CHAPTER IV (SELECTED PROBLEMS)

47. If the moment produced by the 4-kEN force about
point A is 10 kN - m clockwise, determine the angle ), where
F = &= W

Resolving the 4 - kM force into its horizontal and verlical componenis, Fig. a, and applying the
pringiple of moments,
IGrby = = 10= doos D045~ 4simd
12sinfl — 1.Boms@ = 10 i)

Referring 1o the geametry of Fg. a,
[} L 1B

$ = = 3
R v i @

Dividing Fg. (1) by J197.24 yickds
13 sind = 1.8 e [1t] @
34?'.‘.4 ]M'.l'.l-l ]]4'.".3‘

Sebatituting Bq. (2) into (3) yiclds
) . 10
sinfoos$ ~ oo Bsin g =
Jiar s
S8 ) =
4724

However, $= m"‘[%] - B.50° Thus,
sin(ll - B =
Jaa
& -8.531" = 55.50"
B = 6407 Ans,




*4-40. Determine the moment produced by force Fg
about point €. Express the result as a Carlesian vector.

Pusition Yector nnd Force Vectors: Elther position vector iy of gy can be used
10 determing te: moment of Fg about poing 0.

T = J5k] m rog =250 m

Thﬁnmvm!’, iis given by
(0 -0+ (25— j=(0- Gk

Fg=Fgupgg =
=0 +{&3= 0" + (0=

]- 00 - T20k IN

Veotor Cross Prodect: The moment of Fg about point 0 is given by
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*4-56. Determine the moment produced by force F about E T
sepment AR of the pipe assembly. Express the resull as a I 0 + 15k}
Carlesian veclor.

i

Moment Abont Line AB: Elther posion vecior ry- of £ an be cosveniently used

s determine: the moment of I about line A5, 4m

D = (3= Wi+ {4 = O+ 4 =00k = (34 ]+ 2k | m 7
rac =(3- 3§+ (4— 4)j+ (4 -0k =[4k]m im

The wmit vector m g5 , Fip. @, thai specifics the direction of line AR is given by x

ng =B UHA-O OOk 3, 4,

o et eppon® ¥ 3
Thus, the: magritude of the moment of F abowt line AR is given by
0
Mag =040 -Fy ®F = 4
1
3 4
= 5[5 = 103 ] = = 15)= (=200 4] + 0

E (1Y )
= ewle

=8N -m
o

3 4,
My = s F=|5 3§
i I

NI

= Sl0019)- 1004 - S0 1) (=200 4]+
= =EAM - m
Thes, Mg can be expressed in Cantesian vector foom as

Mg = M g0 --m[%u%j]-[-szs-mqn-m Ans.
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458 If F = 450N, determine the magnitude of the
momenl produced by this force about the x axis.

Moment Abat the x nxis: Esther position vectar v g or vy can be wed
o determine the moment of F about the xanks,

Lap = (~015— 0} + (03— 0+ (01— 0k = [~0L150+ 03+ 0L1K]m
Fm = H- 15— =005+ (03— O+ 0010k = JR3j+ L1k|m

Tt fioree vetor F i given by
F = 450 - cos 60°1 + cos 60° § + cos 457k = [-225 + 225+ 318 20k]M

Kmoming that the unin veetor of the x anis s & the magninade of the mament of F about the axis is

given by
10 0
Me=bra xF=l 05 03w
=I2§ 15 A
= [OAIEH) - (225 K010+ 04 0= 30N -m Ans.
o
1 o 0
i -
Msbrm xBol o s
s 125 31
= J03(IED00 - (225N 0.0]+ 0+ 0= TRON -m A,




4-T9. If F = 200 N, determine the required angle ¢/ so that
the resultant couple moment is zero.

By resolving the 300 - N and 200 -N couples into their radial and tangential components, Fig. a,
and samming the moment of these two force components about point O,

(«M, e =EMgp: 0= 200s5in45°(0.3)+ 200008 1 5%0.3) ~ 300 cos 8(0.3) - 300¢os H(0.3)
6 =561" Ans.

Nate: Simce the line of action of the radial component of the foroes pass throagh poist 0, no
moment is produced about this paint.
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486, Two couples act on the cantilever beam. [If
F = 6 kM, determine the resultant couple moment.

F:1] By resolving the & - kN and 5 - KN couples into their xand y
components, Fig. a, the couple moments (M - )y and (M2 )2
produced by the 6- kN and 5 - kM couples, respectively, are

given by

f—*{ M)y = 6sin 307 (%) - 6oos 30°( 0.5+ 0.5)= 3804 kN -m
(4-{”,;}1 = {%]mm n.s:-s[%]m. —9kN -m

Thus, the resultant couple moment can be determined from

(Mg =My +(Mc)
= 5804 9= —5196kN -m=520kN -m (clockwise) Ans,

b By resolving the 6 - kN and 5 - kN couples into their xand ¥ components,
Fig. a. and summing the moments of these force components about point 4,

we can write

{+EM.:}R =EIMy (Mg = {%}ﬂ.sn 5[%}3— feos 30°%(0.5 ) — Bsin 30°( 3

+6in30°( 6) — Goos 30°(0.5)+ {%](ﬂj}_ s(%}ﬁ;
= -5.196kN .m =520 kN -m (clockwise) Ama,




*4-92, Determine the required magnitude of couple
moments M, M;, and M; so that the resultant couple
moment is Mg = {3008 + 450§ — 600k} N -m.

Bimce the couple moment ks & free vector, it can 8t sl any point witkout sliering its effect. Thes,
the couple moments M), My, and M acting an the gear deducer can be simplified, as shown in
Fig @ Expressing each couphe moment in Cartesian vector fanm,

My = My

My = Myl — con 0% — sn B0k ) = —(LEEGHIM 5§ — 5k

M; = -Mik

The resultant comple moment is given by
(Mg = EM: (M )y =My + My + M
(300 + 450§ — SO0k} = M) j+ | —0EE60M 31 = 0.5 3k} + (= k)
= 300§ + 450§ — 00K = DBHH0M 50 + M j (058 3 + My )k

Equating the L J. and k components yields
=300 =D BES0M s My = BN om= 36N -m
M) = 450N -m

600 = 0. 53641+ My My=42TH m
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4105, Heplace the force system acting on the beam by
an equivalent force and couple moment at point A.

SR =IE: K -1_5'..::--:.5[;]
=0 25 kN = |25 kN -

A i FIa
=-S5 790 EN = 579 KN L

Fy=TE+FE = /125975799 = 503 kN A
&--"[%-]-u"(i?—;]-ﬂ.r F A

(v =mat: M, -—zsej{n-l.m P (6) =308
wed AN maMEEN m (Clockwire) Ans
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*4-109. Replace the force system acting on the post by a
resultant force and couple moment at point A.

Equivalent Resultant Force: Forces Fyand F; are resolved into their xand y components,
Fig. a. Summing these force components algebraically along the xand yaxes,

LE(FR) =%Fp  (Fr)y = m{%]— 500c0s 30° — 300 = -533.01 N =53301 N «

+T(Fr)y=Z2F;  (Fr)y = 500:in30’-7.5({%)= 100N T

The magnitude of the resultant force Fg is given by

Fi = o(FR);2 + (Fr)y? = ¥533.01% +100% = 54231 N = 542N

The angle 8 of Fp is

—if (Fr) 1 100 ~
= l R ’ = l = .= °
6 =1n [(Fk)x] tan [533”‘] 10.63° =106 Ans.

Equivalent Resultant Couple Moment: Applyving the principle of moments, Figs, a, and summing
the moments of the force components algebraically about point A,

(KMR)A =IMy  (MR)a =soo«nmz)—soommoz)-m(-sg}os-m{-‘sl}m 30001)
=441.02N -m =441 N m (counterclockwise) Ans.
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«4-141. Replace the three forces acting on the plate by a
wrench. Specify the magnitude of the force and couple
moment for the wrench and the point Px, ¥} where ils line
of action intersects the plate.

By = (5000 = 300) + 800k} N

% = TS0 ¥ (O T 008 - 0N Ane
g = {05051 4 03000§ + 03081k}

My, = EM,.; My = BNA-y¥)

My o= EBMe M = 80

My, = EMy; My, = 300y + 06—z}

Since M, also w0 in the direction of g,

My (0.5051) = S00(4-¥)

My (03030 = 300x

M {0BODE1) = 300y + MG-x)

My = 30TKNm Ans

‘= Llim AnE

Fo= L06m Ans




«4-145. Replace the distnbuted loading with an
equivalent resultant force, and specify its location on the
beam measured from point A.

Loading: The distributed lasding can be divided into two pats &s shown o Fig. a. The magnitude and location
of the resultant force of each part acting on the beam are also shawn in Fig.a.
Resubinmis: Equating the sum of the Torces slong the ¥ axis of Figs. 0 ad b,

OJ.-FR—IF: Fl.%'{%]“é"t{%)'-;'ﬂ-'\l Ans

Il we eqquaste the moments of Fg, Fig. b, o the sum of the moment of the fiorces in Fig. a about poist A,

(oo oAl ) 43
3

= — Ao,
¥ ni.
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