B; then, using the result for
the force in BC, analyze the equilibrium at C.

SOLUTION

Initial guesses:

Tpc = 1N Tpg = 2 N

Given
At B:

i) XF.=0; TBCcos(GI) - TBAcos(ﬁg) =0

+T ILF,=0; Tpy sin(ﬁg) - TBCsin(H]) -Mg=0

M =4kg
g; = 30°
0, = 60°
03 = 30°

Tpc Find(Tc T52) Tpc 39.24 N

= 1mn . =
T4 BC. 754 T4 67.97
At C: Tcp = 1N F=2N
Given

N SF.=0; —TBCCOS(G’I) + TCDCOS(H3) =0

+T SF,=0; Tpcsin(6;)+ Tepsin(63) - F =0

Tcp . Tcp 39.24
= Find(Z¢p, F) = N
F F 39.24

Tha
h': 7
¥
5 "I"-"-| X
Tpe
r.'.l'flf,"
Ans.
- T
Tac @
it i A
C
i
F
Ans.

Ans.

Tge = 39.24 N
Tgs = 67.97N
Tcp = 3924 N
F =3924N
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3-10. The towing pendant AB is subjected to the force of
50 kN exerted by a tugboat. Determine the force in each of
the bridles, BC and BD, if the ship is moving forward with
constant velocity.

SOLUTION
LSE =0, Tyesin30° — Typsin 20° = 0
+1 3F, = 0; Tpccos30° + Tppcos20° — 50 = 0
Solving,
Tye = 22.3kN
Typ = 32.6 kN

Ans.

Ans.

TE;D TB'C

PNEC
20
X
X
Ans.
TBC = 223 kN
Tgp = 32.6 kN
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3-11.

Two spheres 4 and B have an equal mass and are electrostatically charged such that the
repulsive force acting between them has magnitude of 20 mN and is directed along line 4B. Determine the
angle 6, the tension in cords AC and BC, and the mass m of each sphere.

SOLUTION

Guesses Tp

1 mN m=1g

Ty=1mN 6 =30

Given:
F =20 mN
g =981 m/s° A
0; = 30°
Ty ¥
02 = 300 HI
Given
T X
For B: H__:‘ ) B
'II'H_.'

i) XF.=0; Fcos(ﬁg) - TBsin(Qj) =0
+T 2F,=0; Fsin(@g) + TBcos(H]) -mg=0
For 4:

i) 2F.=0; TAsin(H) —Fcos(é’g) =0

+T F,=0; Ty cos(6) - Fsin(@g) -mg=0

Ty
Tg Ty 52.92
= Find(Ty4, Tp. 0, M) = mN 6=19.11° m =4.08g Ans.
P Tp 34.64
m

Ans.

T, = 52.92mN, Ty = 34.64 mN,

0 =19.11° m = 408 g

173




© Pearson Education Limited 2017. 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.

*3-12.

Determine the stretch in each spring for equlibrium of the
2-kg block. The springs are shown in the equilibrium
position.

SOLUTION
FAD = 2(981) = xAD(40) XADp — 0.4905 m
4 1
5 3F, =0 F (7>—FC<—)=O
AB 3 A \/i
+12F, =0; F (L>+F <§)72(981)—0
y — Y% AC \/i AB 5 . -
FAC = 1586 N
15.86
XACc = T = 0.793 m
Fup = 1401N
14.01
XAB — T = 0.467 m

i 3m

4m i

Ans:
XAaDp — 0.4905 m
X4c = 0.793 m

XAB — 0.467 m
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3-13.

The unstretched length of spring AB is 3 m. If the block is \

held in the equilibrium position shown, determine the mass
of the block at D.

| 3m 4m ‘

SOLUTION
F =kx =30(5-3)=60N
BIF, = 0; Tcos 45° — 60(%) =0
T = 67.88N
+13F, = 0; ~W + 67.88sin 45° + 60(%) =0
W = 84N
m = 9?;1 = 8.56 kg Ans.

Ans:
m = 8.56 kg
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3-14.

Determine the mass of each of the two cylinders if they
cause a sag of s = 0.5 m when suspended from the rings at
A and B. Note that s = 0 when the cylinders are removed.

SOLUTION
Tac = 100 N/m (2.828 — 2.5) = 32.84 N
+13F, =0,  32.84sin45° — m(9.81) = 0

m = 237 kg

S Szzzzzzzzez
&

k = 100 N/m

Ans.

%
2. 5w .
S 29280
- 8 =u%°
2w
1
The = 32,84 4
osge - Tas

k = 100 N/m

" Lo

1;«(3.“)

Ans:
m = 2.37 kg
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3-15. Determine the magnitude and direction 6 of the
equlibrium force F, 5 exerted along link AB by the tractive
apparatus shown. The suspended mass is 10 kg. Neglect the
size of the pulley at A.

SOLUTION

Free Body Diagram: The tension in the cord is the same throughout the cord, that
is 10(9.81) =9.81 N.

Equations of Equilibrium:
S SF =0; Fyzcosf — 98.1cos75° — 98.1 cos 45° = 0
Fypcos® = 94.757 [1]
+13F, = 0; 98.1sin75° — 98.1sin45° — Fypsinf = 0
F,psinf = 25390 2]
Solving Egs. [1]and [2] yields
9 =150° Fu5=981N Ans.

}

10t9:81)=9- (N

x X
45 G
fae
10(9-81)=9EIN
Ans:
6 = 15.0°
FAB = 98.1 N
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*3-16.

The lift sling is used to hoist a container having a mass of
500 kg. Determine the force in each of the cables AB and
AC as a function of 0. If the maximum tension allowed in
each cable is 5 kN, determine the shortest length of cables

AB and AC that can be used for the lift. The center of
gravity of the container is located at G.

SOLUTION

Free-Body Diagram: By observation, the force F; has to support the entire weight
of the container. Thus, F; = 500(9.81) = 4905 N.

Equations of Equilibrium:
B IF, = 0; Faccos6 — Fapcos0 =0 Fuo=Fuz=F

+13F, =0; 4905 — 2Fsinf® = 0 F = {2452.5cos6} N

Thus,

Fuoc=F g =F = {245cos0} kN Ans.

If the maximum allowable tension in the cable is 5 kN, then
2452.5 cosf = 5000

0 = 29.37°

From the geometry, [ = and 6 = 29.37°. Therefore

cos 0

1.5

l=————==172m Ans.

cos 29.37°

l F=500(98!)

Ans:
Fyc = {2.45 cos 6} kN
[=172m
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3-17. The springs BA and BC each have a stiffness of
500 N/m and an unstretched length of 3 m. Determine the
horizontal force F applied to the cord which is attached to
the small ring B so that the displacement of AB from the
wallisd=15m.

SOLUTION
£ SF < 0 _ LS _F=
SF, = 0; m(T)(Z) F=0

T = ks = 500(V3? + (1.5)> — 3) = 177.05N

F = 158N

Ans.

Ans:
F = 158N
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3-18.

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

SOLUTION
5 3F =0 175 = 2T sin 6 o
Tsinf = 87.5
d
T| ————= | =875
V3Tt &2
T = ks = 500(V32 + d2 — 3) T
3 g
d(l - 7) = 0.175
V9 + d? A
By trial and error: 175N &
d=156m Ans. T

Ans:
d=156m
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3-19. Determine the tension developed in each wire
used to support the 50-kg chandelier.

SOLUTION

Equations of Equilibrium: First, we will apply the equations of equilibrium along
the x and y axes to the free-body diagram of joint D shown in Fig. (a).

SSFE =0; Fepcos30° — Fgpcosds® =0 (1)
+13F, = 0; Fpsin30° + Fzpsin45° — 50(9.81) = 0 @)

Solving Egs. (1) and (2), yields
Fop = 359N Fyp = 439.77N = 440N Ans.

Using the result F;, = 439.77 N and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint B shown in Fig. (b),

+13F = 0; Fupsin30° — 439.77sin45° = 0
Fyp = 621.93N = 622N Ans.
= SF, = 0; Fgc + 439.77 cos 45° — 621.93 cos 30° = 0

FBC = 228 N Ans.

5!‘%

cy,

Ans:

FBD = 440N
Fis = 622N
FBC = 228N
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*3-20. If the tension developed in each of the four wires is
not allowed to exceed 600 N, determine the maximum mass
of the chandelier that can be supported.

SOLUTION

Equations of Equilibrium: First, we will apply the equations of equilibrium along
the x and y axes to the free-body diagram of joint D shown in Fig. (a).

5SSFE =0, Fepcos30® — Fypcosds® =0 1)
+13F, = 0; Fepsin30° + Fppsin45° — m(9.81) = 0 (2)
Solving Egs. (1) and (2), yields
Fep = 7184lm  Fyp = 8.7954m

Using the result F ) = 8.7954 m and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint B shown in Fig. (b),

+13F, = 0; F4psin30° — 8.7954m sin 45° = 0
F,p = 12.4386m
= SF, = 0; Fgc + 8.7954m cos 45° — 12.4386m cos 30° = 0
Fyc = 4.5528m

From this result, notice that cable AB is subjected to the greatest tensile force. Thus,
it will achieve the maximum allowable tensile force first.

F,p = 600 = 12.4386m
m = 482 kg Ans.

as

20° Fee

(b)

m = 482 kg
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3-21.

If the spring D B has an unstretched length of 2 m, determine
the stiffness of the spring to hold the 40-kg crate in the
position shown.

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

3 1
sar=0 ol ) - Tl () <0

Solving Egs (1) and (2)
Tpp = 282.96 N Tep = 33296 N
The stretched length of the spring is
I1=V3+2=V13m
Then,x = [ — [y = (V13 — 2) m. Thus,
F, =kx; 28296 = k(V13 — 2)
k =17624N/m = 176 N/m

2 m 3m i

@

(2

Ans.

v
40(981)N
(&)

Ans:
k =176 N/m
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3-22.

Determine the unstretched length of DB to hold the 40-kg
crate in the position shown. Take k=180 N/m.

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

3 1
i>2Fx =0, TBD<7) - TCD<7) =0

V13 V2
+SF, = 0; T, (L> + T <L) —40(9.81) =0
y s BD \/B CD \/2 .
Solving Eqgs (1) and (2)

The stretched length of the spring is
I=V3+2=V13m
Then,x = [ — Iy = V13 — ;. Thus
F, = kx; 28296 = 180( V13 — )
lp = 2.034m = 2.03m

‘ 2m 3m |
) |

@

2 q/,

Ans.

v
40(9.8)N

(«)

Ans:
lp = 2.03m

184




© Pearson Education Limited 2017. 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.

3-23.

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

SOLUTION
F = ks
s=5*T95
_F_r F
Tk kK
1 1 1
Lol Ans.
kr ki k "

Unstretched
position

Ans:
1 _1
kr Kk

1
ky
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*3-24.

A 4-kg sphere rests on the smooth parabolic surface.
Determine the normal force it exerts on the surface and the
mass mp of block B needed to hold it in the equilibrium
position shown.

SOLUTION

Geometry: The angle 6 which the surface make with the horizontal is to be
determined first.

dy

=— = 5.0x
x=04m dx

tan 6 = 2.00

x=0.4m x=0.4m

0 = 63.43°

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

Equations of Equilibrium:
- >F,=0; mp(9.81)cos 60° — Nsin 63.43° = 0

N = 5.4840mp [1]
+T2Fy =0 mp(9.81) sin 60° + Ncos 63.43° — 39.24 = 0

8.4957Tmp + 0.4472N = 39.24 [2]
Solving Egs. [1] and [2] yields

mpg = 3.58 kg N =197N Ans.

47613924

Ans:
mp = 3.58 kg
N =19.7N
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3-25.

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

SOLUTION

Equations of Equilibrium: Since cable ABC passes over the smooth pulley at B, the
tension in the cable is constant throughout its entire length. Applying the equation

of equilibrium along the y axis to the free-body diagram in Fig. a, we have

+13F, = 0; 2T sin¢ — 100(9.81) = 0

Geometry: Referring to Fig. b, we can write

35 —x n x
cos ¢ cos ¢

3.5
¢ = cos! (?) = 45.57°
Also,
xtan45.57° + 0.75 = (3.5 — x)tan45.57°
x =138m
Substituting ¢ = 45.57° into Eq. (1), yields

T = 687N

100(9-81)N
()

M

Ans.

Ans.

35-x

075m|

Ans:
x = 138 m
T = 687N

187




© Pearson Education Limited 2017. 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.

3-26.

The device shown is used to straighten the frames of
wrecked autos. Determine the tension of each segment of
the chain, i.e., AB and BC, if the force which the hydraulic
cylinder DB exerts on point B is 3.50 kN, as shown.

SOLUTION

Equations of Equilibrium: A direct solution for F . can be obtained by summing
forces along the y axis.

+13F, =0,  35sin4837° — Fpsin 60.95° = 0

Fpe = 2.993kN = 2.99 kN Ans.

Using the result F e = 2.993 kN and summing forces along x axis, we have
BIF, =0; 3.5 cos 48.37° + 2.993 cos 60.95° — F 5 = 0

FAB = 3.78 kKN Ans.

3.50 kN

450 mm
WC 4

M

400 mm 250 mm

#
hae 8
<% . X
483" 6095

3.5k I

Ans:

FBC = 299 kN

FAB = 3.78 kN
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3-27. Determine the force in each cord for equilibrium of 2m i
the 200-kg crate. Cord BC remains horizontal due to the -
roller at C, and AB has a length of 1.5 m. Set y =0.75 m. A ‘
y
Y
C B
SOLUTION

Geometry: From the geometry of the figure,

0.75
6 = sin ! =30°
sin (1.5 )

Equations of Equilibrium: Applying the equations of equilibrium to the free-body
diagram in Fig. (a),

+13F, = 0; Fgysin30° — 20009.81) =0 Fgy = 3924N =3.92kN  Auns.

L SF, =0; 3924c0s30° — Fge =0 Fpe = 339828 N = 340kN  Auns.

&N
©
|\
W
<
Q

R00(9-81)N

Ans:
FBA = 3.92kN
FBC = 340kN
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*3-28. If the 1.5-m-long cord AB can withstand a 2m |
maximum force of 3500 N, determine the force in cord BC .

and the distance y so that the 200-kg crate can be supported. A ‘
y
Yy
C B
SOLUTION
Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram in Fig. (a),
+13F, = 0; 3500sin6 — 200(9.81) =0 6 = 34.10°
5 SF, = 0; 3500c0s34.10° — Fge = 0 Fye = 289837N = 2.90kN  Ans.
y = 1.5sin34.10° = 0.841 m = 841 mm Ans.
=3500 /‘/
foa=35
F;"c 8
< X
R00(9:8i)
Ans
Fze = 2.90kN
y = 841 mm

190




© Pearson Education Limited 2017. 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.

3-29.

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

SOLUTION D Ve E
Equations of Equilibrium. Referring to the geometry shown in Fig. a,
s . 2
cosh = ———— sin § = B
Referring to the FBD shown in Fig. b,
X 3F =0 6(9.81)<#> - 4(9.81)(L) =
3 _ 4
Ve + 2 Vet &
s =3.381m = 3.38m Ans.
+H3F, = 0; 6(9.81)<&> + 4(9.81)(A) - F=0
V3381 + 22 V3381 + 47
F=7599N = 760N Ans.
L;
F =WE =é(93/)N
fio=Wp=FIBIN e
[ 4m <m o} ¢

(a) (b)

Ans:
s = 338m
F=760N
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3-30.

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

SOLUTION
Equations of Equilibrium. Referring to the FBD shown in Fig. a,
HIF =0 6(9.81) sin ¢ — 4(9.81)sin = 0
2
sin ¢ = 3 sin 6
+H2F, = 0; 6(9.81) cos ¢ + 4(9.81)cos® — 80 = 0

3cos¢ + 2cos 6 = 4.0775

V9 — 4sin?6

cos ¢ = 3

Substitute this result into Eq. (2),

3( V9 — 45sin%0
3

V9 — 4sin’ 6 = 4.0775 — 2 cos 6

9 — 4sin’# = 4 cos’6 — 16.310 cos 6 + 16.6258

) + 2cos O = 4.0775

16.310 cos 0 = 4(cos® 6 + sin’> ) + 7.6258
Here, cos? 6 + sin§ = 1. Then
cos 0 = 0.7128 0 = 44.54°
Substitute this result into Eq (1)
sing = %sin 44.54° ¢ = 27.88°

6 —
From Fig. c, Tx = tan 44.54° and = = tan 27.88°.
s

So then,
6 —x

+ % = tan 44.54° + tan 27.88°
S

= 1.5129

v | o

s =3.9659m = 3.97m
x = 3.9659 tan 27.88°
=2.0978m = 210 m

6m

@

(2)

ALY

Using Eq (1), the geometry shown in Fig. b can be constructed. Thus /;Q:B:—W

Ans.

Ans.

(a)

3
2

£ =i =6 780N

258

,} 9-45/n°6 |

(b)

&-X S
k

S

O=44.54 N/ 82788

@

Ans:
s =397m
x=210m
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3-31.

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

SOLUTION

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

X SF, =0;  Fpgsin30° — 20(9.81) = 0 Fpp = 3924N = 392N Ans.
+ 13F, =0; 392.4c0830° — Fep =0 Fep = 339.83N = 340N Ans.

Using the result F-;, = 339.83 N and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint D shown in Fig. b, we have '%E
3 fo 30°
+ — o _ &
S 2F =0 339.83 — Fm(g) — Fepcosd5° =0 @ € D X
4 .
+ 13F, =0 Fea\5 ) — Frpsin45° = ) ¥
20(9-8()N
Solving Egs. (1) and (2), yields @)
Fep = 275N Fey = 243N Ans.
fza
+ Fp=339-03N
> X
4°y/|c
fes
b)
Ans:
FCD = 340N
Fep = 275N
FCA = 243N
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*3-32.

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

exceeding 400 N.

SOLUTION

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

+T2Fy =0 Fppsin 30° — m(9.81) =0  Fpr = 19.62m
g 2F. = 0; 19.62mcos 30° — Fcp = 0 Fep = 16.99m

Using the result F-;, = 16.99m and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint D shown in Fig. b, we have

3
X 3F, =0, 16.99m — FCA(g) — Fop cos45° =0 )
4
+ 12F, =0 FCA(g) — Frpsin45° =0 ?)

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

FCB = 13.73m FCA = 12.14m

Notice that cord DFE is subjected to the greatest tensile force, and so it will achieve
the maximum allowable tensile force first. Thus

m = 20.4 kg

Ans.

Fep 30°

m(49.61)

(@)

3 Bop=/b 99m
—

Fe
®)

Ans:
m = 20.4 kg
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3-33. A scale is constructed using the 10-kg mass, the 2-kg \
pan P, and the pulley and cord arrangement. Cord BCA is
2 m long. If s = 0.75 m, determine the mass D in the pan.
Neglect the size of the pulley.

SOLUTION
5 SF =0; 98.1cosf — Tygcosd = 0
+13F, = 0; Typsing + 98.1sin6 — m(9.81) = 0
(152 = x> +y?
(125)% = (1.5 — x)> +y?
(1.25)* = (1.5 — x)> + (1.5)> — »?
—3x + 29375 =0

x = 09792 m
y = 1.1363 m
Thus,
1.1363
¢ = sin! s )= 49.25°
1.1363
0 = sm‘(m = 65.38°
Solving Eq. (1) and (2),
Typ = 62.62N
m = 13.9kg
Therefore,
mp = 139kg — 2kg = 11.9kg Ans.

1) |
()
1
The 98-IN
¢ 9
X

|-5m y Z=0T6=/25m

Ans:
mp = 11.9kg
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3-34.

The 30-kg pipe is supported at A by a system of five cords.
Determine the force in each cord for equilibrium.

SOLUTION
At H:
+1 2F, = 0;

At A:
+1 2F, = 0;
X SE =0
At B:
+1 2F, = 0;
X SE =0

Tya — 30(9.81) = 0

THA =294 N

T, sin 60° — 30(9.81) = 0
T,p = 339.83 = 340N

Typ — 339.83 cos 60° = 0

170 N

Top @) — 339.835in 60° = 0
Typ = 490.50 = 490 N

4
490.50 (§> + 339.83 cos 60° — Te = 0

Tpe = 562N

Ans.

Ans.

Ans.

Ans.

Ans.

30(a.8ON

3
Tae
ot L .__—1

e\

30(9.81N
? T
) s < [ ]

Toc ot

3.nN
Ans:
T,p = 340N
T,z = 170N
TBD = 490N
TBC = 562N
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3-35.

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

SOLUTION
H
At H: Fn
H
+13F, =0,  Fya=W -
W
At A:
+13F,=0;  Fupsin60° — W =0 1
Fas
BISF, =0;  Fap — (11547 W) cos 60° = 0
60", Fas
w
At B:

+13F, = 0; FBD@) — (1.1547 cos 30°)W = 0

FBD = 1667 W

4
BIF =0, —Fpe + 1.667 W(g) + 1.1547 sin 30° = 0

Fpe = 1.9107W

By comparison, cord BC carries the largest load. Thus
500 = 1.9107 W
W = 261.69 N

26169
9.81

= 26.7kg Ans.

Ans:
m = 26.7 kg

197




© Pearson Education Limited 2017. 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.

*3-36.

Determine the distances x and y for equilibrium if 7} =800 N
and F, =1000 N.

SOLUTION

Equations of Equilibrium. The tension throughout rope ABCD is constant, that is

F, = 800 N. Referring to the FBD shown in Fig. a,
+H2F, = 0; 800 sin ¢ — 800sin® = 0 ¢ =0
E3F = 0; 1000 — 2[800 cos ] = 0 6 = 51.32°
Referring to the geometry shown in Fig. b,
y=2m
and

2 = tan 51.32°%; x = 1.60lm = 1.60m
X

1{:80010

6 F =/000N

F =800N
(&)

Ans.

Ans.

Am

B=5/32"

F0=5/.32"

(b)

Ans:
y=2m
x = 1.60m
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3-37.

Determine the magnitude of F; and the distance yif x=15m
and F, =1000 N.

SOLUTION

Equations of Equilibrium. The tension throughout rope ABCD is constant,

that is F;. Referring to the FBD shown in Fig. a,

y 2
asn-o HGg) - Als) o

oy 2
\/yz-i-l.S2 2.5
y=2m
+ 1.5
ILIF =0 1000—2Flg =0

F, = 83333 N = 833N

Ans.

Ans.

Ans:
y=2m
F, = 833N
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3-38. Determine the force in cables AB and AC necessary
to support the 12-kg traffic light.

SOLUTION

Equations of Equilibrium:

24
LSE =0, Fygcos12° — FAC(g) =0

FAB = 09814FAC [1]
7
+13F, = 0; Fupsin12° + FAC(g) - 11772 =0
0.2079F, 5 + 0.28F,c = 117.72 2]

Solving Egs. [1] and [2] yields
FAB = 239N FAC =243 N Ans.

Fae

25 . Fas
:7%\" X 12°

\

2(981)=17.72 N

Ans:
Fy,p = 239N
Fyc = 243N
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3-39. The pail and its contents have a mass of 60 kg. If the
cable is 15 m long, determine the distance y of the pulley for
equilibrium. Neglect the size of the pulley at A.

SOLUTION

Free Body Diagram: Since the pulley is smooth, the tension in the cable is the same

throughout the cable.
Equations of Equilibrium:
5S3F =0, Tsing— Tsing=0 6=4¢

Geometry:

L=V(10—x?+(—22L=Va+y
Since 6 = ¢, two triangles are similar.
10-x y—2 V@0 -x+(y -2

X y Va2 +

Also,
ll + lz = 15
\/(10 —x)?+(y-2)7+ Va2 + 2 =15

2+ 2
Ve NGO+ 6= 2P + VR
x“+y
V(A0 - x?+ (y -2 10— x
\/xz-i-y2 X
/-2 5(10 —x 2 2 _
X"ry T + x+y—15

Dividing both sides of Eq.[3] by Vx? + y? yields

However, from Eq.[1]

10 15
— = x = VO0.8y
X \/x2+y2
10 — -2 5
From Eq.[1] xx:yy x=y_y1

Equating Eq.[1] and [5] yields

I~ Sy
08y = ——

Y y—1
y = 6.59m

=15

,Eq.[2] becomes

[1] [ 1
PN
¥
2] T T
$16,
: ) ;
3 ¥
Bl 60(981)2588-6 N
[4]
[5]
Ans.
Ans:
y = 659m
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*3-40.

Determine the forces in cables AC and AB needed to hold
the 20-kg ball D in equilibrium. Take =300 N and d =1 m.

SOLUTION

Equations of Equilibrium:

N 4 2
SSEo=0. 300 F (—)—F (—>:o
P\Var)  T\\s

06247F 45 + 0.8944F ;- = 300
+12F, =0 F(S)-i-F(l) 1962 =0
= 5 E— C - = - . -
’ RASVZIVAERRANVE
0.7809F s + 0.4472F 4 = 196.2
Solving Egs. (1) and (2) yields

FAB:986N FAC:267N

@

2

Ans.

» F
%
Fe
s fa
Fre w g
= A
—~ »—X
B00M
4
20(981)=196:2 N
Ans:

F = {73.6secH} N
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3-41.

The ball D has a mass of 20 kg. If a force of F = 100 N is
applied horizontally to the ring at A, determine the largest
dimension d so that the force in cable AC is zero.

SOLUTION
Equations of Equilibrium:
5SSF =0, 100 — Fygcos8 =0  Fypcosf = 100
+12F, = 0; Fupsin® — 1962 =0  F,gsin0 = 196.2
Solving Egs. (1) and (2) yields
0 = 62.99° F,p = 22021 N
From the geometry,

d + 1.5 = 2 tan 62.99°
d=242m

@
)]

Ans.

» F
t
Fas
6 100N

>—X

Y

20(981)2196-2 ¥
d+.5
916299°

Am
Ans:
d=242m
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3-42.

The load has a mass of 15 kg and is lifted by the pulley
system shown. Determine the force F in the cord as a
function of the angle 6. Plot the function of force F versus
the angle 6 for 0 = 6 = 90°.

SOLUTION

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

Equations of Equilibrium:

B IF, =0, Fsing — Fsing = 0 (Satisfied!)

+13F, =0; 2F cos @ — 147.15 =0

F = {73.6sec6} N

Ans.

7861

0

PN o Ry 0
307457 10" 90" 5eg980)=14715 N

Ans:
F = {73.6sec6} N
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3-43.

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

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

1.5

V152 + 22+ 1.5

SF, = 0; FAD( ) — 40(9.81) = 0

Fup = 762.69N = 763N

Using this result,

SE. =0; Fue— 762.69( LS ) =0
V152 + 22 +1.5%

Fuc = 3924N = 392N

y

2
SF,=0; Fup— 762.69( ) =0

V152 + 22 +1.52

Fup = 5232N = 523N

Ans.

Ans.

Ans.

Ans:

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

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

R
SOLUTION AN
X
Equations of Equilibrium. Referring to the FBD shown,
24
2F =0 10(%) —4c0s30° — F,c0830° =0 F = 7.085kN = 7.09kN Ans.
. 7
SF.=0; Ff —4sin30° — 10 > =0 F, = 480kN Ans.
Using the result of /5, = 7.085 kN,
SF, =0; 7.085sin30° — F; =0 F; = 3543kN = 3.54 kN Ans.
Ans:
FE = 7.09kN
F, = 480kN
F = 354kN
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3-45.

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

SOLUTION

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

in Fig. (a) in Cartesian vector form as
Fap = Fapi

Fuc=—Faci

Fup = FAD[

W = [~100(9.81)k]N = [—981 k|N

(—2-0)i+(2 - 0)j+(1-0)k
V(=2-0y + 2-0)> + (1-0)

2 2
= CF,i+ 2
3 apt T3

}

Equations of Equilibrium: Equilibrium requires
2F =0,

. . 2 .
Fapi+ (=Faci) + (_gFADl +

(

Equating the i, j, and k components yields

FAB+FAC+FAD+W=0

2 .
= Fapi +

3 3

2 2 1
FAB _gFAD)i + (_FAC +§FAD)j + (gFAD_ 981

2
Fup — gFAD =0

2
—Fyc + gFAD =0

1
3 Fap—981=0
Solving Egs. (1) through (3) yields

F, p = 2943N = 2.94kN

FAB = FAC: 1962 N = 1.96 kN

Fapj +

1
=~ Fap k) + (—981k) = 0

=0

1
~Fapk
3 fap

W=100(9-81) N
@
2)
3
Ans.
Ans.
Ans:
Fup = 2.94kN
Fu5 = 1.96 kKN
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3-46.

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

SOLUTION

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

in Fig. (a) in Cartesian vector form as
Fap = Fapi

Fuc = —Fuci

o [ (=2 0)i+(2— 0)j+(1— O)k } 2
LNV (C2m 02 + 2o 07 + (1-0)

W = [-m(9.81)K]

3 3

Equations of Equilibrium: Equilibrium requires

EFZO, FAB+FAC+FAD+w:0

3 3

2 2 1
Fapi+ (=Fycj) + (_gFADi + = Fapj +7FADk> + [-m(9.81)k] =

2 2 1
(FAB - EFAD)i + (_FAC + gFAD)j + (gFAD - 9.81m)k =0

Equating the i, j, and k components yields

2
Fap _gFAD =0

2
“Fac+3Fap =0

1
EFAD - 981lm =0

., 2 .
= 3Fapi + 3 Fapi + 3 Fap

Fac

When cable AD is subjected to maximum tension, F,p = 3000 N. Thus, by

substituting this value into Eqgs. (1) through (3), we have
FAB = FAC = 2000 N

m = 102 kg

m {Im
im
x ﬁ& J’
W=m(3.81)
@
2)
3)
Ans.
Ans:
m = 102 kg
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3-47.

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

SOLUTION

Equations of Equilibrium.

6
SF, =0, Fu (ﬁ) —20(9.81) = 0 Fup = 21936 N = 219N Ans.

2 2
=0 F(%) B F(%) =0 Fc=Ep=F

Using the results of F,g = 21936 Nand Fy,c = F4p = F,

4 3
SF, = 0; Z{F(—)} —219.36 (—) =0
7 V20 V45
Fic = Fip = F = 5484 N = 548N Ans.

20(9.8)N fie

()

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

The lamp has a mass of 15 kg and is supported by a pole AO
and cables AB and AC. If the force in the pole acts along
its axis, determine the forces in AO, AB, and AC for

equilibrium.

SOLUTION
Faio = FAO{éi - %J + %k} N
Fap = FAB{_gi + g] - gk} N
Fuc = FAC{_%i + %.i - gk} N

W = 1509.81)k = {—147.15k}N
SF,=0; 03077F40 — 0.6667F 5 — 0.2857F 4 = 0
SF,=0;  —02308F0 + 0.3333F,5 + 0.4286F ¢ = 0

SF,=0; 09231F, — 0.667F,5 — 0.8571F, — 147.15 = 0

Fuo = 319N
FAB = 110N
FAC = 858N

y
Frg
Foo
Fio
15(9.8)N
Ans.
Ans.
Ans.
Ans:
FAO = 319 N
F,p = 110N
FAC = 858 N
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3-49.

Cables AB and AC can sustain a maximum tension of 500 N,
and the pole can support a maximum compression of 300 N.
Determine the maximum weight of the lamp that can be
supported in the position shown. The force in the pole acts

along the axis of the pole.

SOLUTION Y
. 5 6
Fq0 = FAO{EI - 75 gk} N
6 3 6
Fip = Fyp{—=i+ =-j — -k} N
AB AB1 91 9J 9 }
2. 3. 6
FAC = FAC{_;I + 7.] — ;k} N
W = {(Wk} N
2 6 2
2F, = 0; EFAO - §FAB - ;FAC =0
1.5 3 3
EFyZO, _EFAO+§FAB+?FAC:0
6 6 6 F,
IF, =0 EFAO_gFAB_7FAC_W=0 W -
1) Assume F,p = 500 N
2 6 2
EFAO - 5(500) - 7FAC =0
1.5 3 3
6 6 6
EFAO - 6(500) - ?FAC - W = 0
Solving,
Fuo = 1444444 N > 300 N (N.G!)
Fyc = 388.889 N
W = 666.667 N
2) Assume F,c = 500 N
2 6 2
6550 ~ gFap — 5(500) = 0
1.5 3 3
_EFAO + §FAB + ;(500) = 0
6 6 6
EFAO - §FAB - ;(500) - W = 0
Solving,
F,0 = 1857.143N > 300 N (N.G!)
Fup = 642.857N > 500 N (N.G!)
3) Assume F,p = 300 N
2 6 2
5(300) - §FAB - 7FAC =0
1.5 3 3
6 6
6(300) — §FAB — 7FAC -W=0
Solving,
FAC = 808N
FAB =104 N Ans:
W =138 N Ans. W = 138N
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3-50.

If the balloon is subjected to a net uplift force of F =800 N,
determine the tension developed in ropes AB, AC, AD.

SOLUTION

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

(—1.5 — 0)i + (=2 — 0)j + (=6 — O)k 3 41
Fap = Fap > > S| = _EFABI - EFABJ - EFABk
V(=15 -0 + (=2 — 02 + (=6 — 0)

I Q-0+ (-3-0j+(-6-0k | 2

.6
= Faci — 7 Fack

Fuc = F, =ZF, i —
A N2 0t (302 (602 | T T
0 — 0)i + (2.5 — 0)j + (=6 — O)k
F.p - (0 — 0)i + ( )i+ ( ) S e 12FADk
VO-02+@25-02+(-6-072| 13 13
W = {S00K)N

Equations of Equilibrium: Equilibrium requires

ZFZO, FAB+FAC+FAD+w:0

3 4 12 2 3 6 5 12
< 13 FABl 13 FAB.] 13 FABk> <7FACi Fch FACk> + (1 FAD.] FADk> + 800k = 0

3 2 4 3 5 . 12 6 12
< 13 FAB + 7FAC>1 + <_13FAB - 7FAC - BFAD)] + <_13FAB - ;FAC - BFAD + 800)]( =0

Equating the i, j, and k components yields

z
133 Fup + gFAC =0 @
_% Fap — ,:;FAC + 153 Fap =0 2)
—% Fup — gFAC - % Fap + 800 = 0 3

Solving Egs. (1) through (3) yields

F, =203N Ans.
F,;=251N Ans.
F,,=427TN Ans.

212




© Pearson Education Limited 2017. 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.

3-51.

If each one of the ropes will break when it is subjected to a
tensile force of 450 N, determine the maximum uplift force
F the balloon can have before one of the ropes breaks.

SOLUTION

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

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

Vs 0P+ (2Pt (60| B 1

Fap = Fup

1
Fapj — TFABk

B Q-0+ (-3-0§+(—6-0k | 2 3 6
Fac = Fac Ve-0r T (o0 60| 7 Fact = 2 Facl = 5 Fack

O —-=0)i+(25-0)j+ (-6 -0k 5 . 12

Fap = Fap > > 5 :EFADJ_?FADk
VO = 0 + (25 — 0> + (=6 — 0) 1

F=Fk

Equations of Equilibrium: Equilibrium requires
EF:‘); FABJFFACJFFADJFF:‘]
3 . 4 . 12 2 . 3 . 6 5 . 12
<_13FABI — EFABJ - BFABk> + <7FAC1 — 5FACJ - 7FACk> + (BFADJ — 13FAD](> + Fk =0

3 2 . 4 3 5 . 12 6 12
<_13FAB + 7FAC>1 + <_13FAB - 7FAC + BFAl))J + <_13FAB - ?FAC - BFAD + F>k =0

Equating the i, j, and k components yields

3 2

_EFAB+7FAC:0 @
4 3 5

_EFAB_;FAC +BFAD:0 2)
12 6 12

_BFAB_7FAC_EFAD+F=O A)

Assume that cord AD will break first. Substituting F,, = 450 N into Egs. (2) and (3)
and solving Egs. (1) through (3), yields

Fup = 26471 N
FAC = 2138N
F =84299N = 843 N Ans.

Since Fuc = 213.8N < 450N and F,p = 26471 N < 450 N, our assumption is
correct.
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*3-52. The shear leg derrick is used to haul the 200-kg net
of fish onto the dock. Determine the compressive force along
each of the legs AB and CB and the tension in the winch
cable DB. Assume the force in each leg acts along its axis.

SOLUTION

2. 4. 4
Fyp = FAB(—EI + g_] + gk)

—0.3333F, 4 + 0.6667F,4j + 0.6667F, sk
2. 4. 4
_ 2., 44
Fep Fc3(61 ¢ 6k>
= 0.3333Fi + 0.6667Fcgj + 0.6667Fcpk

9.6 . 4
o = i o1~ 104%)

= —0.9231Fpj — 0.3846F,zk
W = —1962 k
SE =0; —03333F,; + 0.3333F5 =0

SF, =0; 0.6667Fsp + 0.6667Fc5 — 0.9231Fgp = 0
SF, =0; 0.6667F,5 + 0.6667Fq5 — 0.3846F, — 1962 = 0

Fup = 2.52kN
Fep = 2.52kN
FBD = 364 kN

Ans.

Ans.
Ans.

Ans:

FAB = 252 kN
Fep = 2.52kN
FBD = 3.64 kKN
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3-53.
Determine the stretch in each of the two springs required to z
hold the 20-kg crate in the equilibrium position shown. C
Each spring has an unstretched length of 2 m and a stiffness v
of k = 360 N/m.
— B /
A | 12m
o
SOLUTION />>\
y
Cartesian Vector Notation: X 4m y\ /6 m
Foo_F 6i + 4j + 12k —3F'+2F'+6Fk %
oc =~ foc 44+ 122 *70c1 70cJ 7toc
Fos = —Foal Fop = —Fopi
z
F = {—-196.2k} N Fc. /
Equations of Equilibrium: ] foe
1
SF=0;, For+Fou+Fop+F=0 L o¢ET o
4 4
3 2 6 Z L
(?FOC - FOB)I + (?FOC - FOA).] + <7FOC - 1962)1{ =90 ____J(/’

¥n 4
I F=20(961)=1962N

Equating i, j, and k components, we have

X
3
;Foc —Fop=0 @
2
7Foc —Foa=0 ?2)
6
Foc — 1962 =0 3)

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

FOC = 2289 N FOB = 981N FOA = 654N

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

98.1

Sop = 300 0.327 m = 327 mm Ans.
65.4

Soa = 300 = 0218 m = 218 mm Ans.

Ans:
Sop = 327 mm
Soa = 218 mm
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3-54.
The thin ring can be adjusted vertically between three z
equally long cables from which the 100-kg chandelier is
suspended. If the ring remains in the horizontal plane and 0.5m
z = 600 mm, determine the tension in each cable. C
1207 < 120°
D& s
120 5 ’
X

SOLUTION z /

Geometry: Referring to the geometry of the free-body diagram shown in Fig. a,
the lengths of cables AB, AC,and AD are all/ = V 0.5> + 0.6> = V0.6l m

Equations of Equilibrium: Equilibrium requires

0.5 cos 30°> (0.5 cos 30°
0.5¢0s30%) _ o (03cos30°
10.61 \0.61

ZFx:O, FAD< )ZOFAD:FAC:F

05 0.5 sin 30°
SF =0 Fap| o | —of p[ 22 1 g Fap=F
' AB(\/O.61> [ < V061 ﬂ 4B

Thus, cables AB, AC, and AD all develop the same tension.

0.6
SF, =0 3F< M) — 100(9.81) = 0 &
FAB=FAC:FAD:426N Ans.

100(9-81)N ks

(&)

Ans:
FAB = FAC = FAD = 426 N
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3-55.

The thin ring can be adjusted vertically between three
equally long cables from which the 100-kg chandelier is
suspended. If the ring remains in the horizontal plane and
the tension in each cable is not allowed to exceed 1 kN,
determine the smallest allowable distance z required for
equilibrium.

SOLUTION

Geometry: Referring to the geometry of the free-body diagram shown in Fig. a,
the lengths of cables AB, AC,and AD are all/ = V 0.5 + 22

Equations of Equilibrium: Equilibrium requires

0.5 30° 0.5 30°
2F, =0, Fap SR ER _FACL =0 Fup=Fyuc=F

\V0.5% + 2 V0.5% + 2

0.5 0.5 sin 30°
SF, =0, Fap| —F———= | = 2| F| —F——= =0 F,p=F

V0.5% + 22 V0.5 + 22

Thus, cables AB, AC, and AD all develop the same tension.

SF, = 0; 3F| ———— | —100(9.81) = 0

0.5 + 22

Cables AB, AC, and AD will also achieve maximum tension simultaneously.
Substituting F = 1000 N, we obtain

4

3(1000)| ————=
V0.5 + 22

— 100(9.81) = 0

z = 0.1730 m = 173 mm

100(9-81)N
(&)

120°

0.5m

N-<120°

Ans:
z = 173 mm
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*3-56.

Determine the tension in each cable for equilibrium.

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

4 2 4
520 el ) - el i) - Pl i) =0
4 3 5
2 =0 ful ) + F(ﬁ) - F(%) B

=0 5] el ) L) 0=
Solving Egs (1), (2) and (3)
Fyc = 8577N = 858N
Fyp = 57773 N = 578 N
Fyp = 565.15N = 565N

@

2

3

Ans.
Ans.
Ans.

=

Ans:

FAC = 85.8N
FAB = 578 N
FAD = 565N
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3-57.

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

SOLUTION
Fap = F 4p (sin 30°i — cos 30°sin 60°j + cos 30° cos 60°k)
= 0.5F 4pi — 0.75F 4pj + 0.4330F 4pk
Fac = Fc(—sin 30°1 — cos 30° sin 60°j + cos 30° cos 60°k)
= —0.5F sci — 0.75F 4¢j + 0.4330F 4ok
F, p = F 4p(sin 45° + cos 45°k) = 0.7071F 43j + 0.7071F 4k
F = —25(9.81)k = {—245.25k}N
SF=0; Fup+Fuyz+Fue+F=0
(0.5F,pi — 0.75F,pj) + 0.4330F,pk + (0.7071F5j + 0.7071F 45k)
+(—=0.5F ci — 0.75F4cj + 0.4330F 4ck) + (—245.25k) = 0
(0.5F,p — 0.5F,0)i + (—0.75F,p + 0.7071F 45 — 0.75F4¢)j

+(0.4330F 4, + 0.7071F 45 + 0.4330F 4 — 245.25)k = 0

Thus,
SF,=0:  0.5F — 05F, =0 ]
SF,=0; 04330F zp + 0.7071F up + 0.4330F 4 — 24525 = 0 [3]

Solving Egs. [1], [2], and [3] yields:

FAD:FAC:104N FABZZZON Ans.

2
Fhe
Foe
Fap &
z
245.26N
Ans:
FAD = FAC = 104 N
FAB = 220N
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3-58.

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

SOLUTION

Fap = F 4p(sin 30°i — cos 30° sin 60°j + cos 30° cos 60°k)
= 0.5F 4pi — 0.75F 4pj + 0.4330F 4pk
Fac = Fac(—sin30° — cos 30° sin 60°j + cos 30° cos 60°k)
= —0.5F sci — 0.75F 4cj + 0.4330F 4ok
F p = F 45 (sin45°j + cos 45°k) = 0.7071F 4pj + 0.7071F 4k
W= -Wk
SF =0, 05F4 — 0.5F =0
Fap = Fac
XF, =0 —0.75F4p + 0.7071F 5 — 0.75F4c = 0
0.7071F 45 = 1.5F 4¢
SF, =0, 0.4330F4p + 0.7071F 45 + 0.4330F 4 — W =0
0.8660F ¢ + 1.5F4c — W =0

2366FAC =W

Assume F - = 50 N then

~1.5(50)
A8 707071

= 106.07N > 50 N (N.G!)

Assume F,p = 50 N.Then

~0.7071(50)

ae =15 = BSTN<50N(0.K)

Thus,

W = 2.366(23.57) = 55.767 = 55.8 N

Fre . Fe
@ '
Foo Y
@ >
W
Ans.
Ans:
W = 558N
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3-59. If the mass of the flowerpot is 50 kg, determine the
tension developed in each wire for equilibrium. Set
x=15mandz =2m.

SOLUTION

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

Fup = Fasi

Q-0i+(6-0j+G-0k] 2 . 6 . 3
V2 - 02+ (=6-02+ (3 0)2} ~ 7fad 7 gfad Fghadk
(=15 — 0)i + (=6 — 0)j + (2 — O)k 3. 12, 4

— = 2} = EFADI - BFAD.] + EFADk
V(=15 = 0)2 + (=6 — 0)* + (2 — 0)
W = [—50(9.81)k]N = [—490.5k |N

Fyc = FAC{

Fap = FAD|:

Equations of Equilibrium: Equilibrium requires
SF=0; Fap+Fyc+Fyp+W=0

(2. . 6. .3 3., 12 . 4
FAB.] + (?FACI - ?FAC] + ?FACk) + (7BFAD1 - BFAD'] + EFADk> + (749051() =0

2 3 . 6 12 . 3 4
(;FAC - EFAD)I + (FAB - ;FAC - EFAD>J + (;FAC + EFAD - 4905)1( =0

Equating i, j, and k components yields

2 3 z

7FAC - EFAD =0 (1)

SR S o N
A — Ztac = y3tap . A

3 4

Solving Egs. (1) through (3) yields

Fy,p = 1211.82 N = 1.21 kN Ans. | ~
Fyc = 606 N Ans. x W= 50(4-81)N
FAD = 750 N Ans.
Ans:
Fus = 1.21kN
FAC = 606 N
Fsp = 750N
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*3-60. If the mass of the flowerpot is 50 kg, determine the 2z
tension developed in each wire for equilibrium. Set x = 2 m
andz = 1.5m.

SOLUTION

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

Fap = Fapj

2-0i+(-6-0)j+ (3 -0k 2. 6 . 3
Fyc = FAC{ 5 5 A ;FACI - ?FAC] + ;FAck

V(2 =072+ (=6 -0+ (3 - 0)

(—2—-0)i+ (-6 -0)j+ (1.5 -0k 4

Fip = FAD{ = — ZFapi — S Fapj + S Fapk

V(=2 = 0)> + (=6 — 0)> + (1.5 — 0)? 13 13 13
W = [-5009.81)k ][N = [ —490.5k |N
Equations of Equilibrium: Equilibrium requires
EF:‘); FAB+FAC+FAD+W:0

. 2. 6. . 3 4 . 12 3

FAB.] + (?FACI - ;FAC] + ?FACk) + (7BFAD1 - BFADJ + BFADk) + (749051() =0

2 4 . 6 12 . 3 3
(;FAC - EFAD)I + (FAB - ;FAC - EFAD)] + (;FAC + BFAD - 4905)1( =0

Equating i, j, and k components yields

2 4
7FAC - BFAD =0 (1)
6 12
Fap — =Fac — 2Fap = 0 2
A — Ztac = y3tap (2)
3 4

Solving Egs. (1) through (3) yields

Fup = 1308 N = 1.31 kN Ans.
FAC = 763 N Ans.
FAD = 7085 N Ans.

Ans:

FAB = 1.31 kN
FAC = 763 N
FAD = 7085 N
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3-61.
Determine the tension developed in the three cables z
required to support the traffic light, which has a mass of
15 kg. Take h =4 m. C/(
6 m
D /J<
A %, 3m
h e B
SOLUTION 4m
{3 - 4 } 4 m
Upp = 11T 2D
5 5 o 4'm 6 mi
_ 6 3, 2 K -
Uye = —71—7_]4‘; x 4m < 3m y
o ftr-3)
AD 3 5 J
3 6 4
SF = 0; gFAB - ;FAC + gFAD =0
4 3 3
3F, = 0; gFAB - ;FAC - gFAD =0
2 %
FAB =441 N Ans.
Fic = 515N Ans. Fav y
Fip = 21N A x l‘ Fae
= ns.
A 1S(3.81)N
Ans:
FAB = 441N
FAC = 515N
FAD =221 N
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3-62.

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

SOLUTION
3i+4j + 0.5k 3i+ 4j + 05k

S _
PN+ 2+ (05) V2525

—6i — 3j + 2.5k —6i — 3j + 2.5k
Upc = =
V(=6) + (—3)? + 2.5 V/51.25
4i — 3j + 0.5k 4 — 3j + 0.5k
S -
PR (37 + 05 V2525
3 6 4
EF :O, FAB_ FAC+ FAD:0
! 2525 \V/51.25 V2525
4 3 3
SF, = 0: Fup — Fic — Fup =0
' 2525 0 N/5125 ¢ /2525
0.5 25 0.5
EF = O, FAB + FAC + FAD - 20(981) =0
‘ V2525 5125 2525
Solving,
Fup = 348N
FAC = 413 N
F,p = 174N

c/(
6 m
D }
A 3m
h B
4m
4m
3m 4m 6 m
//
X 4 m 8 3m y
5 Fre
Tap Fae /
x 7
Ans.
Ans.
Ans.
Ans:
F,p = 348N
Fyc = 413N
FAD = 174N
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3-63.

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

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

2 2 2
R R CORE O R
1 1 2
21’}, = O, _FAD(%> - FBD(%) + FCD(E) =0

SF, = 0; FAD<%) + FBD<%) + FCDG> — 130(9.81) = 0

Solving Eqgs (1), (2) and (3)
FE;p = 1561.92N = 1.56 kN
Fgp = 520.64N = 521N
Fep = 12753 N = 1.28 kN

120(9-81)N
(&)

@

2

3

Ans.

Ans.
Ans.

Ans;

FAD = 156 kN
Fyp = 521N
Fep = 1.28kN
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*3-64.

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

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

_ o 2\ 3 1y
Elfv - O’ FOA(\/H) FOC(@) + FOB<3) 0
3 2 2
=0t )+ poc ) + ol 5) =0 ®

1 3 2
EFZ =0 FOA(ﬁ) + FOC(@) - FOB(?) - m(9.81) =0 A3

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

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

1500 = 16.95 m
m = 88.48 kg = 88.5kg Ans.

Ans:
m = 88.5kg
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3-65. Determine the force in each cable needed to support z
the 175-kN (=1750-kg) platform. Set d = 1.2 m.

h 17.5kN

SOLUTION

Cartesian Vector Notation :

1.2i - 0.9j - 3k
F,,=F, 1-09-3 = 0.3578F, i — 0.2683F, ,j — 0.8944F, k
J12% + (-0.9) + (-3)?

0.9j - 3k
9’ = 0.2873F,j - 0.9578F, .k
2+ (- 3)2

F,,=F,, = —0.3698F, i + 0.09245F, ,j — 0.9245F, )k

-1.2i + 0.3j -3k
JE12)2 4032 + (33
= {17.5k} kN z
Equations of Equilibrium : Fo175KN
F=0; F,;+F, +F,,+F=0

(0.3578F, , — 0.3698F, )i + (—0.2683F, , + 0.2873F, . + 0.09245F, )j
+ (-0.8944F, , — 0.9578F . — 0.9245F,, + 17.5)k = 0

Equating the i, j and k components, we have

0.3578F,, — 0.3698F, , = 0
~0.2683F,, + 0.2873F, . + 0.09245F = 0
~0.8944F, , — 0.9578F, .~ 0.9245F,, +175=0  [3]

—_ —
N =
—

Solving Egs. [1], [2] and [3] yields
F,,=7337kN Ans.

F,.=4.568 kN Ans.
F,,=7.098 kN Ans.

Ans:

5 = 7.337kN
Fpe = 4.568 kN
FAD = 7.098 kN
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3-66. The ends of the three cables are attached to a ring
at A and to the edge of the uniform plate. Determine the
largest mass the plate can have if each cable can support a
maximum tension of 15 kN.

SOLUTION

ko= A~ 3 - 1)

k= il i 1~ 1)

SR PR R

SF, = 0; —%FB—%FC—F%FD:O

SF, = 0; f%FBf%FCf%FDwLW:O

Assume Fp = 15 kN. Solving,
Fo=0<15kN (OK)

Fp = 15kN (OK)

Thus,

12 12
—_— — _— —+ =
519 - 0- S(1) +W=0

W = 25.714kN
W 25714
e = s —202Me

A
2m 10
N m
e 12m
C P _3m
L9, 4
L AENY
B l".6m
/Z6m 6m
X
W
s P
Ans.
Ans:
m = 2.62 Mg
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3-67. A small peg P rests on a spring that is contained
inside the smooth pipe. When the spring is compressed so
that s = 0.15 m, the spring exerts an upward force of 60 N on
the peg. Determine the point of attachment A(x, y, 0) of cord
PA so that the tension in cords PB and PC equals 30 N and

50 N, respectively.

SOLUTION
Cartesian Vector Notation:

Fpy = (Fpa)d + (Fpa)yj + (Fpa) Kk
~0.4j — 0.15k

FPB = 30 =

V(-04)2 + (—0.15)?

—0.3i + 0.2j — 0.15k

{—28.09j — 1053k} N

FPC =50

= {—3841i + 25.61j — 1921k} N

F = {60k} N

Equations of Equilibrium:

EFZO; FPA+FPB+FPC+F:0

V(=03)2 + 022 + (—0.15)?

[(Fpa)s — 38410 + [(Fpa)y — 28.09 + 25.611j + [(Fpa), — 10.53 — 1921 + 60 ]k = 0

Equating i, j, and k components, we have

(Fpp)x — 3841 =0
(Fpa)y — 28.09 + 25.61 = 0
(Fpa), — 10.53 — 1921 + 60 = 0

The magnitude of Fp, is

(FPA)X = 3841 N
(FPA)y =248 N

(FPA)Z = —30.26 N

Fop = V(Fpp)? + (Fpa)y + (Fpa)z

= V3841 + 248 + (—30.26)2 = 48.96 N

The coordinate direction angles are

a = cos_l:%: = cos‘(%) = 38.32°
B = COSI:(IZi)y: = cos! %) = 87.09°
y = cos’l:%: = cos™! ;35;%266) = 128.17°
The wire PA has a length of
PA = ((1:[(’)1:1/Z B cos_ &1517" = 02427 m

Thus,

x = PA cosa = 0.2427 cos 38.32° = 0.190 m

y = PAcos B = 0.2427 cos 87.09° = 0.0123 m

y
z
18:2AM
e ’ 50-15»\
onsson 227 J
= il ¥t
onn 07 S
Ve T L] N\
Ty S 7 _{mm
F= Gor FFA
Ans. Ans:
x = 0.190 m
Ans. y = 0.0123m
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*3-68.
Determine the height d of cable AB so that the force in z
cables AD and AC is one-half as great as the force in cable
AB.What is the force in each cable for this case? The flower
pot has a mass of 50 kg.
SOLUTION
Cartesian Vector Notation: y
Fap = (Fap)ei + (Fap)yk
F4p —6i — 2j+3k 3 1 3
Fac = —— = ——Fupi — - F pj +— Fupk
AC 5 (\/(—6)2 2P+ P 7 ABl 7 AB) 14 1 AB
F ap —6i +2j + 3k 3 1 3
Fip=—— = ——Fupi + - Fapj + — Fupk
ap =7 <\/(—6)2 T2 R R L VI i A
Nifgm 7 |9
F = {—490.5k} N ,I :3 2, ‘3’“
[ LS.
Equations of Equilibrium: y FA(' //L /’- //4
/ s
SF=0;, Fup+Fue+Fp+F=0 Wvb""/ F")D/@m
3 3.\, (1 1.\ Ny /
<(FAB)x *7FAB - 7FAB>1+<*7FAB+ 7FAB)J /// /_/_/ /
+((F Vot S Fa et F —4905)1(*0 £ ’4’
ABE T g T AR T 147 AR ' 0!/:]%89
Equating i, j, and k components, we have |
3 3 6 ' Y
(Fap)x — 7 Fap =5 Fap =0 (Fap)x = ZFap @ F:’50(781):'4905N
1 1
77FAB + 7FAB =0 (Satisfied.') :ﬁ‘
3 3 3
(FAB)Z + 7FAB + 7FAB — 4905 =0 (FAB)Z = 4905 - 7FAB (2)
14 14 7
However, F%4z = (Fap)2 + (F45)% then substitute Egs. (1) and (2) into this
expression yields
6 ? 3 2
Fop = (f F AB) + (490.5 - fFAB)
7 7
Solving for positive root, we have
F,p =519.79N = 520N Ans.
1
Thus, Faoc=Fup= > (519.79) = 260 N Ans.
Also,
6
(Fap)x = 7(519.79) = 44553 N
3
(F 4p); = 4905 — 7 (519.79) = 267.73 N
(Fap): 267.73 Ans:
then, 6=t *1{ }= *1< )=31.00°
° T L(F ). 445.53 Fup = 520N
d = 6tanf = 6tan 31.00° = 3.61 m Ans. Fie = 260N
d=36lm
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