PROBLEM 3.82

A: 2em A 30-N vertical force P is applied at 4 to the bracket shown, which is held by
Bl — % screws at B and C. (a) Replace P with an equivalent force couple system at B.

o—>

(b) Find the two horizontal forces at B and C that are equivalent to the couple

3cm K )
| obtained in part a.
Ol —%
SOLUTION
4 Fu
dg—1 -8
A
- _ " o __g_ — Py
c t\e. _L < EL
PART () PAeT (o)
(a) XF: F,=30N

SM:  M,=Pd,

= (30 N) (0.05 m)

=1.5N'm

()  IM,

s M,=F.d
1.5 Nm = F(0.03 m)

F.=50N

SF: 0=—F,+F,

Fy=F.=50N

orFB=30Nl4

orM,=1.5N"m ) ¢

orF.=50N— 4«

or F,=50 N «— ¢
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PROBLEM 3.81

A 260-N force is applied at A to the rolled-steel section shown. Replace that force
with an equivalent force-couple system at the center C of the section.

SOLUTION
AB =/(0.0625 m)’ + (0.15 m)’ = 0.1625 m
i o 0:0625m _ S
T0.1625m 13
0.15m 12

cos a:70.1625m 13 oa=22.6

F =—Fsin i — F sin ¢
5. 12,
=—(260 N)ﬁl—(260 N) 137
=—(100.0 N)i— (240 N)j

M.=r, xF

C AlIC
= (0.0625i + 0.1j) x (~100.0i — 240j)
= 10k — 15k

=—(5N-m)k

F=260N .~ 67.4°

; M.=5N'm )<
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y PROBLEM 4.113
D \%0 nm A 100-kg uniform rectangular plate is supported in the position
shown by hinges A and B and by cable DCE that passes over a
frictionless hook at C. Assuming that the tension is the same in
both parts of the cable, determine (a) the tension in the cable,
A B (b) the reactions at A and B. Assume that the hinge at B does
450 ritm | N not exert any axial thrust.
/’/ 675 mm
X
270 mm ’
SOLUTION
Iy, (960 —180)i = 780i Dimensions in mm
960 450
Ig,=| —-90|ji+—k
GIA [ > ] >
=390i + 225k

r.,, = 600i + 450k

T =Tension in cable DCE

CD =-690i + 675j— 450k CD =1065 mm

CE =270i + 675 — 450k CE =855 mm
T, =L (—690i + 675 — 450K )
1065 !

T
T.. =——(270i + 675j— 450k
CE 855( J )

W = —mgi =—(100 kg)(9.81 m/s*)j=—(981 N)j
XM, =0: 1oy XTep +rey XTop +15, X(Wj) +15, xB=0
i j k i J k
T T
600 0 450 1065 +1600 0 450 355
-690 675 -450 270 675 -450
i J k i j k
+1390 0  225(+(780 O 0|=0
0 -981 0 0 B, B,

y
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PROBLEM 4.113 (Continued)

Coefficient of i: —(450)(675)L - (450)(675)L +220.73x10° =0
1065 855
T =344.64 N T=345N 4
Coefficient of j: (=690x 450 + 600x 450) 3?(?624 +(270x450 + 600x 450) 344.64 780B, =0
B, =185.516 N
Coefficient of k:  (600)(675) 3?;;54 + (600)(675) 34;'564 ~382.59%10° + 780B, =0 B, =113.178 N

B=(1132N)j+(1855N)k «
XF=0: A+B+T,,+T,+W=0
690 270

Coefficient of i: A ———(344.64)+—(344.64)=0 A =1145N
1065 855
Coefficient of j: A +113.178+ﬂ(344.64)+@(344.64)—981=0 A =37TN
y 1065 855 ’
Coefficient of k: A_+185.516 —ﬂ(344.64) - @(344.64) =0 A =1415N
1065 855

A=(1145N)i+ 377 N)j+ (1445 N)k <«
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PROBLEM 4.107

A E A 10-m boom is acted upon by the 4-kN force shown. Determine the
L tension in each cable and the reaction at the ball-and-socket joint at A4.

SOLUTION

We have five unknowns and six Egs. of equilibrium but equilibrium is maintained (XM, =0).
Free-Body Diagram:

BD=(-6m)i+(7Tm)j+(6mk BD=11m
BE =(-6m)i+(7m)j—(6m)k BE=11m

BD T,
Tor = Tyr — = B2 (—6i + 7j+ 6k
BD BDBD 11( J )
BE T
Top =T — =—BE (—6i + 7j— 6k
BE BEBE 11( J )

IM =00 rpu X Tpp+rgu X Tpp + 1oy X (-4j) =0
. TBD . . . TBE . . . .
61><T(—61+7J+6k)+61><7 —6i+7j—6k)+ 10i x (—4j) =0

42 36 42 36
— T K——T, j+—Tr k+—T,.j— 40k
11 B 11 8p] 11 11 BE)

Equate coefficients of unit vectors to zero.

36 36
_HTBD +HTBE =0 Tpp=Tpp

42 42
K: =T, +—T,,—40=0
11 BD 11 BE

42
2(HTBDJ=4O Ty, =5.24 kN 4

Ty, =5.38m T, =524 kN <«
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PROBLEM 4.107 (Continued)

SF =0: A- %(5.24 kN) — 16—1 (524 kN)=0
A,=572kN
SF,=0: A+ %(5.24kN)+17—1(5.24 kN) -4 kN =0
Ay=-2.67kN
SF =00 A+ 1—61(5.24kN)—%(5.24kN)=0

A =0 A =(5.72 kN)i — (2.67 kN)j «

z
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PROBLEM 4.105

A 2.4-m boom is held by a ball-and-socket joint at C and by two
cables AD and AE. Determine the tension in each cable and the
reaction at C.

SOLUTION
Free-Body Diagram: Five unknowns and six equations of equilibrium, but equilibrium is maintained
M, =0).
o8m Y rp =1.2k
r, =24k

AD=-08i+0.6j-24k AD=2.6m

AE =0.8i +1.2j— 2.4k AE=28m
AD T, . .
=22 = 24D (0 8i+0.6j— 2.4k
AP AD 2.6( ! )
AE T . )
=2 = ZAE (08i+1.2j—2.4k
Y ( J )

XM-=0: r,xT,, +r,xT,p +1r; x(-3kN)j=0
i j k i k

0 0 24 TA—D+ 0 0 24 TA—E+1.2k><(—3.6kN)j=O

2.6
-0.8 0.6 2.4 08 12 -24

Equate coefficients of unit vectors to zero:

i: —0.55385T,, —1.02857T,, +4.32=0 (1)
j: —0.73846T,,, +0.68671T,, =0

T,, =0.92857T,, )
From Eq. (1): ~0.55385(0.92857)T, —1.02857T,, +4.32=0

1.54286T,, = 4.32
T,z = 2.800 kN T, =2.80kN <
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PROBLEM 4.105 (Continued)

From Eq. (2): T,p = 0.92857(2.80) = 2.600 kN T,, =2.60kN <«
SF, =0: CX—%(2.61<N)+%(2.81<N)=0 C,=0
2.6 2.8

SF, =0: C, +%(2.6 kN)+%(2.8 kKN)-(3.6kN)=0 C, =1.800kN
SF,=0: C, —%(2.6 kN)—%(ZS kN) =0 C. =4.80kN

C=(1.800kN)j+(4.80kN)k «
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PROBLEM 4.11

Three loads are applied as shown to a light beam supported by
3kN p 0 cables attached at B and D. Neglecting the weight of the beam,
determine the range of values of Q for which neither cable
yC  / becomes slack when P = 0.
A [ E
‘ | B D
I 1.5m
0.5m0.75m 0.75 m
SOLUTION
&) 0
A 1€

)IM, =0: (3.00 kN)(0.500 m) + 7}, (2.25 m) — 0(3.00 m) = 0
0=0.500 kN +(0.750) T,, (1)
+‘> XM, =0: (3.00kN)(2.75 m)—T4(2.25 m)-Q(0.750 m)=0
Q0 =11.00 kN - (3.00) T, 2)
For cable B not to be slack, 7 20, and from Eq. (2),
0 <11.00 kN
For cable D not to be slack, 7}, 20, and from Eq. (1),
0 20.500 kN

For neither cable to be slack,

0.500 kKN <Q <11.00 kN 4
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Yy
PROBLEM 5.14
x = ky? .
Locate the centroid of the plane area shown.
b=4cm
X
Li a=8cm—
SOLUTION
1 4
~— 3 X
3 . \
gx4 ¢4
4 T_ 1
& )
X X
Dimensions in cm
A, cm? X,cm y,cm x4, cm? VA4, cm?
2
1 §(4)(8) =21.333 4.8 1.5 102.398 32.000
1
2 —5(4)(8) =-16.0000 5.3333 1.33333 —85.333 -21.333
z 5.3333 17.0650 10.6670
Then XTA=X%4
X(5.3333cm?)=17.0650 cm’ or X=320cm 4
and YSA=Xy4
Y (5.3333 ¢cm?)=10.6670 cm’

or Y=2.00cm 4
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