Ar2.4 i b 2.7 iy e 2.4 4y = PROBLEM 6-64
&£ I“

B D

The diagonal members in the center panel of the truss shown are very
slender and can act only in tension; such members are known as counters.
Determine the force in members BD and CE and in the counter which is
acting when P =12 kN.

SOLUTION

FBD Truss:

| ! ) s B
Li‘ffﬂ-* ZIM s pdm 5 = XF. =0 A =0
Al I3 £ F

: ( =My =0: (24 m)(8 kN)+ (5.1 m)(12 kN)

Y \\

&y e ¢ £y
~(7.5m)4, =0, A, =1072kN |

4
12 KN F kN
Since only CD can provide an upward force necessary for equilibrium, it

must be in tension, and F,,, =0

FBD Section ABC:

5F =0 1072KN-12kN+18F —¢
3.18

Fep = 24229 kN, Fop=242kKNT <

(( =M =0: (1.68 m)Fyp — (2.4 m)(10.72 kN) =0

Fyp = 153143 kN, Fyp =1531kN C <

2.7

— 3F, =0: Fyp+ 3(2.4229 kN) = 153143 kN =0

Frpy =1326 KN T 4




16in. 24 in.
1 PROBLEM 7.50
,__"; ;. Neglecting the size of the pulley at G, («) draw the shear and bending-
i b moment diagrams for the beam AB, (b) determine the maximum
=9, } | absolute values of the shear and bending moment.
120 11
12 in.

ey&Cord: (=M, =0: (48 in.)(%D] +(20 in.)(%D] — (100 in.)(120 1b) = 0
lém g ? e
e D=3251b " soD,=3000b —, D, =1251b |

| "
in_ ¢ %

gl i

PEF,=0: —4,+1251b-120b=0 A, =51 |

)
1200k Neglecting the diameter of pulley G, the cord £G has slope 3/4,

and tension 120 1b, E, =96 1b —~. E,=721b |

Beam 4B with forces at D and G replaced by forces and couples at E
and F. Horizontal forces are omitted to avoid clutter.

72/6 . M
. s Along AE: = -Tj
B s | shv X

‘b P = 0: -Sb-V =0, V=-5lb

/72

(=M, =0: x(5b)+M=0, M=(-5Ib)x

/20

Along EF: ‘ Mol
A e % ‘ "'5 1:1_
5"/6 ;090[‘; n ’v

[ZF,=0: -51b+1971b-¥V=0, V=1921b

(Mg =0: M + 6000 Ib-in. + x(5 Ib) - (x — 48 in.)(197 Ib) = 0

255D
~8ie¥
M = (192 Ib) x - 15456 Ib-in.
Along FB:
M AL SF =0 _
~<§ TR =0: ¥-1201b=0,V=1201
"'v} (SM; =0: = M=x(1201b) = 0
#2516 M = —(120 Ib)
From diagrams, V| o = 192.0 Ib along EF 4

M| = 6240 Ib-in. = 520 b-ft at £ <
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PROBLEM 7.57

In order to reduce the bending moment in the cantilever beam AB, a cable
and counterweight arc permanently attached at end B. Determine the
magnitude of the counterweight for which the maximum absolute value
of the bending moment in the beam is as small as possible and the

corresponding value of [AM| . Consider (g¢) the case when the
p = max

distributed load is permanently applied to the beam, (b) the more general
case when the distributed load may either be applied or removed.

SOLUTION
- e i ) X
M due to distributed load: WEIM,; =0: -M - Ewr =]
& ! e % l
G, M=
—
IM; =0 =M+ xw=
M due to counter weight: =0 #EE=
W M = wx

: @ETJ s

M w
M =W X2 L =W —wx = X = =
(a) Both applied: W = 2 * dx W s=wamies 1 s W
e B BAndhereM_~2*>~0soM : M, mustbeat x = L
) w
So My, = WL - %11";[2. For minimum |M ‘m set M, = =M, S0

w2 . x 55
—=-WL+—wlL or W*+2wlW —w"[- =0
2w 2

W = —wL + \2w?[* (need +) W = (JE —1wL = 0.414nL

2
v (2
{(b) w may be removed Hmax =50 = 2

_ withent w-  Without w, M=Wx, M, =WL at 4

wi? M, = 0.858w’ 4

- 9

Ik '
e th wr With w (see part a) M =Wx- %,\‘2, M

max

=

i {w~
|

T3

8

-

l

==

_ J:J'L

M = WL - %wl_z at x=L
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PROBLEM 7.57 CONTINUED

MM My, Set Mg (no w) = —M, ;. (with w)

Il

WL = -WL + _;nsz S W= lliwL = M %wﬁ <

5
I

éwL |

MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displaved, reproduced
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; ., PROBLEM 7.109

Kl The total mass of cable ACB is 10 kg. Assuming that the mass of the
Lﬂ " cable is distributed uniformly along the horizontal, determine (a) the
15kg | sag h, (b) the slope of the cable at A.

5m—*|

(=M, =0: (2m)T, —(5m)(98.1+147.15)N =0
N¢={ongQ 1 N/‘E‘j) = 85N

E . T, =1103.6 N

T Ve kglamNi)=erin

ﬂ}/ b d

3 Gﬁlg)(qf“‘-'/k,?) 214705 N
ks v

—= ¥F, =0: T,-T, =0, T,=11036N

-(jf‘!;_“ = 49.05N l3F,=0: T,=4905N=0, T, =4905N
h
= 3 ¢ )
| E o ( IM,=0: A(1103.6 N)—(2.5m)(49.05N) =0
h=0.11111m
(a) h=111.1 mm <«
s 1 49.05
(b) 0= tan~ =2 = 1an ' 2 _ 55400 92540 < 4
T 1103.6

ERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced
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PROBLEM 7.157

A steam pipe weighting 50 Ib/ft that passes between two buildings 60 fi
apart and is supported by a system of cables as shown. Assuming that the
weight of the cable is equivalent to a uniformly distributed loading of
7.5 Ib/ft. determine (a) the location of the lowest point C of the cable,
(b) the maximum tension in the cable.

FBD CB:

-
‘ le goff~a——sl B Te
| I Y
e Seemee e e
Z Te ¢ =

= lor 1y Yookt -

(=M, = 0: (135 )T - %(57.5 Ib/ft)a = 0

Ty = (212963 b/ft?)a? (1)
(L ZM, = 0 ﬁqﬂzl(f/.s Ib/ft)(60 ft — a) - (6 ft) 7} = 0
61 = (28.75 Ib/ft*)[ 3600 ft* — (120 fi)a + | 2)

Using (1)in (2).  0.55a% — (120 ft)a + 3600 % = 0
Solving: a=(108+72) ft,  a=36ft (180 ft out of range)

So ("is 36 ft from 4
(a) C1s 6 ft below and 24 ft left of B €

Ty = 2.1296 Ib/ft(36 ft)* = 2760 Ib

W = (57.5 Ib/t)(36 ft) = 2070 Ib

(h) Toox = Ty = T2 + W2 = \/(2760 Ib)* + (2070 Ib)* = 3450 b <

RY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displaved. reproduced
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PROBLEM 8.70

The position of the automobile jack shown is controlled by a screw ABC
that is single-threaded at each end (right-handed thread at 4, left-handed
thread at C). Each thread has a pitch of 2 mm and a mean diameter of
7.5 mm. If the coefficient of static friction is 0.15, determine the
magnitude of the couple M that must be applied to raise the automobile.

SOLUTION
FBD joint D:

By symmetry:

FBD joint A4:

By symmetry:

Block and incline A4:

YN
2572 {K
Fan oo

EFyp = Fep
| 5F, = 0: 2Fpsin25°—4kN =0
Fip = Fep = 47324 kN

Fran = %7524 A

X

£ e
Fu=Fp

— XF, =07 Fyo—2(47324 kN)cos25° = 0
Fyc = 85780 kN

W= 5750 AN

2 | . 5
Y L= Zimm
. Lo S A # B

b el = (T S

1 2mm o esigo

0 = tan-
an n(7.5mm)

¢, = tan”' y, = tan"'0.15 = 8.5308°




Couple at 4:

By symmetry: Couple at C:

PROBLEM 8.70 CONTINUED

O = (8.578 kN)tan(13.3826°)

= 2.0408 kN
MA = 7'Q

= (? 111111](2.0408 kN)

= 7.653N-m
Mq = 7.653 N-m

Total couple M = 2(7.653 N-m)

M =1531N-m <




PROBLEM 8.106

Knowing that the coefficient of static friction is 0.30 between the rope
and the horizontal pipe and that the smallest value of P for which
equilibrium is maintained is 20 Ib, determine (a) the largest value of P for
which equilibrium is maintained, (b) the coefficient of static friction
between the rope and the vertical pipe.

SOLUTION

Horizontal pipe Vertical pipe

//
'
S22 1 P f—?
Contact angles S = % Contactangle B, =7
Ly = 0.30 Ly =?

For F,;,, the 100 Ib force impends downward, and

100 1b = (eﬂsﬂ%) Re (eﬂsﬁ%)(eyw)g _ (eu-) (euspfﬂ)(emg) -

100 Ib = [en(o.sowsy)} (20 lb). © eﬂ(0.30+ﬂ,51/) =5

(a) For B, the force P impends downward, and the ratios are reversed, so B, = 5(100 1b) =500 Ib €

(b) m(0.30 + pigy) = In3

ty = 1105030 = 021230 Ly = 0212 4
T




PROBLEM 10.26

A slender rod of length / is attached to a collar at B and rests on a portion
of a circular cylinder of radius r. Neglecting the effect of friction,
determine the value of 6 corresponding to the equilibrium position of the
mechanism when / = 14in,, » = Sin., P =751b, and Q = 150 1b.

SOLUTION

Geometry ocC =r
cosO = o =L
OB .XB
Xp = .
B cosé
rsmé
Oxp = 60
B cos” 6

vy = lcos6; 0y, = —[sinb 6

Virtual Work:

8U =0: P(-6y,)— O6xz =0

Pisinose - 070 56— ¢
cos“ 0
cos’ 6 = _Q_r ()
Pl

Then, with / =14 in.,r =5in, P =751b,and Q = 150 Ib

o, (1501b)(5in.)
$26 = B4 - 0.7143

or 0 = 32.3115° 0 =323 <4
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