Homework Solutions # 6

4-106. Replace the force system acting on the beam by an

equivalent force and couple moment at point B.

SR =IF: K = 1.5:5:.30‘-2.5(;)
=-125kN = 125 kN «

+T R =EF; Fy, =-1.5¢08 30"-2.5@)-3

=-579kN = 5799 kN
Thus
B= R+ R = {13574579% = 593 kN
and
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(+ M, =TMp: My, = Lscos 30°(2) + 2.5(;](6)

=116 kN-m (Counterclockwise)
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*4-108. Replace the two forces by an equivalent resultant v 20 1b
force and couple moment at point O. Set F = 15 1b.

2O1b I
% 35 5/b
713
4—
bsin40’m,
40’ |
X
[Zin | ¢cos4o°m. Trsm

> Ry =ZIF; ﬁ,-;(li)-.-ZOdnSO’-ZI.b

o1 By =3 =200 P+ 319226320
Fo=\FL v = /T BB = 2641
-1y 1 (%6:32)
o= B = (BZ)=ssr L
(& Mo, =ZMo; My, =20 sin 30°(6 sin 40°)+ 20cos 30°(3.5+ 6 cos 40°)

-;(IS)(G sin «r)+§(1s)a.s+6 cos 40°)
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4-110. Replace the force and couple moment system
acting on the overhang beam by a resultant force and
couple moment at point A.

Equivalent Resultant Force: Forces F; and F, are resolved into their xand ycomponents,

Fig. a.Summing these force components algebraically along the xand yaxes, H
KE(FR)y =%Fg:  (Fr)x = 26{1—53]—303'1:130" =-5kN =5kN «

+ T (Fo)y=2Fy:  (Fr)y =—1({-}—§-]— 3000s30° = 49.98kN = 4998 kN |

The magnitude of the resultant force Fg is given by

Fr = f(Fr)% +(Fr)y? =A% + 49982 = S0.13KN = 502N Ans.

The angle B of Fg, is

0=t~ 1| LR | = 1] 2282 94200 = 84.3° 7 Ars.
(Fg)x s

Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing
the moments of the force components algebraically about pointA,

Q{MR)A =My, (Mp)a = 30sin30°(0.3)~30co0s 30°(2) - 2 .%](03)— 26(%}6)—45

=-23946 kN - m = 239kN - m (clockwise) Ans.
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4-130. The building slab is subjected to four parallel

column loadings. Determine the equivalent resultant force

and specify its location (x, y) on the slab. Take F, = 20 kN,

F, = 50kN.

tiR=EF; KR =20+504+20+5= 40N

My y = IMy; 140(x) = (50)(4) + 20(10) + 50(10)
*=643m

M . = EM,; = 140(y) = -(50(3) - 20{11) —~ 50(13)

y=728m
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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 P(x, y) where its line
of action intersects the plate.

F, = {500 + 300j + 800k} N

F = /(500 + (300)7 + (800)2 = 990 N

uge = {0.5051i + 0.3030j + 0.8081k}
M, = 3M,.; My, = B0O0(4-y)

My, = EM,; M, = B0Ox

M, = EM.: My, = 500y + 300(6—x)

Since My also acts in the direction of ug;,
M,(0.5051) = 800(4-y)

M,(0.3030) = 800x

M;(0.8081) = 500y + 300{6-x)
My = 3.07kN-m Ans
‘x=116m Ans

y=206m Ans

Ans

I = (800K} N




15 kl\_l /m
T —_10kN/m

4-142. Replace the distributed loading with an equivalent
resultant force, and specify its location on the beam
measured from point A.

Loading: The distributed loading can be divided into four parts as shown in Fig. a. The magnitude and location
of the resultant force of each part acting on the beam are also indicated in Fig. a.
Resultants: Equating the sum of the forces along the y axis of Figs.a and b,

+ LRy =3F; Fp = %( 153)+ -;(5)(3)+ 103)+ -;(10)(3) =75kN

If we equate the moments of Fg , Fig. b, to the sum of the moment of the forces in Fig. 2 about point A,

(+(Mx )4 =EMy5 —T5E)= (15K - 5 (SKBKD - 103KL.5)- Z(10)3X4)

X=120m
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4-150. The beam is subjected to the distributed loading. I b I
Determine the length b of the uniform load and its position 40 1b/ft
a on the beam such that the resultant force and couple a
moment acting on the beam are zero.
Require Fp = 0. N 60 Ib /ft
+1Fr=EF; 0=180—406 10t ! 6 ft
b= 450 fe Ans
Require Mg, = (. Using the result b = 4.50 fi, we have 406
a+
§+Mn =My 0=18007) - 00450 (a4 ‘—2—‘”) ‘l N N
= =
a=915 1t Ans AT T‘: "

-1'-(@.\; (6)= 150 1b




50 Ib/ft

*4-156. Replace the loading by an equivalent resultant

force and couple moment acting at point B. 50 1h /ft L
k.
B

4t |

100 Tb /ft

3c0560° +4 ) ft
6':200 b

| ___""_'L/ B

| F=3001b |/feo; o )
fi = 3650 = 150D 2 b 7l 5!n60ft_
F = (6)(50) = 3001 E_lso 2 ) N 4’5’"60%
R = (4)(30) = 200 b /
. ;’ 760 y
~+Fp =EF; Fy, = 150sin60° + 300sin 60° = 389.71 B (\{/
+iFy = EF,; Fpy = 150cos 60° + 300 cos 60° + 200 = 425 Ib (46“600*4) ff -

&::38?- 71 16

A = /GBOTIF + (@BF = ST Ams Mﬂ

P— (;Fz_sﬁ) =415  Ame

(Mes = ZMy:  Map = 150cos 60° (4.cos 60° + 4) + 150 sin 60° (4 sin 60°)
+ 300 cos 60° (3 cos 60° + 4). + 300 sin 60° ( 3 sin 60°) + 200 (2)

Mes = 2000t =2.30kip- £ ) Ans




#*4-168. Determine the magnitude of the moment of the
force F about the hinged axis aa of the door.

g = {[-05=(-0.9)]i +[0=(-1)]j+(0-0)k} m={1}} m

k. ,m([-o:q-z.mn(o-[-(n 1.5¢08 30°)] }§+ (0~ 1..5sin 30°) k } .

J(=0.5-(=2.5)" + (0- [~(1+ L5cos 3091 }* + (0~ 1.5sin 3C°)°
= {159.33i +183.15) - 59.75k} N

Moment of Force F- About a- aAxis : The unit vector along the a~aaxis is i.
Applying Eq.4~11, we have M. =i (rap X Fe)

1 0 0
0 1 0
159.33 183.15  =59.7.

= 1[1(~59.75) -(183.15)(0)] -0+0
=~597N-m

The negative sign indicates that M, _is directed towerd negative x axis.
M,_.=5T7Nm




*5-1. Draw the free-body diagram of the 50-kg paper roll
which has a center of mass at G and rests on the smooth
blade of the paper hauler. Explain the significance of each
force acting on the diagram. (See Fig. 5-7b.)

The Significance of Each Force : @ >
W is the effect of gravity (weight) on the paper roll.
N, and Ny are the smooth blade reactions on the
paper roll
Mg N

5-7. Draw the free-body diagram of the “spanner
wrench” subjected to the 20-1b force. The support at A can
be considered a pin, and the surface of contact at B is
smooth. Explain the significance of each force on the
diagram. (See Fig. 5-7b.)

6in.

Iin. v

Ag, Ay, Ny force of cylinder on wrench. I 7,_,1




