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PROBLEM 7.1

—— 12—

4 i

I ]
Determine the internal forces (axial force, shearing force
and bending moment) at Point J of the structure indicated.

2

Frame and loading of Problem 6.79.

SOLUTION

From Problem 6.79: On JD D =80 Ib,
FBD of.JD:
golb

= e Gin. -
fxr, =0: V-801b=0 V=8000b] <
e EF =00 F =0 F=04
FYEM, =0: M~ (80 Tb)(6in)=0 M=4801b-in.) <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Tnc. All rights reserved. No part of this Manwad may be displaved,
reproduced or distributed in any forsr or by any means, without the prior wriiten perission of the publisher, or nsed heyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If vou are a student using this Manual,
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g, 12 in. ri&,{ PROBLEM 7.2
E

Determine the internal forces (axial force, shearing force, and
bending moment) at Point J of the structure indicated.

Frame and loading of Problem 6.80.

SOLUTION

From Problem 6.80: On JD D=401b]

FBD of JD:
uo b

e i, ——-—————-—————-—-—a{

{2/ =0: ¥ -401b=0 V=4001b] <
e IF =0 F=0 F=0 <
FYIM, =0: M —(401b)(6in) =0 M =2401b-in. ) <«

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior writlen permnission of the publisher, or used beyond the limited
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5«3{]0 mmwi . PROBLEM 7.3

00 mm Determine the internal forces at Point ./ when o= 90°.

A

R

200 mmn

e 400 mm

SOLUTION

Free body: Entire bracket

irt
b xﬂ

{4 kN o4 X
A A By

o2 B4
FYIMp, =0: (14KN)(0.6 m)— A(0.175 m) =0
A=+48KkN A =48kN~—
FUTF =0: D, -48=0 D, =48kN-—
HEF, =0 D, ~14=0 D, =14kN}
Free body: JCD

f :ld—o.’ém'ﬂc
-

t V b.?.m

2 7 vy,

LAKNT 4.8l
HUXF =0; 48KN-F=0 ¥ =4.80 kN — <
+ZF =0: 14kN-V =0 V=1.400kN/ <

TYIM,; =0: (48KNY0.2m)+(1.4kNY0.3m)~ M =0

M=+138kN-m M=1380kN-m )«

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Tne. All rights reserved. No part of this Manual may be displayed,
repraduced or distributed in any form or by any means, withowt the prior writien permission of the publisher, or used beyond the limited
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PROBLEM 7.4

Determine the internal forces at Point ./ when a= (1

SOLUTION

Free body: Entire bracket

8.2
D, ozm

—
*“PT oNI5m

02w O.4m

HEF =0: D=0 D =0

¥

DYEM, =0 (L4KN)(0.375 m)— D, (0.175 m) =0

Free body: JCD

F

—

HUEF =0

HEF =0: -V =0

ﬂk

D =+3kN D, =3kN—

314—0.3M—>‘¢

YNy

3kN—-F=0 F=300kN -~ <

V=0 <4

IM, =00 BKN)02m)-M =0

M=+06kN-m  M=0.600kN-m )«

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companics, Ine. All rights reserved. No part of this Mannal may he displayed,
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«eu24()xnm—>£ PROBLEM 7.5

Determine the internal forces at Point J of the structure shown.

225 wun |

60 mm

G0

A@TT

¥ 135 mm
) N

SOLUTION

FBD ABC:
4£
C .
o (=M, =0: (0375 M)(400 N) - (0.24 m)C, =0
=x
A5 €, =625N}
{(ZM,=0: —(0.45m)C, +(0.135 m)(400 N) =0
W
g2m A C, =120 N—
i R - 4 7V
¥
2o N
FBD CJ:
A BZSN
s2on J2F, =0 625N-F=0 F=625N|
225m = EF =0: 120N-F =0 V=1200N « 4
A (EM, =0: M-(0225m)(120 N)=0
X o
Y NN M=27.0N-m") <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No pars of this Manual may be displaved,
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1«24() s a—l PROBLEM 7.6

Petermine the internat forces at Point K of the structure shown.

¥

A

L S A
% gﬁ()mm
.

s Glhinm

¢ 135 mim
SO0 N

SOLUTION

FBD AK:
—=3F =0 V=0
ﬁ kY
M Va0 4
v
kI~ I$F, =0: F-400N=0
A 135w -
e F=400N{ <
Hoo N (ZM =01 (0.135m)(400 N)— M =0

M=540N-m )«

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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150 min

PROBLEM 7.7

A semicircular rod is loaded as shown. Determine the internaf forces at Point J.

SOLUTION

¥BD Rod:
V2O N

FBD AJ:
{20 N
— A
r X
186wn ¥ ] ¥

\}(,o\")’

[0

‘,/?"n 3 \‘

(ZM, =0

/ER, =0

M LF, =0

(=M, =0

4,21 =0
A, =0

X

V—(120 N)cos60° =0

F+ {120 N)sin60° =0

F=-103.923N

M —[(0.180 m)sin 60°}(120 N)=0
M =18.7061

V=600N /" 4
F=1039N™_ <«
M=1871) <

PROPRIETARY MATERIAL. € 2010 The MeGraw-Hill Companics, Inc. Al rights reserved. No part of this Manual may be displaved,
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PROBLEM 7.8

A semicircular rod is loaded as shown. Determine the internal forces at

Point K.
|
180 mm : 50° /:’; ]
]
Ny
156 s i £7
;.3(; N v
SOLUTION
FBD Rod:
rzon {xF, =0: B,-120N=0 B, =120N}

(M, =0: 2:B,=0 B =0
NI =00 V(120 N)cos30° =0
V =103.923 N
V=1039N\ 4

/;_:p;, =0: F+(120N)sin30°=0

F==60N
F=60.0N/ <

QZMK =0: M—[(0.180 m)sin30°} 120 Ny =0
MZIO.SON-m\)4

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights veserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior writfen permission of the publisher, or used beyond the livited
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in PROBLEM 7.9

e— 2 1z,

Bl

16 in.

16 in.

An archer aiming at a target is pulling with a 45-1b force on the bowstring.
; Assuming that the shape of the bow can be approximated by a parabola,
! determine the internal forces at Point J.

SOLUTION
FBD Point A:
By symmetry =1
—LF =0 2[%3"] J —45lb=0 7,=T7,=3750b
Cwrve CJB is parabolic: x = ay2
FBD BJ:
At B: x=8in. y=32in,

_ 8in. 1
(32in)*  128in.

o

2
LY
B i
Stope of parabola = tan & = & Ay
dy 128 o4
ALS: 8, =tan"' 164 140360
‘ 64
So o =tan”' 4 14.036° = 39.094°

JEF, =00V —(37.5 b)cos(39.094%) =

V=29.11b / 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.9 (Continued)

\EIF, =0: F+(37.5Ib)sin (39.094°) =0

F =-23.647 F=2361b"\ «
(=M, =0: M+(16 in.)E (37.5 ib)} +[(8-2)in] [5‘55{37.5 [b)] = ()

M =5401b-in. ) <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All vights reserved. No purt of this Manwal pay be displayed,
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PROBLEM 7.10

For the bow of Problem 7.9, determine the magnitude and location
of the maximum (a) axial force, (b) shearing force, (¢) bending
moment.

PROBLEM 7.9 An archer aiming at a target is pulling with a 45-1b
force on the bowstring. Assuming that the shape of the bow can be
approximated by a parabola, determine the internal forces at Point /.

SOLUTION
Free body: Point A

s A7
4
usb £

T

Free body: Portion of bow BC

Equation of parabola

At B:

Therefore, equation is

EUEF, =0 2(%7”}—45113:0 T=37.51b <
+5F, = 0: F,~30lb=0 Fo=301b] <
HLEF, =00 V,-2251b=0 V. =2251b— <

ZM. =0: (22.516)(32in)+ (30 )8 in)— M, =0
M, =960 1b-in. ) <]

The slope at J is obtained by differentiating (1):

b

\ B{8,32) %

Xﬁky J{ﬁ-ga)
B=k(32 k= * c
128
E

wm 1
7108 m
g =Y et )

T8 Tdv 64

FPROPRIETARY MATERIAL. © 2010 The McGraw-Hilt Companies, Inc. Al rights reserved, No part of this Manual may be displayed,
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(a)

()

PROBLEM 7.10 (Continued)

Maximum axial force

TN TF, =0: —F+(301b)cos#~(22.51b)sing =0

Free body: Portion bow CK

F=30cos@—22.55In#

Fis largest at C(6=0) fc:SO b

F,=3001batC 4

Maximum shearing force

+/ IF, =0: ¥ +(301b)sin @ +(22.51b)cos@=0

V =30sin8 +22.5¢c088
Vis largest at B (and D)

mix

Where 0=0__ =t (—é—) = 20,56°

V., =30sin26.56%+22.5c0526.56° ¥V =335lbat Band D 4

F:
Maximum bending moment

DYEM =0: M ~960 Ib-in.+ (30 Tb)x +(22.5b)y = 0

M =96(-30x-22.5y

M is fargest at C, where x =y =0. M, =9601b-in at C <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No port of this Manual may be displaved,
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~—— 6 i e 3 il in o> i, —e

-;:iin.*-l PROBLEM 7.11

Two members, cach consisting of a straight and a
quarter-circular portion of rod, are connected as
shown and support a 75-1b load at 4. Determine the
internal forces at Point J.

T3

SOLUTION
Free body: Entire frame

FYIM =00 (T51b)(12in)—F(9in) =0

F=1001b) <
FUEF =0 €, =0

HEr, =0 €, ~751b-1001b=0

r

C,=-+1751b C=1751b] <

Free body: Member BEDF
+)EM, =0: D(12in) {100 Ib)(15in.) =0

D=1251b1 <
F.EF,=0: B =0
W2F =00 B +1251b-1001b=0
B,=-251b B =25 Ib) <

Frec body: BJ
AEF =0 F—(251b)sin30°=0
F=12.501b . 30.0° <
N EF, =00 V- (251b)cos30° =0

V=217 60.0° 4

YIM, =0: —M +(251b)(3in)=0
M=7501b-in. ) <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Tne. All vights reserved. No part of this Mameal mav be displayed,
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e — G in.——p 3 i3 o fe—0 in—|=3 in,*i PROBLEM 7.1 2

Two members, cach consisting of a straight and a quarter-
circular portion of tod, are connected as shown and
support a 75-1b load at 4. Determine the internal forces at
Point K.

AL

T5ih

SOLUTION
Free body: Entire frame

DYEM, =0: (7510)(12in)— F(9in) =0

¥ =1001b] <

TR =0

e

={

X

H EF, =0: €, ~751b-1001b=0

C, =+1751b C=1751b{ <

}’ =
Free body: Member BEDF
+V)ZMB =0 D(12in)y- (100 1b)X15in)=0

D=1251b] <
HUYF =00 B =0
+ZF, =0: B, +1251b~1001b=0
B,=-251b B=251b) <
Free body: DK
We found in Problem 7.11 that
D =1251b] on BEDF.
Thus D=1251b}on DK. <1
Iy v EF =0 F-(1251b)cos30°=0
d=tin ,“m-§061 T =108.31b 57 60.0° «

d = 0.8038 in.

PROPRIETARY MATERIAL. © 2010 The McGraw-1ill Companies, Inc. Al rights veserved. No part.of this Manuad may be displaved,
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PROBLEM 7.12 (Continued)

“EEF, =00 ¥ - (125 1b)sin30° =0
V =62.51b % 30.0° 4

FYEMy =00 M ~(1251b)d =0
M =(125 Ib)d = (125 1b)(0.8038 in.)
=100.51h-in,
M =100.51b-in. ) 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. ANl rights teserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used bevend the limited
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2

it

T

160

| =
]
S

\")

R
L

< 160 mm ~=—'-f—-— 60 man— -_

LR

o

Y PROBLEM7.13
A semicircular rod is loaded as shown. Delermine the infernal
forces at Point J knowing that 8 = 30°.

250N

FBD AJ:

Hore 4

(=M, =0 r[% CJ + r(—';—(f) ~2r(280 N) =0

C=400N /
4
...... = TF =0; — A, +~§(40(} Ny=0
A, =320N-—
'5F =0 A, +-§-(4oo N)~280N=0

A, =400N]
\EF, =0 F (320 N)sin30° -~ (40.0 N)cos30° =0
F=194.641 N
F=194.6 N 60.0° 4
JEF, =0 ¥ —(320 N)cos30° + (40 N)sin30° =0
V =257.13N
V =257 N+ 30.0° 4
((ZMy=0: (0.160 m)(194.64]1 N} —(0.160 m)(40.0 N) ~ M =0
M =24.743
M=247N-m )«

PROPRIETARY MATERIAL, & 2010 TFhe MeCGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any jorsr or by any means, withou! the prior written pernmission of the publisher, or used beyond the limited
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PN PROBLEM 7.14

<— 160 nun ~—=f<— 160 mm —

. BY, A semicircular rod is loaded as shown. Determine the magnitude
1 and location of the maximum bending mament in the rod.

E20 nun

SOLUTION

Free body: Rod ACB

)EM =0 (%1«‘(_,,)](0.16m)+(%ﬁ;_,,J(o.m m)

—(280 N)(0.32 m) =0

F.,=400N " <

AUSF =0 A +§(400 N)=0

A, =320 N A, =320 N ~— <]

+HEF, =00 A+ %(400 N)—280 N =0

A, = +40.0N A, =400N1<

Free body: AJ (For @ < 90°)

+\>2MJ =0 (320 N)(0.16 m)sin @ — {40.0 NY0.16 m){(1 —cos &)~ M =0

40,00 M=5t2sinf+64cos68—-064 (N
370n (b —4 For maximuwm value between 4 and ¢
A1 8%
| ; \ ij—diz(): 3t.2¢c0o88—0.4sind =0
Y de
N Ay
Ly f‘/ an@=12 g £=82.87° <
74
Carrying into (1):
M=512sin82.87°+6.4c0s82.87° - 64 =+4520N -m <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Munual may be displaved,
reproduced or distributed in any foror or by any means, withowt the prior written permission of the publisher, or used bevond the limited
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PROBLEM 7.14 (Continued)

Free body: B.J (For 6 = 90°)

SYEM, =00 M —(280 N)(0.16 m)(1 —cosg) =0
M =(44.8 N-m)(1 - cos #)

Largest value occurs for ¢ =90° that is, at C, and is

We conclude that
M =452N-m

Ay

M,=448N-m <

for 8=829°" 4

PROPRIETARY MATERIAL., © 2010 The MoGraw-Hill Companies, Inc. All rights reserved. No parf of this Manual may be displayed,
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PROBLEM 7.15

I&w 0.6 m —>'T.(),{i m—
EX U

Knowing that the radius of each pulley is 150 mm,
that ¢r=20° and neglecting friction, determine the
internal forces at (v) Point ./, (5) Point K.,

SOLUTION

Tension in cable = 500 N. Replace cable tension by forces at pins 4 and B. Radius does not enter
compuiations: (c¢f. Problem 6.90)

(@) Free body: 4/
SooM

n v/ a2
— Odm —-T‘)M
y

AL EF =00 500N-F=0

Loon

F =500 N F=500N~— 4
1 2F =0: ¥ -500N=0
¥ =500 N V=500N| <
FYZM, =0: (500 N)0.6m)=0
M=300Nm M =300N-m )«

FALW SN NN TRTN TN

oo 2y ?>\
f%{,i{:ﬂ 0.¢nm
1
LR =00 500N ~500 N+ (500 N)sin 20°— ¥ =
V=17T1.01N V=17T1.0N-~— 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hilt Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior writterr permission of the publisher, or used bevond the linited
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PROBLEM 7.15 (Continued)

+ T, =0: ~500N - (500 N)cos20° + F =0
F=969.8N F=970N |«
FYIM, =0: (500 N)(1.2 m) ~ (500 N)sin 20°(0.9 m)—~ M =0
M =446.1N"m
M=446N-m ) <

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hilt Companies, Inc. All rights reserved, No part of this Manual may be displayed,
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PROBLEM 7.16

l*— 0.6m —-T—[J‘G m-—»

Knowing that the radius of each pulley is 150 mm,
that « = 30°, and neglecting friction, determine the
internal forces at (&) Point ./, () Point K.

DN

SOLUTION

Tension in cable = 500 N. Replace cable tension by forces at pins 4 and B. Radius does not enter
computations: (cf. Problem 6.90)

SooM
(¢)  Free body: AJ: oo # Jooor
— Ov4m k.r-)zu
T, =00 S00N-F =0 Y
F =500 N F =500 N~ 4
+ZF, =0: ¥ -500N=0
V =500 N V=500N] <
YEM, =0: (500 N)(0.6 m)=0
M =300 N-m M=300N-m )«
" FBD: Portion ABK
goon VL e 1
ol
¥ SooN
oo A ey
A [ e FF
30 Beo M
K
v IF‘,
= TF =0: 500 N =500 N +(500 N)sin30°~F V=250N - o
hf«; =0: —500 N ~(500 N)cos30°+ [ =0 F=033N1 <
FYEM =0: (500 N)(1.2 m) (500 N)sin 30°(0.9 m)— M =0 M=375N-m )«

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All righis reserved. No part of this Manual may be displayed,
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PROBLEM 7.17

18 of the frame shown.

"o m

560 N

Knowing that the radius of each pulley is 200 mm and
neglecting friction, determine the internal forces at Point J

SOLUTION

Free body: Frame and pulleys

$YEM, =0: ~B,(1.8 1)~ (360 N)(2.6 m) =0
B, =-520N

HLEF =0 A4 ~520N=0

A, =+520N
HEZF, =00 A4, +B,-360N=0

A, + B, =360N

VEM, =0: —4,(2.4 m) - (360 N)(1.6 m) =0

A, =-240 N

From (1): B, =360 N+240 N
B, =+600 N

Free body: BJ
We recall that the forces applied to a pulley may be applied directly to its axle.

g PN x “FEF, =0; %(6(}(}N)+§(520N)
—360N~%(360N)-F:0

F=4+200N

B, =520 N+ <

A =520N— <

(1
A, =240 N} <
B, =600N{<

F=200N>_

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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7 IF, =0

YEM, = 0:

PROBLEM 7.17 (Continued)

%(600 N) mzzw(szo N) m-‘;f(%o NY+V =0

Voe=+1200N

V=1200N. 4

(520 NY(1.2 m) — (600 N)(1.6 m) + (360 NY0.6 m)+ M =0

M=+1200N m

M=120.0N m ) <

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill Companics, inc. Al rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.18

Knowing that the radius of each putley is 200 mm and
neglecting friction, determine the internal forees at Point £

180 of the frame shown.

BH0N

SOLUTION

Free body: Frame and pulleys

DYEM, =0: —B, (1.8 m)~ (360 N)(2.6 m)=0
B =-520N B_=520N «— <

4L EF =00 A, -520N=0

A =+520N A, =520N— <]

HEF, =0: 4,48, -360N=0

A, +B =360N (1
Free body: Member AF
30N D)EM, =00 ~A,(2.4m) ~ (360 NY(1.6 m) =0
sion A (D E
J 5 & A, =240 N A, =240 N <l
*""0'“"‘8“ .r*- Lé&m *
From (1): B, =360 N+240 N
B, =+600 N B, =600 N <

Free body: AK
LE]’!} =0: 520N-F=0

F=+520N F=520N~—+4

+{EF, =0: 360N -240N-V =0
V= +120.0 N V=1200N| 4

DYEM, =0: (240 NY(1.6 m)—~ (360 N)O.8 m)— M =0
M =+96.0N-m M =960 N-m ) 4
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PROBLEM 7.19

A 5-in.-diameter pipe is supported every 9 ft by a small frame
consisting of two members as shown, Knowing that the combined
weight of the pipe and its contents is [0 Ib/ft and neglecting the
effect of friction, determine the magnitude and location of the
maximum bending moment in member AC,

i 12 in. =675 in>

SOLUTION
Free body: 10-ft section of pipe
4

7 LE, =0 D=2 (90 1b)=0 D=721b /" <
NEXF, =0 Ew%((){}]b)xﬂ E=541b™, <

Free body: Frame
-4-‘)EMB =0 WA),(I B.75In)+(72 1b)(2.51n)
+(54 h)8.75in.)y=10

A, =+3481b A, =3481b] <

v

HEr =00 B, 4343 1%%(72 1b)—§(54 Ib)=0
B, =+5521b B, =5521b <]
3 4
B =00 A 4B - (121) 4 (541b) =0

A +B =0 (1)
Free body: Member AC
+‘)ZMC =0: (721b)2.5in)-(34.81b)(12in)— 4. (9in)y=0

A, =~2041b A, =2641b <

From (1): B o=—A =+2041b

B, =2641b— <
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PROBLEM 7.19 {Continued)

Free body: Portion AJS

Forx=12.5m. (A = AD):

F)EM, =0 (264 ib)%x ~(34.8 Eb)j;—er M=0

M=12x
M =1501b . for x=12.51n.

ST max

M =15001b-in.at D <

max

For x >=12.5in.{AS > AD):

DYEM, =0 (264 Eb)—g—xw(34.8 Ib)§x+ (72 1b)(x ~12.5)+ M =0

M =900~ 60x
M =1501b-in. forx=12.5in.

max

Thus: M_ =15001b-in.at D 4

max
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PROBLEM 7.20

For the frame of Problem 7.19, determine the magnitude and
location of the maximum bending moment in member BC.

PROBLEM 7.19 A 5-in.-diameter pipe is supported every 9 fi
by a small frame consisting of two members as shown. Knowing
that the combined weight of the pipe and its contents is 10 1b/ft
and neglecting the effect of friction, determine the magnitude
and location of the maximum bending moment in member AC.

SOLUTION

Free body: 10-ft section of pipe

4

47 LF, =0 D=—(901b)=0 D=721b ./ <
NEF, =0 E—%(Q()lb):o E=541b <

Free body: Frame

)EM =0 —A4,(18.75in) + (72 1b)(2.5 in.)
+(54 Ib)(8.75 in) =0

A, =+34.81b A, =3481b] <

+T LF,=0: B +3481b —%(72 th) w§(54 th)=0

B =+5521b B, =5521b{<

b ¥
. 3 4
ELYF, =0 A +B, ~2(721b)+ —(541b) =0

A +B. =0 {(H
Free body: Member AC
+‘) ZM =0 (721b)(2.5in)—(34.81b)(12in)
~A.(9in)=0

A, ==-2641b A, =2641b— <]

From (1) B o=—A =+2041b

X

B, =26.41b-— <
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PROBLEM 7.20 (Continued)

Free body: Portion BK

Forx =8.75mn.(BK = BE):

YIM, =0: (552 1b)%x~(26.4 1b)l§-xw M=0

M=12x
M =105.0lb-in. for x=875in.

ST max

M =10501b-in.at £ <

AN

Forx>8.75 in.(BK = BE):

SYEM =0: (552 1b)—2—xw(26.4 1b)~;fx~(s4 1b)(x —8.75in.) — M =0

M=4723-42x
M, =10501lb-in. for x=875in,
Thus M, =10501b-in. at £ 4
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PROBLEM 7.21

A force P is applied to a bent rod that is supported by a roller and a pin and bracket. For each of the three

cases shown, determine the internal forees at Point J.

SOLUTION

() FBD Rod:

P

~

—ZF =0: A

EY

0

[

(ZM, =0 aP-2ad,=0

fzr, =0: SR =0

A 2

%

(b))  FBD Rod:

(AEMA ={ 25:(§DJ+ 25{

3R =0 4 -2 pog
: Y514

35

f2F =0; 4 ~p+2lp
: ) 514

2p
3

=}

i

ro | My

3R =00 V=0 <4

P

| <

(ZM, =0: M=0 <

J-—anO
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PROBLEM 7.21 (Continued)

FBD Al: yE =0 Zp_y=o
£ “ 7
Ty
KHIJ_ TZ[;‘],:O: A},jfi-—]jmo
N : 14
2F/7
AL Py
T M, =0 g—-M=0
"ey (‘ J 7

{c) FBD Rod:

PLY 4
B G o)
wn P
S 45p
% = ZF =0 A ~22020
Lo Z, ; : 5 2
ﬂ e
s, 35P
~ frr =00 4,-P-22-=0
52
FBD AJ:
- —eXF, =0 2P-V=0
y 4 Enhs
"l =00 Lopeg
A A Zf; QEMI:O a(zp)_MzO
sp
2

2l
v=2l . _ 4
7
F:ﬂ‘flq
14
Mz%aP)4
7
p=2L
2
A =2P
430
2
V=2P
F:fﬁh
M =2aP ) 4
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PROBLEM 7.22

A force P is applied to a bent rod that is supported by a roller and a pin and bracket. For cach of the three
cases shown, determine the internal forces at Point./.

¥ ir

{u) ™ ()

SOLUTION
(@) FBD Rod: (ZM, =0: aP-2ad=0
P 4o, A=l
2
ROV < N
< D Qw
a . P P
- —EF =0 V-i=0 V=it . <
2 2
.
Alle A
FBD AJ: tsr =0 F=0 <

e . .
“’?L X (M, =0: M-aZ=0 M=) <
A

(b)) FBD Rod:

P oaD
~ (=M, =0: aP—fi[iA]zo
[ >
by D
/& o Azézi/
N

i
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PROBLEM 7.22 (Continued)

FBD AJ B L v=2" 4
r
]
VT 4 5P .
< spo=0 22 pe F=2r| 4
S5F/z. T ! 2 i

{¢) FBD Rod:

3
PR, CZM,!_):() Gf’“za(T-A]—hJ(—AJ:O
S
g 2l
b 4257
AN L 14
i 2
"H A —>ZF\_:O; V — i_s_'[_ = V:i}:,,,, <
& ' 514 v
¥
TZF‘,S(}; i.si*]?:__o F:g_lil{
) 514 2
35P 3
QZM; =0 M-gj ——|=0 .M:*—j—(]i)‘) ‘
| 514 14

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill Companies, Tnc. Al rights reserved. No pari of this Meamial wiay be displaved,
reproduced or distributed in any form or by any meeans, without the prior written permission of the publisher, or used beyond the limired
distribution fo teschers and educators permitted by MeGraw-Hill jor their individual course prepavation. If you are o student using this Manual,
your are using it withou! permission.

1020




PROBLEM 7.23

A semicircular rod of weight W and uniform cross section is supported as
shown. Determine the bending moment at Point J when & = 60°,

FBD BJ:

(=M, =0: r(

M, =0: EW~~2r15’:0
T
g __.
T
4 4
/ZF) =0 F +w—sin 60° ~£/Lc-os 60° =0
3 Via
F==0,12952W
W/
-
AR ar T
2r
M
ra
!h
/¢
!
Y
[ P A PV
i 27\ 3

M = Wr[(). 12952 + ~]— - ML] = 0.28868Wr
x 27

OnB/ M, =02801r") <
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PROBLEM 7.24

A semicircular rod of weight W and uniform cross section is supported as
shown. Deterntine the bending moment at Point.J when ¢ = 150°.

SOLUTION

FBD Rod:
tsr =00 a4, -w=0 A, =W}

¥

M, =0: 2w —2rd =0
i
A.t = E/_ I
T

£ AN

-

=1E

QV_ i = (.t -¢o.5.30') =, 28588y r

e

i

NLFL =0 W o5 30°+ iF’%Vmsen 300~ F =0 F=0692330
F/a

(=M, =0: 0.25537{%} r(pmfi’i] M =D

T
M= PV;{QJ}E»SEz +0.69233 wl}
6 Fia

M = Wr(0.4166)
OnAdl  M=0417Hr ) 4
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PROBLEM 7.25

A quarler-circular rod of weight W and uniform cross section is supported
as shown. Determine the bending moment at Point./ when & = 30°,

SOLUTION
FBD Rod:
g —ZF =0 A, =0
B 2F 2W
(ZMy =00 ZW—rd, =0 A, ="}
z : T
FBD AJ: & =15° weight of segment = IF ;30 = I;K
v ; .
£ F=—sing =--sin15°=0.9886+
i~ o 7.

1z

/EF, =0, gymcos30°—1§-cossoomﬁ =0

ﬁ Fzﬂi(z__g}/

2 \x 3

QZM(,=M+r[F-3EV—J+FcosISG-P§—zO M =0.0557Wr ) 4
2
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PROBLEM 7.26

A quarter-circular rod of weight W and uniform cross section is supported as
shown. Determine the bending moment at Point J when & = 30°.

SOLUTION
FBD Rod:
(sM,=0: rB- W =0
F (3
g .
F 4
¥BD BJ: g=150=""
12
oz ¥ .
! priicy
oy B F =L sinl5° = 0.98862r
o f ‘ 12
Ny W/j 3()° 174
Weight of segment =W =
¥ 90° 3
"
E

/JEF,J =0 F Ml?cos 30° ~2—”isin 30°=0
. K z

NE
F=i o W
6 /

(=M, =0 ;-F—(Fcosiy)%iw_M =0

w2t ~(0.98862£9%1§ij:- M =0.2801r ) 4
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PROBLEM 7.27

For the rod of Problem 7.25, determine the magnitude and location of the
maximum bending moment,

PROBLEM 7.25 A quarter-circular rod of weight ¥ and uniform cross
section is supported as shown. Determine the bending moment at Point J
when & = 30°,

-
SOLUTION
FBD Rod: —=XF =0: A, =0
(.ZMB =0: w%};W —rd, =0 A, i
T ’ 7
& - F .
(= Fo=——Sin e
2 o
Weight of segment = Wg—ai = ff’i '
R 4

/EF_‘\,: = {): wF~i‘i—q{Wcos2(1{anp—;i(:()s;fo:()
b T

F=

—Z—Jf—(] ~ 20 cos2¢r = —2—@(1 —Ficosd
b3 g

FBD AJ: (M, =0: M+[1f~gﬁijr+(rcosa)f‘ﬁwzo
Fia T

M 2%(1 +@cos @ cos By — 4aWLsin oS
T o
. 1. 1.
But, sin a’cosa’:—ism 2a:§smf9
%0 M:ZW(IWCOSH-I-HCOSH—SEHH)
Fa

f{—ﬁi: 2w (sinf — Osinf + cos@—cos G =0

d6
for (I—-&)sin@=0

iﬂi:ﬂ for O=0Q, Lnm{n=1,2,-)

dg
Only 0 and 1 in valid range
At =0 M=0, at &=1rad

at @=573° M=M_ _ =010000 <4

max

—_

FPROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
reproduced or disiributed in any form or by any means, without the prior written permission of the publisher, or used beyond the lmited
distribution tv teachers and educators permitied by MeGraw-Hill for their individual course preparation. If vou arve a student using this Mannal,
you are using it without permission.

1025



PROBLEM 7.28

For the tod of Problem 7.26, determsine the magnitude and location of the maximum
bending moment.

PROBLEM 7.26 A quarter-circular rod of weight W and uniform cross section 1s
supported as shown. Determine the bending moment at Point J when 8=30°,

SOLUTION
FBD Bar:
(=M, =0; -0 B=2
¥4
g .2
o — SO 0=o=—
2 4
Fo.
Fo=—S5Ing
o

Weight of segment = W-%;i
2

_ 4
F/a

4

/ZFXf = {): FwéwacosZamgﬂsin 200w ()
T T

F= gﬁf—(sin 20+ 200 c08 201)
/o

= —%{E(sin 8+ Gcosd)
T

¥BD BJ:
(3My =00 7F—(Fcos) S - M =0
4
M= 2 Wr(siné + &cosé) —(Lsin acos a)i(ﬁw
Fia 174 Fid
_ . [ 1.
But, Si QY COS X = Esm 2= 5 sin &
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PROBLEM 7.28 (Continued)

S0 ' MZ%(SEHQ+(9COS9—Si119)
T
2
or M ="Wr@cos@
s
a = ~2-Wr(0058 ~@sin@)=0 at@tan@ =1
de =z
Solving numerically 6 =0.8603 rad
and M =0357Wr ) «

al =493

(Since M =0 at both limits, this is the maxinum)
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PROBLEM 7.29

For the beam and loading shown, (g} draw the shear and bending-moment
diagrams, (b) determine the maximum absolute values of the shear and

bending moment,

SOLUTION
()

'
0y

From A to B:

P o
ﬁ{_::::‘i:)f“' %IWJ,WO, Yo p

v % =]
Y DYEM, =0: M=-P,

From B to n £ & ‘ £ Z D M
dxr =00 —p-pP-V=0 V=2p F"“’- —;4—2-*-1[}'
!

DVEM, =0 P+ P-a)+M=0 M=-2P+P,

"la g <

P_LLJJLLL{///// i/:”zp

™ lﬂ — ,E ; < X
L)

-3Fa_

(b W] = 2P Ml =35, <
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PROBLEM 7.30

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (5) determine the maximum absolute values of the
shear and bending moment.

SOLUTION
{a) Reactions:
A :2—;0-T RJ Ls; — "
i ﬁ 3 3 ¢
P G
C=—
71
From A to #:
#
A 1 +HEF =0 v 2t
2] 5w - 3
T3 X -—-,1“’ :
- _i:)EM.I = {}: M:.;_g;x
| 2 Vel
[> 4
o A m{] L,
: 3 _U e (L-y) . [ -i—

i’
OIIM, =0: M= +]?(L—~x)

F O

"3

n 7777777
o 3
2Pl
" <
i
A g . x
. 2P 2PL
(b) IVIm;:x :_é—> lMimax Z“T <
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PROBLEM 7.31

For the beam and loading shown, (@) draw the shear and bending-moment
diagrams, (b) delermine the maximum absolute values of the shear and
bending moment.

SOLUTION
FBD beam:
k¥
Lo L wl , N Hl 7
{«) By symmetry: 4, xD:E(W)E A =D= p T b 2 W} Ly ®
& g
':%L
Along AB:
i wi wiL v
TE =0 = =0 Vo
2 T T ¥ 4 4 . \
X M AT "“"{;‘L
-uJJ it ) wil 2
o v (M, =00 M~x—=0 e
22
M ﬂlz{:x (straight)
Along BC: .
) wl. /Q.l ly\\ Lri 5/\_{
ter, =0 — =0 ? AN
Wi
Vz—vﬂi—wt ‘;]T e fo TR X:,WX
4 4
Straight with V=0 at x :—E
(‘ZM,} =0: f‘.4’+ici—wxl = £-|—x] wh =0
2 4 4
72
M= s £—Jr L X x,2
218 2
Parabola with M :—B-LWL2 at x =£
32 4
Section CD by symmetry
(h)  From diagrams: W e = l—gion AB and CD 4
%M’I,W:M at center
32
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PROBLEM 7.32

For the beam and loading shown, (@) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

SOLUTION
{a) Along AB:
T TZF;. =0 —wx—-¥F=0 Vo= —wx -
Mo
¢
M S
v &
Straight with Vo= _wL at x= L v
2 2
X 1 2 _WEL
(EMJ:O: M+-2~wx:0 Mﬁ——ﬂiwx

2
Parabola with M=— w;‘ at x :i;i

Along BC:

TZF!_,nO: ww£_ym0 Vﬂ—iwL
3 5 5

(zM, =0: M—f—[x, +—i—jw~§~:0

wl, ( L )
=l St
234

L 3, L

Straight with M=——wl’ at x=-"

8 2
(b)  From diagrams: W = % on BC 4

2

M =2 i 4
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PROBLEM 7.33

~L

For the beam and loading shown, (¢) draw the shear and bending-
moment diagrams, () determine the maximum absolute values of the

My = PL shear and bending moment.
SOLUTION
Free body: Portion 4J
dzr =00 —P-V=0 V=-P <
-'* 'i)EM‘,:O: M+P —-PL=0 M= P(L-x) <
M= L ‘\’
o X

(q) The Vand M diagrams arc obtained by plotting the functions ¥ and M.

Y
A ‘a’”
P
M
o \
e B x
(b) |Vimux =P ‘
¥Mlmax = PL 4
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PROBLEM 7.34

For the beam and loading shown, (a) draw the shear and bending-moment
diagrams, (b) determine the maximum absoluic values of the shear and

bending moment.

ruSOLLFTION

(@) FBD Beam:

(h)  From diagrams:

M _
(ZMg=0: M+x—2-p, =0 Mm_M(,(lmi]
L I

(EMp=0: L, =M, =0

A oMo
L
1YF, =00 =4, +C=0
Cxﬂ@“i
L
Along AB:
nd . M(}
A J SM izf‘ym()_ *_}_. V=0
x Latd o
Mo v - M,
N V. 7
(\ZM{, =) xéﬂ(—‘}+M =0
o oMo
L
Straight with M=
Along BC:
o M
A B K 127, =0 =V =0
. y ;
Ho i, b R
Ty < 'y
%
Straight with M zﬁgﬂn

at B

A AEe ¢
Ax vy N 1
P Ag e {.i___._.i.m....- T Q
Vv
M. /L.
4
M

]
oIE

M,

Vom0

L

M=0aC
!meax = P CVCI'Y\VI‘ICI'G 4

M
IM Imﬂx = él at ;8 ‘

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hill Comp
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kN 20 kN PROBLEM 7.35

HIRAT

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

SOLUTION
a)  Just to the right of A:
A EF =0 ¥ =4I5kN M =0 Y,
' 1S kN
to the [
Just to the leftof C A < l‘)Mz
¥, =+I15kN M, =+I5kN-m 0
J he right of C 15w ’
ust to the right of C: .
A 1O RN f-'jl*'\a
Vy=+15kN M,=+5kN-m 1 l\l;,,
. . 15 kN
Just to the right of 1: 30 lend
mm‘? _pl M
Vi=~15kN M, =+12.5kN-m A E==x1) 4
Just to the right of E: 15 kit 8.5w
3ok ok
V,=-35kN M, =+5KN-m N ok 3 pmg
iyn o
At B: M, =-12.5kN-m ;Wn rroerr i
V{kN) Mkt )
I5
i » E 8 e
1 ' T b3
-5 -3 -12.5
(b W | =35.0kN M| . =1250kN.-m 4

PROPRIETARY MATERTAL. © 2010 The McGraw-Hill Companies, Ine, All rights reserved. No part of this Manual may be displayed,
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0.6m 09

PROBLEM 7.36

For the beam and loading shown, (@) draw the shear and bending-

moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

SOLUTION

Free body: Entire beam

FYIM = 0:

SF = 0;

+ 27, =0:

4,=0

B=+37.5kN

A, = +50.5 kN

{a)  Shear and bending moment,

Just to the right of A:

Just to the right of

ko
A 12}
!

v
Ko.5i P 2

Just to the right of D:

A, +3TS5KN~40kN ~32 kN~ 16 kN =

V,=50,5kN

2R, = 0:

FYIM, =0

+T LF, =0

YZM, = 0:

50.5 kN~ 40 KN =¥, =0

M, —(50.5 KN)(0.6 m) =0

50.5-40-32-VF, =0

M, ~(50.5)(1.5) + (40)(0.9) = 0

B(3.2 m)— (40 kN)(0.6 m) — (32 kKN)(1.5 m) — (16 kN)(3 m) = 0

B=375kN1<]
A=50.5kN1<]
¥
AR ON
50.55«1
M, =0 <
V, =+10.5kN <

M, =4303kN-m <

¥y =-21.5kN <

My =439.8kN-m <

FROPRIETARY MATERIAL, © 2010 The McGraw-Flill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.36 (Continued)

Just to the right of £:

. o [-oin HEZF =00 V,+37.5=0 v, =-375kN <
~% B .
(_Iﬁs?.s kN +)EM, =00 ~ M, +(37.5)(0.2)=0 M, =+7.50kN -m <]
AL B: Vy=My=0 <]
(b) W =505 kN 4
V)
50,5 [
19,3
i -
Y Ei 2 x
!
24,5 ‘
-3L5
Mk

x (M| =398kN-m «

X
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Ghips 132 kips 4.5 kips PROBLEM 753?

bending moment.

For the beam and loading shown, (¢) draw the shear and bending-moment
diagrams, (h) determine the maximum absolute values of the shear and

|—uS()LU'i'I('.'D!\I

Free body: Entire beam

YEM =00 E(6 1)~ (6 kips)(2 1) ~ (12 kips)(4 1) — (4.5 kips)(® 1) = 0
£ =+16 kips
HLTF =00 A =0
I SF, =00 A, +16 Kips — 6 ips —12 kips — 4.5 kips = 0
A, = +6.50 kips

{¢)  Shear and bending moment

Just to the right of 4:

A gljg_q, V, =+6.50kips M, =0

Just to the right of

ohig] 1 EF =0: 6.50kips— 6 kips— ¥, =0
A -2

sootip b 20y, FYEM, =0: M, —(6.50 kips)(2 1) = 0

Just to the right of [):

grips) (1S HEF =0: 650-6-12-1,=0
™M
AEEEEN) T )M =00 M, (6.50)(4) - (6)(2) =0
Kipdloe—mploea Y
6:50 F!:Zﬂ.- e 70

E=16kips! <]

A =6.50kips | <]

¥, =+0.50 kips <]

M, =+13kip-1t <]

V,=+115kips <

M, =+14kip-fi <
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reproduced or distributed in any form or by any means, withou! the prior writfen permission of the publisher, or used bevond the limited
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PROBLEM 7.37 (Continued)

Just to the right of E:

M“‘(YF [hokp H2r =0 v, -45=0 Vy=+45kips <
% = B
tbr. 1
% YEM, =00~ M, ~(4.52=0 M,y =~9kip-fi <

At B: V[g :M.B:O <
(b) ] [V |y = 11.50 kips o

V(?uri)

450 1,50
050 g kB
AT P x
Ty —
M (kip.4t)

13,00 14,00

M|, =14.00kip-f 4

«~9,00
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120 300 1h 12611 PROBLEM 7.38

. Dg g For the beam and loading shown, (a) draw the shear and bending-
PR I B moment diagrams, (b) determine the maximum absolute values of

f | P

20in.  151n,

A

the shear and bending moment.

H [
W0, 2200

-
SOLUTION

Free body: Entire beam

1201 3001 1201b

-

W0in, 25in ' 20in. 1Sk’

YEM =0: (1201b)(10 in) ~ (300 Ib)(25 in)) + E(45 in.) — (120 1b)(60 in) = 0
E =+300 Ib E=3001b! <
IF =0: C, =0
H2F,=0: €, #3001b-1201b-3001b-1201b = 0
C, =+2401b C=240th} <

(«)  Shear and bending moment

Just to the right of A4:

’2"”’%&‘3—"1 2, =00 ~1201b—%, =0 ¥y =—1201b, M, =0 <]
s ,
Y,
Just to the right of C:
{Zo)bté{ M +2F, =0 2401b-1201b—¥, =0 ¥, =+1201b <]
AL

_\.'; +‘)ZM{-; =0: M, +({12016)(10in)=0 M, =-12001b-in, <]
10 “24007b

Just to the right of D:

X 100 2R, =0 240-120-300- 1, =0 Vy==1801b <
{201 M
A 72 )M, =0: M, +(120)(35) — (240)(25) = 0, My = +18001b-in. <]
15104 Y.
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PROBLEM 7.38 (Continued)

Just {o the right of £:

e }izoﬂ: +EF, =00 ¥, ~1201b=0 V,=+1201b <
L} E
- B
ﬁ*ﬁ;—‘,—:‘. PYEM, =01 =M, —(1201b)(15in) =0 M, =-18001tb-in. <
At B: B:MB:OQ
) 17}, = 180.01b d
V()
128 f20
[ s
B [+ E X
-0
-180
M{ibind
1800
;
c t\ E B
A VAERN =
t
" (M| =18001b-in. 4
-{2.00 :
~{80b

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Fc. Ali rights reserved. No part of this Manmal may be displayed,
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GO &N 25 kN PROBLEM 7.39

For the beam and loading shown, (&) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

I

SOLUTION

Free body: Entire beam

kN SOAN
L]

B

FYEM , =0: B(5m) - (60 kKN)(2 m)~ (50 kKN)(4 m) = 0

B = +64.0 kN B=64.0 kN <]
IF, =00 A =0
127, =00 A, +64.0kN = 6.0 kN ~50 kN =0
A, = +46.0 kKN A=46.0kNT <
{a)  Shear and bending-moment diagrams.

From A4 to C:

R +H2F =0 46-¥ =0 V=146 kN <
v |

HoNT v FI)EM, =0 M ~46x=0 M=(46)kN-m <

From Cto D:
2me—s| 60 &N HEF, =0 46-60-F =0 V =—14kN <

A c Jt)ﬂ -
A Sge—p YEM, =0: M —~46x+60(x-2)=0
M = (120~ f4x)kN -m

For x=2m: M;.=+92.0kN-m <
For x=3m: M,=+780kN -m <
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PROBLEM 7.39 (Continued)

From D to &:
W EF, =0: ¥ +64-25u=0

-
1254
YTEIT Vo= (25— 64)kN
MG
’”"""'1[ +V)ZMJ =0: 64ﬂm(25;1)(£]._M:0
i kN 2
M = (644 —12.50° kN m
For p=0: ¥, =—64kN M, =0 <
(b) IV | = 64.0 kN
(kW)
ko0
A cp 8
-1t
- b0
M(kN-m\
92,0

PRAABLLA

(M| =920kN.-m

mnax

[ B,
Pf— o ——— -
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PROBLEM 7.40

shear and bending moment.

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the

8O LN
S kN/m
¥ I é
Algsr
2m !
SOLUTION

Free body: Entire beam

From 4 to C:
%
30"‘14-3—){
30 ki lv l
A : l‘)‘M"
e x —¥

From Cto D

:60 kN 80 kN
30k l
3 l* Il‘-‘- »
A y A
[—«-me-t—-- 3w Zovn i
c B

FYEMy =0 (60 KN)Y6 m) ~ C(5 m)+ (80 KN)Y(2 m) = 0

C=+104 kN
104 -60-80+8=0

\ 160 KN
LS

30 kh
:;TLH

27, =0: 104-60-¥ =0

FYEM, = 0: (60)(x —1)— (104)(x = 2) + M =0

l c=toa ?'llzm
2Zm e K =L
R ——

C=104 kN1
B=36kN{
V =-30x
M =~15x7
V= +44 kN
M =44x-148

FPROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No purt of this Manual may be displayed,
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PROBLEM 7.40 (Continued)

From D to B: HEF, =0 ¥V =-36kN
=)
C Tt_—__ G FYEM, =0 (36)(T—x)—M =0
36x +252

fe— g =32 1 M=

v {en)
‘ 44
©
D -3
M( im-m) 12
{
/\a
A = > A
i
-~ GO
(b) [ = 60.0 kN |M ], =72.0kN-m. <
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§ Lipsit PROBLEM 7.41

1' For the beam and loading shown, (&) draw the shear and bending-
D1 b moment diagrams, (#) determine the maximum absolute values of the
i e shear and bending moment.
5h - ’I
Y2l
5 kips

SOLUTION
(a) By symmgtry: . %k:p:—/HJD .
. 1 . . & Z2s) 54+ m‘ia
A, =B=8kips+ 5(4 kips)(5 fi) A, =B =18kips] Ay ~ Fkipr B,
pal
Along AC: /o
v
A T 3 M {ZF =0: 18kips-¥ =0 V =18kips (ke >
1 T (m | ) ) e
IM; =0 M-x(18kips) M =(18kips)x vEs
r’gk!?) :Yn—" o ‘ 54’/_‘ 36
M=36kip-ftat C{x=21t)
Along CD: Mo
g 8k King/ { Wp s
TR, =00 18 kips—8 kips— (4 kips/f)x, —F =0
¥ kip=/ 5+ ! P P psfityx,
A__Ch i‘j M V =10 kips — (4 kips/ft)x,
Zerf Ak -
/ﬁ‘ﬁ’ﬁf fﬁ'k‘ps Y V' =0at x, = 2.5 ft (at center)

(=M, =0

Conplete diagram by symmetry

()  From diagrams:

M+ :3;-(4 kips/t)x, + (8 kips)y, ~ (2 fl+x,)(18 kips) = 0

M =36 kip- ft+ (10 kips/ft)x, — (2 kips/ft)x?

M =485kip-ft at x, =25t

Wl = 18.00kips on AC and DB <4

M|, =48.5kip-ft at center <

nax
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PROBLEM 7.42

For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, () determine the maximum absolute values of the
shear and bending moment.

» _,f

12 kips

SOLUTION

Free body: Entire beam

L3 m';_:s kf ps
]
i

YEM, =0: B0 )~ (15 kips)(3 t) ~ (12 kips)(6 fi) =0
B =+11.70 kips B=11.70kips ! <
YF,=0: A =0
EF, =00 4, ~15-12+11.70=0
A, =+15.30Kkips A =1530kips | <

{«)  Shear and bending-moment diagrams
From A to C:

(2.5 Xhin % A2p, =0 1530255~V =0

. P V = (1530 - 2.52) kips
v
I5,30kips DYEM, =0 M +(2.5%) (%) ~15.30% = 0
M =1530x—1.25x"
For x = (: v, =+15.30kips M, =0 <]
For x =6 ft: V. =-+0.300 kip M, =+468kip-ft <]
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PROBLEM 7.42 (Continued)

From C'to B:
HEE, =0 V+11.70=0 V= ~11.70 kips <
IEM, =00 11704~ M =0
M =(11.70) kip - ft

For Ju =4 ft: MC =446.8 kIp -t q

For pi=0: M,=0<
V{kips) () Ve =15.30 kips o
15.30

/ 0,300.3
A c x
- 3,70
M{Kip.4E)

ARL OF
PARARDLA
1% ]

4

1M, =46.8kip-fi 4

max

ol — — —
)
»
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PROBLEM 7.43

Assuming the upward reaction of the ground on beam 48 to be uniformly
distributed and knowing that o = 0.3 m, {(a¢) draw the shear and bending-
moment diagrams, () determine the maximum absolute values of the shear
and bending moment.

SOLUTION
R E-R AN
¥BD Beam: IF =0: w(l.3m)-2(3.0kN)=0
(CI) ¢am T y M( m) ( ) A ‘i:. J:é' ‘ Qim DF S 8
w=40kN/m r
Along AC: d
M [ZF =00 (GOkNm)x—V =0
2 x rb‘h Vo= (4.0 kN/m)x /[ \,100/] {800
v
- . b Cient
dotM ¥V (ya 00 M-Z@0KNmMx=0 ) V L~
2 00 L2o0
M = (2.0 kN/m)x”
Along CD:
2 g [XF, =0: (4.0KkN/m)x—~3.0kN-¥ =0 01800 D1BOO
“ ¥ = (4.0 KN/m)x ~ 3.0 kN =) /\
K P
v (=M =00 M+{(x-03m)B0KN)~ * (4.0 kKN/m)x =0 oS
e & e 2
M = 0.9 kN-m (3.0 kN)x + (2.0 KN/m)x*
Note: V=0 al x=0.75m, where M =—0.225kN-m
Complete diagrams using symmeiry.
(b vl =1800kNatCand D <
max

M| =0.225kN - m al center 4

max
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PROBLEM 7.44

Solve Problem 7.43 knowing that ¢ = 0.5 m.

-~
—
S

PROBLEM 7.43 Assuming the upward reaction of the ground on beam 48

o] [ to be uniformly distributed and knowing that @ = 0.3 m, (&) draw the shear
< e 1B A1) e . and bending-moment diagrams, (b) determine the maximum absolute values
of the shear and bending moment.
SOLUTION

Free body: Entire beam

+} LF=00 w,(1.5m)-3kN-3kN=0 w, =4 kN/m <]

(a)  Shear and bending moment
From A4 to

hl ¢
¥

(ki) ziL %"

HEF =00 dx—V =0 F=(4x)kN

YEM, =0: M‘—(4x)~;l =0, M=(2x*)kN-m

For x=0: V,=M,=0 <
For x=0.5m: V. =2kN, M. =0500kN-m <
From C to D: HEF, =0: 4x-3kN-V =0

V =(4x~3) kN

VEM, =00 M+ (3 kN)x - 0.5) - (4x) 5 = 0 ¥
2 (atopmiz x5 =
M= (2x* ~3x+1.5 kN -m

For x =0.5m: Ve==1.00kN, M, =0500kN-m <]
For x=0.75 m: Ve=0, M =0375kN.-m <
For x =1.0m: Vo=100kN, M, =0500kN-m <]
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PROBLEM 7.44 (Continued)

From D to B:

2t

aes HEF =0 V+du=0 V=-(4u)kN
-3
\:% %—V)ZM =0 (4 ff—M:O M =247
"L}(_#Eﬂfm)u 1 c( ,U) 2 H M
“fe

For p=0: Vey=M,=0 <
For fi=10.5m: V, =~2kN, M, =0500kN-m <
Vi
%p0 (b) V], =2.00kN «
100

/b

A CV i x
4 V
-2.00

M{kNvm)
0.500 |— —g — -,

0315 ~

Ml =0.500kN - m €

miax
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PROBLEM 7.45

kipsAlt

3 kipsdt

Assuming the upward reaction of the ground on beam 4B to be
uniformly distributed, () draw the shear and bending-moment
diagrams, (h) determine the maximum absolute values of the shear
and bending moment.

SOLUTION

Free body: Entire beam

HEF, =00 w, (12 ft)— (3 kips/fL)(6 ft) = 0 w, = 1.5 kipsit <

{a)  Shear and bending-moment diagrams.
From A to C:

2R, =00 Lsx-3x-V =0
V = (-1.5x) kips

VEM, =0: M+ (3x)§~ - (1..5x)§- =0

M =(=0.75x") kip - ft

For x=0: Vy=M,=0 <
For x =3 ft: Ve =-4.5kips M. =-675kip-ft <]
Erom C'to D

T HZF, =00 1.5x=9-7=0, ¥ =(L.5x~9)kips

PVEM, =0: M +9(x—1.5)w(l.5x)g—x 0

M=0.75x" ~9x+13.5

For x=3fi: Vi =-4.5 kips, M. =-675kip-ft <
For x=6 ft: v, =0, M, ==-13.50kip-ft <]

PROPRIETARY MATERIAL, € 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manial may be displaved,
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PROBLEM 7.45 (Continued)

For x =9 ft: ¥, =4.5kips, M, =-6.75kip-ft <

AL B V=M, =0 <]
V {icips)
ASO f—r o A (b) W =450 kips o
¢ H
1
AT 578
i
]
-14,50
Bending moment diagram consists of three distinet arcs of parabola.
M fkip.bt)
ﬁl c b &
T .
55 . M, =13.50kip-ft €

~ 15

- 13,50 — —~
M =0 everywhere 4

Since entire diagram is below the x axis:
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l«- 3G ft —n-——a—l««s ['t*!

PROBLEM 7.46

Assuming the upward reaction of the ground on beam AR to be
uniformly distributed, () draw the shear and bending-moment diagrams,
(b} determine the maximum absolute values of the shear and bending

moment.

SOLUTION

Free body: Entire beam

(3 kipstie)(x 22
M

—
~7

A EEriameti:
L
(15 KipnJe)x 7% .

b

Y

V{kips)
H,50}em —

)

gt (a)
L-—J-——ﬁ&——'l*a—ﬁ*l ¢

HEF, =00 w, (12 (1)~ (3 kips/f)(6 f1) =0

w, = 1.5 kips/ft. <]

Shear and bending-moment diagrams from A o C-

HEF, =0: L5x—¥=0 ¥ =(l5x)kips

F)IM,; =0: M -(L5x)% M =(0.75x" kip- fi
J 2

Forx=0;

VA ::MA = <]

Forx=3 fi: V. =4.5kips, M. =6.75kip-ft <

From C 1o [

HZF, =00 15x-3(x-3) -V =0

V=(9—1.5x)kips

YEM, =0: M +3(x— 3)%3 - (1.5,»;)%‘ =0

M =[0.75x" — 1.5(x - 3)* Jkip - ft

Forx=31t: V.=4.5 kips, Mo =6.75kip-ft <

Forx =6 ft: g =0,

Mg =13.50 kip - i <]

Forx=91ft: ¥V, =-4.5kips, M, =675kip-fi <
AL B: VB:MB“OQ

¥ | = 4.50 kips 4
| Mo =13.50 kip- 11 4

Bending-moment diagram consists or three distinct arcs of parabola,

all located above the x axis.

Thus: M =0 everywhere o
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PROBLEM 7.47

Assuming the upward reaction of the ground on beam 45 fo be
uniformly distributed and knowing that 7 = wa, (a) draw the shear
and bending-moment diagrams, (b) determine the maximum absolute

“‘”"”l"‘”" ““l"‘” “*’t values of the shear and bending moment.

L—#ay)—

SOLUTION

Free body: Entire beam

+I LE, =0 w,(da)~ 2wa —-wa=0

W, miw <]
{(¢)  Shear and bending-moment diagrams
W From A 1o C"
1 4.9
A 3y +T§ZF,$0: wawasz()
3x Y j 4
¥ )
‘.-?- V:wlwx
x 4
J?)ZM ={): M+(wx)£~ ?—‘«wv T=0
ST 2 W4 )2
M ==y’
For x=0: V,=M,=0 <
I |
For x=a: Vo =—=wa M =——wa" <
’ 4 8
From C to D
3
%2 +TE[“,:0: Zowx - wa -~V =1
wo tX"E : 4
l l ! l M
Sl i)
i! \:’ 4
3 o
LA a) 3 X
;d +‘)EMJ=(): M+wa[x——2~Jwwa[5}:0
,.?lflzjjvw,’c2 —wa| x -2 )
8 2
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PROBLEM 7.47 (Continued)

For x=q; Ve = _ W M. = 1 wa- <}
: 4 ’ 8
For x=2a: v, m+~%wa My =0 <

Because of the symmetry of the loading, we can deduce the values of ¥ and
M for the right-hand half of the beam from the values obtained for its

v .%a.m left-hand half.
i 1
/4\“’“ ®) [V b = 4
t
A Cil Py
~hwa To find |M|,,,, we differentiate Eq. (1) and set 4L =0;
-bag
2 daM 3 4
—=—wx-wa=0, x=-—a
elx 3
M 2
L Mzéw ia) wwaz(i——l—J:wlﬁa—
AheS 2 € B E 3 2 6
T L
! 3 '
AN L
- . . M, =—wa” 4
NQI6E£Q K] | ,m ) 6
3

Bending-moment diagram consists of four distinet arcs of parabola,
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PROBLEM 7.48

Solve Problem 7.47 knowing that P = 3wa.

PROBLEM 7.47 Assuming the upward reaction of the ground on beam A5
| , I l ‘ to be'uniformly disFributed and knowing that P = wi, (a) draw the shear and\
R SR R g bending-moment diagrams, (b) determine the maximum absoluie values of
the shear and bending moment.

SOLUTION

Free body: Entire beam

+1 ZF, =01 w, (4ay—2wa -3wa =0

5
W, = =W
(@)  Shear and bending-moment diagrams
From A to C:
WX | s
1 M +TZFJ,:O: “wx—wx—V =0
A JD 4 |
) 4 Vo= —x
2 x| 4
¥ 4 ) % x (5 x
HIEM, =0 M+ (wn)=—| Zwx [==0
x ) J (w,\)2 (4wr]2
.,
M=+—wx
8
For x =1 Vy=M,=0 <
For x =a: v, m+iwa M —+}~wa2 <
Wa.r.-xi ) ’ C 4 C g
™ From C to D:
At L1
=) s
{ ] +IZ}*},=(}: Swx—wa—V =0
| 4
: N s
b O
+‘)ZMJ:0; M+ wal x - méwx EC—):0
2) 4 \2
1Wx£}1?A'2—1a?a x=2 (N
8 2
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PROBLEM 7.48 (Conti

For x=a:

For x =2a:

nued)

V. :+iwa, M, =+—1—W(12 <
‘ 4 ’ 8

3
Vi =+>wa, M, =+wa® <]
p =t .

Because of the symmetry of the loading, we can deduce the valucs
of V and M for the right-hand half of the beam from the values
) obtained for its left-hand half.

()

IV |lT1‘d‘( = i wa ‘
S22

pea |- & R To find | ,,.. we differentiate Eq. (1) and set 4% =0:
dM 5

~dval . W W = )
dy

X=—da

<a (eutside portion CD)

The maximum value of | M| occurs at 1

=wa® 4

! M El]]il?{

z Bending-moment diagram consists of four distinct arcs of parabola.
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PROBLEM 7.49

Draw the shear and bending-moment diagrams for the beam 48, and
l determine the shear and bending moment {a) just to the left of C, (b) just

|2()(} mm é 200 rmn Y00 m»;;— to the Eigilt of C.

00N

SOLUTION
Free body: Entire beam

F)EM =0 B(0.6 m)— (600 N)(0.2 m)=0

B=+200N B=200N{<
SF =0: A =0

2, =00 A, —600 N+200 N=0
A, = +400 N A=400Nf<

We replace the 600-N load by an equivalent force-couple system at C
Just to the right of A:

V,=+400N, M, =0 <

(@) Justtothe leftof C:

v, =+00 N 4
M, = (400 N)(0.4 m) M, =+160.0N-m <
(A Justto the right of C: v, =-200N <
M, = (200 N)©0.2 m) M, =+40.0N-m <
Just to the left of B: V,=-200N, M,=0<
V(9 H(N:m) 160.0

tiop
c_2,
A :
a7 ¢ B "

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or disiributed in any form or by any means, withiout the prior wrillen permission of the publisher, or used beyond the limited
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PROBLEM 7.50

Two small channel sections DF and EH have been
welded to the uniform beam AR of weight W = 3 kN to
form the rigid structural member shown. This member is
being lified by two cables attached at £ and E. Knowing
that &= 30° and neglecting the weight of the channel

‘M——r ] ;
o |05m scctions, (a) draw the shear and bending-moment
TR T 0l B diagrams for beam AB, (b) determine the maximum
LE.S o W_,L__] m*L*l e 15 mJ absolute values of the shear and bending moment m the
beam.

SOLUTION
Tl cor T
FBD Beam + channels: & r L
l:.'—._.,._?____“ —y
(@) By symmetry: L=T=T 4 zbn
[ZF, =0: 2Tsin60°~3kN=0
3
7= kN
V3
3
lx 2\/’5
T;v - 3 kN
T2
FBD B M = (0.5 m) 3 kN
eam: ={0.5 m)—
23
=0433kN-m
With cable force replaced by equivalent force-couple system at 7 and G
Shear Diagram: V is piecewise linear
{E’K =06 kN/meith L5 kN
dx

LEHEN LSy
bbkif P TeT, B

discontinuities at /' and H.
Ve =~(0.6 kN/m)(1.5 m) = 0.9 kN F &6 wH

LSRRy e g v [ Sy >

Vincreases by 1.5 kN to +0.6 kN g F*
V= 0.6 kN ~ (0.6 kN/m)(t m) =0

Finish by invoking symmetry
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PROBLEM 7.50 (Continued)

Moment diagram: M is piccewise parabolic

-9
(EM decreasing with V] l\ I\
dx v
e ) (kN
with discontinuities of 433 kN at /7 and £
- f
1 -9
M, = «;(0.9 kNY(1.5 m) M o
= o
=-0.675kN-m (kﬂxm\
M increases by 0.433 kN mto -0.242 kN - mat /' ke
I N ers”
M, =-0242kN -m+ —2—(0.6 kNY1 m)
=(.058 kN m
Finish by mvoking symmetry
(I)} IV IIIIL\K = 9()0 N ‘

at £ and G
M| =G675N-m 4

at Fand G

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Menual may be displayed,
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PROBLEM 7.51
L( Solve Problem 7.50 when € = 60°,
PROBLEM 7.50 Two small channel sections DF and FH

g have been welded to the uniform beam AB of weight
W=3 kN to form the rigid structural member shown. This

E
[Qr member is being lifted by two cables attached at [ and .
5 . . . .
B Knowing that #=30° and neglocting the weight of the
i H channel sections, (o) draw the shear and bending-moment
TS e b LS diagrams for beam AR, (h) determine the maximum absolute
values of the shear and bending moment in the beam,
SOLUTION
Free body: Beam and channels
- &5m
From symmetry:
L, =D,
' We3kn
Thus: E,=D =D tan8 (1)
+{ZE, =00 D4 E -3 kN=0 D, =E, =15kN] <
From (1) D =(05kN)ang E=(l.5kN)tangd «— <
We replace the forces at D and E by equivalent force-couple syslems at /" and £, where
{500N 13apN
L B
A 2 o= - My =15 kNtang)0.5 my= (750 N-m)tan & (2)

T GOONfm
b hGu e Zm  mabe [ Gyt
We note that the weight of the beam per unit length is
W 3kN

AP o e

L Sm

= 0.6 kN/m =600 N/m

(e} Shear and bending moment diagrams
From A to F"

HEF, =0~V ~600x=0 ¥ =(-600x)N
DIM, =0: M+ (600,@;;5 =0, M =(-300x>)N-m

For x =0 g =M =0 <

For x=1.5m: Vi=-900N, M,=-675N-m <]

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Ine. All rights weserved. No parf of this Manual may be displayed,
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From I 1o -

«m*‘f-_:'
i
1 o2 e L3

For x =1.5 m:

For x=2.5m:

PROBLEM 7.51 (Continued)

+ZF, =00 1500-600x—V =0

¥ = (1500~ 600x)N
DEIM, =0: M +(6()0x)§——1 500(x ~1.5)— M, =0

M = M, ~300x" +1500(x-1.5N-m
Vi =+600N, M, =(M,-675)N-m <]

V=0, Mg=(My-375)N-m <]

From G To B, The ¥ and M diagrams will be obtained by symmetry,

Vi)
£0d

k) W] =9%0N <

THHX

NN

N

Making #=60" in Eq. (2}

Thus, just to the right of 7"

Z

My =750 tan 60° = 1299 N-m
M =1299 - 675= 624 N-m <]

and M, =1299-375=024 N-m <
Mgt +924
e — = ) V},..=900 N «
|
A B> LA B
l/ M| =924 N-m o
..515[ _—L — A
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1.5 kips

G kips 1.5 kips PROBLEM 7.52

Draw the shear and bending-moment diagrams for the
beam 4B, and determine the maximum absolute values
of the shear and bending moment.

Al D

121 124 121t

SOLUTION
FBD whole:

?7‘;_3#

2] & I . N .

. o LB Einsy (\EMD =0 (1.2 1ft)(1.5 kips) — (1.2 ft)(6 kips)
L5 AT T ev—.u'g ~{(3.6 1)(1.5 kips)+ (1.6 MG =0
[
€ G = 6.75 kips —

(Dimensions in ft., loads in kips, moments in kips - ft)

TIF =00 =D +G=0 D, =6.75 kips ~—
{ZF, =0: D, ~1.5kips— 6 kips —1.5 kips =0 D, =9 kips}
Beam AB, with forces D and G replaced by equivalent force/couples at C and F
Along AD: / M
v 5 o
[ZF, =0: ~1.5kips—F =0 F=-1.5kips x »
(‘EMJ =0; x(L5kips)+ M =0 M = —(1.5kips)x
M=—18kipsat x=1.2f1
Along DE; 57 7, ‘ o
R B £ S35 ¥a
[ZF, =0: ~1.5kips+9kips—¥ =0 = Sy
£ kips  aq kips V =75 kips [ A S
j! ts,‘?j’lJ 85 L M s !
-’ @ (ZMK =0; M+54kip-1t—x (9 kips) v i
A oIt € +(1.2 1t + 3, (1.5 kips) = 0 (KepsS |77
M =72 kip- ft + (7.5 kips)x, " I e
M=18kip 1t at x, =12t CKjpefe) =7 oF
P 1 ig ') 4 l
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PROBLEM 7.52 (Continued)

Along EFI:

py S ki IS Wip>
- £

15F, =0: V-15kips=0 ¥ =15kips
(=M, =0: —M +54kip-ft—(x, +1.21)(1.5 kips)

M =3.6kip- A —(1.5kips)x,
M =18kip-ft at x, =121
M=36kip-ft at x,=0

Along FB: M aV L5 kips

{EF, =0: ¥ —15kips=0 ”(L ¥
v =1.5 kips

(2M, =0; =M —x,(L5kips) =0

M = (1.5 kips)x,
M=—18kip-flatx, =121t

From diagrams: V], =750 kips on D <
|M!mzlx =7.20 klp i at Dﬂ/ ‘
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PROBLEM 7.53

Draw the shear and bending-moment diagrams for the
beam A8, and determine the maximum absolute values
of the shear and bending moment.

F120 1
[« O in.———8 i), ~>}—§ éf;.—-*-l
SOLUTION
T
T —— *—r L
tf/}‘?. E E B
T____J_ 3 3
S, ‘ 4 l 1206
i & e . . 1
c e, I S | 4ar
LTyt 1 ! 4
+‘>ZFG =00 T(9in)—(451)(9in)~ (120 b)Y 21in) =0 T=3251b
AL EF =00 -3251b4+ G =0 G, =3251b—
HZF, =0 G, -451b-1201b=0 G, =1651b}
Equivalent loading on straight part of beam AB
B2sBX5m) = 1425 Ibein. (B2cnX#in)= 1300 M.,
—_—
A K7 — f\("
q25 =) 5
QSZblér e ¥ 1700
/858 lf . ’_!‘__ & in. :!: &in.

1

P25 dberar, M

From 4 to &: 325 =
SE =0 V=+1651b E"«‘; ’P
R 727’3 N

+§XM, =0 +16251b-in.~([651b)x+ M =0

M =—-16254165x

From £ 1o F; .
o 1628 1he
36 ” £ 2

HEF, =0 16545~V =0 A
1 ’ 1857 Qim. ke
V=+1201b x

LN
:

FYEM, = 0: +16251b-in.~ (165 Ib)x + (45 1b)(x ~ 9) 4 M =0
M = —1220 + 120x
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PROBLEM 7.53 (Continued)

g

y
From F to B: YF =0 V=+1201b y 13
From F to B g
_,Mc o I/Zo,’b
DYEM, =0 — (120021~ x)~M =0 \Rim=x_ 4

M =-2520+120x

) ¥/ <9

/77l
R £ ':7 7 * |V|max x]650 lb ‘

M
+8Bo then

] £ _1le 8 x

/ [ (M|, =1625Ib-in. €

F%0 bt ~ 220 Wb ‘

“/;-?J/é-i}!.

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hilt Companies, Inc. All rights reserved. No part of this Munual may be displayed,
reproduced or distributed in any form or by any means, without the prior wrifien permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by MeGraw-Hill for their individual course preparation. I[f you ave a student using this Manual,
vou are using it without permission.

1066




(300 man | 300 mm

300 mm

4

) ]
| !
00 Z\'g 400 ‘\g 406G N
. Y
e

fomectanon — L

PROBLEM 7.54

Draw the shear and bending-moment diagrams for the beam AB, and
determine the maximum absolute values of the shear and bending

moment.
- | !
130 mm 300w 300 mm 150 mm
SOLUTION
Free body: Entire beam
4?) EM =0 B(0.9m)— {400 N)0.3 m)— (400 N)(0.6 m)
= (400 N}0.9m)=0
B=+800N B=800Nt<]
L
?S%mm‘mm'mm ISOimm ZI'T =0 Ax =0
400N oo 00N + ZF, =0: 4, +800 N~3(400 N) =0
A FE TR A, =+400 N A=400N1 <
Yoo LONm GONB GoNe 300N

We replace the loads by equivalent force-couple systems at C, D, and F.

We consider successively the following /-B diagrams.

Y, ¥, =+400 N
oo 1 M, =0
a)t“ ¥y = +400 N
oo | A M, =+00N-m
soNmidoon
A B V3=0
Aoy N Y, My =+]20N-m
doo M
ARy =0
hoo £ 60N- Y M, =+120N -m

.
0050 b3

V, =400 N
M, =+180 N m
V, =400 N
My =+60 N-m
V, =-800 N
M, =+120N-m

Vy =—800 N
My =0
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PROBLEM 7.54 (Continued)

v{n)
oo
D E B
biRe -
~Yo0t— . - t
B0 — e —
X

(b)

V], =800N «

max

M =180.0N-m <

max
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PROBLEM 7.55

For the structural member of Problem 7.50, determine (&) the angle
& for which the maximum absolute value of the bending moment in
beam 4B is as small as possible, (b) the corresponding value of
IM e (Hint: Draw the bending-moment diagram and then equate
the absolute values of the largest positive and negative bending

\ moments obtained.)

“F,;, m  PROBLEM 7.50 Two small channel sections DF and EH have

B been welded to the uniform beam A8 of weight W = 3 kN to form
the rigid structural member shown, This member is being lifted by
two cables attached at D and . Knowing that &= 30° and neglecting
the weight of the channe] scctions, () draw the shear and bending-
moment diagrams for beam A8, (b) determine the maximum absolute
values of the shear and bending moment in the beam.

amall R Ty

1=! ¢4 i

= b pe Fane

~—- 1.5 m —~|

SOLUTION
See solution of Problem 7.50 for reduction of loading or beam 4B to the following:
I5gen ISQoN
r—i5m Zm S
A G2 I }-B
Leb bbb L L fi
M = E0ON/m

where My =(750N-m)tan @ <

[Equation (2)]

The largest negative bending moment occurs Just to the left of /-

f- fe5m i

A *
lﬁb SYEM, = O M,+(‘){}0N)(1'52 m}xo M, =—675N-m <

qopNY =

The largest positive bending moment occurs

At G

FYEM, =0 My = My + (1500 N)Y(1.25 m -1 m) =0

My=M;~375N-m <]

Equating A/, and -M,:
M, -375=+675
M, =1050N-m
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PROBLEM 7.55 (Continued)

(¢)  From Equation (2): tan§ = %%9 =1.400 f=54.5° 4

M(N:m)
675 — o -
w5t — - /mTﬁ
0 A F ] H B
G V 2

.é.._....._n—_._,...,

M), =675N-m 4

(h)
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PROBLEM 7.56

3N TN For the beam of Problem 7.43, determine (a) the distance « for which
the maximum absolute value of the bending moment in the beam is as
c small as possible, (b) the corresponding value of | M|, (See hint for

D Problem 7.55.)

PROBLEM 7.43 Assuming the upward reaction of the ground on
beam AB to be uniformly distributed and knowing that « = 0.3 m, {(a)
draw the shear and bending-moment diagrams, (5) determine the
maximum absolute values of the shear and bending moment.

L—- L3 m

SOLUTION
Foree per unit length exerted by ground: L)

.. OKN =4 kN/m .
5m g asiya

H’g

The largest positive bending moment occurs Just to the feft of C:

DM, =0: M, m(4a)§ M, =2d* <

3kN
st
AFSET ‘v)"

ARy

The largest negative bending moment occurs

At the center line: i
€ cenfer nne P.TSWE 10.3754\ Y,
w3

PYIM, =0: M, +3(0.75 - a) - 3(0.375) = 0 M, =~(1.125=3a) <]

Equating M, and ~M,: 20 =1.125-3q
a’ +1.5a-0.5625=0
(@)  Solving the quadratic equation; g =0.31066, a=0311m <«
(h)  Substituting: IM |0 = M, =2(0.31066) [M ] =193.0N-m o
M{N-m)

1930 f--p— ~ -
1 1]
t }
¢ /\
i 5 .
1
-193.0} — -M
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PROBLEM 7.57

A _ For the beam of Problem 7.47, determine (a) the ratio k& = P/wa for
. é]) = l which the maximum absolute value of the bending moment in the beam

is as small as possible, (b) the corresponding value of |M|,mx. (See
hint for Problem 7.55.)

Lﬂ,,_,l_w,ﬂi,ﬂ,ﬂ'«”ﬂ,l PROBLEM 7.47 Assuming the upward reaction of the ground on
beam AB to be uniformly distributed and knowing that P = wa, (a)
draw the shear and bending-moment diagrams, (b) determine the
maximum absolute values of the shear and bending moment.

SOLUTION

Free body: Entire beam

+I IF, =00 w,(4a)-2wa ~kwa =0

W
w, =—(2+k
y =2 4h)

}Vg
Setting W = (1)
We have k=da-2 )

Minimum valuc of B.M. For M to have negative values, we must have w, << w. We verify that M will then be
negative and keep decreasing in the portion AC of the beam. Therefore, M, will occur between C and D.

b o
wa X3 \
Fr “to Dn
vom C to ”jﬁ é 5 M
oy y
=d‘0‘ 7 N
. . -
J)ZM, = {h M%vva(Ax—E-]-awx[i =0 o{Wx :""'""\
' 2 2 .
te—x —>
M= %w(ax2 ~2ax+a’) 3)
We differentiate and set M _ 0: cx—a=10 Lin = e 4
dx f74
Substituting in (3%
Mmin = iwag (‘L~“~2- + 1)
2 o o
A/[min = mwaz o (5)

2o

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prioy writlen permission of the publisher, or used beyond the limited
distribution to feachers and educators permitied by MeGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1072



PROBLEM 7.57 {Continued)

Maximum value of bending moment occurs at D

3
] a
M +IEM, =00 My +wal == |~ 2awd)a =0
A -l > ) n » [ 5 ] ( )
v
2aM0, _ 2 3
te M-J Mmzlx - MD = wd [2aug (6)

Equating ~Af . and M, :
wa” l-o = wa® 20.’——3
2o 2
4o ~2a~1=0
oo 2420 =195 200
8 4
(@)  Substitute in (2): k= 4(0.809) -2 k=1236 4
Mfwa*
o.nsl‘“‘ -
0 G § ] -
11 |
i\
og za —
(A)  Substitute for e in (5):
IM!lTl'lX = ~"1‘/[min = _wal L—;Q"S‘g?- fMln-nx =10.1 1801‘»’&’2 <
) 2(0.809) '
Substitute for o in (4): X w2364 <]

min 0.809
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PROBLEM 7.58

A uniform beam is to be picked up by crane cables attached at 4 and B.

Petermine the distance o from the ends of the beam to the points where

the cables should be atiached if the maximum absolute value of the

bending moment in the beam is to be as small as possible. (Hint: Draw

the bending-moment diagram in terms of a, £, and the weight w per

| L i unit length, and then equate the absolute values of the largest positive
and negative bending moments obtained.)

6 (] —| |<—(f—-

SOLUTION
w = weight per unit length
TT*é-u-a_ T Tt
[(TIIOTTITIIT s«
Q. i 4 -3 l
L -3
. x
To the Jeft of A: ‘i“)EMl =0 M+ wx(WJ:O
2 o X —-—415 M
| s
[}
M :——2— wx? ary § 0L 4x
M, = ——wa”
2
Between 4 and B:
4—‘)ZM2 =0: M—(%WL)(}C*H)'F(‘AJI)(%}CJ:O T‘i‘”gﬁ_&:‘.\_&;}iﬁ
1 ] I - W
M = ——wx” +—wlx —~=wlLa +
2 2 2" b3 —b4x —»i
At center X = ji
2
2
M(.zulw L +~J-wL L ~lea
' 2 \2 2 2) 2

M -

| S AL LTI # . »
wial ~ « A\

! 2
M= Fuwt-galLe

Ma-%
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PROBLEM 7.58 (Continued)

+ l wa® = ~l~ wi? l wla
2 8 2

We set | M =M !méwaz

l wi? — i wlal
8 2

a’ -+ La~0.251% =0

am%(m\/ﬁ +L2)=%(\6-I)L

" max

M :%w(o.zo"m)2 =0.0214wi’

a=0.2071 4
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60 kips 60 kips PROBLEM 7.59
;] } l]
For the beam shown, determine (&) the magnitude P of the two
upward forces for which the maximum absolute value of the bending
moment in the beam is as small as possible, (4) the corresponding
o value of |A] (See hint for Problem 7.55.)

max *

SOLUTION
By symmetry: A, =B=60kips - P éakips & R éokips
Along AC: ““%K 1'4._—’&.;&&

(ZM, =0: M —x(60kips— P)=0 ! T

M = (060 kips — P)x

A] ~ \fﬂjm M=120kips-ft—(2f1)P at x=2f "
Gokpp—p L ' P T M-gapegey, /

P kipny
120-4
Along CD:
(ZM, =0: M +(x—2 f)(60 kips)— x(60 kips — ) = 0 ai
_ e 2m
MWE20E<1p if Px ‘ = lxj M
M =120kip -4 )P al x=4ft Gokips - v
Along DE: FET I
(\ZML:O: M —(x— 4 fYP + {(x— 2 fi){60 kips) Zm J 2
) T e e D!ﬂ
=~ x(00 kips — Py =0 i x ”
M =120kip-fi—(4 )P (const) Go kips— & -
Complete diagram by symmetry
For minimum [M{, . set M =~-M .,
120 kip - ft - (2 f1)P = =120 kip - fl — (4 1) P]
(a) P =400 kips 4
M . =120 kip-ft - (4 )P () M|, =40.0kip-t 4
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v

«— 30 in—i=—M) in.—
D

-~

n

i

B

T

'-vuf,@m

!47 £ ‘ﬁ,,w,_l

PROBLEM 7.60

Knowing that P = O = 150 Ib, determine (a) the distance a for which
the maximum absolute value of the bending moment in beam AB is as
small as possible, (h) the corresponding value of [M| {See hint for
Problem 7.55.))

max *

SOLUTION

Free body: Entire beam

PYEM = 0: Da-(150)(30) - (150)(60) = 0

D 13,500 4
e}
Free body: CB
DYEM =0 =M, ~(150)(30) + 13,500 _s0y=0
o
M, = 9000(1 - ié) <
- 4]
a’ 1
y 60-a Jisolfz Free body: DB
M1 ‘1_6*"::2—5;3 SYEM, =00 — M, —(150)(60—a) =0
M, =—150(60 — a) <]
(@) Weset
45
Moy =Moo ot Me=—M,: 9000 1- 22 |=150(60 - )
o
m{in.) 2700
}206—7\ 60~ a =00-a
}
ofs & \1’732_ @ =2700 a=51.96in, a=52.0n. 4
]
08— gy Y B M|, =My, =150(60-51.96)
|Mi, . =12061bin. 4
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PROBLEM 7.61
4 Q
300 D 300 it e Solve Problem 7.60 assuming that P =300 1b and O = 150 |b.
cY p 7

PROBLEM 7.60 Knowing that P = @ = 150 Ib, determine («) the
- el . distance a for which the maximum absolute value of the bending
LWW a __,i moment in beam A8 is as small as possible, (5) the corresponding valoe
of |M] (See hint for Problem 7.55.)

max *

SOLUTION

Free body: Entire beam
+‘) IM, =0 Da-(300)(30)—(150)(60)=0

DZES,OOO <
o
50 1b Free body: CB
FYEM =0: — M ~(150)(30)+ 18,000 (@-30)=0
, )
M, 213,500[1—£J <
o

Free body: DB
DVIM, =00 =M, ~{(150)(60—a)=0
M,, =-150(60—a) <

{) Weset

i 40
M(sin) M, =|M,, | or Mp=-My: 13,50()(1——9}150(60%@
Ky L) mm—— ' ] a
i
I
'\ > » 90~3§Q~Q36()~a
)] L 1 u
A <\, / *
; a® +30a-3600=0
—i9Bp— -
e 445, —l 304415300 oo
a=46.8in. 4
(B) | M| =— M, =150(60 - 46.847)

IM],,.=19731b-in. d

max
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PROBLEM 7.62*

In order to reduce the bending moment in the cantilever beam
AB, a cable and counterweight are 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 |M|mM.
Consider (a) the case when the distributed load is permanently
applied to the beam, (#) the more general case when the
distributed load may either be applied or removed.

SOLUTION

M due to distributed load: | ! I ! ]
M Gr" B

(=M, =0: ~M~§wx:0

M= —i i’
2

Y I 14
M due to counter weight: v
MAT &
(ZM, =0: —M+xw=0 x
M =wx
{a)  Both applied:
M — W ___"sz ﬁ N \ B
X 2 V A e}
iAixW—wmealx:Ei
dhx W
W2
And here M = ——>0 80 M, My, must be at x = L
w
So M, = WL~~%WL2. For minimum [M|  set M =~M ..,
W I B 2 252
50 —=—WlL4+—wl® or W 42wlW -wil’ =0
2w 2
W= —wi, 2w L (need+) W= (\,/E —Dwl =0414 wl 4
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{h) w may be removed

For minimum M

Wi =

With

PROBLEM 7.62* (Continued)

2 5 1)
w20t

Mmux - 2W P
Wi = bt
! gy wlﬂ.au.f' W
M= e,
s th
We-farlt s = fwrd™
Without w, M =Wy
Ml'li‘ﬁ.‘i = Wl" at A
i W a2
With w (see Part a) M = Wx - e
w? W
Mmax el X = —
w W
1
Mmin =WL -~ ‘é“ W'Lg at x = [,

max ¥ set Mnmx (HO W) = Mmin (Wllh W)

WLl W =Lt
2 4

M =0.858wi’ 4

T mas

Mlnﬂ.'( = Z WLQ <

W ﬁ—]—wL <
4
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PROBLEM 7.63

;)
Using the method of Section 7.6, solve Problem 7.29.
Al
PROBLEM 7.29 For the beam and loading shown, () draw the
a shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment.
SOLUTION
E J’P Free body: Entire beam
Y B8Y" c
A S ) 5P <0: C-P-P=0
"‘— as—*L—— a, —3 c

= c=2r}
D)EM =0: PQa)+ Pla)~Mp =0

vV
A B < _ M =3Pa )
-y (- PA‘} ]

(~2Pa) Shear diagram
Y- P L__ ]

At A: Vy=-F

i V ! lﬂﬂ.’(: 21) 4

¥ Bending-moment diagram

AL A M, =0

M| =3Pg <4

max
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PROBLEM 7.64

Using the method of Section 7.6, solve Problem 7.30.

PROBLEM 7.30 For ihe beam and loading shown, (@) draw the
shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment.

SOLUTION
Free body: Entire beam
2L
+3EM,=0. P - ALY=0
e c
g T 2.} A=2pt
A5+ —% c .
| 2F, =0 %P—P+C=O
c=1pt
v 3
2 Shear diagram
st (2P0 2
alle c V, =2p
A .
. RS % At 73
—EP _____
Pl =2 4
T3
M
Bending-moiment diagram
ZPL |- =
! A4 My=0
A 1 X
- C. 2
|M!max zgpl‘ ‘
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PROBLEM 7.65

Using the method of Section 7.6, solve Problem 7.31.

PROBLEM 7.31 For the beam and loading shown, (a) draw the
shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment,

SOLUTION

Reactions at 4 and D

Because of the symmetry of the supports and loading.

/1:192i w—[i z~]~wL
20 2 4

A:D:iwLT <]
4

A"
st ( ﬂ_) Shear diagram
(g_& i x 1
A “3' 5; D At A: V,=+—wlL
-(=f) :(—-,‘t’-}) 1 4
-gotl- - — — From B to
. . . ) i
Oblique straight line 1 x:ile <

Bending-moement diagram

At 4 M, =0

. R
From B to C: ARC of parabola M = £ wi® <4

Since ¥ has no discontinuity at B nor C, the slope of the parabola at these
points is the same as the slope of the adjoining straight line segment.
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PROBLEM 7.66

Using the method ol Section 7.6, solve Problem 7.32.

PROBLEM 7.32 For the beam and loading shown, (¢} draw the
shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment.

SOLUTION

Free body: Entire beam

Hxr =0 C- wé =0

C= Ji wLT

. 3
+ }EM, =0 Gm}( ;J= M =0

M, = %wﬁ )

Y 1 Shear diagram
0 A B [
< 2y AL V,=0
L ) R S 1
i VE max T E wl, <4
Bending-moment diagram
M;.} g c At A: M:Gd—ﬂlefz()
3 .5
I“wl max o wi” 4
R

From A to B: ARC of parabola

Since J has no discontinuity at B, the slope of the parabola at B is equal to
the slope of the straightline segment.
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PROBLEM 7.67

Using the method of Section 7.6, solve Problem 7.33.

PROBLEM 7.33 For the beam and loading shown, (@) draw the
shear and bending-moment diagrams, () determine the maximum
absolute values of the shear and bending moment.

SOLUTION
Free body: Entire beam
HZF, =0 B-P=0

B=pt
YEM,=0: My~ M, 4+ PL=0

V1 Mb’ = (}
0 A L Shear diagram
(-0}
- P Al A: VA =-pP
s = 4
M Bending-moment diagram
PL _
At A: M, =M, =PL
—_ ¥
OA B A !Mlnmx_"ll’ ‘
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PROBLEM 7.68

Il
[

Using the method of Section 7.6, solve Problem 7.34.

[3]]

PROBLEM 7.34 For the beam and loading shown, {q) draw the
shear and bending-moment diagrams, (b) determine the maximum
absolute values of the shear and bending moment.

SOLUTION

|——-§-‘-----——-§—'-——| Free body: Entire beam
T S XF, =00 A=C

FYIM, =0: Al =M, =0

A=C= My
L
v Shear diag
ar 1
, A B e 1ear diagram
- a M
o -3 | -2 At4: e
L
M
lVi rnxax = ng— (
M
Mol Bending-moment diagram
Z
I x Atd M,=0
ORS B ¢
" At B, M imcreases by My on account of applied couple.
z T |M|max :A/"(O/2 ‘
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2k PROBLEM 7.69

For the beam and loading shown, (@) draw the shear and bending-
moment diagrams, (b) determine the maximam absolute values of
the shear and bending moment,

3.2m i
.8 m

SOLUTION t__zH — (2Bufalm)= 8EH
t

HIEM, =0: ()(2)+(4)(3.2)-4C =0 ﬁ%‘:
C=7.2kN} R TP L
r T

5K, =0: A=48kN}

(@)  Shear diagram

Z’EH/a)
I L[ Heranl 11111 Ii0een ]
LE] 8 2 22
gy Al ¢ =22 kH
o 3.2 ek (87 4
Visvahy
R F A y
. -2 2PN
— W =Ry ga:] o8n —
Similar Triangles: - 32 x = i%, ¥=24m
4.8 1.6 4
T
Add num. & den.
Bending-moment diagram
M +5.78 Bim
‘ F 847 AN
///},
A ’ 8 e
e 2t ]
(b) [V}, = T.20kN o

Ml =5.76kN-m <«

mnax
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SN BOBN 2400 MNAn PROBLEM 770

3y For the beam and loading shown, {a) draw the shear and bending-
- B moment diagrams, (#) determine the maximum absolute values of
the shear and bending moment.

]-«(),4. m—-l«n().»i =04 '11"1*{)*,{”‘*

SOLUTION
Free body: Enlire beam
50D N 500N 240606 HNim
[
c p )TN

A

B
Iy £
] el
T | vhe
s T 0N 0.4

w | Ode  O.Be

DYEM, =0 (500 NY(O.8 m)+ (500 N)(O.4 m)
— (2400 N/m)(0.3 m)(0.15m) - A(1.2 m) =0

A=410N]
HEE =00 410 -2(500) - 2400(0.3)+ D=0
D=1310 N}

Shear diagram
NVIN
(n) 720

ALD
(38}
TCITE T P ,) < m <

A
b) )
-0 (2363
=540
At A: V,=+410N V] = 720N o
Bending-moment diagram
MRm)
Hf“' 128
! 1
i i
§ ! k2 E
A & e T X
:
)
-jo8

|M1,,. =1640N-m «

ALA: M, =0

PROPRIETARY MATERLAL. & 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Meanual may be displayed,
reproduced or distributed in any form or by any means, without the prior written peymission of the publisher, or used beyond the limited
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PROBLEM 7.71

Using the method of Section 7.6, solve Problem 7.39.

PROBLEM 7.39 For the beam and loading shown, {a) draw the shear
and bending-moment diagrams, () determine the maximum absolute
values of the shear and bending moment,

ﬂ—-—f«wzl nlm»-l

im

-2 1

| SOLUTION

Free body: Beam
EE =00 A4 =0

FYEM =0: (60 KN)(3 m) + (50 kN)(I m) A,(5m)=0

A, =+46.0kN <

+T LF, =0 B+46.0kN-60kN-50kN=0

Vien) B=+64.0KkN <]
L% .
Shear diagram
0 At A: V= A, =+46.0kN
<140
V| = 640 kN 4
~b%0 Bending-moment diagram
At A: M, =0
Mkni-m}

|M = 92.0kN m <

Parabola from D to B. lts slope at D is same as that of straight-line segment
CD since ¥ has no discontinuity at 1.

PROPRIETARY MATERIAL. © 2010 The McGraw-Hilt Companies, Tne, All rights reserved.
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50 kN PROBLEM 7.72

A0 kN
l ’ l | é Using the method of Section 7.6, solve Problem 7.40.
I

2 30
A :

PROBLEM 7.40 For the beam and loading shown, (@) draw the shear
and bending-moment diagrams, (b) determine the maximum absolute
values of the shear and bending moment.

SOLUTION

30 kN/m 80 kil Free body: Entire beam
p ey A‘ > __ B YEM, =0: (30KN/M)2 m)(6 m)~C(5m) + (B0 kN)(2 m) =0

o k S ! C=104kN |

£ By 5, =0 104-30(2)~80+ B =0
o B=36kN|
" Shear diagram
A ~ae 27y e x AL V,=0
~éo ~3e vl =60.0kN <
Bending-moment diagram

At A: M, =0

T2
/\\
. ¥ i ® M|, =720KkN-m <

max

PROPRIETARY MATERIAL. © 2010 The McGraw-Hili Companies, Inc. All rights reserved, No part aof this Manual may be displayed,
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4 kips/h

N 51 N

PROBLEM 7.73

Using the method of Section 7.6, solve Problem 7.41,

PROBLEM 7.41 For the beam and loading shown, (a) draw the shear and

-

Ty ¥ 2l bending-moment diagrams, (b) determine the maximum absolute values of
5 kips § kips the shear and bending moment.
SOLUTION

Vikip)
8
g » &
o rd _,25}; i b4
. 36}
-l frbinitm o e it
L P

Mikip 0
36

Reactions at supports.

Because of the symmetry:
A=8 m%(8+8+4x5)kips

A =B=18kips| <

Shear diagram
At A: V,=+18Kkips

1V | = 18.00 kips €

Bending-moment diagram

At 4 M, =0

|M),. =485kip-fi «

miax

Discontinuities in slope at C and D, due to the discontinuities of ¥,

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Inc. All rights reserved, No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used bevond the limited
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PROBLEM 7.74

Using the method of Section 7.6, solve Problem 7.42.

PROBLEM 7.42 For the beam and loading shown, (a) draw the shear and
bending-moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.

SOLUTION
Free body: Beam
O o Y TF =0 A4, =0

DYEM, =00 (12Kkips) (A1) + (15 kips)(7 i) - 4,10 ) =0

A, =+15.3kips <]

H B, =0: B+153-15-12=0

B=+11.7kips <I

W (K \
1,30 )
Shear diagram
{us) .
0300 —yrpny 3 At A: V,y=A, =153 kips
A ¢ (-6 *
ST ) S— [V | = 19.30 kips |
M{Kip. (8) Bending-moment diagram
e AtA: M, =0
} M =40.8kip-ft |
13 1 x
fu < B

PROPRIETARY MATERIAL. € 2010 The McGraw-11i11 Companies, Tnc. All rights reserved. No pert of this Manual may he displayed,
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PROBLEM 7.75

the shear and bending moment.

For the beam and loading shown, (&) draw the shear and bending-
moment diagrams, (5) determine the maximum absolute values of

b, m«Lsn—!—sn 3

V{kips)
3
o (‘5-) [€:7] ! B
) C D 15
-3
M{Kl‘?-‘fﬂ
]
o -
i

-5}/

Free body: Beam

DYEM =00 5 kip- i+ (1 kips)(10 f6) + (4 kips)(5 )= A, (15ft) =0

2E=00 A4, =0

Shear diagram
At A Vy=d,=+3.00kips

Bending-momeni diagram

Al d: M ==5kip-ft

A, =+3.00 kips <J

V] =300 kips

! M Imax =15.00 kl}J ft

PROPRIETARY MATERIAL. € 2030 The McGraw-Hill Companics, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prioe written permission of the publisier, or used bevond the timited
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2kips Skips 4 kips PROBLEM 7.76

moment diagrams, (&) determine the maximum absolute values of
the shear and bending moment.

6 kigr-ft £2 Lip-i
; { For the beam and loading shown, {¢) draw the shear and bending-
|

6k 60t 61t

SOLUTION

Free body: Beam

2kips 3kps dkips

SYEM, =0 6kip- fl+12 kip- i+ (2 kips)(18 1)
+(3Kips)(12 1) + (4 kips)(6 ft) - 4,(24 ) =0

A, =+4.75 kips <]

F =00 A =0
V&i'ps")
" Shear di
{185} {Eb.ﬁ); 1?‘/5‘(_‘.%) car alagram
S ey z At V= A, =+475Kips

t—zsﬁl

-4y )— - — - IV | o= 4,75 kips 4

M(kip-#9 Rending-moment diagram
39.0 b — s .
i AtA: M, =—6kip-fi
22,5 jou \ :
top o YR [M|,,.=39.0kip-fi. 4
p B L4 1}
-g0¥ ¢ D E B

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Tnc. All rights reserved. No part of this Manual may be displayed,
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S kN

L.

PROBLEM 7.77

For the beam and loading shown, (a) draw the shear and bending-momennt
diagrams, (b) determine the maximum absolute values of the shear and
bending moment.

0.5 m
SOLUTION
Free body: Beam
s B EF =0 A =0

bt
A, —apmsc B

% 08m

PRI -

FYEMy =0: (19.2KkN)1.2 m)— A,(32m)=0
A, =+7T20kN <1

Shear diagram

Vi=Ve=d4,=+720kN
To determine Point 1> where ¥ =0, we write

Vi =V =wu

0720 kN =-(8 kN/mu u=09m <

We next compute all areas

Bending-moment diagram

At A: M, =0

A

Largest value occurs at D with
AD=08+09=1700m

IM |, =9.00kN-m <«
1.700 m from 4 <«

PROPRIETARY MATERIAL. © 2010 The McGraw-Hi# Corapanies, Inc. All rights reserved. No part of this Manual may be displayed,
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20 kNAn - PROBLEM 7.78

L,

For the beam and loading shown, (¢) draw the shear and bending-moment
diagrams, (b) determine the magnitude and location of the maximum
bending moment.

J — 2m
1.25 m 05 m

SOLUTION

Free body: Beam

20 kN IF =00 A =0
A c FYEMy =0: (40KN)(1.5m)~ 4, (3.75m)=0

A, =+16.00kN <

126 m
Shear diagram

(kM) V,=Ve=A,=+1600kN

To determine Point £ where V =, we write

Vi —=Ve=—wu
016 kN = — (20 kN/m)u u=0.800m <3

We next compute all areas

Bending-moment diagram

At 4: M,;=0
IA{ kN
26 | —— Largest value occurs at £ with
20, fmm— | AE=125+0.8=205m M|, =264kN-m 4
i i 1.0 2.05m from 4 4
(1] i } : From A to C and D to B: Straight line segments. From C to D: Parabola
A ¢ E > B

PROPRIETARY MATERIAL, © 2010 The McGraw-Hilt Companies, lnc. Al rights reserved. No part of this Manual may be displayed,
reprodiced or distributed in any form or by any means, without the prior written permission of the publisher, or wsed beyond the limited
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1 kit PROBLEM 7.79

27 kip- it ! ! !

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (b) determine the magnitude and Tocation of the
maximum absolute value of the bending moment.

—
SOLUTION
Free body: Entire beam
Twipedh L/ YEM, =0: —(27 kip- ft) + 4 ~ (1 kip/AD(18 (1)(13.5 1) = 0
CA [Toorsl TT7 . FYEMe =00 —(27 Kip- ft)+ A4(22.5 t) — (1 kip/f)(18 [1)(13.5 1)
N 5 o] A=12kips|
Py HEIF, =00 12-1(18)+C =0
C=6kips!
Shear diagram
Vikips)
At A: V,=+12kips
+12
To locate Point D (where ¥ = 0)
A (4-72) e B I
l \%ﬁ_ﬂ _: Vo=V, =—wu
e w126 : dews] 012 kips =~ (I kip/ft)u
L5% 455 u=I121H
Bending-moment diagram
M{kip- )
a5 At 4: M, =0
m [ M =45.0kip- 1 €
A ! :
> 8 ¢ * 12.00 ft from 4 4
-2%

PROPRFETARY MATERIAL, € 2010 The MeGraw-Hill Compasies, Inc. Al rights reserved. No part of this Manual may be displayed,
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LB00 it

G000 11

£

L‘w 41t *‘-"I“‘"""""” S

PROBLEM 7.80

For the beam and loading shown, (&) draw the shear and bending-moment
diagrams, () determine the magnitude and location of the maximum absolute
value of the bending moment.

SOLUTION
Free body; Entire beam
+YEM =0
+T IF, =0;

53‘&"391::‘:5
v
(TTITLL,

(6 kips)(10 ft) — (9 kips)(7 ft) + 8(4 ft) =0 et !@ b b

&L

LN

B =+0.75kips
B =0.75 kips |

A+0.75 kips — 9 kips + 6 kips = 0

A=+225kips
A=225kips ]
!ﬂ\s"&’fs/ﬂ-
A gfTTI1i1i1 e
Y225k 0,95 Aeps & Ferps

i—c—‘ﬁ—‘b -—+——-—-———— b€t —vf

Vireps) A43Rp o LBoa )0 =+ 3Rup T
PRAS T Bett) ] 5;9‘<D € __x

f 8 S (= 12060
Vg 3 - 4
Ro= 228 - 2“_[\' bR

REE 1 HFE
te L

™

M{lep -

A

M, =12.00kip-ft «

max

6.001t fromA
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300 ihA

3001

PROBLEM 7.81

{a) Draw the shear and bending-moment diagrams for beam AB, (h) determine
the magnitude and location of the maximum absolute value of the bending
moment,

SOLUTION

IV

1350
{-338
(3038 £ J/G s
A P £
Ny
/
T 38
M{Th. {E)

Reactions at supports

Because of symmetry of load

A=pB :%(3(){)X8+ 300)

A=B=13501b| <

Load diagram for 4B

The 300-1b force at D3 is replaced by an equivalent foree-couple system at C,

Shear diagram
At 4: V,=A4=13501b

To determine Point £ where V =0:

Vi =V, =—wx
01350 1b =—-(300 Ib/At)x
x =450t <

We compute all areas
Bending-moment diagram
At A: M,=0
Note 600~ 1b-ft drop at C due to couple

| |M|,.=30401b-fi o

max

450 fifrom4 4

PROPRIETARY MATERIAL. © 2010 the McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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300 1

-3

PROBLEM 7.82

Solve Problem 7.81 assuming that the 300-Ib force applied at D is directed
upward,

PROBLEM 7.81 (o) Draw the shear and bending-moment diagrams for
beam ARB, (#) determine the magnitude and location of the maximum absolute
value of the bending moment.

SOLUTION

¥ Bl

wr =300 b5

l

AT A B -
1050 16 500b-1C  Yipso b
3001
V{lb}
o
(B3~ ¢ B

AT G o]
-45

At F4)

~750 ~1050

Reactions at supporis

Because of symmetry of load:

A=B= %(300>< $ - 300)

A=B=10501b! <

Load diagram

The 300-Ib force at D is replaced by an equivalent force-couple
system at C.

Shear diagram
At A V,=A=10501b
To determine Point £ where V' =0

Ve =¥, =—wx

0 —1050 b = - (300 Ib/{)x
x=3.501t <
We compute all areas

Bending-moment diagram

At A: M,=0
Note 600 Ib-ft increase at C due to couple
| M, =18381b-fi 4

350 ftfromA 4
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Biv PROBLEM 7.83

TS

% - . .
3 For the beam and loading shown, (@) draw the shear and bending-
§ dm _>f maximum absolute value of the bending moment.

moment diagrams, (#) determine the magnitude and location of the

SOLUTION
Free body: Beam
ez . {I0FN) i DYIM, =0: B(Aw)—(100kNY2m)— 20 kN -m =0
3) “ B=155kN <
& TF =00 A =0

+HZF, =00 4, +55-100=0

/I", =+45kN <J

N(kH) Shear diagram
45 _ _
At A: Vy=A, =+45kN
A r x —) (605 | To determine Point C where ¥ = 0:
-55 Ve V) = —wxx

0—-45kN=—(25kN -m)x
x=18m <«

We compute all areas bending-moment

Bending-moment diagram

M(kHrm)
( " At A: 'M/I pared (}
03 = >
l} At B M, =-20kN m
A i B M|, . =405kN m «
[ X
0 D — _N 1.800 m from 4 4

Single arc of parabola

PROPRIETARY MATERIAL. © 2010 The MeGraw-1ill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used hevond the limited
distribution to teachers and educators permitied by MeGreavw-Hill for their individual course preparvation. If you are a student using this Manual,
you dare using it without permission.

114




PROBLEM 7.84

Solve Problem 7.83 assuming that the 20-kN - m couple applied at B is
-counterclockwise.

PROBLEM 7.83 For the beam and loading shown, (¢) draw the shear
and bending-moment diagrams, (b) determine the magnitude and location
of the maximum absolute value of the bending moment.

SOLUTION
Free body: Beam
FYEM =00 B4 m)—(100 kN)2 m)~20kN-m =0
2 Y e B=+45kN <1
'-T' [ l : We-m =+
Nt =18 ZFE =01 A, =0
h,—*} “B
L I J2r =00 4, +45-100=0
A, =+55kN <
VU"?}; Shear diagram
At A: Vi=A, =+55kN
[6o.3) C B
A x M\M * To determine Poini € where ¥ =0:
45 VeV =—wx
{}— 55 kN = —(25 kN/m)x
x=2.20m <]
We compute all areas bending-moment
Bending-moment diagram
M RN m)
05 b — — 5 At A: M,=0
i At B: M, =+20kN-m
|
i +20 | M1, =060.5kN-m <
A e 8 .
Iaeyr 3 220m from4 4

Single arc of parabola

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No pari of this Manual may be displaved,
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PROBLEM 7.85

For the beam and loading shown, (a4} write the equations of the
shear and bending-moment curves, () determine the magnitude and
location of the maximum bending moment.

SOLUTION
Distributed load s
ﬁm
L 2 ﬂ?-——-——r;z 2
fin
(=M, =0: L -'quL ~LB=0 B:L’DLT %3
3\ 2 6 ,
1 1, \..____J__t-_’a_‘—
{2F, =00 4, ——wpL+ g A =20y ’“"fw—‘! (,
2 6 4 3 :
L obise LY
Shear: v =Aymm-ww°L i
3 H
Then E‘Zz_wm}r/
dx
X x
—VA"““‘IO W{)(I—E)dx
V:[WGL)_ LI
2
S AN 2
3 L 2L
Note: At vyl
V~WWU_L
6
X : X
Ve=0at|—| -2 ={+=
L L
=0—3—-=1- —E-
L 3
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PROBLEM 7.85 (Continued)

Moment; M, =0

X XL 4
Then [E—A{)mV—)M:j de:Lj V(i}d(i]
dx 0 ] ! L

.

Rl A - - 2 -
M:w(,l,zj iui—!—l 2la *
o {3 L 2\L L
2 3
ME}UULQ .E. _l _l[_x_] +..E._ ":E
3L, 20 L 6l L

) X |
Mrnax at%:]“\/*; :0.064}5'I/V0LQ

.

I x | xz_
(a) Vo=l §—~+— <

L2\ 1L
2 3]
x) 1{x :
M:11/‘UL2 "_1,, i e j_ +_]_. f_ «
3VL) 2\L) 6\L
@ M., =0.0642 w," <

at x=0423L <«
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PROBLEM 7.86

For the beam and loading shown, (a} write the equations of the
shear and bending-moment curves, (b) determine the magnitude and
location of the maximum bending moment.

SOLUTION

(@) Wenote that at Blx=4L)y V,=0, M,=0 (hH

x) 1 X 4x
Load: w(x) = w{]{l MZ)_EWU(LJ: wu[léng

Shear: We use Eq. (7.2) between C(x = x) and B(x = L):

L L
Vy—Ve=— I w(x)dr 0=V (x)=— j wx)dx

L
Vix)=w, J-t (l_ - g—EJ dx

L
2x* 2L 2%
EWyl X —— | =y L X
3L | 3 31,
V(x)= E?%(ZXE ~3x 4 1Y) 2) <

Bending moment: We use to Eq. (7.4) between C(x=x) and B(x=L):
_ L
My—M,. = J' Vs 0~ M(x)

;‘;j (23 < 3Lx + I*)dx

’

L
M (x)=- 20 3
3L 302
= 043 9747 612
18L '
P01 4657y~ (427 9137 + 612x)]
M(x)w “ (4r ~9Lx" + 6% - ) 3)
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PROBLEM 7.86 (Continued)

(/) Maximum bending moment

M _y—9
dx
Eq. (2): 257 ~3Lx+ 17 =0
3-J9-8 L
PP Ay
4 2
Carrying into (3): M _ sl At x=— <4
ying e max. 7 ' g - )
LZ
Note: |M],,, :% Al x=0
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PROBLEM 7.87

For the beam and loading shown, (a) write the equations of the shear
and bending-mmoment curves, (b) determine the magnitude and Iocation
of the maximum bending moment.

SOLUTION

Boundary conditions

At x=0:

At x=0:

Eq. (1)

M atx=1L:

RAX

v X
I W W CO§
dx 2L
2LY . 7wx
V = |wdx =—w,| — |sin—+C 1
J G u(}( J’z' Js 57 S (1)
ﬁﬂi:f/'zﬁwﬂ —2—[1 sin—]—r—{-l-(fl
dx Fa 2L
_ LY m
M= J‘de:+w{, 2L cosﬁ»%(,']xthz (2)
o 2L

V=C=0 =0
Z
M =+, (%&J cos()+C, =0
T

2
A%
C, = —-w, [EMJ
b4

Vo=, 214 Sini‘rfg£ <
i 2L

2
MZWQ(EEJ (mi+cosﬁJ <
Fi4 2L

2
2L 4

|4M‘max }: w{)( J ['—1+ OlzI i wt}l’2 4
7 .
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PROBLEM 7.88

The beam AB, which lies on the ground, supports the parabolic
load shown. Assuming the upward reaction of the ground to be
uniformly distributed, (a) write the equations of the shear and
bending-moment curves, (A) determine the maximum bending

moment.
SOLUTION
1T T o] {ex-2%)
L B . £
(a) Isr =0 w,Luj W ey Vel = 0 s LI 6
¥ 4 0 LZ ! 1‘5
—
4 1 L
w, L= *;’0 [lLiﬂ2 ——1 :EW“L f 1
' oAz 3 3
W, xg}f&
d 12
X i x (x
Define =50 dd =——netloadw=4u, | ——| —| [-=w
s=gsodo=y "L(LJ 3
1 2
or w = 4, "4.*.5._4:
6
V= K(0) -~ fatw L(ml+§~<§2Jd§
, o p
1 1 2 I 3 2 2 3
=0+ dwL| —E+ & =& Vo= S L (E-3E7 +287) 4
6 2 3 3
_ a2 < a2 3
M =M, + J’U Vel =0+l L (& =382 +283)dE
Y R R D L I T Ru <
3 2 2 3
(7 Max M occurs where V=0-+1-3E+28 =0+ ¢ z%

| 2
M(g“_" —1— :_I.'-H)()Lz *LA‘.%_?*L — “)(}L
2 3 4 & 16 48

max

wo L
= % at center of beam
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PROBLEM 7.89

The beam AR is subjected to the uniformly distributed load shown and to two
unknown forces P and Q. Knowing that it has been experimentally
determined that the bending moment is +800 N-m at D and +1300 N-m at £,
(@) determine P and Q, (b) draw the shear and bending-moment diagrams for
03w 03w 03m 03w the beam.

SOLUTION

()  Free body; Portion AD
FE.=0: C =0

":> LMy =0: —C (03 m)+0.800 kN-m +(6 kN)(0.45 m)=0
C, =+11.667 kKN C=11.667kN1<]

Free body; Portion £8

FVEM, =00 BO3m)~1.300 KN-m=0

B=4.333kN| <

(6 rN) DHSm P O Free body: Entire beam
Al 3D vE g --QZM’D =0: (6 kNY0.45 m)—(11.667 kN)(0.3 m)

~ (0.3 m)+(4.333 kKN)Y(0.6 m) =0

HbsThN im0 4,333 4N

Q=600kN| 4

+ZM, =01 11667 kKN+4.333 kN
~6KN~P-6kN=0

P=4.00kN| 4
20 &N 4 &N & kN

| L
{6kH) .
C yb yE Load diagram
A %‘u - R o a4 B
& X ! 1 A
1030 [0 3m o3 038
16674 1333 knt (/) Shear diagram
AtA V=0
v _ .
5657‘*" |V[]TIE\X :()E(NQ
WP e
o 1 GHle B
A X
(-3.3)
Y 433
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M(N-m)
130D o~ — o,
8op |- — — :
i 1
A ¢ ry %
O ITT e B
1
900 L4\

PARALA WITH
HeRizowta L TAMIENT
AT A

PROBLEM 7.89 (Continued}

Bending~-moment diagram

At A: M, =0

We check that
My =+800N.-m
As given:

At "

M), =1300 N-m <]

THaX

and M, =+1300N-m

M.=-900N-m 4
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PROBLEM 7.90

Solve Problem 7.89 assuming that the bending moment was found to
be +650 N-m at D and +1450 N-m at £.

PROBLEM 7.89 The beam AB is subjected to the uniformly
distributed load shown and to two unknown forces P and Q. Knowing
that it has been experimentally determined that the bending moment

03m 03m ' 03m 03m . ) . .
i +800N-m at D and +1300 N-m at E, {&) determine P and Q,
(b) draw the shear and bending-moment diagrams for the beam.
SOLUTION
(@)  Free body: Portion AD
(6 m)x—"—-"i“‘—\ S =0: C, =0
50N
abdllic » S” " FVEMy =00 ~C(0.3 m)+ 0.650 KN-m + (6 kN)(0.45 m) = 0
&, Ioo C, =+11.167 kN C=11167kN <
~}
E B . . .
I4gomm{ 1 Free body; Portion EB
L—1s FYEM; =0: B(0.3 m)~1.450 kN-m =0
B=4.833 kN{<
Free body: Entire beam
P a
(6hendy FVEMy =00 (6 KN)0.45 m) — (11,167 kN)(©0.3 m)
A ~0(0.3 m) +(4.833 KN)0.6 m) = 0
I
6T kN i O5a 14.833kN Q=750 kN | «
H ZM, =0: 11.167 kN +4.833 kN
150w 7,
20 ki T.50kN ~6kN-P-750kN=0
A 2 P=250kN |«
T {038 Om B3 | Load diagram
LLIBTAN 4,833k
. (b)  Shear diagram
sl AtA: V,=0
. 2,667
o 0 e IV fae =6 KN <
OR|E = X
(- 149
P — -4,83%
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disiribution to teachers and educators permitied by MeGraw-Hill for their individual course preparation. If vou are a student using this Manwal,

you are using if withou! permission.

11




PROBLEM 7.90 (Continued)

fa () Bending-moment diagram
450 f— e e —
) At A: M, =0
1
e e =, i .
650 ] ; EIM ilililx = 1450 N ! ln ‘<]
'
A vl
0 ? > £ B £ We check that
i
' M,=+650N-m and M, =+1450N m
-400 - .
PAROROLA WITH As given:
HoliZoNTAL TANFENT
AT A, At M, =-900N-m 4
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PROBLEM 7.91*

The beam A8 is subjected to the uniformly distributed load shown and
to two unknown forces P and Q. Knowing that it has been
experimentally determined that the bending moment is +6.10 kip-ft at
D and +5.50 kip-11 at £, (a) determine P and Q, (b) draw the shear and
bending-moment diagrams for the beam.

SOLUTION
(ki

{a) Free body: Portion DE 6u1 Kiontt T\ ssoanp e

S)EM =0: 5.50 kip - fi—6.10 kip- ft + (1 kip)(2 fi) V(4 f)=0

Vi =+0.350 kip
+EF, =0 0350 kip—kip—V, =0
¥, =-0.650 kip
Free body: Portion AD
(1kip) FIEM, =0: 610 kip-ft~ P(26) ~ (1 kip)2 ) —(0.350 Kip)(4 f) =0
Tl bt
L 910 kip P =1.350 kips | <
B, Al
-‘M e . -
al ¥EP Yy 0350 kip LE =00 A =0
Ik 248

+HZF, =0 A, -1kip—-1.350 kip-0.350 kip=0
E 3

A, =+2.70 kips A=270 kipsT |

Frec body: Portion £R

FYEM, =00 (0.650 kip)(4 )+ (1 kip)(2 f0) + O(2 t) ~ 5.50 kip - fL = 0

(1 kip)

~Vez 0,5591?

Q =0.450 kip| <
5,50 kiptt[

ISP, =0: B-0450-1-0.650=0

B =2.10 kips| «
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PROBLEM 7.91* (Continued)

(h) Load diagram

L350 hips DM450 ki,
u)'ioﬂ_ﬁiv'pfiﬂ e

B Vikig)
210kips TR T 2. 10Kips 2170

Shear diagram
At A4: V,=d4A=+270kips

To determine Point & where V =0, we write

Ve = Ve =—wil
0 —0.85 kips = —{0.25 kip/fu

1=3401 <
We next compute all areas [V ], = 2.70 kips at 4 4
M(kipAt)
Bending-moment diagram £ays ke — :
AtA: M, =0 o L 370
i N H
Largest value occurs at (¢ with IS s & F %
Foupit g

AG=2+3.40 =540 fi
|M] . =6.345 kip-ft

5.40 i from 4 d

max

Bending-moment diagram consists of 3 distinct arcs of parabolas.
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PROBLEM 7.92*

Solve Problem 7.91 assuming that the bending moment was found to
be +5.90 kip-ft at D and +6.84 kip- it at E.

PROBLEM 7.91* The beam 4B is subjected to the uniformly distributed load
shown and to two unknown forces P and Q. Knowing that it has been
experimentally determined that the bending moment is +6.10 kip-ft at D
and +5.50 kip-ft at £, (a) determine P and Q, (h) draw the shear and bending-
moment diagrams for the beam.

SOL.UTION
(a}  Free body: Portion DE

FYEM,, =0: 684 Kip-ft—5.96 kip- L+ (1 Kip)(2 )=V, (4 ft) = 0

+ IF, =00 0720k

Free body: Portion AD

(t ;dp)
; 5.46 kipft
D

A i :
>l 1V somkip
I T

Free body: Portion £EB

(kip)
w\fe" 020k :
sawip{ lf S [

o4 1

22

V,, =+0.720 kip
ip—Tkip—¥, =0

v, =-0.280 kip

YEM , =01 5.96 kip - ft~ P(2f1) (1 kip)(2 ft) - (0.720 kip)(d 1) = 0
P =0.540 kip |
I =00 A, =0
EF, =0: A, 1 kip-0.540 kip— 0,720 kip = 0

A, =+2.26 kips A =226 kips| <

FYEM, =00 (0.280 Kip)(4 )+ (1 Kip)2 )+ O(2 1)~ 6.84 kip - fi =0
Q =1.860 kips | «
+}ZF, =0: B~1860-1-0.280=0

B =3.14 kips | «
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(M Load diagram

Shear diagram
At A:

Atd: M, =0

PROBLEM 7.92% (Continued}

0:5’90&:?

wr=0.25 kipf#t

1,860 kips

+ ¥

4

+

A e

2,?6‘::}&-

Vo= A=142.26 kips

To determine Point ¢ where ¥ =0, we write

Vg~V =~wi

0—(1.22 kips) = —(0.25 kip/f)u

We next compute all areas

Bending-moment diagram

Largest value occurs at (7 with

AG=2+488=0688 ft

£z

=T

‘“ifmw..—.—-f;‘._*w-_’ g
I 2R wR fr g kips

%14

f=488 1t <]

V. =314 kipsat B o
M{kip-{'[‘)
6,957
) 5,78
®OT [~

H
J.( 1 ] £
l‘*cé.Ba(t'*lG Fex

(M} =6997 kip-ft <

mix

6.88 1t from A

Bending-moment diagram consists of 3 distinct arcs of parabolas.
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i—‘— ------ S RTH i 3 i 4 E , PROBLEM 7_93
s f )
\ b hee // ~ Two loads are suspended as shown from the cable ABCD,
\T;ih_&% j/// Knowing that sy =1.8 m, determine (@) the distance #,.,(#) the
E 7 components of the reaction at D, (¢) the maximum tension in the
¥ cable.
HEN
[{ER N
L —
SOLUTION
FBD Cable: == XF, =00 A 4D =0 A =D,
(EMA =00 (10 m)}D, — (6 m)(10 kN)— (3 m)(6 kN) =0
D, =78kN|
[SF, =0 4, -6 kN-T10KN+7.8kN=0
A, =82kN!
FDB AB: (\EM,,, =0 (L8m)A, -3 m)8.2kN)=0 Ay =52k
' o BB
. 41 Tac
From above D= = 3 kN XN
FBD CD:
e 4]
(ZM. =00 (Am)78KkN)- 4, TN =0
Ao =2283m
(a) he =228 m 4
(b) D =1367kN— 4
D,=780kN ] «
Since A, =B and 4, > B, max T is T,
2
Ty =4+ 42 = /(i;f kN) +(8.2 kNY?
(©) T =15.94 kN «
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3w

3 m

4 ' PROBLEM 7.94

'

Knowing that the maximum tension in cable ABCD is 15 kN,
determine (a) the distance Ay, () the distance /..

L kN

SOLUTION

FBD Cable: —ZF =0: A +D,=0 A, =D,

oy (EM, =00 (10m)D, —(6 m)10 kN) (3 m)(6 kN)=0
D

by
kT —-!e— st e o i
aF ¥

Q)f A hl’} h/
B c 120 =0: A4, ~6KN-10kN+T8kN=0

r

D, =78 kN|

Yy v 10 KA

A, =82LkN|

Since A, =D

X

and A4,>D,, T =T,

Inix

FBD Pt A:

127 =0: 82KN-(I5kN)sing, =0

6, =sin"' BZKN 331300
15 kN

—ZF, =0: —A, +(15kN)cos#, =0

A =(15 kN)cos(33.139°) = 12.56 kN

FBD CD: By =z gln
DAy = 2. 554N
From FBD cable:
hy =3 m)tan 6,
= (3 m)tan(33.139°%)
(a) By, =1.959 m <«
(A)EMC =0 (@ m}(7.8kN)-h- (12,56 kN)=0
(5 h. =248 m 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Ine. All rights reserved. No part of this Manual may be displaved,
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|«~8 oty fi e f‘t*f*?i 1’t"’| PROBLEM 7.95

If d =8 fi, determine (a) the reaction at 4, () the reaction at E.

¥ 300 1h

\
oo 200W
SOLUTION
8 de-Bit
Free body: Portion ABC ¥ r i
Lfk 93 i dz,nafé‘
%‘)ZMC = 2 FE
4 AP & &
24, -164, +300(8) =0 Feolb Rowib
A, =84, -1200 (1
Free body: Entire cable
+)ZME =0: +64, +324, - (300 lb-+200 Ib + 300 Ib)16 ft = 0
34, +164, - 6400=0
Substitute from Eq. (1):
3(8.4, ~1200)+16 4, — 6400 = 0 A, =2501b}
Eq. (1) A, =8(250)-1200 A, =800 th=—
HEF =00 A +E =0 ~800lb+E, =0 E, =8001b—
+¥ LF, =0 250+ F, ~300-200~300=0 E, =550 le

.
i - T & = L] e
A A Iﬁa 2o LEee t/ (A= 20y

By = B0l Fz 9216 &'368°
A=8381b™n17.4° o
E=9711b.734.5° 4
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PROBLEM 7.96

‘4—8 =8 ft—>

208 ih

e

If d,. =4.5 ft, determine (a) the reaction at 4, (b) the reaction at £.

SOLUTION

Free body: Portion ABC

| OFL g BF

T LR
st 48y | CL%;,;;; FYEM =0: —1.54, —164, +300x8=0
A
& Fooi 35 TR , . a00-164) |
| LB | B | &4, LE T (1

Free body: Entire cable

+)EM, =00 + 64, +324, ~ (300 b+ 200 1b+3001b)}16 L =0

34, 164, ~ 6400 =0

3(2400-164,)
164, - 6400 =0

Substitute from Eq. (1)
4, =100 1b

Thus A, acts downward

4 o ZA00-T0C-100) 56 1

Eq. (1 .
HD ¢ 1.5
FLEF =00 A +HE =0 —2667+E, =0
2R, =0: A+ E,~300-200-300=0

100 b+ £, ~800 1b=0

ﬂ:?ﬁ?)bﬂ £-_w$ -—“‘";?if
h -« ;ﬁn=l&0@ 3 £ Ié__,lf;zwg

A, =1001b)
A, =2667 Ib-—

E, =2667 b
E, =900 1b]

A=26701b.72.10° 4
E=28101b.2718.6° 4
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]fﬂ',ra'li«m, " i.._;; m,} PROBLEM 7.97

A . . . .
dy } ' T 1 Knowing that d. =3 m, determine (a) the distances o and ), (b) the
e a, 4m  reaction at £,
~ )

JO kN

SOLUTION

Free body: Portion ABC

F)ZMe =0 34, =44, +(5 KNY2 m) =0

A=A, ~— (1)

Free bodv: Entire cable

8‘3“ Qow ; Am | Em 2m

@—-—.
By &\
g

- 4
d'h‘!\ < =
D
;\‘ I3 ﬁ;.

Y /O
+) IMp=0: 44, ~1OA), FEENE m)+ (S kN6 m)+(10KkNY3 m) =0

§-—-9-

44,104, +100 =0

Substitute from Eq. (1):

4(EAV —ﬁ]-i(m, +100=0
] 3 ¥

3
4, =+18.571 kN A, =18571 kN
4 10 .
Eq. (1) A, =2 (18.511)~— =421 429 kN A, =21.420 kN -—
RY 3 3 X
HLIF =0: — A +E, =0 ~21429+4F, =0 E, =21.420 kN~

HEF,=0: 18571 KN+E, +SKN+SKN+10KN=0  E, =1429 kN

- -5 E
= /.92 - = .
Gtz { - Pr 2929 R E=215kN .« 3.81° «
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PROBLEM 7.97 (Continued)

%:/&ﬁliw Zm

Portion A8 e .
+‘)EMB =0 (18571 kKN)2 m)—(21.429 kN)dg =0
dy=1.733m 4
Portion DE
Geometry .
h=(3 m)tan 3.8° oo “#m b
=0.199 m ) N
RN ¥

dy, =4 m+0.199 m
d, =420m <«
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‘—*-!*3 e 3 o PROBLEM 7.98

Determine (a) distance de for which portion DE of the cable is
horizoutal, (5) the corresponding reactions at 4 and £

SOLUTION
Free body: Entire cable

O, 2R Iw | Ty

. T

. . #om
i SR
jods &

=

HEE, <00 4, ~SKN-SkN=10 kN =

A, =20 kN|

IEM, =0: F(4 M) = (SKN)(2 m)~ (5 kN)(4 m) - (10 kNY(7m)=0
E=425kN

E=250kN—~ o

ZF, =00 ~ A 4+25kN =0

A, =25kN «—

.’?ﬁﬁ*\fffa:m&ﬂ A=32.0kN™. 38.7° o
Az 2500 =—lp

Free body: Portion ABC

Y7L 2o
+) M =0 (25kN)d,. (20 KN)(4 m) +(SKNY2 m) =0

25d, ~70=0 de =2.80m «¢
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e G [ e G O d»| PROBLEM 7.99

|

If dp = 15 fi, determine (a) the distances dp and dp,
(b) the maximum tension in the cable.

=1
N3 p—

|

B de

]
] C
2 kips 2 kips
2 3\'11)5‘
_
SOLUTION

Frec body: Entire cable

2 “-"ps

2 kips
1’-‘) M, =0 I (30 fy—E(7.51)-(2 kips)(6 ft)y—(2 kips)(15 ft) — (2 kips)(21 ) =0
7.5E, - 30E, +84=0 {H

Free body: Portion CDE
~.L‘>EM(, =0 E(5 fiy— F (15— (2 kips)(6 ft) =0

oH. AR Ay
'-§-=-E-* 15, ~15E, +12=0 @
Eq.(l)x-’z'-: 3ISE, ~15E, +42=0 (3)
2)-(3): 1125E, ~30=0
E, =2.6667 kips
Ba. (1): 7.5(2.6667)~ 305, +84=0 F, =3.4667 kips

T = B2+ B2 =(2.6667) + (3.4667)° T, =4.37 kips

.
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PROBLEM 7.99 (Continued)

Free body: Portion DE

L Ey = 3.4607 kigs

LN

E,= 2.6bbT kips

FYEM,, =00 (34667 kips)(9 1) — (2.6667 kips)d,, = 0

Return o froe body of entire cable  (with £, = 2.6667 kips, £, =3.4667 kips)

+H ZF, =00 A ~3(2 kips) +3.4667 kips = 0 A, =2.5333 kips

EUXF, =00 2.6667 kips — A, =0 A, =2.6667 kips

Free body: Portion AR

-BC

2 kips

D)IMy =0: A (dy~T7.5)~ A4,(6)=0

(2.6667Xdy —7.5)—(2.5333)(6) = 0

dy=1170ft <4

dy=13201t <«
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PROBLEM 7.100

Determine (a) the distance de for which portion BC of the
cable is horizontal, () the corresponding components of
the reaction at £

C b
2 kips

2 kiprs /
2 kips

SOLUTION

Free body: Portion CDE

Ty a4t .‘hE‘i’
> & HEF, =0 E,-2(2kips)=0 E, =4Kkips

K

E
= OEM, =00 (dkips)(15 ft)— E d. —(2 kips)(6 1) = 0

E,dp =48 kip- ft )

Free body: Entire cable

¥ AR | oH AR
b

. 2kips
2 ks 2 wips

DVEM, =00 (4kips)(30 1)~ £,(7.5 t) - (2 kips)(6 ft) — (2 kips)(15 ft) - (2 kips)(21 f) = 0

E, = 4.8kips

48 48
From Eq. (1): de = T d. =10.00ft «

Components of reaction at £ E, =480 kips—; E, =4.00 kips |

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.101

distance a.

16 [t

=1

[ i, ot
~

S0 ib

Cable ABC supports two loads as shown. Knowing that b=4 fi, determine
(a) the required magnitude of the horizontal force P, (5) the corresponding

40 1b
SOLUTION
TR Cy
FBD ABC: BN
[3F, =0: ~401b-801b+C, =0
JolF
C, =120 b} of L
| ik

.

T Ydaty
FBD BC:

Cy =i2oth
o S
(ZM,=0: (4R)1201b) - (10 F)C, =0 T
C, =48 I — otr

From ABC:  —=XF =0: —P+C, =0 °

T s fol

P=C, =48 1b o
(@) P=4801b 4
(EMe=0: (41080 Ib) + (40 Tb) = (15 [)(48 by = 0
by  a=10.00fi 4
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PROBLEM 7.102

Cable ABC supports two loads as shown. Determine the distances @ and b
when a horizontal force P of magnitude 60 Ib is applied at A.

[}
SOLUTION
FBD ABC: e &y
. R £ a
e XF, =00 €, ~P=0  C =601 >
7 =) - - = s
{2F, =0: C,-401b-80T=0 ML -
BY v e
C, =120 b}
rolb
FIA
FBD BC: o lh
w120t
O Lo ib
oft
B o
&
Tas soilb
(=M, =00 H(1201b)— (10 f1){60 1b) = 0 b=5.001 4
FBD AB:
My =0: (a—b)401b)— (560 Ib=0
a—h=T751t
a=b+751H
=5f1+75 R
a=12.50 ft 4
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e s R PROBLEM 7.103

5 Knowing that my = 70 kg and mc = 25 kg, determine the
Dol magnitude of the force P required to maintain equilibrium.

SOLUTION
Free body: Portion CD m 4D
YEM. =0 D, (dm)=D,(3m)=0 — D,
’ : B 4
3 =1
DJ = E ])\ 72”(- -—M’C
Free body: Entire cable
-2
Ayt ¥my ém 4 ‘}%" #%
{ 5
A b
£ c
4 o We
£ W,
+‘) M, =0 %Dx (Hm)~W(dm)-W.(10m) -~ PEm)=0 (1)
Free body: Portion BCD
-2
o b tm YA7RG +)EMB = () %Dx(l() m}— D (Smy—W . {(6m)=0
1 DB
S ‘ D, =2.4M, 2
d A7 '
£ e
For my=T0kg m.=25kg
g =981 m/s: W,=10g W,.=25g
Ea. (2) D =24, =24(25¢) = 60g
3
Ea. (1 zé@g(14)v70g(4)—25g(10)~5P:0
[00g -5P=0: P=20g
P=20(9.81)=196.2 N P=1962N «
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PROBLEM 7.104

Gm 4m ..‘

5 -  Knowing that my = 18 kg and mc = 10 kg, determine the magnitude
b an of the force P required to maintain equilibrium,

SOLUTION
Free body; Portion CD 2 o
m $ ¥
+)EMe =0 D (4m)~D,(3m)=0 T o,
g
. S 4
D1 :_Dx IM _W'c
Free body: Entire cable
<2
B4 dmy dm L 4m A 50
N p—rD,
Ay p
Fx b2 c
4 & We
A L
+-‘)ZMA ={ %D‘Y(M m)— W, (4 m)—W-(10m)~ P(5 m) =0 %)
Free body: Portion BCD
-2 :
bo__ vm Y50 +‘>EMB =0 %D_‘A(l(}m)w[)x(S my—W.(6m)=0
T
my "
g 7 D, =24W. (2)
8 e
£ wy,
For m, =18kg m, =10kg
2=9.81m/s": W,=18g W, =10g
Eq. (2): D, =24, =2.4(10g)=24g
3
Ba. (1 224g(14)~(18g)(4)-—(1(}g)(10)m5P:0
80g—5P: P=1log
P=16{9.81)=156.96 N P=157T0N 4
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l—=—=l R E (T e S Y VIR DA mM*I PROBLEM 7.1 05

If @ = 3 m, determine the magnitudes of P and Q required to

2 . . .
w maintain the cable in the shape shown.

B
2 1m \ )
0 [
1o knY
SOLUTION
Free body: Portion DE S ‘~'2

[}
*®

FYEMy, =00 E, (4m) - E (5 m)=0

—i

5 b
E,==FE, T~ p
Free body: Portion COE
4oy am Ap =S5 VEMe =00 DE(8m)- E,(Tm)- P(2m)=0
» ,_Eg-;:.f.-?_ + e =0 Z Em) - E (Tm)-PQ2m)=
] i
Em .2
7o f!«\_ =_F (])
7 ? '
[— “ P 2w
120 40
Free body: Portion BCDE
+on B | M A
b £ §hy
£ &
=¥
Re
-7/;5 g L 4
Qw Cw:zo&v "
YIM, = 0: %Ej_(lz m)— £ _(5m)— (120 kKN)(4 m) =0
10E, ~480=0; E, =48kN
4SE<N=2P P=T2.0kN «
Eq. (1) 3 . :

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights teserved. No part of this Manwal may be displayed,
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PROBLEM 7.105 (Continued)

Free body: Entire cable

YIM, =0 %E‘,(l() m)— E_ (2 m)+ P(3m)— (4 m)— (120 kN)(8 m) =0

(A8 KNY(20 m — 2 m) + (72 KN)(3 m) — O(4 m) — 960 kN -m = 0
40=120  Q=30.0kN <«

PROPRIETARY MATERIAL. ©© 2010 The McGraw-Hill Companics, Tnc. Al rights reserved. No part of this Manual may be displayed,
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B LI REC RTTRE) SR RN B ln——>l PROBLEM 7.106

It @ = 4 m, determine the magnitudes of P and Q required to
maintain the cable in the shape shown,

120 kN

SOLUTION

Free body: Portion DE

5
DYIM, =00 E,(4m)—E (6m)=0 2
& I Exe
. 3, &em
h)’ = 5 h"' 2} __._L
- F
Free body: Portion CDOE ~ED -
om_ 4 ¥ £,7 *‘2 FYEM . = 0: %E‘x(ﬁ m)— £, (8 m)— P2 m)=0
go=lp
Ty (N
Free body: Portion RBCDE
+YEM,, =0 -%1;_(1 2m)~E (6 m)+ (120 kN)Y4 m) = 0
12F, =480  E_=40kN
Eq (1): o S%P; 40 kN zép P=80.0kN <

PROPRIETARY MATERIAL. € 2010 The MoGraw-Hill Companics, Inc. All rights reserved, No part of this Manual may be displayed,
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PROBLEM 7.106 {Continued)

Free body: Entire cabie

- EEr £y
If”’ y 4
8, 7 8 o __Lm
RN 4
120 RN

o am y yw e BELE T
iz

)IM , =0 —;—E_Y(IG m) — E_(2 m)+ P(4 m) - O(4 m)— (120 kKN)8 m) = 0

(AOKNY2d m~2 m) + (BOKN)Y 4 m) - (4 m)—960kN -m =0

40 =240 0 =60.0kN «

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Inc. Al rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.107

A wire having a mass per unit length of 0.65 kg/m is suspended from two supports at the same elevation that
are 120 m apart. If the sag is 30 m, determine (a) the total length of the wire, (#) the maximum tension in
the wire.

SOLUTION
P PN -]
} Ly
A
Y
\_4——/ sﬂ/ h=3om |Yg=h+e
e <
e »c--]fé:ébm —
Eg. 7.16; Yg = ccosh 22
C
0m+c= ccoshgq
C
Solve by frial and error: c=064.459m
Eq. 7.15: sy =csinh b
¢
5, =(64.456 m) sinh—0 M
04.459 m
sp=09.0478 m
Length =25, = 2(09.0478 m}=138.0956 m L=138.1m <«
Eqg. 7.18: L, =wyy =wlh+c)

={0.65 kg/m)9.81 m/s* )30 m + 64.459 m)
7, =060232N T,=602N <
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PROBLEM 7.108

| Ol m | GO m
A yC Two cables of the same gauge are attached to a transmission tower
T _at B. Since the tower is slender, the horizontal component of the
sm resultant of the forces exerled by the cables at B is to be zero.

Knewing that the mass per unit length of the cables is 0.4 kg/m,
determine (@) the required sag A, (b) the maximum tension in each
cable.

SOLUTION
W o= wixy
SVEM, =00 T, v, *(wxg)i’zflzo
W
{a) Horiz. comp. =7 =2
2yg
Cable AB xp;=45m
. 2
T = w{45 m)
2h
Cable BC xp=30m, y;=3m
L m)*
" 23 m)
H45 2 i 2
Equate 7, =7, 4m)”_ wGom) h=675m 4
2h 2(3m)
Q) Ty =Ty +W? Fi !w
Cable A5: w= (0.4 kg/m)(9.81 m/s) =3.924 N/m 2
Xp=45m, p,=h=675m
2 | 2
T, = wxp (3.924 Nf’m)(ﬁlS m) 5886 N
2y, 2(6.75 m)
W =wx, =(3.924 N'm)(45m)=176.58 N
T2 = (588.6 N)* +(176.58 N)?
For AB: T,=615N 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hitl Companies, Inc. All rights reserved, No part of this Mannal may be displayed,
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distribution io leachers and educators permitied by MeGraw-Hill for their individual course preparation. If you arve a student using this Manual,
vou are using it without permission.

36



PROBLEM 7.108 (Continued)

Cable BC X =30m, y,=3m

_wxg (3924 N/m)(30 m)*
2yp 2(3 m)

W =wx, = (3.924 N/m)(30 m) =117.72 N

Ty =588.6 N (Checks)

72 = (588.6 N +(117.72 N

i

For BC T =600N <

m

PROPRIETARY MATERIAL. © 2016 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.109

Each cable of the Golden Gate Bridge supports a load w = 11.1 kips/fl along the horizontal. Knowing that the
span £ is 4150 ft and that the sag 4 is 464 {t, determine (a) the maximum tension in each cable, () the length
of each cable.

SOLUTION
Eq. (7.8) Page 386: = 2075 FE 7
2 )
Wx

At B: o B ~

Y 27_;} % 33.. HedFt

S
. wxg, (11,1 kip/f)(2075 ft)°
"2y, 2(464 f1)
(a) 7, = 51.500 kips
A a4
A W =wx, = (1 LI kips/ft)(2075 ft) = 23.033 kips
o

T, = JT7 + > = J(51.500 kips)’ +(23.033 kips)
T = 56,400 kips 4

2 4 .
(b) PR U 7.2 Rt 75 DS B/ e L £V
31 x, S\ xp 2075t

sp = (2075 i‘t)[i +%((}.22361)2 %(0.22361)4 + } =2142.11t

Length =2y, =2(2142.1 ft) Length = 428011 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights teserved. No part of this Manual may be displayved,
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PROBLEM 7.110

The center span of the George Washington Bridge, as originally constructed, consisted of a uniform roadway
suspended from four cables. The uniform load supported by each cable was w=9.75 kips/fi along the
horizontal. Knowing that the span L is 3500 ft and that the sag % is 316 i, determine for the original
configuration (a) the maximum tension in each cable, (5) the length of each cable.

SOLUTION

W =wx, =(9.75 kips/ft) (1750 [1)
W =17,063 kips

+IIMy =0: Ty(316 fi) — (17063 kips)(875 fi) = ¢
T, = 47,247 kips

(a) T, = \TE + W

= = (47,247 kips)® + (17,063 kips)*
i ],i,ftf
- T = 50,200 kips o
2 Y 200, Y
)
®) — H{&] __(ii} R
3 % S xp
BINNEILI NP
x, 1750t

=(1750 ft)[ll%({).] 8057y —%(0.18()57)4 +- ]

5y =17873 fi; Length =25, =3579.6 ft Length = 3580 ft <4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hili Companies, Inc. All rights rescrved. No part of this Manual may be displayed,
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PROBLEM 7.111

The total mass of cable AC is 25 kg, Assuming that the mass of the
cable is distributed uniformly along the horizontal, determine the
sag # and the slope of the cable at 4 and C.

SOLUTION
Cable: m=25kg ;
W =25(9.81) 't
=24525N
2.8m
Block: m=450kg s |5
W =4414.5 N | wevnpsn ¥
FYEMy, =00 (245.25)(2.5)+(4414.5)(3) - €, (2.5) =0 €y
C =5543N g 2an 75
] ¥ o 1 sk,
TF =0; A =C, =5543N ;gl/],
7 ’ ;] = = D
P)EM, =0: C,(5)~(5543)(2.5) - (245.25)(2.5) =0 #lay
C, =2894 N|
+12F, =0 C,~ 4, -24525N =0
2894 N — 4, — 24525 N =0 A, =2649 N |
A, 2649
fd tang, = ——=—— = 0.4779; =25.5° «
Point 4: oy A 5543 y
A 4 a
2894
e tan g =—> =" =0.5221; L =27.6° 4
Eomt C: n ¢ 5543 & +
. 4’,‘:
. E:Q’
Free body: Half cable W=(125kg)g=122.6
i 2 oy FYEMy =00 (122.6 N)(1.25 M) + (2649 N)H2.5m) ~ (5543 N) y, =0
| SR e v, =12224m; sag = h=125m-12224m
A b zevin

E=0.0276 m=27.6 mm 4
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PROBLEM 7.112

A 50.5-m length of wire having a mass per unit length of 0.75 kg/m is used to span a horizontal distance of
50 m. Determine (a) the approximate sag of the wire, (#) the maximum tension in the wire. [Hint; Use only
the first two terms of Eq. (7.10).]

SOLUTION

First two terms of Eg. 7.10

() Sy = %(50.5 m)=2523m,

Xy -]2—(5{) m)=25m

vy =h

5 2
y
Sy =xpl 1+ -{[JJ

Xy

2525m=25m]| | w%(_"i

Xp

2 2
[Ji} :o.m@} =J0.015

Xy

Yr 012247

*a

L =0.12247
25m

h=3.0619m h=3.06m <
() Free body: Portion CB
w={0.75 kg/m){(9.81m)="7.3575 N/m

W =g, w=(25.25m)(7.3575 N/m)
W =18578N

IEM, = 0: T, (3.0619 m)—(185.78 N)(12.5 m) =0
T,=7584 N
B,=T,=7584N

+{EF =0 B ~18578N=0 B, =18578N

T, =B+ B2 = (7584 NY + (18578 N)? T, =781N <
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PROBLEM 7.113

A cable of length L + A is suspended between two points that are at the same elevation and a distance L apart.
(er) Assuming that A is small compared to L and that the cable is parabolic, determine the approximate sag in
terms of L and A. {b) If L = 100 ft and A = 4 i, determine the approximate sag. [Hins: Use only the first two
terms of Eq. (7.10),

SOLUTION
Eq. 7.10 : (First two terms)
2 2
7
(a) Sp = Xp H““‘(}—b’,‘J
3\ x,
Xy = L2
1
Sp :E(L+A)
yp=h
I Ll 2fnY
—(L4+Ay=">| 1+
2 2 3 &
ﬁ:ii@; hzzim; e /—%LA <
2 3L 8 8
{2 L=10011, h=41f. h= %(1(}0)(4); h=12251t 4
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PROBLEM 7.114

The center span of the Verrazano-Narrows Bridge consists of two uniform roadways suspended from four
cables. The design of the bridge allows for the effect of extreme temperature changes that cause the sag of the
center span to vary from A, = 386 ft in winter to £, =394 ft in summer. Knowing that the span is L = 4260 {t,
determine the change in length of the cables due to extreme temperature changes.

SOLUTION

Eq. 7.10,

Winter:

Summer:

2 4
Sy =Xp 1+;§.[_XE,] _g(ﬁ] I
Xy 54 xp

Ve =h=3801t, x,= %L =2130 1t

2 4
sy = (2130)| 1+ 2[ 230 20386 1 s s
3l2130)  sl2130

vy =h=394 10, x, :%L:ZBOR

2 4

39

sp =01+ 2 22 20 a1grs0n
3\2130) 512130

A=2(As,)=2(2177.59 fi— 2175.715 i) = 2(1.875 ft)

Change in length =3.75 ft 4
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|4m~ 1104 ¢ ' PROBLEM 7.115

Bl P

Each cable of the side spans of the Golden Gate Bridge
supports a foad w = 10.2 kips/ft along the horizontal.
Knowing that for the side spans the maximum vertical
distance A from each cable to the chord A8 is 30 fi and
occurs at midspan, determine (@) the maximuwm tension
in each cable, (b) the slope at B.

496 fi

Ar

TTTI0.2 kips/it

SOLUTION

FBD ARB:
T (IM,=0: (110007, - (496 )T, — (550 ¥ =0

vl ) LTy,

—4.96T,, =5.50 N

e w oz Yoot}
== Ay » 220 kips
FBD (CB:

(ZM, =0: (550 )T, — (278 [Ty, —(275 ﬂ)% =0

1Ty, ~5.56T,, =2.75W (2)
Solving (1) and (2) Ty, = 28,798 kips
Ty, = 51,425 kips
Tmux = T:H - m tan 9]3 =
; ’ T'szv
So that (@) T =58,940 kips
(H) 8, =29.2° 4
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PROBLEM 7.116

A steam pipe weighting 45 1b/ft that passes between two
buildings 40 ft apart is supported by a system of cables as
shown. Assuming that the weight of the cable system is
equivalent to a uniformly distributed loading of 5 Ib/it,
determine (a) the location of the lowest Point C of the
cable, (£) the maximum tension in the cable.

SOLUTION
t A ’
Xp = x, =401 -~ &
Note: £ ’dn; ?W\L/u Tog=eee
. X, =x, —401t ¥ Ko
or 4T ,2;;—’}'— |
() Uselig 7.8
_ 1»}2);/% o Wy~ 40y
Point 4: Ya= 2?[] ’ 9= 2]—6 ([)
Point B: B 21, 27, (2)
0 (x5 ~40) . R ,
TN, . —maE Ty =161 Point C'is 16 ft to leflt of B 4
Dividing {1) by (2): 4 xﬁ, B
(by  Maximum slope and thus 7, is at A
Xy =X ~40=16—-40=-24 i
A i
2 P 2
v, = wx/f; O ft = (50 Ib/ft)(—24 i) . 7, =1600 b
0 2T,
W o = (50 1bA)(24 f1)=12001b
Tay = ?Q—--—Taﬂ: A c-«.-/.?m/b
b T zss00th 7 'T:mx =20001b «
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PROBLEM 7.117

12 1n

Cable AB supports a load uniformly distributed along the
horizontal as shown. Knowing that at 8 the cable forms
an angle & = 35° with the horizontal, determine (@) the
maximum lenston in the cable, (b) the vertical distance a
from A ta the lowest point of the cable,

SOLUTION
Free body: Entire cable B, =B tan35° {'_&'" mé_” ) ;Bs
35518 12
w $A g
W = (45 kg/m)(12 m)(9.81 m/s” ) EJ%MJ g
[
W =52974N B |

T)IM, =01 W(6m)+B,(1.8m)~ B, (12m)=0
(5297.4)(6)+1.8B, — B, tan35°(12) = 0
B, =4814N B, =(4814 N)tan35°=3370.8 N

Free body: Portion CB
HEZF =00 B Wy =0 5 } By= 33

3
By yBIY N
Wye = B, =3370.8 N
W = (45 kg/m)(9.81 m/s” )b =5, e

- Wae
3370.8 N = (441.45 Nfm)b bt e
b=7.6357Tm
a
DVEM =00 Tyde ~ Wy (Ebj =0
(4814 N)d,. — (33708 'N)%(7.6357 m) =0
d,. =2.6733m
(a) de=18m+a, 2.6733m=18m+a; a=0873m <«
) T, = B= B + B2 = (4814 N> + (33708 N)
T =5877 N T =5380N 4
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PROBLEM 7.118

12m !
L Cable A8 supports a load uniformly distribuied along
:; the horizontal as shown, Knowing that the lowest point
i of the cable is located at a distance @ = 0.6 m below A,
o determine (@) the maximum tension in the cable, (4) the
A5 kg/m angle & that the cable forms with the horizontal at B.
R
SOLUTION
i 8
Note: Xp—Xx,;=12m Yrosm T
&:}T _ %3“ Hattmn
or X;=xp~12m e A N
2 N AR
Point 4: = g6t —12) %)
21, 21,
Point B: ST YL} @)
' YT, 21,
o 6 (xy—12)°
Dividing (1) by (2): 0.6 == (5 5 ) ;o Xy =8m
2.4 x;],
w(8)*
(@) FEaq 2k 24= 3 Ty =13.333w
21

Free body: Portion CB

2, =0 B, =wx,

B, =8w

y

=B +B; T2

] X v g

T, =15.549w = 15.549(45)(9.81)

6 = tan”" BB, = tan™ 8u/13.333w

' &,
Yo gt
B*75
“
- "WG
=(13.333w)” + (8w)°
T, =6860N «

6, =31.0° 4
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PROBLEM 7.119*

A cable AB of span £ and a simple beam 4’5 of the same span are
subjected to identical vertical loadings as shown. Show that the

- %’/(:/%f % magnitude of the bendi;fng moment al a point C’ in thg beam is equal to
%l, Lo the product Toh, where Ty is the magmtu_de of the horizontal component
R l of the tension force in the cable and /4 is the vertical distance between
é‘)% [AEN g) g)r: Point C and the chord joining the points of support 4 and 5.

o Fe

SOLUTION

(EMH =0 LA(,'J’ +£IT{] MEM;; loads =0 (])

FBD Cable:

(Where ZM g .4 IDcludes all applicd loads)

(£M. =00 xAg — (h - a:[‘;J:f; CEM =0 )
Aey - f"%
T -
FBD AC: [ ¥
T A S
(Where M. ., includes all loads left of C) - r‘“f <
LOL AN &
X P k
I(])w(z) h](} —_']_ZMB Jouds T IM e = 0 (3)
FBD Beam:
A < g '
o L L T ‘(zMB =00 LAg, —ZM g0, =0 (4)
gx
2 4
fy £ BB &, (ZM. =00 xdy —EM g~ Mo =0 (5)
FBD AC:
o
=)
< Me
e 1L LY
A A T
X X oy, D
?(4) -5~ T}‘A/[H oats T EMioq + M =0 (6}
Comparing (3) and (6) ' M =hT, Q.ED.
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PROBLEM 7.120

problem.

Making usc of the property established in Problem 7.119, solve
the problem indicated by first solving the corresponding beam

PROBLEM 7.94 (a) Knowing that the maximum fension in cable

10N ABCD is 15 kN, determine the distance 4.

SOLUTION
TYIMy =00 A0 m)~(6KNYT m)— (10 kN)E m) =0
A=82kN
+ 2, =0: 82KN-6KN—-10kN+B =0
B=78kN

2 2 2
At A T, =15 +4

15° =77 +8.2
7y =12.56 kN

My=Tyh,; 24.6KkN-m=(12.56 kN)h,;

>
-
=

|

=
-
0

M =Tyhe; 31.2KN-m=(12.56 kN)h,;

SN fokN

e 139\0 l kil f

— D

Y Y E YT |

-+

[

—
ib—l

64)
5"“‘”1(29,91,&__,%% L.,
? LI ECT R

M(knvm)

("

Al 4 FoA [
20k B LR

hy, =1.959m «

B =248 m <4
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2m 2111*|¢3 - 3 o] PROBLEM 7121

{

l

T 1 Making use of the property established in Problem 7.119, solve the problem
dp 4m  indicated by first solving the corresponding beam problem.

PROBLEM 7.97 (@) Knowing that d,. =3 m, determine the distances dp
and 4. :

0 kN

SOLUTION

y(#x)
Fiod
(za ) EJ‘ ¥
A & € Plega) [
—ie
R
70 \
*
r B < 7] &

-I-) IMp=0: A(10m)~(SKN)8m)—-(SkN)}6m}-(10kN)3m)=0
A=10kN
Geometry:

d. =1.0m+h

3m=16m+h-
he =L4m

Since M = Tyh, k is proportional to M, thus
lzﬁ_ﬁ By hy o g  4m ok

3

My, M. M, 20kN.-m 30kN-m 30KkN-m
2
hy =14 22)=09333m | m=14 30 i4m
30 30

dy,=08m+0.9333m I dp=28m+14m

dy,=1.733m d,=420m 4
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PROBLEM 7.122

6fa+~—9ﬂ—-‘

‘«—6 ft g9t

beam problem.

Making use of the property established in Problem 7.119,
solve the problem indicated by first solving the corresponding

PROBLEM 7.99 (a) If d¢- = 15 f1, determine the distances dj

and d]).
2 Lips % 2 kips
2Rips
SOLUTION
Free body: Beam AF
i 4 2.\
ZT“’ e ;*" FYEM, =00~ A(30)+2(24) + 2(15) + 2(9) = 0
B C
A E
y D lensd K A =3.2 kips
Alee ok onqu kg T
Vo) +IF, =0: 3.2-3(2)+B=0

3,2
B =28 kips|

Geometry:

Given: d.=15ft
Then, he=d.-3750=1125f
Since M= Ty h, h is proportional 1o M. Thus,

Ay _ e hy

MB M(L‘ MD
By 11256 hy
T 192 30 252

or, hy=T21 h,=9451f
Then, dy =6+h, =6+7.2

dp =225+ h, =225+9.45

GF\-\

(3.15% (2,25{4

dy,=13.20ft <€
dy=11.701t 4
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<5 1

— 8 [t - ft]

PROBLEM 7.123

2 kips

2 kips

Making use of the property established in Problem 7.119,
solve the problem indicated by first solving the corresponding
beam problem.

PROBLEM 7.100 (&) Determine the distance d,: for which
portion BC of the cable is horizontal.

SOLUTION

Free body: Beam AF

Zips 2 wips

N

kips

X

E
4 ! ol X
sle
Alaw aft otr ast | E
y{&ips)
32
1.2 5 .
A é £ P %
-0 | !
-2.8
M(k'\p-{“’)
3? 25.2
9.2 T
1 ' 1
A : L %
B A 3

Geometry:
Given:

Then,

FIEM, =00 —A(30)+2(24)+2(15)+2(9) =0

A =3.2kips!

A EE, =00 32-32)+8=0

B=238 kipST

—

J15% 225%
ey C v

Since M= Tyh, I is proportional to M. Thus,

Substituting (2) into (1)

Then,

E
156 ¥
AL} .
de = dp he M
\ 4 Y D
3.75+ N =6+ hy g >
B =225+ Ty (1
& = Mh( or, h[" = ,{1{1
M, M, 192 30
hy = 0.64h,. (2)
B =225+0.64h, h,=6251
de. =375+h, =3.75+625 d. =10.00ft

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No pari of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior wrilten permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by MeGraw-HHUl for their individual course preparation. If you are a student using this Manual,
you are using it withou! permission.

1152




PROBLEM 7.124*

Show thatqthc curve assumed by a cable that carries a distributed load w(x) is defined by the differential
equation ¢ y/a’;r2 = w{x Ty, where Ty is the tension at the lowest point,

SOL.UTION

IFBD Elemental segment;
[3F, =00 T,(x 4+ Ax) =T, (5) = w(x)Ax =0

Ty (XEtax)

4

R ey T,

Tx+Ax) T,(x) _ W),

So -
7, o, T
But IL = —i}i
Ty dx
vl dy
SO dx AL dx X . W(x)
Ax Ty
2 '
In lim : Ay wx) Q.E.D.
Ax—l) dxz T{{J
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PROBLEM 7.125*

Using the property indicated in Problem 7.124, determine the curve assumed by a cable of span L and sag &

carrying a distributed load w

wo cos (ax/L), where x is measured from mid-span. Also determine the

maximum and minimuwm values of the tension in the cable.

PROBLEM 7.124 Show that the curve assumed by a cable that carries a distributed load w(x) is defined by

the differential equation d‘zy/cixg

= w(x)/To, where Ty is the tension at the lowest point.

SOLUTION
Zay 1
<o b
e -
Je Wp

From Problem 7.124

So

But

And

X
WX} = W COS§ =
L

d*y  owx) w X
ar z—~——( )=m-”~00$~w—

dxz TO Tg
dy W,L . nx .
== eegin — | uging | =
e Thym L 1,
I .
y =8 ; (E ~cos££] [using y(0)=0] 4
Ty L
2 2
N
y('{l']:hm w”Lz [] wcosﬁj so T, :*MM"2
2 T 2 °h
Lz
TEJ = Tmin 50 i’;n_in = an 4
ah
T =T, =T, Ty _dy _wk
max A . - -
Ty il 7
A Wyl L >
Wyl ) ,
Ty, = — Ty = T,;’*ngmiu 1+(-}—r};) <4
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Y

PROBLEM 7.126

If the weight per unit length of the cable 4B is wy/cos® 6, prove that the curve
formed by the cable is a circular arc. (Hint: Use the property indicated in
Problem 7.124.)

PROBLEM 7.124 Show that the curve assumed by a cable that carries a
distributed load w(x) is defined by the differential equation @' y/dx” = w(x)/T5,
where Ty 1s the tension at the lowest point.

SOLUTION

Elemental Segment:

Load on segment*

But

From Problem 7.119

In general

2els
& ‘l» i
W
w{xdx = 9 ds oS id\
) cos” & vl — ol /
W d)(
di =cosfds, so w(x)=—7
cos” &

d 2)” _wlx) W
dx* Ty  Tycos’ @

2 .
d ;v = —C—]—(ﬁz)] = i(tan ) = sec’ Bi{g
de” dx dx d

dx x
%o a6 - Wy - M
dx  Tycos' @sec’@ Tpcosd
T(}
or ~= o8 Bd@ = dx = rdBcos 8
Wy
Giving r = —- = constant. So curve is circular arc Q.ED.

Wy

*For large sag, it is not appropriate (o approximate ds by dx.
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PROBLEM 7.127

A 30-m cable is strung as shown between two buildings. The
maximum tension is found to be 500 N, and the lowest point of
the cable is observed to be 4 m above the ground. Determine
(¢ the horizontal distance between the buildings, (b) the total
mass of the cable.

SOLUTION
a Ls J«-f——
58 he lomeltmy = Bern
(a0 <
sp=15m
T, =500N
Eq. 7.17: yi—sh=ct (6+ey ~157 =7
36+12c+c> ~225=¢"
12¢=189 ¢=1575m
Eq. 7.15: Sy mcsinhiﬁ; I5::(15.75)5inh5}‘i’L
¢ g
X p
sinh=L = (1.95238 £ ={0.8473
¢ ¢
(a) x, =0.8473(15.75)=13.345m;  L=2x, L=267Tm 4
(by Eq. 7.18: T =wyg; S00N=w(6+15.75)

w=22.99 N/m

W =2s,w=(30m)22.99 N/m)
=689.7N
W 6897 N

= - Total mass =703 kg 4
g 9.8tm/s”

i
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PROBLEM 7.128

A 200-1t steel surveying tape weighs 4 1b. If the tape is stretched between two points at the same clevation and
pulled until the tension at each end is 16 b, determine the horizontal distance between the ends of the tape.
Neglect the elongation of the tape due to the tension.

SOLUTION

a b = |

'3 //\__Q
MW P [4g=hee
[
o o— 'ZG [USR— »
sy =100 fi
41b _
w=|——— =002 /M T, =16m
200 ft

Eg. 7.18: T =wyg: 161h=(0.0216/Mt)p,; v, =8001t
Eq. 7.17: vy -sgp=ct (8007 —(100) =% ¢=T793.73 11
Eg. 7.15: sp=csinh 2, 100=793.73sinh 2£

C &

- 0.12566; x, =99.737 R
-

L=2x, =2(99.737 1) L=19951 «
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PROBLEM 7.129

A 200-m-long aerial tramway cable having a mass per unit length of 3.5 kg/m is suspended between two
points at the same elevation. Knowing that the sag is 50 m, find («) the horizontal distance between the

supports, {#) the maximum tension in the cable.

SOLUTION
e L g
A s T
7 Sg 1)
A Ve
C N
l be ¥
O
Given:
Length =200 m
Unit mass = 3.5 kg/m
hA=50m
Then, w=(3.5 kg/m)9.81 m/s*) =34.335 N/m
5p=100m

yp=h+tc=50m+c
Vi—si=ct (50+4¢) - (100)" =¢
50% +100¢ +¢* =100% = ¢?

¢=T75m

&y =csinh 559“; 100 = 75sinh £
¢ 75

xp =82.39%6m
span = L = 2x; = 2(82.396 m)

T = wy, = (34.335 N/m)(50 m+ 75 m)

L=1648m 4
T =4290N 4

1
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PROBLEM 7.130

maximum {ension.

An electric transmission cable of length 400 ft weighing 2.5 Ib/ft is suspended between two points at the same
elevation, Knowing that the sag is 100 ft, determine the horizontal distance between the supports and the

SOLUTION
£ |
Ny ra—
\?'—-"" 2 Koft u = /o0fE ¥
fe 1
e o K s
sy =200 ft
Eq. 7.17: Vi—si=e% (100+4¢)? 2007 =
10000 + 200¢ + ¢* = 40000 =¢?; ¢=1501t
Eq. 7.15: sy =csinh2E; 200 =150sinh 25
[ (44
sinhﬁixﬁ; Ef—:l.0986
¢ 3 C
xp ={150)(1.0986) = 164.79 fi
L=2x, =2(164.79 i) = 329.58 fi L=3301 <
Eq.7.18: T, =wyp = (2.5 /Y100 ft +150 £) T, =6251b 4
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PROBLEM 7.131

A 20-m length of wire having a mass per unit length of 0.2 kg/m is
attached to a fixed support at 4 and to a collar at B. Neglecting the
effect of friction, determine (a) the force P for which & = 8 m, (b) the
corresponding span L.

SOLUTION
FBD Cable:
§p=20m [so Sy = 202111 =10 m)
w= (0.2 kg/m}(9.81 m/s*)
=1.96200 N/m
hy, =8m
yi=(c+hy) =¢ +s;
2 g2
So oS8l
24,
..o m)* - (8 m)’
2{8 m)
=2.250m
o einh B TR
Now sy = sinh— - x, = csinh™ =
c [

(2,250 m)sinh | oM
2,250 m

Xy =4.9438 m
P =T, =we=(1.96200 N/m)(2.250 m) (&) P=441N— 4

L=2x, = 2(4.9438 m) (b) L=989m <
B
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PROBLEM 7.132

A 20-m length of wire having a mass per unit length of 0.2 kg/m is
attached to a fixed support at 4 and to a collar at B. Knowing that the
magnitude of the horizontal force applied to the coflar is P = 20 N,
determine («) the sag h, (&) the span L.

SOLUTION

FBD Cabie:

§p = sinh

’.gr.u'. L b By
Ly & = PaT, 220N
SN
f’ld—sa j?o Ys
s
L)
&
L% \
o "X

sp=20m, w=(0.2kg/m)(9.81 mis’) =1.96200 N/m

P=T,=wc c:£
W

C :%: 10,1937 m
1.9620 N/m

y‘,Z} =k, + ey = +3,2}
20 m

W+ 2ch—s5=0 $p = 10m

B +2(10.1937 myh — 100 m* =0

b= 4.0861m (@) h=409m 4«
15, =esinh ' < (10,1937 mysinh ! | 0
c ' ¢ 10.1937 m
= §.8468 m
L= 2x, = 2(8.8468 m) (B L=1769m 4
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PROBLEM 7.133

A 20-m length of wire having a mass per unit length of 0.2 kg/m is

- attached to a fixed support at 4 and to a collar at B. Neglecting the
effect of friction, determine (a) the sag A for which L = 15 m, (b} the
corresponding force P,

SOLUTION
FBD Cable:

Solving numerically:

A / Qy
A - L
7 > P=Tea
Ay t T
2uSg b
3 4 Yo
= ¥
P
4 2
o
20m
g =20m =5, =—"=10m

w= (0.2 kg/m)(9.81 m/s*) =1.96200 N/m

L=15m
X L
Sg =¢sinh~4 = ¢ sinh =
¢ e
.lOmxcsinhT‘Sm
(&
c=55504dm
X 7.5
=¢cosh| 22 1=(5.5504) cosh |~
s (c) ( ) [5.5504]

¥y =11.4371m
hy =y, —c=11.4371m~35.5504 m

(@) hy =589m 4
P = we = (196200 N/m)(5.5504 m) () P=1089N —~ «
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PROBLEM 7.134

Determine the sag of a 30-ft chain that is attached to two points at the same elevation that are 20 ft apart.

SOLUTION
b
P =
s =71
I é g=c cosh & b{
L !
. g= & x
Sp =§%:15ﬁ L=201f1
2
L
X, = 3 10 1t
§y = ¢ sinh il
(&
15 ft = ¢ sinh ot
¢
Solving numerically: c=6.1647 ft

yp = coosh 2L
C
= (6.1647 f)cosh— 214
6.1647 ft
=16.2174 ft

hy =y ~c=162174ft—6.1647 [t

By =10.05 1t 4
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PROBLEM 7.135

A 90-m wire is suspended between two points at the same elevation that are 60 m apart. Knowing that the

maximum tension is 300 N, determine () the sag of the wire, (b) the total mass of the wire.

SOLUTION

Eq. 7.17:

Eg. 7.16:

Eg. 7.18:

Total weight of cable

Total mass of cable

1 L=gor A g

y P e Lb
"B B

< ; yg=hte

F" 4

o x

1—-28:3@&:'-—-—9
§p,=45m

L X
5, = csinh 4
¢

45 = ¢sinh 39; ¢=18.4%4m
¢

X
yp =ccosh~£
[~

30
=(18.494)cosh——
v =A yeosh o 0

y, =48.652m
yy=h+e
48.652=1h+18.494

h=30158m
Tm H)y!}
300 N =w{48.652 m)
w=0.1066 N/m

it

il

W =w(Length)
=(0.166 N/m)(90 m)
=55496 N

[
m= W _33496N =56.57 kg

g 98tmis

h=302m 4

m=56.6kg 4
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PROBLEM 7.136

A counterweight 1 is attached to a cable that passcs over a small pulley at 4
and is atlached to a support at B. Knowing that 1. = 45 ft and # = 15 ft,
determine (a) the length of the cable from A to B, (b) the weight per unit
Iength of the cable. Neglect the weight of the cable from A to .

SOLUTION
iven: = " L ___________>.[
Given L=45H R ["“ Al
h=1511 N Sg
7,=801b b
A c l ‘rc B
Xy =2251t o X
By symmetry: Ty=T,=T_ =80Ib
We have yg =ccosh 2B - ¢cosh 225
¢ I
and Vp=hte=15+¢
Then ccosh——==15+¢
C
or coshﬁ = 5 +1
¢ ¢
Solve by trial for ¢ c=18.9525fi
{a) §p = sinh .
[
={18.9525 ft)sinh 225
18.9525
=28.170ft
Length =25, =2(28.170 1) = 56.3 il «

(®) Ty = wyy = wlh+c)

80Ib=w(151+18.9525 1) w=2.36Ib/ft o
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PROBLEM 7.137

A uniform cord 50 in. long passes over a pulley at B and is attached to a
pin support at 4. Knowing that L = 20 in. and neglecting the effect of
friction, determine the smaller of the two values of & for which the cord
is in equilibrium.

SOLUTION
L L =20 _! B
— / T———‘“v’
h \ ___fa 3 y=hte
B S L
© —— - v
C Lo "‘8: IO"m—rf
Length of overhang: bh=50in.—- 25,
Weight of overhang equals max. tension
T, =Ty = wh=w(50in.—2s,)
Eq. 7.15: 5, = csinh 22
C
Eg. 7.16: Yp = ccosh 2
¢
Eg. 7.18: T, =wy,
w5010, — 25, ) = vy
W[SO in.— 2¢sinh ifij = we cosh 22
¢ e
. 0
Xp=10: 50— 2(35111]3—1——q = ccoshi*
¢ ¢
Solve by trial and error: c=5549n. and ¢=27.742in.
o . . 10in, .
For ¢ =5.549 in. vp =(5.549 inycosh ———ru=17.277 1n,
5.54% 1n.
yp=h+c;, 17277in.=h+5549 in.
h=11.728in. h=11.73in. 4
. . . {0in, i
Fore=27.742 in. ¥y =(27.742 in)cosh ————— = 29.564 in.
27.742 in.
vp=hte 29.5640in.=h+27.742 in.
=182191n. h=1.822in. 4
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PROBLEM 7.138

A cable weighing 2 Ib/At is suspended between two points at the same elevation that arc 160 ft apart.
Determine the smallest allowable sag of the cable if the maximum tension is not to exceed 400 lb.

SOLUTION
e fm MOFE 3
A . . N -
S Ye™ h+e
vy oy w
Eq. 7.18: T, =wyg: 4001b=(21b/Mt)y,: y,=2001
Eq. 7.16: Vg :ccosh%’j—
2001t = .ccosh§9~}i
¢
Solve fore: ¢=182.148 11 and ¢=31.592 /1
Yp=hte h=y,—c
For c=182.148 {t; h=200-182.147 =17.852ft <
For c=31.592 i h=200-31.592 =168.408 ft <
For 7= 4001b: smallest 1=17.85ft <4

m
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PROBLEM 7.139

A motor M is used to slowly reel in the cable shown. Knowing that the
mass per unit fength of the cable is 0.4 kg/m, determine the maximum
tension in the cable when & =5 m.

SOLUTION
b4
!w'-Sﬁ I :’:g
hg ﬂ_;.,}// T
Te c y=c ezasA. g’ Ye
L L,
Xy e %
w=04kg/m L=10m hy=5m
yp = ccoshf—g—
¢
hy + ¢ =ccosh L
2¢
S5m= c[coshi@—l)
c
Solving numerically: ¢=3.0938m
yg=hg +c=5m+3.0938m
=8.0938 m
Tmax = TB =Wy
= (0.4 kg/m)(9.81 m/s? )(8.0938 m)
?-;'IIEIX :3]‘8 N 4
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PROBLEM 7.140

A motor M is used to slowly reel in the cable shown. Knowing that the
mass per unit length of the cable is 0.4 kg/m, determine the maximum
tension in the cable when A=3m.

SOLUTION
b
1“5 8 D
Y - !
P - cooch | Ya
L L,
——ra<g
w=04kg/m, L=10m, h, =3m
Yp=hy+oe= ccosh ™2 = ccoshli
c 2c
3m= c(ccoshm— lj
¢
Solving numerically; c=4.5945m
VYp=hy+c=3m+4.5945m
=7.5945 m
Tmax - TB = }’VyB
= (0.4 kg/m)(9.81 m/s )(7.5945 m)
T;mix = 2()8 N ‘
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PROBLEM 7.141

I A uniform cable weighing 3 Ib/ft is held in the position shown by a
B horizontal force P applied at B. Knowing that £ = 180 1b and 8, = 60°,
. l determine (a) the location of Point B, (b) the length of the cable.

S
; a fi
SOLUTION
Eq. 7.18: Ty = P=cw
el 180 o
w  31Ib/ft
'y
ALA: 7wt
cos 60°
= 2ew
0.5
(¢) Eq.7.18: T, =wlh+c)
Zew=wlh+c)
2e=h+c h=b=c h=60.01
Eq. 7.16: Yy xccoshf‘—"—
¢
htc=ccosh 4
&
(60 ft + 60 ft) = (60 ft) cosh%a—
cosh—4_ =2 M _13170
0m 60m
x, =79.02 ft a=719.01 <
. X . 9.02 ft
(h) Eq.7.15: s, =csinh 22 = (60 ﬁ)smhz«%
[
s, =103.92 1t
length =, s,=10391t <«
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PROBLEM 7.142

17 A uniform cable weighing 3 Ib/ft is held in the position shown by a
horizontal force P applied at B. Knowing that P = 150 lb and &, = 60°,
¥ determine (a) the location of Point B, (h) the length of the cable.

SOLUTION
Eg. 7.18: T, =P=cw
:£:150lb:50ﬂ
w31/t
At A: 7, = P_
cos60°
ZEK320W
0.5
(¢} Eg.7.18: T, =whte)
2ew=wlh+ )
de=h+e h=c=b h=5001
Eq. 7.16: Yy = ceosh24
¢
h+c=ccoshfﬁi—
[
(50 ft + 50 ft) = (50 ft)cosh 24
[
coshf’i:Z iin].Bl?O
¢ c
x, =1.3170(50 ft) = 65.85 ft a=658ft 4
(hy Eq.7.15: 54 =csinh oz =(50 ft)sinh(lq‘s—{{lci
- \
5, =866 length=s, =866t «
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PROBLEM 7.143

To the left of Point B the long cable ABDFE rests on the rough
horizontal surface shown, Knowing that the mass per unit length of
the cable is 2 kg/m, determine the force F when a = 3.6 m.

SOLUTION
B Toap, = <
g 4 (7 = Ca_‘.jt x ‘Tc*/”'ﬁw -~
h
” 3
7a < o
o - Y y f\ s ')(_
¥, =a=3.60m h=4m
Yp = ccosh -2
[
h+c=ccosh s
¢
dm= c[cosh 3.6m iJ
[
Solving numerically c=2.0712m
Then Yp=h+c=4m+2.0712m=60712m
F=T . =wy, =(2kg/m)9.8] m/s*)(6.0712 m) F=119.1N-— 4
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PROBLEM 7.144

To the lefl of Point B the long cable ABDE rests on the rough
horizontal surface shown. Knowing that the mass per unit length of
the cable is 2 kg/m, determine the force F when a = 6 m.

SOLUTION

Solving numerically

2y ‘7;450543? Dﬁ_ﬁww =L
T = Y
[
[ [ (Y
!

Xp=a=6m h=4m

X
¥p =ccosh™—
C

o
h+c=ccosh=

C
dm= c[coshmm IJ
(&
¢=5054m

Yy =h+te=4m+5054m=9.054m
F =T, =wy, =(2kg/m)9.81 m/s*)(9.054 m)

F=1776 N «
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PROBLEM 7.145

E2 m i
. y - The cable 4CB has a mass per unit length of 0.45 kg/m. Knowing
18m " that the lowest point of the cable is located at a distance ¢ = 0.6 m
' . below the support 4, determine () the location of the lowest
{ ) Point C, (6) the maxinmm tension in the cable.
SOLUTION Yprcrobm 19 g,
A T
Note: xp X, =12m (I’-QN—"/_&;{*?&”
o i< by
. s Xy e ¥y —
or, -x,=12m~x, : i12m
Point 4: ¥, =ccosh T4 ¢ 40.6=ccosh 1225 0]
¢ c
PN x5 . Xp
Point B: Yy :ccosh?, c+2.4:ccosh—c— (2)
From (1); E—f&zcosh'(”o'é] 3)
c ¢ ¢
Erom (2): *8 — cosh™ [" 2 '4J ()
¢ ¢
i + . a )
Add (3 + (4): l%:cosh"§ (fwmgg}%osh_l{c 2 4)
c c ¢
Solve by trial and crror: c=13.6214m
Eg. (2) 13.6214+ 2.4 =13.6214cosh £
[
cosh ™2 = 1.1762; £ =0.58523
e ¢
x, =0.58523(13.6214 m)=7.9717m
Point Cis 7.97 mto leftof 8 <
Yp=c+24=13.6214+24=160214m
Eq. 7.18: T, = wy, =(0.45 kg/m)(9.81 m/s*)(16.0214 m)

T =70.726 N 7,=70.7N 4
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PROBLEM 7.146

12m

The cable ACB has a mass per unit length of 0.45 kg/m.

: ' Knowing that the lowest point of the cable is located ai a
I / distance & = 2 m below the support 4, determine (g} the
T location of the lowest Point C, (b) the maximum tension in
the cable.

SOLUTION
u g
Note: ul T
i i c =Lt3Bm
Xp~x,=12m greti | == %
- ; ] *‘t 1 x
or e Y, e Yy —
130
—x,=12m-x,
- X 4 12 —-x,
Point 4: y,=ceosh—%; ¢+ 2=gcosh—-"L (1)
¢ ¢
Point B: vy =ceosh 2 ¢+3.8=ccosh il )
¢ ¢
From (1): ng—~ﬂ3~~=cosh'(6+2) (3
c ¢ ¢
From (2): 2B = cosh™ (~————~C + 3'8J {H
c ¢
d 438
Add (3)+ (4): J—z—mcosh"’{( +2J+cosizl(ii—J
¢ c ¢
solve by trial and error: ¢=0.8154 m
Eq.(2): 6.8154d m+ 3.8 m = (6.8]154 m)coshx—g
[
cosh™L =1 5576 2£=1.0122
¢ c
xp = 1.0122(6.8154 m) = 6.899 m
Point C'is 6.90 mto left of B 4
Yp=ct+3.8=08154+38=10.6154m
Eq. (7.18): T, =wy, =(0.45 kg/m)(9.81 nv/s*)(10.6154 m)

T, = 46.86 N T,=469N <
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PROBLEM 7.147*

The 10-ft cable AB is attached to two collars as shown. The collar at
A can slide freely along the rod; a stop attached to the rod prevents
the collar at B from moving on the rod. Neglecting the effect of
friction and the weight of the collars, determine the distance a.

SOLUTION

Collar at A: Since u =40, cable | rod

o
Ya4a
Ja
e o L
92 |e S
[
b yﬂw Ye
T Rt Fekep *
Point A4: ymccoshi; f_f-:sinhi
¢ dx ¢
tan @ = L sinh X4
X1 4 s
X4 : fs)
4 = sinh(tan (90° — &)
¢
x, = csinh(tan (90° - #)) (H
Length of cable = 10 1t 10ft=AC+CB
10 = esinh 24 + esinh 25
¢ ¢
sinh £ = 19“ —sginh A
¢ ¢ ¢
P L
X, = csinh x[——~smhh] )
¢ ¢
¥4 =ccosh X4 Yp= ccosh £ 3)
C C
In A ABD: fan @ =28 Y4 4
Xyt Xy
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PROBLEM 7.147* (Continued)

Method of solution:

For given value of 8, choose trial value of ¢ and calculate:

From Eq. (1): x,

Using value of x; and ¢, calculate:

From Eq. (2): xp

From Eq. (3): v, and y,

Substitute values obtained for x4, xp, y4, y3 into Eq. (4) and calculate @

Choose new trial value of @and repeat above procedure until caleulated value of € is equal to given valae of 8,
For 6 =30°

Result of trial and error procedure:

c=1.803 ft
X, =23745 1
Xy =3.6937 11
v, =3.606ft
yp =7.109 1
=Yg =Y
=7.109 1t -3.600 ft
=3.503 1t a=3501 4
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PROBLEM 7.148*

Solve Problem 7.147 assuming that the angle 8 formed by the rod and
the horizontal is 45°.

PROBLEM 7.147 The 10-l cable 48 is attached to two collars as
shown. The collar at 4 can slide freely along the rod; a stop attached
to the rod prevents the collar at B from moving on the rod. Neglecting
the effect of friction and the weight of the collars, determine the
distance a.

SOLUTION

Collar at 4: Since =0, cable L rod

Point A4:

Length of cable = 10 ft

p %% ~*"“‘"’§3_
ol T
Yz~ %
Ig
-———i Fo~ %
Ya e &
[44
L-— yR y&
R | FoR g >
y =ccosh ﬁ; D sinh =
o v ¢
tan & = @ sini 4.
dxis <
4 ginh(tan (90° — 6))
¢
x , = csinh{tan (90° ~ 8)) (1)
10ft=AC+CB
10 = ¢sinh 24+ csinh 22
c ¢
sinh X8 = 9. sinh 4
¢ ¢ ¢
Xy =csinh™ [—?——sinh {—L} {2)
¥, =ccosh %L Yy = Ccosh%‘i (3)
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PROBLEM 7.148* (Continued)

In A ABD: tang =28"4 (4)
.XB + xA

Method of solution:

For given value of 8, choose trial vatue of ¢ and calculate:
From Eq. (1): x4
Using value of x4 and ¢, calculate:
From Eq. (2): xp
From Eq. (3): v and yg
Substitute values obtained for x4, x5, y4, v into Eq. (4) and calculate @
Choose new trial value of @and repeat above procedure unil caleulated value of 8 is equal to given value of 8
For 8 =45°
Result of trial and error procedure;
»=1.8652 ft
x, =1.044 1t
X, =4.004 ft

v, =2.638 1t
yp =8.346 fi
a=y, -y,
=8.346 ft ~2.638 fi
=5.708 ft a=5711l 4
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PROBLEM 7.149

Denoting by 6 the angle formed by a uniform cable and the horizontal, show that at any point {¢) s = ¢ tan &,
(hyy=csec @

SOLUTION

() tant?:glzs‘.inhE d
el c
s=csinh > =ctan @ Q.ED. T
c 44
i
(h) Also =5t ¢ (cosh? x = sinh® x+1)
50 pr =t tan 8+ e’ sec’ @
and y=csecH Q.E.D.
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PROBLEM 7.150*

(@) Determine the maximum allowable horizontal span for a uniform cable of weight per unit length w if the
tension in the cable is not to exceed a given value 7,,. (b) Using the result of part a, determine the maximum

span of a steel wire for which w=0.25 Ib/ft and 7, = 8000 1b.

SOLUTION
£
i 4z
? )
=l e
[ 4 '93’}‘_
o A
;‘““73"'2_ -
(&) Ly =wyy
x
= wecosh =2
¢
1 X
= WXy | —— |cosh £
] X c
(44
We shall find ratio (“c—ﬂ) for when T, is minimum
2
dT I . x I X
— =y, | —sinh “& | ——| cosh™E | =0
Jdl Y ¢ | Y ¢
c ¢ <
. X
siith =%
[ 1
. :
COS]:] _....!Ej.... - !i
¢ ¢
x ¢
tanh ~& o
c X
. . X
Solve by trial and error for: ZE 21200
Y -

sy =esinh ™2 =csinh(1.200); 2221509
c c

Eq.7.17: Vi —sp=c

o

2
7= H(izs_.} = (1+1.509%)

¥ =1.810c

M
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PROBLEM 7.150* (Continued)

Eq.7.18: T, = wyg
=1.810we
7—;?1
c= Lt
1.810w
Bq. (1) Xp xi.ZOOc:l.Z()Omw&wwx().6630—7—1’—"—
1810w w
T T
Span: L=2x, = 2(0.6630)-2 [=1326-2 <
w w
(B  For w=0.251b/ft and 7, =8000 Ib
L=] .326—§(£)9—1E—)~
0.251b/ft
=42 43211 1, =804 miles 4
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PROBLEM 7.151*

A cable has a mass per unit length of 3 kg/m and is supported
as shown. Knowing that the span L is 6 m, determine the fwo
values of the sag 4 for which the maximum tension is 350 N.

SOLUTION
7

Ewsﬁ
%’J/ !
yzacaskg‘ Ya

<«-—-———-XB =

=

iyl
e {3 ke S

N~

R

L
Yinaxy =€ cosh——=h+¢
C

w= (3 kg/m)(9.81 m/s®) = 29.43 N/m

7’;]‘]5\){ = wy]TlEIX

. T]"I](IK
Y max

350 N

Mg = 7= 11.893 m
T 2943 N/m

ccoshzl—Tl =11.893m
¢
Solving numerically ¢ =09241m
gy, =11.499m
h= Ywax —€

B =11.893m—-0.9241Im h=1097Tm <

By =11.893m~11.499 m h,=039%m 4
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PROBLEM 7.152*

Determine the sag-to-span ratio for which the maximum
tension in the cable is equal to the total weight of the entire
cable A5,

SOLUTION

=
=
7
——s

-«#
<<
0
d
L)
o
»

~Za
. ] L,
- Xa 3 5 iy
T:uax = wy B = 2WSB
Y =28y
ccosh m-lfw =2¢sinh i—
2¢ 2¢
L 1
fanh —— = —
2¢c 2
L anh! 1 0.549306
2¢ 2
Py VB¢ cosnle 21=0.154701
I c 2¢
h .,
£3 5(0. }
By _ _03Q-154700) _ o4 4081 % _0.1408 <
L 2( .L) 0.549306 I

e
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PROBLEM 7.153*

L +| /i 0, A cable of weight w per unil length is suspended between

two points at the same elevation that are a distance 1, apart.
Determine (a) the sag-to-span ratio for which the maximum
tension is as small as possible, (b) the corresponding vatues
of Gpand T,

LTI

iA

SOLUTION
/ s
| wW3g B__yrli
N I P
o ¢ yeceshy | e
k ‘l’ 4
XB = 15* "“‘I
L
() Tiax = Wy = wecosh-—
2c
LS = w(cosh—a~~£sinh—£)
de 2 2¢ 2c
For minf_ . LY ={
de
tanh—glxgﬁ i:E.¥‘)‘_€)7’
2¢c L 2c
28 _cosh L =1.8102
¢ 2e
IoYE_1oo8102
¢ ¢
I Lhf2e]) 08102 qa0 7 0338 <
L |2c\ L 2(1.1997) L
L .
(b) Ty=we T =wecosh— Mo eogh =28
' 2 T, 2Ze ¢
7.
But Ty =T 088y 2% =gecf,
h
So 8, =sec’’ (ﬁ—] =see” (1.8102) = 56.46° 8, =56.5° 4
-
T, Wy, = wi’i[ﬁ L sy —L T =0.755wl 4
w e\ 1 )2 2(1.1997) '
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130 smm, PROBLEM 7.154

It has been experimentally determined that the bending moment at Point K of
the frame shown is 300 N - m. Determine («) the tension in rods AE and FD,
(b) the corresponding internal forces at Point J.

|—fﬁ 280 1;‘;131——*—' |

SOLUTION
Free body: ABK
i A fUaeir b
200m 3WB= 340 = " Ty
zgo—/.ra:ifpb P
= 3ol wm
{a) +‘>EMKZO: 300N-mM%T(OQm)*%T(O.]Qm):O T=1500N 4

Freg body: AJ

20
7= T:%asoom p 227

::;z}S,SSN ];,,,,,,,, “¥
T),:%T:%(JSOON) ‘L‘;kf;
=1323.53N -
Internal forces on ABJ
(h) HUEF =0 T05.88N -V =0
V = +705.88N V=706 N «— o
37 =00 F-1323.53N=0
F=+132353N F=1324N1 <

SYEM, =0 M —(705.88N)(0.1m) = (1323.53N)(0.12m) =0
M=+2294N-m

M=229N-m )«
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=t PROBLEM 7.155

Knowing that the radius of each pulley is 200 mm and neglecting
{riction, determine the internal forces at Point .J of the frame shown,

i '
iTl“(a m \ 0.8 m

0.2 m

| B 0.2 m
0.8 m

¥ia60 N

SOLUTION

EBD ¥rame with pulley and cord:

(ZM,=0: (1L.8m)B, - (2.6 m)(360 N)
~ (0.2 m)(360 N) =0
B, =560N «—

FBD BE:

Note: Cord forces have been moved to pulley hub as per Problem 6.91.

(EM,=0: (1.4m)360N)+(1.8m)(560N)
~(24m)B, =0

B, =630N{

FBD BJ:
P SCZF, =00 F+360N - 33—(630 N = 360N)

H—;E(SGON):z(J
F=250N " «

SEIE =0 Y +5;1(630N ~360N) —%(560]\1) =0

V=120.0N .« 4

(EM; =0: M+(06m)360N)+(1.2m)(560N)
—(L.6m)(630N) =0
M =120.0N-m ) <
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16 Hy/in.

PROBLEM 7.157

For the beam shown, determine (@) the magnitude P of the two concentrated

A B
loads for which the maximum absolute value of the bending moment is as
) 30 in. [P small as possible, (b) the corresponding value of [M],,, -
10 in. i) in.
Vr v
SOLUTION 16 18/ 1m,
Free body; Entire beam A il 1(} L Lile o
10, | _javm "1 sgue |
By symmetry p ¥ D L g F
D=E= %(16 /in )30 in)+ P
D=240 b+ P o
. ’ i, t
Free body: Portion 40D p ::-_—,P M,
lid lr '

Free body: Portion ADC

D)EM, =00 My, =-10P

FYEM. =00 P(25 in) = (240 b+ P)(15 in.)

(isisfillis) _@;?__L—’% £
g P
; - cp M

+(240 Ib}(7.5 )+ M, =0 ,o,,;_"‘ st "
M =1800 Tb-in.— (10 in.)P - D=2oth t P -
M Me
A D £ £ £ "
Mz =1oF M= ~ioF
{(¢) We cquate: | M| =1 M
|[-10P]=]|1800-10P|

10P =1800-10F P=90.01b 4
(hy For P=901b: M, =~-101b (90 Ib) | M| 0 = 900 1b-in.
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16 lyvin. PROBLEM 7.158

A

;5 Knowing that the magnitude of the concentrated loads P is 75 b, (o) draw

(i
the shear and bending-moment diagrams for beam AR, () determine the
| . ! maximum absolute values of the shear and bending moment.
A o1 &
IJ 3
SOLUTION
By symmetry: D=F

:%(1 6 16/in.)(30 in.) +75 Ib

=3151b
Jb 15/ va.
p_ o[ G TT I 1T Tl =
}—loin. ’ 30m, /9’5-‘475‘&
iy 4 D=3/54 £ =388
V[ /b ) F3N T R0
;!‘;{2?0)(/9 +75’
] D |frrgedd {+7se) x
{~759) < s | E 8
-
~ZYa [yL:f'fofé
1 -
7D} FIOSD 1b-FE —
i m ol g sos0 4

N
_m ¥t -5 - FE

PROPRIETARY MATERIAL, © 2010 The McGraw-Hi#l Companies, Tne. All rights reserved, No part of this Manual may be displayed,
reproduced or disiributed in any form or by any means, withous the prior writfen permission of the publisher, or used bevond the limited
distribution to teachers and educators permitted by MeGraw-Hill for their individal course prepavation. Ifyou are a student using this Meanual,
your are using if without permission.

119




24 kN 24 kN 12 N/ PROBLEM 7.159

For the beam and loading shown, (&) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.

DY B

T B : 1P
L— 15m ——»—I

06m06m 06m

SOLUTION

Free body: Entire beam

Qre LN)"—D'qm"'l +‘) EMp =0 (24kN)(3 m)

PINHIN i +(24 KN)(2.4 )+ (21.6 KN)(0.9 m)

~A4,(3.6m)=0

8 A, =491 4 kN
Fo=0: A =0

Shear diagram

kM)
s ¥
5 Wy £ B
A 256 i *
C & I {-3132)
~gpR e e
At A v, :A},:+4I.4 kN [V e = 41.4 kKN |
Bending-moment diagram
M (kN

35.28

31327 MRL OF
24,B%

paRAtoLA

o -
Rl o o

i
1
I
[

ol
n

At d: M, =0 M1, =353 KN-m «

The slope of the parabola at £ is the same as that of the segment DE
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2 kips/ft P PROBLEM 7.160

For the beam shown, draw the shear and bending-moment diagrams, and
determine the magnitude and location of the maximum absolute value of
the bending moment, knowing that (a) P =6 kips, (b)) P =3 kips.

SOLUTION
Free body: Beam
LF . =0: A, =0
st (13kipd FYEM  =0: C(6 1)~ (12 kips)(3 ft) - P(8 ft) =0

H 2K

€ =6 kips + 2 p (1 <
X
fi e .
ByF——e 2 SF, = 0; /1_1,+(6+-§P]-12uj’:()
. 1
A, =6 klpsAgP (2 <

(@)  P=6kips.

Load diagram
Substituting for P in Egs. (2) and (1):

I .
A, = ()m-?:(()) =4 kips

4
C=0+—(6)=14kips .
Shear diagram V,=A =-+4 kips g @D c|0dle
S3ELY A ¥ A "_x-’] ('I‘:) EA
To determine Potint I where V = (: 3
V=V, =—wx
0—4 kips =2 kips/fi)x x=21ft <
M{Kipeft)
We compute all arcas ‘; ] £ B
- . E_.JD 1 X
Bending-moment diagram T V
At4: M, =0 = — — = ‘
M1, =12.00 kip-ft, at C «

Parabola from A to C
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(h)

PROBLEM 7.160 (Continued)

P =3 kips
Load diagram
Substituting for P in Eqs. (2) and (1):
A=6 —%(3) =35 Kkips

4
C=6+-(3) =10 kips

Shear diagram Vy=A, =+5kips

To determime I where ¥ =0:

Vo=V, =-wx

0 — (5 kips) =—(2 kips/f)x

We compute all areas
Bending-moment diagram

At A: M, =0

]

Parabola from A to C.

y (Kip;)

e3> [

A[. P AT RT) (Y

x=25% <

M{kip §E)
a5 —

1

}

\

0 -e.—-—-w-%p i x
it 1
-b —_

| M1, =625 kip-It 4

2.50 ft from 4
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PROBLEM 7.161

m)
i}

wy = iry (] —sin

For the beam and loading shown, (&) write the equations of the
shear and bending-moment curves, (5) determine the maximum
bending moment.

I I “";
SOLUTION
. 1 W
(@)  Reactions at supports: A=B= EW , where T = Total load
W= J‘Lwdx—w .[L 1—sin 2% e
e B U
[ L erJ'
=W, | X +—cog—
x Ly
= WQL[] ——%J
T
' i
Thus VAzA:JMW:*wﬂL Fi
2 2 Foa
M,=0 (H
Load w{x} = w, [1 -~ 81N M]

Shear: From Eq. (7.2):

V) -V, = J: ) w(x )

=~ J;:(l —sin %J dx
Integrating and recathing first of Eqs. (1),
: L x|
Vix) 1 wﬂL[l —2—] = — W, [x + wcosﬂ}
2 Fia Fid L 4,

V(x):lwul. ]-wg —11}0(2-§-£COS~@ —I—w{,fi
2 T Fia L T

V(x)zwu[é—nxm%cos;?] (2) 4
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PROBLEM 7.161 (Continued)

Bending moment: From Eq. (7.4) and recalling that M, =

M(x)-M, = L :V(x)a’x

L1, (LJQ x|
=wy| —x——x" —| — | sin——
2 2 b8 ,
0
! 202 mx
M(x):Ew“ Lx—x"— —rsinT (3) 4
(#)  Maximum bending moment
g_M—' =V =0,
dx
This occurs at x = ’7 as we may check from (2):
¥ ap W, i-—£—-£cos£} =}
2 2 2 = 2
: T g2 2
From (3): M[L :lwu L 2[; sin 2
2) 2 2 4 g 2
:iwuLz (] - 8,} ]
8 T
=0.0237w,1}
2 L
M. =0.0237w 1", at xx-2— <4
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PROBLEM 7.162

An oil pipeline is supported at 6-ft intervals by vertical hangers

attached to the cable shown. Due to the combined weight of the

pipe and its contents the {ension in each hanger is 400 Ib.

Knowmgj that d. =12 fl, determine {¢) the maximum tension in
the cable, (H) thc distance dp.

e B @ G 30 -

SOLUTION
FBD Cable: Hanger forces at 4 and £ act on the supports, so A . and F, act on the cable.

(ZM, =0 (6 f+12 fi+18 1t + 24 1)(400 Ib)

~(30 )4, (5 fi) A, =0

A, + 64, = 4800 Ib %)

FBD ABC: CEM(, =0 (7104, - (12 )4, +(6 fi)(400 1b) = 0 (2)
Solving (1) and (2)
A =8001b~—
2000

A, ="
Y3
From FBD Cable: —EF, =0: 800 1b+F, =0
FBD DEF: F, =800 Ib—

t5F, =0: g_gglb 4(400 1b)+ F, =

F _ 2800 th ;
3

Joolb

Since A~" = F" and P! = AJ” Tmax =7 \/(800 lb) +(28300 th )
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PROBLEM 7.162 (Continued)

(@) T, =1229271b, T =12291b 4

CZMU =0: (12 ft)[g%gﬂib] —d, (800 1b)— (6 f1)(400 Ib) =0

(b) dy =11.00 ft <
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PROBLEM 7.163

Solve Problem 7.162 assuming that o, =9 ft.

PROBLEM 7.162 An oil pipeline is supported at 6-fi intervals by
vertical hangers attached to the cable shown. Due to the combined
weight of the pipe and its contents the tension in each hanger is
400 Ib. Knowing that d,. =12 ft, determine («) the maximum
tension in the cable, (b) the distance dp.

’«w—~—-ﬂ~ 5@ 6§ = 30 |

SOLUTION

FBD CDEF;

(EM. =00 (I8 10)F, ~ (9 T)F, —(6 fL+12 Y400 1b) = 0

A
£, =2F, =-800 b "
FBD Cable: QEM 4 =00 (BOIE, (5 f)F,
—(6 Y E+2+3+4)(400 1by=0
F,~0F, =-4300 1b (2)
Sobving (1) and (2),
£

F =12001b—, F, =10001b]

—ZF =00 -4 +12001h=0, A =12001b—

ey
[ Y e
/ £l 'b"b[: T

Fairot.
{EF =0: A, +1000 b—4(400 1) =0, A, =600 Ib]

Point F:
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PROBLEM 7,163 (Continued)

Since

A=A, and F, >4, T =T

w2 Max

T = (1 kip)? +(1.2 kips)?

(@)

FBD DEF: (EMD =0: (12 f)(1000 [b) - d,, {1200 1b)
—{(6 (400 1b)=0
roeolh

rzoe /b

(b)

LITERY

=1.562 kips 4

d,=8.00fi <
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PROBLEM 7.164

A transmission cable having a mass per unit length of 0.8 kg/m is strung between two insulators at the same
elevation that are 75 m apart. Knowing that the sag of the cable is 2 m, determine (&) the maximum tension in
the cable, (b) the length of the cable.

SOLUTION [,_ 3
we= (0.8 kg/m)(9.81 m/s?) Z A
=7.848 N/m
W = (7.848 N/m)(37.5 m) 40325
W =2943N
(a) YEM, =0: T,(2 m)wW{%?ﬁ.S m):()
| o P
T2 m)= (2943 N2 (37.5 m) = 0 Z 270w
T, =2759 N
T2 =(294.3 N)” +(2759 N)* 7,=2770 N 4
2 2
(b) Sp =Xy 1+~[1'£J oo
3w,

2
—375m 12 2
3337.5m

=37.57Tm
Length =2s, =2(37.57 m) - Length=75.14 m
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|<— 9 ——d—b o — PROBLEM 7.165

Cable ACB supports a load uniformiy distributed along the
127 horizontal as shown. The lowest Point C is located 9 m to the right
of 4. Determine (o) the vertical distance a, (h) the length of the
cable, (¢) the components of the reaction at 4,

00 ketfi

SOLUTION Ay
% b-_’l%
Free body: Portion AC o
tha... \,\_‘ h?;
HEF =0 4, -9w=0 T
A}, :9wf o Qs
J:)EM'A =0 Ta—(Ow)(4.5m)=0 (N
Free body: Portion CB 4m a8,
T o
| w] e
HEF =00 B ~6w=0 =
FrasLm
B, = 6wT

Free body: Entire cable

b A - z4er

_7?’) 9—* Z,75m
— ‘382 a=2.25
= 2L L ';g‘,‘w’ J
J5m i
+)EMA =0 Bw(75m)~ow(l15m)-7,(225m)=0
{a) Ty =10w
Eq. (1) Tha ~Ow)(4.5m)=0
10w = (9w)(4.5) =0 a=405m 4
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PROBLEM 7.165 (Continued)

(6y Length=AC+CB

Portion AC" x,=9m, y,=a=405m Xi:igé:{).%
X
20y, Y 2(v, Y
semntr (2] 2
' Iixy, 50 x,

2 2
Sg0 =9 lﬂ(1+"0.452 ~Z0.45" +.. ) =10.067 m
3 3

Portion CB: Xy =6m, yy=405-225=18m 2£=03

Sey =6 m(i 1203 2034 4. J =6.341 m
3 5

Total length =10.067 m+6.341 m Total length =16.41 m 4

(¢) Components of reaction at 4.

A, = 9w =960 kg/m)(9.81 mis?)

AR AN
! -9 =5297.4 N
A, =Ty = 10w=10(60 kg/m)(9.81 m/s”)
= 5886 N A =5800N-~— «

A, =5300N|
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