CHAPTER V (SELECTED PROBLEMS)

5-11.
Determine the magnitude of the reactions on the beam at A 600N 15°
and B. Neglect the thickness of the beam. /_ 400 N
3N “'B\
B [5]
—4m 8m !
SOLUTION
CH+HEM, =1 B, (12) — (400cos 157)(12) — 600(4) = 0
B, = 586.37 = 580 N Ans. Aj i(ﬂw” '5'15044
LIF, =0 A, —400sin15° =0 E;é.“;_. 4__..::_ S
A, = 103528 N -
+TEF_¥ =0 Ay — 600 — 400 cos 15° + 586.37 = 0
Ay =400 N
Fa = V/(103.528)% + (400)? = 413 N Ans.
5-12.
Determine the components of the support reactions at the 6 kN

fixed support A on the cantilevered beam.

SOLUTION

: 30°

f \/15“‘ 4kN
1.5m 1.5m

Eguations of Equilibriwm: From the free-body diagram of the cantilever beam, Fig. a.
A A and M, can be obtained by writing the moment equation of equilibrium about
point A.

Gk

L IE=0; 4 cos30° — A, =0 £ o
A, = 346 kN Ans. & 4k
+13E =0, Ay, — 6 — 4sin30° =0
AJ. = BkN Ans.

()
C+EM, = 0;M, — 6(1.5) — 4cos 30° (L5 sin 30°) — 4sin30°(3 + 1.5c0s30°) = 0

My =202kN*m Ans.



5-14.

The overhanging beam is supported by a pin at A and
the two-force strut BC. Determine the horizontal and
vertical components of reaction at A and the reaction at B
on the beam.

SOLUTION

Equarions of Equilibrium: Since line BC is a two-force member, it will exert a force F .
directed along its axis on the beam as shown on the free-body diagram, Fig. a. From the
free-body diagram, F; . can be obtained by writing the moment equation of equilibrium
about point A.

3
CHEMy =0 Fm(g)(z) — 600(1) — 800(4) — 900 =0
Fpe = 3916.67N = 3.92 kN Ans.

Using this result and writing the force equations of equilibrium along the x and
y axes, we have

4
LIF =0 3916.67(3) —A, =0
A, =313333N = 3.13kN Ans.
3
+1ZF, =0 —A, — 600 — 800 + 3916.67(§)=0

A, = 950N Ans.
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Determine the reactions on the bent rod which is supported by a smooth surface at B and by a
collar at 4, which is fixed to the rod and is free o slide over the fixed inclined rod.

Given:
F = 100N
M = 20N-m
a:=03m
b := 0.3m
c¢:=0.2m
d:=3
e:=4
=12
o=35

Solution:

Initial Guesses:

Ne’\ = ZﬂN NB = IGN .‘"Ig,\ = 30“'“‘]
Given
_ _ r g
IM, =0; My —Fa-M+Np———-(a+b)—Ng =0
2 2 2 2
m+e M+o
EFx =G; Nh' ¢ - NB' L =)
2 2 2 2
e +d i +g
d (]
EF}.=G; N:\' +NB- _]-Iﬂ
2 2 2 2
e +d I +g
NA
N Find(N, ,Np.M - 97 N M 106 N
= Fin N, I = \ — 106N-m Ane
’ (Na N My Ng | (825 A ns.



5-31. The jib crane is supported by a pin at C and rod AB.
If the load has a mass of 2 Mg with its center of mass located
at (7, determine the horizontal and vertical components of
reaction at the pin C and the force developed in rod AR on
the crane when x = 5 m.

Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert
aforce Fyp directed along its axis on the beam, as shown on the free - body diagram in
Fig. a.From the free - body diagram, Fyg can be obiained by writing the moment equation
of equilibrium about point C.

3 4
(lmc=cn FH[E]IHH r;.m(?}o.m—mg_sms}:u
Fug = 3832031 N =383 kN Ans,

Using the above result and writing the force equations of equilibrium along the x and v axes.

LIF =0 c:—sssms{g}u

Cy = I 656.25N = 30.TkN Ans,
+ T2, =0; wam_s{%]-mq,sn-cy =0
C’._. = 33T2L19N = 3.37kN Ans,
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5-62.

The uniform load has a mass of 600 kg and is lifted using a F
uniform 30-kg strongback beam and four wire ropes as A
shown. Determine the tension in each segment of rope and
the force that must be applied to the sling at A.

SOLUTION

Equations of Equilibrium: Due to symmetry, all wires are subjected to the same
tension. This condition statisfies moment equilibrium about the x and y axes and
force equilibrium along y axis.

SF,=0; 4T(%> — 5886 = 0
T = 1839375 N = 1.84 kN Ans.

The force F applied to the sling A must support the weight of the load and
strongback beam. Hence

SF,=0; F — 600(9.81) — 30(9.81) = 0

F = 61803 N = 6.18 kN Ans.

5-66.. The pipe assembly supporis the vertical loads 2 1 3
shown. Determine the components of reaction at the ball- %, = ‘i;u{-?l -3+ ;t]
and-socket joint A and the tension in the supporting cables

[
BEC and BD. . T = ’;‘G' -y 5'}

B, = 0 -3 - 4G9 + () + 3Tl + §ho(D) + 5TeC) =0

Tho + Tac = M4
2
g =0 Sl - 3%ip = 0 T
T M e
Tae = Tao ?
Rai --tL
T = Typ = ITEN Ans - 3
i fz

1
2.0 A -1h-15 =0
J,IIH.BKN Ans

=0 A =0 Ans
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568,

Determine the force components acting on the ball-and-
socket at A, the reaction at the roller B and the tension on the
cord CI) needed for equilibrium of the quarter circular plate.

SOLUTION

Eguations of Equilibrium: The normal reactions Nand A can be obtained directly

by summing moments about the x and y axes, respectively.

M. =1

IM, =1

EFx=|}r

IF =0

Ngp(3) — 200(3) — 200(3 sin 60°) = 0
Ny = 37321N = 373N

350(2) + 200(3 cos 60°) — A(3) =0
A, =33333N = 333N

Tep + 37321 + 33333 — 350 — 200 — 200 =10

Trp = 435N
A, =0
Ay =10

Ans.

Ans.

Ans.

Ans.

Ans.
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The pole is subjected to the two forces shown. Determine
the components of reaction of A assuming it to be a ball-
and-socket joint. Also, compute the tension in each of the
guy wires, BC and ED.

SOLUTION

Force Vector and Position Vectors:

Fo=Aji+ Aj+ Ak c r
Fi = 860{cos 45° — sin 45°k} N = {608.11i — 608.11k} N <:m\ ﬁm&
F; = 450{ —cos 20° cos 30°1 + cos 207 sin 30°k — sin 20°k} N \/ ¥
= {—366.21i + 211.43j — 153.91k} N
(-6—0)i+(-3-0)j+(0D—-6)k
V(=6 — 0 + (-3 — 0 + (0 — 6)2j|

Fpp=F ED|:

2 1 2
= —ZFgpi — —Fgpj — = Fgpk
3 Fepl = Fepi — 3 Fep
(6 — 0)i + (—45 — 0)j + (0 — 4)k
Fpe = Fpg = = =
Ve — 02+ (—45 -0 + (0 - 4)°
12 i 9 . 8
—ﬁFsr_'l l?Fgcl ”.FECk

rp = {4k} m r; = {8k} m r; = {6k} m

Equations of Equilibrium: Force equilibrium reguires

ZF =1 Fo+F +F2+ Fgp+ Fge=10

2 12
(Az + 608.11 = 36621 — ZFpp + ﬁF,x)i

1 9
+ (14_1- + 211.43 — EFED - ﬁFBr_‘)j

2 8
+ (Az — 60811 — 153.91 — = Fpgp — ﬁFﬁc)k =0

Equating i, j and k components, we have

2 12
IFe=0;  Ac+ 60811 - 36621 — SFgp + =Fpc = 0 (1
1 9
SFy=0; Ay + 21143 = 3Fgp — = Fpc =0 (2)
2 8
SF,=0; A, — 608.11 — 15391 — —~Fgp — —Fpc =0 3

3 17



5T (continued)
Moment equilibrium requires

EMA=“: rlXFB,:-+rgX[FJ+F1}+I3XFED=0

12 9 8
4k % | =Fpei — — Fpej — — Fpck
(1:«‘ BOl =g ted T g e )

+ 8k % (241.90i + 211.43j — 762.02k)

2 1 2
+ 6k ¥ | —=Fgpi — < Fgpj — < Fepk | =0
( FUEDE T RED) T T ED)

Equating i. j and k components, we have

36

IM, =10 EFK- + 2Fgp — 169145 =0 (E]]
48

EM}. =1 EFBC —4Fpp + 193522 =10 5)

Solving Eqs. (4) and (5) yields
Fgr =20509N = 205 N Fpp=6285TN = 629N Ans,

Substituting the results into Eqgs. (1), (2) and (3) yields

A, =324N A, =107TN A, =12T758 N = 1.28 kN Ans,



573 U P=6kN z=07mand y = 1 m, determine
the tension developed in cables AB, CD, and EF. Neglect
the weight of the plate.

Equations of Equilibrium: From the free - body diagram, Fig. a. Tp and T
caf be obtained by writing the moment equation of equilibrium about the xand
yaxes, respectively,

Tp = 3kN Ans.
M, = 0; T (2)-6(0.75)= 0
Tip = 2.25kN Ams.

Using the above results and writing the force equation of equilibrium along the 7 axis,

TR =0, Typ+3+225-6=0
Tp = 0.75kN Ans.




