A 500-Ib cylindrical tank, 8 ft in diameter, is to
obstruction. A cable is wrapped around the tank an
shown. Knowing that the corner of the obstructio
required tension in the cable and the reaction at A.

SOLUTION

Free-Body Diagram:

Force triangle

(f=60°)
06)tan30°  T=2891b

A=5771b L 60.0°




’090 mm

D

. Determine the reactions at B and D when b =60
7

\ 4 b

4

A B

250 mm !
SOLUTION

Since CD is a two-force member, the li ion of reaction
Free-Body Diagram:

(Three-force body)

Reaction at B 0-N force intersect.

B=4/.3%8"
90° #1.398°
=/31.348

goN

'652°  sin45° sin131.348°
B=888.0N

D=9428 N B=838 N 41.3° D=943N ™ 45.0° <




’090 mm
D
Determine the reactions at B and D when 5 =120 mm.

80N
3
| b
b
A B
<—250mm—>‘

SOLUTION

Since CD is a two-force member, line of action of r t D must pass

Free-Body Diagram:
(Three-force body)

Reaction at B must pass th E, where thg

B _ D
n3.24° sin135° sin41.76°

B=1000.9 N

D=9428N B=1001 N 482° D=943N <T 45.0° «

Law of si




R B

300 mm

%X 300 N

250 mm—>|
150 mm

A T-shaped bracket supports a 300-N load a

the reactions at A and C when a = 45°.

SOLUTION
Free-Body Diagram:

(Three-force body)

E, where A and the 300-N force intersect.

EA =AB =400 mm

9—2— CF 150 mm

= = = 0=12.0948°
EF  EA+AF 700 mm




(Continued)
Force Triangle
<
12,0948 °
&
A £\12s°
- 22.905°
300N
Law of sines: - A =— ¢
sin32.905° sin135°




o N300 N
300 mm

250 mm—

150 mm

A T-shaped bracket supports a 300-N load a

the reactions at A and C when a = 60°.

SOLUTION

Free-Body Diagram:

In trian

tan @ =

A

CF _

tan@d =—

<

<

400 mm) tan 30°
230.94 mm

CF

EF EA+ AF

150

0=15.7759°

230.94 +300




(Continued)

Force Triangle

Law of sines:

15.7759°

=

180°-120°
.T159°

.224°

C=956N ™ 74.2° 4




A 40-1b roller, of diameter 8 in., which is to be used on

directly on the subflooring as shown. Knowing tha

tile is 0.3 in., determine the force P required to mov:
if the roller is (a) pushed to the left, (b) pulled to the

SOLUTION

rd

[4}
/é— W=22.3372°

A A

Force Triangle

188°~126°~ 22,334

Geometry: Fore

of sines:

e as roller comes into conta

P

= ; P=24871b
68°  sin22.332°

P=24.91b2730.0° 4

d to right (three-force body):

Forces must pass through O.

WOb P 533611

sin97.668°  sin22.332°

P =15.341b £30.0° 4




|12 in <12 in—|

One end of rod AB rests in the corner A and the other end is att
cord BD. If the rod supports a 40-1b load at its midpoint C, find t

at A and the tension in the cord.

SOLUTION

Free-Body Diagram: (Three-force body)

The line of action of reacti

A must pass

40 1b

> sin27.553°

sin 85.067°

b load intersect.

Force triangle

A°- ¢
=(7.%80°

40 \b

- o )
=21.55%°

A=37.11b < 62.4° 4
T=18571b 4




A 50-kg crate is attached to the trolley-
Knowing that @ =1.5 m, determine (a) t
(b) the reaction at B.

SOLUTION

Three-force body: W and T, i

Three forces intersect at E.

T, =499 N <
B =457 N™»26.6° 4




Solve Problem 4.73, assuming that a =3 m.

PROBLEM 4.73 A 50-kg crate is attached to the tr eam
system shown. Knowing that a =1.5 m, determine (a) th ion in
cable CD, (b) the reaction at B.

SOLUTION

W and T, intersect at E.

Free-Body Diagram:
Three-Force Body

Force Triangle

Teo
Law of sines: =— 55°
sin95.730°  sin55° w
Tep =998.18 N
B=821.76 N & e
T =998 N «

B=822N_> 573° 4




\(1/50 lnl/

Determine the reactions at A and B when =5

SOLUTION

Reaction A must pass through Point D where th
and B intersect.

In right A BCD:

75°=933.01
In right A ABD:

sin155.867°
N; B=257.6N

e-Body Diagram: (T

A=163.1N 74.1° B=258N ™ 65.0° 4




Determine the reactions at A and B when 3 = 80°.

SOLUTION

Free-Body Diagram:
(Three-force body)

¥ =9.1333°

In right triangle =
BD  933.01 mm




(Continued)

Force Triangle

Law of sines:

si
N 55.9° 4
B =258 N> 65.0° 4




Knowing that 8 = 30°, determine the reaction (a) at B, (b) at C.

SOLUTION

Reaction at C must pass through D where force P and reactio.

In A CDE:

Force Triangle

B=2P ™ 60.0° <
C=1.239P7X36.2° 4




Knowing that 8 = 60°, determine the reaction (a) at B, (),

SOLUTION

Reaction at C must pass through D where force P and reaction a sect. Free-Body

(Three-forc

In ACDE:

Force Triangle

)
all®

B=1.155P ™. 30.0° 4
C=1.086P < 22.9° 4




A thin ring of mass 2 kg and radius r = 140 mm is held against a fri
wall by a 125-mm string AB. Determine (a) the distance d, (b) the

140 ’ .
i the string, (c) the reaction at C.

SOLUTION
Free-Body Diagram:

(Three-force body)

The force T exerted at B must pass through the intersect at that point.

(a) From triangle ACG:

d=225mm <

Force Triangle
kg)(9.81 1 00 N T

—

P

of sines:

- _ 19.6200 N c.
140 mm  225.00 mm —

T=231N<
C=122IN— 4«




40 mm

A 200-mm lever and a 240-mm-diameter p
welded to the axle BE that is supported by be
and D. If a 720-N vertical load is applied at
lever is horizontal, determine (a) the tension
(b) the reactions at C and D. Assume that
at D does not exert any axial thrust.

80mm 120 mm

‘ 200 mm

SOLUTION

imensions in mm

We have six unknowns and s

—200i)x (=720§) =0

60Tj+57.6x10%1 +144x10°k =0

(@) T=1200N <«
D, =—480N
~120D, F160(1200N)=0 D, =—1600 N

C,+D,+T=0 C,=1600—1200=400N

C,+D,~720=0 C,=480+720=1200 N

C.=0
C = (400 N)i + (1200 N)j; D =—(1600 N)i— (480 N)j <«




Y
40 mm

‘ 80 mm 120 min

™~~~
200 mm\~>/’//

D | E

Solve Problem , assuming that een
rotated clockwise in its bearing ° and that the
720-N load remains vertical.

A 200-mm lever and a 2
are welded to the axle BE
bearings at C an
applied at
determine (a

T
T =
120 mm

by

load is
lever is horizontal,
cord, (b) the reagtions at

SOLUTION

We have six

i

12471x10° =0 T=1039.2N T=1039N <
0D, +57.6x10°=0 D, =-480N

—120D, —160(1039.2) D =-1385.6 N

C,+D, +T=0 C, =1385.6-1039.2 = 346.4
C,+D,-720=0 C, =480+720=1200 N
C, =0

C=(346 N)i+(1200N)j D=—(1386 N)i— (430 N)j «




Two tape spools are attached to an axle s
at A and D. The radius of spool B is 1
spool C is 2 in. Knowing that T = 2
rotates at a constant rate, determine t

neglect the weights of the spools and axl

SOLUTION

Free-Body Diagram:

+30i+10.57.j—2T¢i+15D,k —15D_j=0

3027, =0 T.=151b

10.5T, —15D, =0 10.5(15)-15D,=0 D, =1051b
~90+15D, =0 D, =61b
D, =0
A, +D,-201b=0 A, =20-6=141b
A, +D,~151b=0 A, =15-10.5=451b

A =(14.001b)j+(4.501b)k; D=(6.001b)j+ (10.501b)k <«




150 mm__ 100 mm -
Two transmission belts pass over a double-

at A and D. The radius of the inner sheave
and the radius of the outer sheave is 250
that when the system is at rest, the tension
both portions of belt B and 150 N in both p
belt C, determine the reactions 3
the bearing at D does not exg

4

A N

SOLUTION

We replace T, and T, by their resultant (—13 and T/ by the nt (—300 N)k.

b

¢ NE]
i

,IOO
A

Dimensions in mm

N

We have five unknow six equatiQ
ibrium is maintaine { =0).

(15019% (-180j xX(D,j+Dk)=0

j+450D k —450D_j=0

D,=166.7N
D, =60.0N

TF,=0: A, +D,~180N=0 A, =180-60=120.0N

SF,=0: A +D,-300N=0 A, =300-166.7=133.3N

A=(120.0N)j+(133.3N)k; D=(60.0N)j+(166.7 N)k «




150 mm__, 100 mm

PROBLEM  Two transmissio
double-sheaved pulley that is attac
by bearings at A and D. The radius
125 mm and the radius
Knowing that whes

e reactions at A and D. A
pes not exert any axial thrust.

belt C, deter
the bearing 2

-

A N

rest, the tension is 90 N
in both portions 5 and§150 N in both poxuti

s of

SOLUTION

We have si3

200
'(fzrsé% Dy §
s~ \D
N4

D

% Dimensions in mm

- (B N)g
"y

ilibrium. —OK

150i — 250Kk ) x (—84j)

+(250i —125j) x (-T.)

)=0

50104 —84)i + 250175+ T/)j —125(175-T})
0D_j=0

fficients of the unit vectors to zero,

50(104—84)—125175-T/)=0 175=T; =40 T/ =135,
250(175+135)—-450D, =0 D, =1722N

k: —150(104+84)+450D, =0 D, =627N




PROBLEM (Continued)

F, =0: A, =0
TF,=0: A, -104-84+627=0 A, =1253N
TF, =0: A -175-135+1722=0 A, =1378N

A=(1253N)j+(137.8 N)k;




v PROBLEM

Two steel pipes AB and BC, each havi
Bl length of 8 kg/m, are welded together,
D three wires. Knowing that a =0.4

in each wire.

SOLUTION

AW, —0.2W, +0.8T. =0
'¢)+0.4(0.6m'g) —0.2(1.2m’g) + 0.8T, =0

T, +T-+T, -W, =W, =0
0.3m’g +0.15m’g + T, —0.6m’g —1.2m’g =0

T, =1.35m'g
m'g = (8 kg/m)(9.81m/s?) = 78.48 N/m
T,=0.3m'g=0.3x78.45 T,=235N <
T, =0.15m’g =0.15x78.45 T,=11.77N 4

T, =1.35m'g =1.35x78.45 T.=1059N 4




v PROBLEM
. For the pipe assembly of Problem 4.97, determine
B largest permissible value of a if the assembly is
D (b) the corresponding tension in each wire.
A
A C
: 12m >\
0.6 m
X
SOLUTION

)i xX (-W,j) + ixT.j=0

0.6-a)k+T.(12-a)k =0

A=W

1
=—0.6m'g =0.3m’
> > 8 8

6—a)+T(1.2—a)=0

06m’'ga —1.2m'g(0.6—a)+T.(1.2—a)=0

—0.6a+1.2(0.6 —a)
1.2—a

-0.3a+1.2(0.6-a)=0
-0.3a+0.72-1.2a=0
1.5a=0.72 a=0.4380m <«

For maximum a and no tipping, 7. =0.




PROBLEM (Continued)

(b) Reactions: m’g = (8 kg/m) 9.81 m/s* =78.48 N/m
T,=03m'g =0.3x78.48=23.544 N
XF, =00 Ty +Tc+Tp -W, =W, =0
T,+0+T,—0.6m'g—1.2m’

T, =1.8m'g —T, =1.8x78.48 23,




15 in.
5in.

g

20 in.

C
—
20 in.J

PROBLEM

The 45-1b square plate shown is supported by three vertica

Determine the tension in each wire.

SOLUTION

Free-Body Diagram:

T, +22.51b—451b=0

T.=2251b <4

T,=56251b <

T, =16.8751b <
T, =5.631b; T, =16.88 Ib; T. =22.51b <




PROBLEM 0

The table shown weighs 30 1b and has a diameter of 4
three legs equally spaced around the edge. A vertica
100 Ib is applied to the top of the table at D. D
value of a if the table is not to tip over. Show, on
table over which P can act without tipping the table

upported by
of magnitude
ine the maxim

SOLUTION

‘We shall sum moments about AB.

If table is not to tip, C = 0.

Only L distanc ame conditio

ied for each leg. P must be located




PROBLEM

An opening in a floor is covered by a 1x1.2-m
plywood of mass 18 kg. The sheet is hinged at A
is maintained in a position slightly above the floor
block C. Determine the vertical component of t
(a) at A, (b) at B, (¢) at C.

SOLUTION

0.8 +1.05k

81+ 0.6k) X (—-Wj) =0
+ 0.8Ck —1.05Ci — 0.3Wk +0.6Wi =0

4624 N+100.90 N+176.58 N=0 A=12192N
(@) A=1219N (b) B=—462N (¢) C=1009N <«




PROBLEM

Solve Problem 4.101, assuming that t
moved and placed under edge DE a
corner E.

PROBLEM 4.101 An opening in
1x1.2-m sheet of plywood of mass
hinged at A and B and_d intained in

above the floor by . Determine the vertical
component of the )at B, (c) at C.

SOLUTION

C= (%)176.58 N=8829N

0.6B +0.65(88.29 N) - 0.3176.58 N)=0 B=-7.36N

A+B+C-W=0

A-T736 N+88.29 N-176.58 N=0 A=95.648N

(@) A=956N (b) B=-736N (c) C=833N «




PROBLEM

vertical wires. Determine the tension in each wire.
15 in.

The rectangular plate shown weighs 80 Ib and is supported b

SOLUTION

Free-Body Diagram:

+Tp +T,-801b=0

+7T,+401b-801b=0

T, =30.01b <«
T.=40.01b <

T, =10.001b <«




PROBLEM

The rectangular plate shown weighs 80 1b and i
vertical wires. Determine the weight and locati
that should be placed on the plate if the tensio
to be equal.

15in.

SOLUTION

Free-Body Diagram:

Let —W,j be

Since tensig

i 1207 +45W +W,z=0 (1

k: 60T —30W —W,x=0 2

3r-w-w,=0 (3)

40 Eq. (3): 5W +(z—40)W, =0 4)

20 Eq. (3): -10W — (x-20)W, =0 (5)




PROBLEM (Continued)

Solving Eqs. (4) and (5) for W,/W and recalling that 0< x<60in., 0<z<90in.,

Eq. (4): %= > 2L=0.125
W  40-z 40-0
Eq. (5): Wy __10 > 10 0.5

W 20—x 20-0
Thus, (W), =0.5W =0.5(80) = 40 Ib

Making W, =0.5W in Eqgs. (4) and (5):

SW +(z—40)(0.
—10W - (x—20)(0.5W) =0

=40.01b «




-

AR

PROBLEM

A 2.4-m boom is held by a ball-and-socket j
cables AD and AE. Determine the tension 4
reaction at C.

cable and the

SOLUTION

Free-Body Diagram: Five
M, =0).

owns and six eq

WD =—0.8i +0.6 AD=2.6m
0.8i+1.2j—2. AE=2.8m
+0.6j—2.4k)

_AE _
AE 2.

TA—g(O.Si +1.2j—2.4k)

b+, XT, e +1, X (-3kN)j=0

Kk . i Jj k T
2.4 ﬁ+ 0 0 24|72£4112kx(-3.6kN)j=0
0.6 2.4 08 12 -24

to zero:
~0.55385T,, —1.02857T, ; +4.32=0 )
—0.73846T,,, +0.68671T,, =0
T,, = 0.92857T,, )
~0.55385(0.92857)T,,, —1.02857T,, +4.32=0
1.54286T,, = 4.32
T,z =2.800 kKN T, =2.80kN <«




From Eq. (2):

PROBLEM

(Continued)

T,, =0.92857(2.80) = 2.600 kN

0.8

SF,=0: C,———
2.6

(2.6kN) +

%(2.8 kN)=0 C.=0
2.8

3F, =0: Cy+(2)—'2(2.6kN)+%(2.8kN)—(3.6kN)=O C, =18

3F,=0: C, —%(2.6 kN) —

ﬁ(2.8 kN)=0
2.8




PROBLEM

The assembly shown is used to control the tensi
passes around a frictionless spool at E. Collar C j
and CDE. It can rotate about shaft FG but its
prevented by a washer S. For the loading shi
tension 7 in the tape, (b) the reaction at C.

SOLUTION

Free-Body Diagram:

4

(+K)+ (M), j+ (M) k=0

T=5001b <

=0 (M), =—121b-in.
M, = (8.00 Ib-in.)j— (12.00 Ib-in)k <
—(6 1b)j+ (5 Ib)i + (5 1)k =0

ctors to zero.

C,==5Ib C,=61b C,=-51b 4

C =—(5.00 1b)i + (6.00 1b)j— (5.00 Ib)k <«




y PROBLEM

Solve Problem 4.136, subject to the restriction that H mu
the y-axis.

PROBLEM 4.136 Two 2Xx4-ft plywood panels, each of
are nailed together as shown. The panels are supported b
socket joints at A and F and by the wire BH. Determi
location of H in the xy plane if the tensiongi i
minimum, () the corresponding minimy

SOLUTION

ee-Body Diagram:

AF =4i-2j—4k

(—2><2x12+2><4><12)%+kAF (g xT)=0

 xT)=-32 (1)

BH =—4i+yj—4k  BH =32+ y})"?

_BH __ —4i+yj—dk
T=T =T
BH — (32+)%)




PROBLEM (Continued)

From Eq. (1):
2 -1 =2

hpp (@ xT)=14 0 O|————5—5=-32

-4

(—16 —8y)T =-3x32(32 + y*)"?

Pen+E2+y)" @

ar

8y+16)L(32
96(y )5 (

Numerator = 0:

=16.00 ft <

From Eq. (2): T.,=11311b <

8x16+16




y PROBLEM

The frame ACD is supported by ball-and-socket joi
and D and by a cable that passes through a ring
attached to hooks at G and H. Knowing that
supports at Point C a load of magnitude P =268
the tension in the cable.

SOLUTION

Free-Body Diagram:

—0.5i +0.925j - 0.4k
1.125

BH
Tgy =Tyy E
0.3751+0.75j—0.75k

1.125

=Tpy




PROBLEM (Continued)

g, =05 m)i; 1o, =0 mji; P=-(268 N)j

To eliminate the reactions at A and D, we shall write
IM,, =00 Ayp (g X Tpe) + A, - (00 X Ty )+ Ay - (X4 XP
Substituting for terms in Eq. (1) and using determinants,

0.8 0 -06 . 0.8 0
0.5 0 0 |—£5+| 05 0
-0.5 0925 -04 0.375 0.75

Multiplying all terms by (—1.125),
0.27750T; +0.225007,,, =

For this problem,

2

T=360N «




PROBLEM

Solve Prob. assuming that cable GBH is replaced
cable GB attached at G and B.

PROBLEM The frame ACD is supported b
socket joints at A and D and by a cable that passe
ring at B and is attached to hooks at G and H. Knowin
frame supports at Point C a load o
determine the tension in the cable.

SOLUTION

Free-Body Diagram:

—-0.5i +0.925j - 0.4k
1.125

BH
Tgy =Ty ﬁ
0.375i1+0.75j—0.75k

1.125

=Tyy




PROBLEM (Continued)

rp. =05 m)i; ry, =1m)i; P=-(268 N)j

To eliminate the reactions at A and D, we shall write

IM,p =00 Ay (g XTye) + A - (05,0 X Ty ) + Ay - (10 XP)

Substituting for terms in Eq. (1) and using determinants,

0.8 0 -06 . 0.8 0
0.5 0 0 |25 +| 05 0
-0.5 0925 -04 0.375 0.75

Multiplying all terms by (—1.125),
0.27750T,; +0.225007, =

For this problem, Ty, =0.

Thus, Eq. (2) reduces to

2

Ty =652 N 4
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