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24 in.

i PROBLEM 7.1

Determine the internal forces (axial force, shearing force, and
10in. bending moment) at Point J of the structure indicated.

l](ﬂ() b
A B C
Q
14 in.—=<S8 in. 8 in.

Frame and loading of Problem 6.75.

SOLUTION

From Problem 6.75:  C,=7201b~—

C,=1401b)]
FBD of JC:
S in. 0;3: \“o \b
bj(’z:—’\\\ ANy o PR
v

+~3F, =0: F-7201b=0
F=+7201b F=7201b— <
[ZF,=0: V-1401b=0
V=1401b V=14001b| <
)EM, =0: M —(1401b)@8in)=0

M =+11201b-in. M=11201b-in.‘>4
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PROBLEM 7.2

Determine the internal forces (axial force, shearing force, and bending
6ft moment) at Point J of the structure indicated.

Frame and loading of Problem 6.78.

'l
C

300 1b 450 II)J

4ft~>L74ft 4ft—>l<—4ft

SOLUTION

From Problem 6.78: D, =9001b—

D, =7501b!
FBD of JD:
D =2§0/b

4ft ‘—"1—3—._ - 9006

LSFE J p
90 -t LLnng= Z " 0.3

F “x. (v B
- M - ol =20.5%

+‘> XM, =0: -M +(7501b)(4 ft) — (900 Ib)(1.5 ft) =0
M =+16501b-ft M=16501b-ft)4
FNIZF =0: -V +(7501b)cos20.56°— (900 1b)sin 20.56° = 0
V =+386.21b V =386 1b 69.4° «
-I—/ YXF=0: F—(7501b)sin20.56°+ (900 1b)cos20.56°=0
F=+1106.11b F=11061b.720.6° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1004

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

300 mm_, 300 mm_ PROBLEM 7.3

Determine the internal forces at Point J when a= 90°.

480 mm

240 mm

780 N

SOLUTION
Reactions (& =90°)
4\ 300""‘!‘?;’ IM,=0: B, =0
By
A 12
+2F,=0: A 5 |7780N=0

A=845N A =845N /

F.3F =0: (845 N)%+Bx =0

B,=—325N B =325N~—

FBD BJ:
| \(fﬂ)%”"‘” +/EF=0: 125N-F=0 F=1250N « 67.4° 4
T""J - u’;:::)(%): 30N N\ XF=0: V-300N=0 V=300N K22.6°<«
480mm )IM =0: (325N)(0.480m)~M =0
_FJ,/;"! M =+156 N-m M =156.0N-m ) <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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300 mm_, 300 mm_, PROBLEM 7.4

Determine the internal forces at Point J when a= 0.

480 mm

240 mm

C
780 N
SOLUTION
Reactions (o =0) +‘> EM, =0: (780 N)(0.720 m) + B, (0.3 m) =0

B, =-1872N B, =1872N|
+ 2F, =0: AG?] 1872N =0

A=2028N

FUSF =0: (2028 N){%]+780 N+B,=0

B =-1560 N B, =1560 N -
FBD BJ:
o o) r20n J/SF=0: 1728 N+600N—F =0
lonfs = 7o Y o it ) s F=+42328N F=2330N £ 67.4° 4

V\—— @ = /ShoH
(/a’ta/y)( 7Z)=res0n \+\EF=O: 720N -1440N+V =0

V=+4720N V=720N X22.6° 4

480% + 200 =520 mm

+‘> XM, =0: (1440 N)(0.520 m)— (720 N)(0.520m)-M =0

M =+3744 N-m M=374N-m ) 4
Alternate Computation of M using B, +B:
+‘> XM, =0: (1560 N)(0.48 m)—- (1872 N)(0.2m)-M =0

M =+3744 N-m M =374 N-m ) 4
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120 mm PROBLEM 7.5
B A
f Knowing that the turnbuckle has been tightened until the tension in wire AD
A0 O is 850 N, determine the internal forces at point indicated:
100
mm M
+ Point J.
100 mm
j_CL S D
Lﬁ 280 mm —>‘
SOLUTION
P /?0),:/}_,, P Free Body AJ
/00 mim o= &N
_L v ADVeor+z007
- J 300 \3“ = 348 2nm
At e
1
FL3F =0 -V + 160 (850N)=0
340
V =+400 N V=400N-— <«
dxr =00 P[22 850 N)=0
’ 340
F=+750N F=750N <

160
340

300

o j(sso N)(100 mm) =0

+)IM, =0: M—( ](850N)(120mn0—(

M =+130N-m

M=130N-m") «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.6

Knowing that the turnbuckle has been tightened until the tension in wire AD

A0 O is 850 N, determine the internal forces at point indicated:
+—

100 mm
1

100 mm

Point K.

X

SOLUTION

Free body AK:

R - /Zo)m-ﬂ a

M =+170 N-m

Internal forces acting on KCD are equal and opposite

i T=850/
200w \ AD =+/160* +300?
JL\_/ « 200 | 0 =340 mm
m\tE g0}
On portion KBA:
45 =00 —v+[ 190 ) 850 N)=0
340
V =+400 N V=400N ~— 4
sk =0 F=[2%)ss0n)=0
y 340
F=+I50N F=750N <
300 160
=M, =0 M —| = |(850 N)(120 mm)—| — |(850 N)(200 mm) = 0
=M, {340]( )(120 mm) {340)( )(200 mm)

M=170.0N-m )

F=750N]|, V=400N—, M=170.0N-m ) «
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|«<—6in. 3in.T3 in>f<——=~6in. 3 in:»‘ PROBLEM 7.7

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

A
Q ]
B
Y751b
SOLUTION

Free body: Entire frame

+)EM =0: (751b)(12in)— F(9in)=0

F=1001b| <
+.3F,=0: C,=0
+/2F, =0: €, -751b-1001b=0
C,=+1751b Cc=1751b! <
Free body: Member BEDF
£)IM, =0: D(12in)-(1001b)(15in) =0
D=1251b{<
F.3F,=0: B, =0
+/ ZF, =0: B, +1251b-1001b=0
B, =-251b B=251b, <

Free body: BJ
JLZF,=0: F-(251b)sin30°=0
F=12.501b <7 30.0° <
+N\ZF, =0: V—(251b)cos30°=0

V=21.71b> 60.0° 4

D)EM, =0: —M +(251b)(3in) =0
M=7501b-in. ) 4

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1009



https://students-hub.com

|«<—6in. 3in.T3 in>f<——=~6in. 3 in:»‘ PROBLEM 7_8

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

9
= (@

Free body: Entire frame

)IM =0: (751b)(12in)— F(9in)=0
F=1001b| <
+.¥F, =0: C,=0
+] £F, =0: €, -751b-1001b=0
C, =+1751b C=1751b} <
Free body: Member BEDF
+)IM, =0: D(12in)-(1001b)(15in) =0
D=1251b|<
+.¥F, =0: B =0
+1$F, =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. <
Iy +/ TF =0: F—(1251b)cos30°=0
d=bia. g/-ml;oﬂ F =108.31b « 60.0° 4
é: 0.8038 in.

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.8 (Continued)

“FEF, =0: V-(1251b)sin30°=0
V =62.51b™x 30.0° 4
+)IMy =0: M —(1251b)d =0

M =(1251b)d = (1251b)(0.8038 in.)
=100.51b-in.

M =100.51b-in. ) <
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180 mm

180 mm

120 N

PROBLEM 7.9

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

)

SOLUTION

FBD Rod:

20N

(ZM,;=0: A,(2r)=0
A =0

/" $F,=0: V—(120 N)cos60°=0
V=60.0N ~ <

N ZF, =0: F+(120 N)sin60°=0
F=-103.923N
F=103.9N*_<
(M, =0: M —[(0.180 m)sin60°](120 N) =0

M =18.7061
M=18.71) 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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120 N PROBLEM 7.10

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

_4
180 mm
+—x
180 mm
SOLUTION
FBD Rod:
208 {£F,=0: B,-120N=0 B, =120N|
(=M, =0: 2rB,=0 B, =0
\ZF,=0: V—(120N)cos30°=0
V =103.923N
V=1039N\ «
/'SF,=0: F+(120N)sin30°=0
F=-60N
F=60.0N/ <
(ZMy =0: M —[(0.180 m)sin30°](120 N) =0

M=10.80N-m ) «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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281“ PROBLEM 7.11

'«—160 mm —|=—160 mm —-
o A B A semicircular rod is loaded as shown. Determine the internal
forces at Point J knowing that & = 30°.
160 mm
120 mm
D
SOLUTION
4 3
FBD AB: (=M, =0: r[gC]+r(gCJ—2r(280 N)=0
C=400N /
4
—2F =0: —-A, +§(4OO N)=0
A =320N-—
ITF, =0: 4, +§(4oo N)-280N=0
FBD AJ: A, =400N{
HoN & , \ZF,=0: F—(320N)sin30°—(40.0 N)cos30°=0
L_.__ O'Wij_ 4
A “o F=194.641N
=
ston <~ 30° F=194.6 N < 60.0° 4
T '
/ZFy» =0: V—=(320N)cos30°+ (40 N)sin30°=0
M
V =257.13N
~ \
\ ; V=257TN_« 30.0° 4
\x

(=M, =0: (0.160 m)(194.641 N) - (0.160 m)(40.0 N) = M =0
M =24.743
M=247N-m ) 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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%1“ PROBLEM 7.12

'«—16() mm —=—160 mm—-
o A B A semicircular rod is loaded as shown. Determine the magnitude
and location of the maximum bending moment in the rod.
160 mm
120 mm
D
SOLUTION
Free body: Rod ACB
4 3
)IM, =0: | —Fgp |(0.16m)+| = Fpyy |(0.16 m)
280N 5 5
63'* 160 mm I

~(280 N)(0.32m) =0
F.,, =400N /" <

H_SF =0: A, +§(400 N)=0
A =-320N A, =320N <
+3F,=0: A, +§(400 N)—280N =0

A, =+400N A, =400N{<

Free body: AJ (For 6 <90°)

+‘> XM, =0: (320 N)(0.16 m)sin 8- (40.0 N)(0.16 m)(1-cos@)—M =0

M =51.2sin0+6.4cosf—6.4 (D)
For maximum value between A and C:
dﬁ:O: 51.2cos@—6.4sin@ =0
dé
tan6’=2=8 60=82.87° 4
6.4

Carrying into (1):
M =51.25in82.87°+6.4c0s82.87°-6.4=+4520N-m <

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
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PROBLEM 7.12 (Continued)

Free body: BJ (For 6 >90°)

280 N +‘>ZM, =0: M —-(280N)(0.16 m)(1-cos@)=0
[';0'_1 B M = (44.8 N -m)(1 = cos )
v’{/ \_I‘D‘> | Largest value occurs for ¢ =90°, that is, at C, and is
0'“{/‘:‘ 2 M. =448N-m <

We conclude that

M, =452N-m for 6=82.9° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.13

The axis of the curved member AB is a parabola with vertex at A. If a vertical
load P of magnitude 450 Ib is applied at A, determine the internal forces at J
when A=12 in., L =40 in., and a = 24 in.

L |
SOLUTION
Free body AB [£F, =0: -4501b+B, =0
po wsolb B, =4501b]

+) XM, =0: B ,(12in.)-(4501b)(40in.)=0
B, =15001b ~—

XF,=0: A=15001b—

Parabola: y=kx
At B: 12in. = k(40in.) k =0.0075
Equation of parabola: y=0.0075x>

slope = D_ 0.015x
dx

AtJ: x,=24in. y, =0.0075(24)> = 4.32in.
slope =0.015(24)=0.36, tan6=0.36, 6=19.8°

Free body AJ

Y50 b 24, —

4432 1%

1500 &b

+‘> XM ; =0: (4501b)(24in.)—(15001b)(4.32in)-M =0
M =43201b-in. M=43201b-in.)4
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PROBLEM 7.13 (Continued)

FNZF=0: F—(4501b)sin19.8°—(15001b)c0s19.8°=0
F=+1563.81b F=15641b>x.19.8° 4

+/7 LF=0: -V —(4501b)cos19.8°+ (1500 1b)sin19.8°=0
V=+484711b V=8471b770.2° 4
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PROBLEM 7.14

Knowing that the axis of the curved member AB is a parabola with vertex
at A, determine the magnitude and location of the maximum bending
moment.

SOLUTION
Parabola y=kx’
At B: h = kI?
k = h/I?
Equation of parabola y=hx*/I? TB
4 =)
)IM; =0: P(L)-A(h)=0 A=PL/h—

Free body AJ AtJ: x; =a y, =ha’/l?
Py

For maximum: dﬁ:P 2_a_1 =0
da L
1
M. occurs at: aZEL |
2
M. =P (L/2) _L =—E Ml =—PL 4
L 2 4 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.15

’47] m
N W
’ c Knowing that the radius of each pulley is 200 mm and neglecting
friction, determine the internal forces at Point J of the frame shown.

E|
I 0.8m I

<0.2m

=]
>
>
3

360 N

FBD Frame with pulley and cord:

(=M, =0: (1.8m)B, —(2.6 m)(360 N)
~(0.2m)(360 N) =0
B, =560N ~—

FBD BE:
Note: Cord forces have been moved to pulley hub as per Problem 6.91.

(M, =0: (1.4m)(360N)+ (1.8 m)(S60N)
~(24m)B, =0

B, =630N |

FBD BJ:

t30N NXF,=0: F+360N—§(630N—360N)

—?(560N) =0
F=250N36.9° 4

/ZF),» =0: V +§(630N—360N)—%(560N) =0

V=120.0N «53.1° «

(ZM,; =0: M +(0.6m)(360N)+(1.2m)(560N)
—(1.6m)(630N) =0

M=120.0N-m ) «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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< 1m PROBLEM 7.16

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

1.8m shown.
K

TN B[,

[ I | | 0.2m

06m N\ 08m ' 08m

0.2m
360 N

SOLUTION

Free body: frame and pulleys

=M, =0: —B (1.8 m)—(360 N)(0.2m)
~ (360 N)(2.6 m) =0

B, =-560 N B, =560N <
+_SF =0: A, —-560N-360N=0

A =+920N A =+920N . <

+/ TF, =0: A, +B,-360N=0
A, +B, =360 N (1)

Free body: member AE

We recall that the forces applied to a pulley may be applied
directly to the axle of the pulley.

F)IMp=0: —A,(24m)- (360 N)(1.8m)=0

A, =-270N A, =270N| <

From (I): B, =360 N+270 N

B, =630N B,=630N|<

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 7.16 (Continued)

Free body: AK
LZFX=O: 920N-360N-F =0

F=+560 N F=560 N ~— «

+] £F, =0: 3600N-270N-V =0

V =+90.0 N V=900N|«
S)EM, =0: (270 N)(1.6 m)— (360 N)(I m)— M =0

M =+72.0N-m M=720N-m ) <«
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PROBLEM 7.17

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 10 Ib/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

+/ 3F, =0: D-—(901)=0 D=721b / <
“FEF, =0: E—§(901b)=0 E=541b " <

Free body: Frame
+‘> XM =0: —Ay (18.751in.) + (72 1b)(2.5in.)
+(541b)8.75in.) =0

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

+15F =0: B, +34.81b—%(72 lb)—§(54 16)=0
B, =+5521b B, =5521bf<
3 4
H-3F =00 A+ B = 2(721)+ £ (5416) =0

A +B. =0 (D
Free body: Member AC
+‘> M. =0: (721b)(2.5in.)—(34.81b)(12in.)— A, (9in)=0

A =-2641b A, =2641b-—
From (1): B =—-A,=+2641b
B, =2641b— <
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PROBLEM 7.17 (Continued)

Free body: Portion AJ

Forx<12.5in. (AJ £ AD):

3 4
+‘>EMJ =0: (264 lb)gx—(34.81b)§x+M =0
M =12x
M, =1501b-in.for x=12.51n.
M., =150.01b-in.at D <

For x >12.5in.(AJ > AD):

)IM, =0: (26.4 1b)§x—(34.81b)%x+(72 b)(x—12.5)+M =0

M =900-60x
M., =1501b-in. for x=12.51in.

Thus: M, .. =150.0Ib-in.atD <«

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1024

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

PROBLEM 7.18

For the frame of Problem 7.17, determine the magnitude and location
of the maximum bending moment in member BC.

PROBLEM 7.17 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 10 Ib/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

+/ ZF =0: D=~ (9016)=0 D=721b / <
“2F, =0: E—§(901b)=0 E=541b > <

Free body: Frame

+‘> IMp=0: —A,(18.75in.)+(721b)(2.51n.)
+(541b)(8.75in.) =0

A, =+3481b A, =3481bf<
4 3
+/2F,=0: B, +348 10— (721)~ £ (541b) =0
B, =+5521b B, =5521b{<
3 4
H3F =00 A+ B - L(721)+(5416)=0

A +B =0 (1)
Free body: Member AC

D)EM =0: (721b)(2.5in.) - (34.8 Ib)(12 in.)
~A,(9in)=0

A =-2641b A, =2641b-—
From (1): B =—A, =+2641b

B, =2641b— <
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PROBLEM 7.18 (Continued)

Free body: Portion BK

For x<8.751in.(BK < BE):

3 4
+‘>ZMK =0: (552 lb)gx—(26.4 lb)gx—M =0
M =12x
M., =10501b-in. for x=8.75in.
M. ., =10501b-in.at E <

For x >8.75 in.(BK > BE):

+)IM . =0: (55.21b)§x—(26.4 1b)%x—(54 Ib)(x—8.75in.)— M =0

M =472.5-42x
M .. =10501b-in. for x=8.75in.

Thus M,, =10501b-in. at E 4
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PROBLEM 7.19

§: ; Knowing that the radius of each pulley is 150 mm, that & = 20°,
and neglecting friction, determine the internal forces at (a) Point J,
(b) Point K.
500 N
SOLUTION

Tension in cable = 500 N. Replace cable tension by forces at pins A and B. Radius does not enter

computations: (cf. Problem 6.90)
SooN
—’t&m
Soon

(a)  Free body: AJ
J _F
k— 0.4m —-1 ‘)M
y

+.3F, =0: 500N-F=0
F=500N F=500N-— <«
+] £F, =0: V-500N=0
V=500 N V=500N! <«
+)IM, =0: (500 N)(0.6m)=0
M =300N-m M=300N-m ) <

(b)  Free body: ABK
Soo v
A r— Lim —f oo

- Illl:t[[[ll/l/\ \

S0y B/

SooN
20° 0.9m

S

P

U

v
/|
G

/]

K
£ tem

1.

FLFF =0: 500 N—500 N+ (500 N)sin20°-V =0
V=171.01N V=171.0N-— <
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PROBLEM 7.19 (Continued)

+/ £F, =0: 500N - (500 N)cos20°+ F =0
F=969.8N
F)IM, =0: (500 N)(1.2 m) - (500 N)sin 20°(0.9 m)— M =0

M =446.1N-m

F=970N <«

M=446N-m ) <
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PROBLEM 7.20

C(E; . Knowing that the radius of each pulley is 150 mm, that o= 30°,
and neglecting friction, determine the internal forces at (a) Point J,
(b) Point K.
500 N
SOLUTION

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

SooN
(a)  Free body: AJ: ﬁ& J F
Soon -
k— 0:ém ‘)M
+_SF, =0: 500N—F =0 y
F=500N F=500N-— <«
+15F, =0: V-500N=0

V=500 N V=500N| <
=M, =0: (500 N)(0.6m)=0
M =300N-m M=300N-m ) <
®) FBD: Portion ABK:
FOON
V2 e "
y 500N
\‘&
SOoON A »
A o4 m
£ Soon
K
v 1:
~—=3F,=0: 500 N-500 N+ (500 N)sin30°—V V=250N -«
SR, =0: —500 N (500 N)cos30°+ F =0 F=933N| <«
)IM, =0: (500 N)(1.2 m) — (500 N)sin30°(0.9 m) — M =0 M=375N-m ) 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 forces at Point J.
P P P
D 200t N i 20
T T
a a
1 1
f f
a a
+ 4
A 3
4
(a) (b)
SOLUTION
(@) FBD Rod:
fl TQ —~3F,=0: A =0
ay o
P
(ZM,=0: aP-2aA,=0 A =—
Zakp 2
A 3 > ﬁ)‘
4)’
FBD AJ: —3F =0: V=0 «
E
M tsr, =0: £-F=0 r-L <
> y 2 2
Y
(=M, =0: M=0 <
A
7
(») FBD Rod: (=M, =0: 2a(%Dj+2a(§D)—aF=O D =%
R
I Y —eSF,=0: A —22P=0 a =2t
3 514 7
J Y20
35 11P
— XF =0: A, —P+=—P=0 =—
A J ﬁ’ T y y 5 14 y 14
=y
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FBD AJ:

(¢) FBD Rod:

FBD AJ:

PROBLEM 7.21 (Continued)

—2F =0:
fsF, =0:
(=M, =o0:
(zm, =0:
—2F =0:
IsF, =0:
—2F =0:
IsF, =0
(=M, =0:

2p_v=0
7
HP v )
14
az—P—M =0
7

205
_asP_
52
a—p-33 g
2
2P-V =0
EL
2
a(2P)—-M =0

v="C <
7
L
14
MzzaP)<
7
p=>Ff
2
A =2P
5P
AyZT
V=2P-— <
FZéﬂi‘
2
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 each of the three
cases shown, determine the internal forces at Point J.
P P
a—~—a a—f<—a—] 3
i is
9) D
C
(@) (b) ()
SOLUTION
(@) FBD Rod: (=M, =0: aP-2aA=0
) 41 4 A —£<_
- 2
R ay a o
T —2XF,=0: V-—=0 V=—— 4
2 2
o
Ale A
FBD AJ: IsF, =0: F=0 <
AP E_
& p/lb aP
T XY (=M, =0: M-a==0 M=L") <
a.
P
A lg 2
(b) FBD Rod:
P 4D
A (=M, =0: aP—ﬁ(iA)zO
o [=5 5
ey >
D Dw
A 2a- A _3P
N 2
41N A
3
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Pty
p = >
oD
A 20-
N s

PROBLEM 7.22 (Continued)

35P

—~3F =0: 22 _y=0
52

tsr =0 238 _p_g
’ 52

—sF =0 v-[23]-¢
514
tsr =0 2P _p_g
’ 514
(sM, =0 M-a[23]=0
514

3P

V="--—4d
2
F=2P| <4
M:%ap) |
v=3L . 4
14
F=2—Pi |
7
3
M=HaP‘> 4
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PROBLEM 7.23

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

SOLUTION

FBD Rod:

(M, =00 Zw-ra =0 A =221
T T
FBD AJ: o =15°, weight 0fsegment=W3O W
90° 3
7 =L sinor=—sin15° = 0.9886r
o v/
12
/'SF, =0: 2W 0530° =Y cos30°— F =0
V.4 3
sz_ﬁ(z_lj /
2 \wr 3
QZM0=M+r(F—%]+Fc0s15°¥=O M=0.0557Wr‘>4
T
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PROBLEM 7.24

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:
B
- g QZMA=O: rB—EW:O
b4
r G B :2_W<_
T
J— w
Ax A
Ey
2r —
=
FBDBJ: azlsozl
12
o 2w Y
l =\
o et F = sin15° = 0.98862r
N / 12
TN W/3 , 30° W
v Weight of segment =W =—
A o 3
X
£

/ZF},» =0: F —¥00s30°—ﬂsin30° =0
T

(=M, =0: rF—(Fcos15°)¥—M =0

M =rW €+l —(0.98862%]Wr

M =0.280Wr ) <
T
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PROBLEM 7.25

For the rod of Problem 7.23, determine the magnitude and location of the maximum
bending moment.

PROBLEM 7.23 A quarter-circular rod of weight W and uniform cross section is
supported as shown. Determine the bending moment at Point J when 6 = 30°.

SOLUTION
FBD Rod: —2XF,=0: A =0
te (sMy=0: ZLw-ra =0 4 =2
T V4
8
4 _ T
3 o=—, r=—sina
2 o
-
w Weight of segment = W2_0( = 4—0{W
Ax % V%
", L_ Zr_, 4o 2w
~Y m /XF,=0: —F——=Wcos2a+——cos2a=0
V4 V4

F =%(1—2a)c052a=ﬂ(1—9)cos¢9
V4 V4

FBDAJ: (=M,=0: M +(F—ﬂ)r+(7cosa)4—aW =0
T T

M =ﬂ(1+¢900s¢9—cos9)r— oW L sinacosar
V4 T o
. 1. 1.
But, sincosor =—sin 2 = —sin @
2 2
2r .
SO M =—W({—-cosf@+68cosf—sinf)
T
dﬁ:2rW(sin¢9—€sin¢9+cos€—cos€)=0
de V.4
for (1-6)sinf =0
dﬂ:o for 6=0,,nxr(n=12,---)
dé
Only 0 and 1 in valid range
At 6=0 M=0, at @=I1rad
at 6=57.3° M=M,_, =0.1009Wr 4
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PROBLEM 7.26

For the rod of Problem 7.24, determine the magnitude and location of the maximum
bending moment.

PROBLEM 7.24 A quarter-circular rod of weight W and uniform cross section is
supported as shown. Determine the bending moment at Point J when 8= 30°.

SOLUTION
FBD Bar:
(=M, =0: B-Lw-0 B=W_._
T T
a=2 SO OSaSZ
2 4
— ro.
r =—Smnao
o

Weight of segment = WZTa
2

4
W
V3

/3F =00 F-2%weos2a— 2 in2a=0
T T

F = ﬂ (sin2¢ + 2 cos2¢x)
T

=2—W(sin6+ Gcos )
T

FBD BJ:
(EM,=0: rF —(Feosa) “Ew M =0
T
M =£Wr(sin6+9c0s9)—(LSinacosa]4—aW
V.4 o T
. 1. 1.
But, sincoso = Esm 200 = Esm o
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PROBLEM 7.26 (Continued)

SO M = 2Wr (sin@+ Bcos@ —sinb)
V4
2
or M =—WrBcos 8
V.4
dﬂ =£Wr(cos€— fsind)=0 atftanf =1
de &
Solving numerically 6 =0.8603 rad
and M=0357TWr ) <

at 6=49.3° 4

(Since M =0 at both limits, this is the maximum)
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. PROBLEM 7.27
N
A 0 /<49 C A half section of pipe rests on a frictionless horizontal surface as shown. If the
n half section of pipe has a mass of 9 kg and a diameter of 300 mm, determine the
L_ r—l bending moment at Point J/ when 8 =90°.
SOLUTION
For half section m=9kg
y 8=
W =mg =(9)(9.81) =88.29 N wrAt
Portion JC: - o
1 M
Weight =—W =44.145 N ) N
2 FWHLINSH S,
. . =/50 wn -b{i <
From Fig. 5.8B: *.4%/%'/*/
2r _2(150)
/4 /4
x=95.49 mm
+‘> XM, =0: (44.145N)(0.15 m)— (44.145 N)(0.09549 m)-M =0
M=+2406N-m  M=241N-m )«
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. P PROBLEM 7.28

(@]
20 A half section of pipe rests on a frictionless horizontal surface as shown. If the
B_ 27 half section of pipe has a mass of 9 kg and a diameter of 300 mm, determine
the bending moment at point J/ when 8= 90°.

SOLUTION
For half section m=9kg
W =mg = (9 kg)(9.81 m/s>) =88.29 N FWHRIH

Free body JC x
Weight of portion JC, = %W =44.145N F oo

r =150 mm ﬂ”tty
From Fig. 5.8B:

= 2r = 2059 =95.49 mm
V4 V4
+‘> XM, =0: M —(44.145N)(0.09549m)=0
M =+4.2154N-m M=422N-m") <
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w PROBLEM 7.29

A 1 l 1 1 1 l 1 1 l\ B For the beam and loading shown, (a) draw the shear and bending-moment
I diagrams, (b) determine the maximum absolute values of the shear and
L ' bending moment.
SOLUTION
(LTI
A N &
e L -

, [] !‘7“[ ‘./IDM
ﬂlﬁ 7. —

i ¥ 4‘}/
V14 8

‘ X

/
// —wl

"la 3

+T 2F,=0: —wx-V=0

=—WwX

)M, =0: wx(fjﬂw =0
2

M =——wx?

Wi, =wL 4
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wy PROBLEM 7.30

Al | B For the beam and loading shown, (@) draw the shear and bending-moment
‘ | diagrams, (b) determine the maximum absolute values of the shear and
. L | bending moment.
SOLUTION

lwx—l w, X —lw i By similar A’s
0 5 () 17 y

2 2L
P31 s
m‘l
p = 3 . lv)_
4
2 2
+ =F, =o0: —%wox——vzo V:_%WOXT
2 3
£)IF, =0: %wox— §+M=O M=——w0xf
Vl By

max

W_%%L % _éW0L<

max

/
A IMI =gw0L2 <
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r PROBLEM 7.31

‘? BY N ? For the beam and loading shown, (a) draw the shear and bending-moment

hie A A diagrams, (b) determine the maximum absolute values of the shear and
bending moment.
L L L g
L;E_N_ﬁ_’ 4_34"
])
SOLUTION

Free body: entire beam

A3k =00 £opipap =0
3 Y
D,=-P/3  D=P/3|
(a)  Shear and bending moment. Since the loading consists of concentrated loads,
the shear diagram is made of horizontal straight-line segments and the
B. M. diagram is made of oblique straight-line segments.
Just to the right of A:
A M
1
[::'15 d3F =0 —v+L-0 V,=+P/3 <
° ] v ' 3
) 1
P
- +)XM,=0: M,——(0)=0 M, =0
o | S |
e 4 L B v, Just to the right of B:
3 3 P
I 5F, =0: -V, +=-P=0, V,=-2P/3 <
3
P(L
)IM, =0: M2—§(5j+P(O):0 M, =+PL/9 <
Just to the right of C:
P
1 5F, =0: —-P+P-V,=0 V,=+P/3 <
3 3
P(2L L
+)IM; =0: M3—g(?)+P§—P(O)=O M, =-PL/9 <
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PROBLEM 7.31 (Continued)
Just to the left of D:
+ =F, =o0: v,-£-o v,=+L 4
3 3
P
+)IM , =0: M, -5 ©)=0 M,=0 <
\
+3 —
A B 3 Dt
2P - —
3
n
Lo
7
AN
A B l/ *
O S
q
(b) V1, =2P/3; M|, =PL/9 4
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r PROBLEM 7.32
Y C
A | For the beam and loading shown, (a) draw the shear and bending-moment
) B diagrams, (b) determine the maximum absolute values of the shear and
b L L bending moment.
2 2
SOLUTION
(a)  Shear and bending moment.
Just to the right of A:
e V, =+P; M, =0 <
P ? v P 1=

Just to the right of B:

. H5F,=0: P-P-v,=0; V,=0 <
.Pi s N
o ), )’\:) M, =0 MZ—P&):(); M,=+PL/2 <
Just to the left of C:
. My | 2F, =0: P-P-V,=0, V,=0 <
A JB C ’
‘,_f,,_‘.» R ey JLV L
PA— by A=ty —t = S)EM, =0: M3+P(E]—PL:0, M, =+PL/2 <
v
P
A L2 N x
P‘L — — —
2
A B8 c x
(b) VI, =P 4
M|, =PLI2 4
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| L L PROBLEM 7.33
2 2 ’
B \ c For the beam and loading shown, (a) draw the shear and bending-moment
A= 8 /l zzé: diagrams, (b) determine the maximum absolute values of the shear and
M bending moment.
SOLUTION
,30
(@) FBD Beam: (=M =0: LA, —M,=0 A L3 ¢
ﬁ"ﬂ — t——d—— . —¢
M R -
A =20
L
v
[XF,=0: —A,+C=0
M M./
c=—21
L e
2
Along AB:
M
A I-’jm [3F,=0: —=L2-v=0 X
x A - ’_.
Mo l v, yo My :
T & I
(=M, =0: x=2+M=0
M = —%x
L
M
Straight with M = _TO atB
Along BC:
/ &« ter —o Moy yo_Mo
7 3 M yo L L
o L __r;‘.,
— 2 Vv
Ly M
) % (M =0: M+x=—2-M;=0 M=M,|1-=
L L
. . M,
Straight with M = ES atB M=0atC
(b)  From diagrams: WVl ..=M,/L 4
M. =% at B 4
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g L PROBLEM 7.34

\/ B For the beam and loading shown, (a) draw the shear and bending-
A ] . . .
moment diagrams, (b) determine the maximum absolute values of the
M, =PL shear and bending moment.
SOLUTION
Free body: Portion AJ
Pl + 2F,=0: —P-V=0 V=-P <
M
(A l) +)IM, =0: M+P,~PL=0 M=P(L-x) <
Mo=PL 4
N A

(a) The Vand M diagrams are obtained by plotting the functions V and M.

Y
A B
P
M
PL \
[ B X
(b) lVlmax =P 4
|1W|maX =PL 4
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30 kN 20 kN PROBLEM 7.35
10 kN-m
/ D E B For the beam and loading shown, (a) draw the shear and bending-
) | e | moment diagrams, (b) determine the maximum absolute values of the
I \ ¢ ‘ shear and bending moment.
~—1m I I
0.5m 0.5m 0.5m
15 kN
SOLUTION
a Just to the right of A:
(a) A D M,
+{ 2F, =0 V,=+I5kN M, =0 2
\S kN
Just to the left of C: ™M
A M2
V,=+15kN M, =+15kN -m ‘1 l
15 kN
Just to the right of C: -
h lowe MM
V;=+15kN M;=+5kN-m l
1S kN
Just to the right of D: 30 "\
10 N ?‘ M4
= — = . A
V,=-15kN M, =+I12.5kN -m == & D
Just to the right of E: IS kN 0.5m
30k 20kN
=—35kN M,=+5kN-m A A pMs
tva 3
At B: M, =-125kN-m Sen oo Vs
V(kN) M(kN-wm) 5 2.5
IS s 1
: D E B X v ] |S 8
A c ' A c .6 E \] X,
-is -35 -12.5
b) WVl .. =35.0kN M|, =12.50kN-m <
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40 kN 32 kN 16 kN PROBLEM 7.36

v D El For the beam and loading shown, (a) draw the shear and bending-

1B moment diagrams, (b) determine the maximum absolute values of the

e shear and bending moment.
1.5 m—»‘ L— 0.2m

'0.6m 0.9m

SOLUTION

Free body: Entire beam

(@)

15 m——‘

+‘> XM, =0: B(G.2m)-(40kN)(0.6 m)—-(32kN)(1.5m) - (16 kN)(3m)=0

Ay G5l osa 027
B=+375kN B=375kN1<
IF,=0: A, =0

+T 2F,=0: A, +375kN-40kN-32kN—-16 kN =0

A, =+50.5kN A=50.5kN{<
Shear and bending moment A‘%l V)H
T 1
S0.5kN
Just to the right of A: V, =50.5kN M, =0 <
Just to the right of C:
kN +5F, =0: 50.5KN-40kN-V, =0 V, =+10.5kN <
A s
2
5‘05“06"\‘!1 +‘>ZM2=0: M, —(50.5kN)(0.6 m)=0 M, =+303kN-m <

Just to the right of D:

+/2F, =0: 505-40-32-V,=0 V, =—21.5kN <

F)IM, =0: My —(50.5)(1.5) +(40)(0.9) = 0 M, =+39.8kN-m <
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PROBLEM 7.36 (Continued)
Just to the right of E:
N ? Bo.ln +{F, =0: V,+37.5=0 V,=-37.5kN <
-4
t\y:@}azsm )IM, =0: —M, +(37.5(0.2)=0 M, =+750kN-m <
AtB Vy=Myz=0 <
(b) V0 =50.5kN <«
V(kN)
50,5
10,5
! E B
A l x
1
S
-37.5
M(kN-m)
39,8
x IMI|,, =39.8kN-m «

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited

distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1050

STUDENTS-HUB.com


https://students-hub.com

6 kips 12 kips 4.5 kips PROBLEM 7-37

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

i 4 E Y . . .
Al ¢ & B diagrams, (b) determine the maximum absolute values of the shear and
e bending moment.
| |
Pafe T2ft U 2ft T 2ft
SOLUTION
Free body: Entire beam
D E
A 2 B

)IM, =0: E(6ft) — (6 kips)(2 ft) — (12 kips)(4 ft) — (4.5 kips)(8 ft) =0

STUDENTS-HUB.com

E =+16 kips E=16kips { <
FL3F =00 A =0
+T XF,=0: A, +16kips — 6 kips —12 kips — 4.5 kips = 0
A, =+6.50 kips A =6.50kips | <
(a)  Shear and bending moment
Just to the right of A:
A u'l )p_ql V, =+6.50kips M, =0 <
6.508(»‘ Y,
Just to the right of C:
A ekig ‘)’-"z +T 2F,=0: 6.50kips—6kips—V, =0 V, =+0.50 kips <
ot 28 L\_Iz +)IM, =0: M, ~(6.50 kips)(2 ft) =0 M, =+13kip-ft <
Just to the right of D:
xips 12 feips +{2F, =0: 6.50-6-12-V,=0 V, =+11.5kips <
At y&’ )IM;=0: My —(6.50)(4)—(6)(2)=0 My =+l14kip-ft <

T T

Z
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(b)

PROBLEM 7.37 (Continued)

Just to the right of E:
" ‘!"f‘ [k +15F, =0: v,-45=0
B
{ % +)IM, =0: —M, - (4.52=0
ALB: Vy=M, =0
V(kips)
6,50 .50
050 \3
AT P x
~11.50
M (kip.st)
13.00_— 14,00
1
| |
} I
(1 \eg &
P‘ C D ] X
|
-9,00

V, =+45kips <
M, =-9kip-ft <

<

V1, =11.50 kips <

IM|, =14.00 kip-ft <«
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120 b 300 Tb 201, PROBLEM 7.38

V¢ D E Y For the beam and loading shown, (a) draw the shear and bending-moment
4 B diagrams, (b) determine the maximum absolute values of the shear and
A n bending moment.
| |
100 23in. ' 20in. '15in.
SOLUTION

Free body: Entire beam

1201b 300 1b 1201b

=M =0: (1201b)(10in.) - (300 b)(25 in.) + E(45 in.) — (120 1b)(60 in.) = 0
E=+3001b E=3001b] <
SF,=0: C,=0
+2F,=0: €, +3001b-1201b-3001b-1201b=0
C,=+2401b C=2401b <

(@)  Shear and bending moment

Just to the right of A:

okl 2 +2F, =0: —1201b-V,=0 V,=—1201b, M,=0 <
H}‘)\ y = U: 1= 1= > 1=
Y,

A

Just to the right of C:
llo)bEgj M +T ZFy =0: 2401b-1201b-V, =0 V,=+1201b <

8

Y, +‘)2MC =0: M,+(1201b)10in)=0 M, =-12001b-in. <
10 “2401b

Just to the right of D:

+1 2F, =0: 240-120-300-V, =0 V,=-1801b <

+‘>ZM3 =0: M, +(120)(35) - (240)(25) =0, M, =+18001b-in. <
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PROBLEM 7.38 (Continued)
Just to the right of E:
L“u(!‘/f' l:o b +2F, =0: V,—-1201b=0 V, =+1201b <
= +)IM,=0: —M,—(1201b)(15in) =0 M, =-18001b-in. <
At B: Ve=M,=0 <
(b) Vi, =180.01b «
N(Ib)
120 120
D '—|3
P E
-120 ’
-180
M(\bein)
1800
l
c / '\ E B
A D | 2
| |
|
{200
~|800
IMI_ =18001b-in. 4
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N PROBLEM 7.39

A Cl D B 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.
~—2 m—> ™ <~—2 m—
SOLUTION

Free body: Entire beam

)IM, =0: B(5m)— (60 kN)(2 m)— (50 KN)(4 m)=0

B=+64.0kN
XF.=0: A =0
+T 2F,=0: A +64.0kN-6.0kN—-50kN=0
A, =+46.0 kN
(a)  Shear and bending-moment diagrams.
From A to C:
k%,?““ +{2F, =0: 46-V =0
HokNT v +)IM, =0: M —46x=0
From C to D:
fe-2m—s{ 604N +{=F, =0: 46-60-V =0
A L M
b kF— . —4y +)IM,; =0: M —46x+60(x—2)=0
M =(120-14x)kN - m
For x=2m: M =+92.0kN-m
For x=3m: M,=+780kN-m

B=640kNT<
A=460kNT<
V =+46 kN <

M =(46x)kN-m <

V=-14kN <
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From D to B:

PROBLEM 7.39 (Continued)

“y +2F, =0: V+64-254=0
'(L‘.iu,
YT V =(25u — 64)kN
mtvﬂ*
eary +)IM ; =0: 64#_(25#)££j_M:0
64 kN ’ 2
M = (644 —12.54*)kN -m
For U4=0: V,=—64kN MB=0<]
®) VI, =64.0kN <«
V(KN)
6,0
A cp B
-14.0
-64.0
M (KN-m)
92,0
PARABOLA

M|, =92.0kN-m <

o — — — —
of—————— -
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24 kN o i PROBLEM 7.40

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

e bending moment.
<=3 m 3m 3 m~>l
SOLUTION
Free body: Entire beam
24 ke ) 24 WN
8 WM /wa
Y C D
A =
A
Tc_ =}
SRR S P
D 3w T Aen D -

+‘>ZMB =0: (24kN)Om)—-C(6m)+(24kN)(4.5m)=0 C=54 kNT

+ 5F, =0: 54-24-24+B=0

B=-6kN B=6kN|
From A to C:
24 kN + 2F, =0: —24-v =0 V=-24kN
LR M
A ’i—__sl’)— )IM, =0: (24)(x)+M =0 M =(-24x)kN-m
- % —{"y
From C to D:
-3 + SF, =0: —24-8(x—3)-V+54=0
e 80! 2 =r, (=3
A
8 ku/ml_f_l_ V =(-8x+54)kN
] } 5[4 X_3
A z,/ = +)IM,=0: (24)(x)+8(x—3)( j—(54)(x—3)+M=0
C=]54N | V
_ 3w - 5
3 M =(—4x> +54x —198)kN-m
e— X ———>

From D to B:
CT - +| £F, =0: V-6=0 V=+6kN
M V“'__',Bn,kux EIMy=0: —M —(6)9-x)=0 M =(6x-54)kN-m
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PROBLEM 7.40 (Continued)

(b) Vi =30.0kN <

V (kN a0
A
C \r—'—l
L T x
A D ®
-24
M (kN -
I < > B
A " . ®
i 18 M|, =72.0kN -m <
t
-72
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4 kips/t PROBLEM 7.41
Al 1B For the beam and loading shown, (a) draw the shear and bending-moment
A C D <4 diagrams, (b) determine the maximum absolute values of the shear and bending
| . | moment.
P . T
8 kips 8 kips
SOLUTION
. i kipo/ Tt
(@) By symmetry: , 4 [ TTLLlp 5
1 A 25+ Sk« lch
A, = B=8kips +§(4 kips)(5ft) A, =B=18kips| LTI CNP I S L
/5
Along AC: o
v
. . (D)
AT S M [ZF, =0: 18kips—V =0 V =18kips -0
£z ~ _ _ 5
vV QZMJ =0: M —x(18kips) M =(18kips)x /‘{:'6
/8 kigs ~ ) 3 36
M =36kip-ftat C(x=21t)
Along CD: M
T (K 5v)
XF, =0: 18 kips —8 kips — (4 kips/ft)x, -V =0
4 kips/§+ v P P P4
A __ ¢ *5 M V =10 kips — (4 kips/ft)x,
26| K ¥ ~
/Skips (S vips L V =0at x, =2.5 ft (at center)
QZMK =0: M +%(4 kips/ft)x, + (8 kips)x; — (2 ft +x,)(18 kips) =0
M =36 kip - ft + (10 kips/ft)x, — (2 kips/ft)x?
M =485kip-ft at x;, =251t
Complete diagram by symmetry
(b)  From diagrams: IVl =18.00 kips 4
M, =48.5kip-ft <
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2.5 kips/ft

PROBLEM 7.42

Free body: Entire beam

N C | For the beam and loading shown, (a) draw the shear and bending-moment
B diagrams, (b) determine the maximum absolute values of the shear and
bendi t.
! ot it —*I ending momen
12 kips
SOLUTION

+)EM, =0: B(0 ft)— (15 kips)(3 ft) — (12 Kips)(6 ft) = 0
B =+11.70 kips B =11.70 kips { <
XF,=0: A =0
+] 2F, =0: A, -15-12411.70=0

A, =+15.30 kips A =15.30kips | <

(a)  Shear and bending-moment diagrams

From A to C:
(@5 xips) Xla, '),._4
s
x ——rl !
‘5'3DK:FS
For x=0:
For x=6ft:

+|TF, =0: 1530-2.5x-V =0

V = (15.30 - 2.5x) kips
X
)IM, =0 M+ (2.5x)(5j ~15.30x=0

M =15.30x—1.25x"
V, =+15.30 kips M,=0<

V. =+0.300 kip M =+46.8kip-ft <
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PROBLEM 7.42 (Continued)
From C to B:
v +{2F, =0: V+11.70=0 V =-11.70 kips <
==
1 )EM, =0: 11.70—M =0
ko 10 Kips 4
M =(11.70u) kip - ft
For 1= 4 fi M =+46.8Kip-ft
For u=0: My=0<
Vi(kips) (b) VI, =15.30 kips 4
15,30
/0.3003
A C x
- 1,70
M( kip.£€)
ARC OF
PARASOLA %69
5] o
| M|, =46.8kip-ft <
|
A C B =z
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w p w PROBLEM 7.43
A C 1D E s 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
L“#“#“#””‘ moment.
SOLUTION
Free body: Entire beam
+T XF, = 0: W, (4a)—-2wa—wa =0
W, “3 <
4
(a)  Shear and bending-moment diagrams
W From A to C:
SRR
A 3 +T2Fy=0: 2Wx—wx—V=O
duxltl - 4
¥ H ‘..E 1
2 V=—wx
x 4
DEM, =00 M+ = Zwx =0
S 2 \477)2
M = —lwx2
8
For x=0: V,=M,=0 <
1 1 5
For x=a: ch—zwa M, =——wa
From C to D:
a +TZF =0: iwx—wa—VzO
wo X2 Yo
eq (3 )
A= p V==x—alw
il I \Y 4
e :
§ Lz
L;‘ 1 +‘>ZMJ=O: M+wa| x—2|=Zwx| 2 |=0
2) 4 2
Mzgwxz—wa P (D)
8 2
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\'A y
—2-4!"0.
|
e
\
YANAN
A 1 E B ~
|
_l
Lwa
-iaa
M

PROBLEM 7.43 (Continued)

1 1
For x=a: Ve =—Zwa M =——wa’

For x =2a: VD=+%wa My,=0<

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

(b) V1 ax =%wa <

To find M|

max >

we differentiate Eq. (1) and set ‘% =0:

aM 3 4
—=—wx—-wa=0, x=—a
dx 4

M| =lwa2 |
6

max

Bending-moment diagram consists of four distinct arcs of parabola.
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PROBLEM 7.44
Solve Problem 7.43 knowing that P = 3wa.

PROBLEM 7.43 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

(@)

+T2Fy =0: W, (4a)—2wa—-3wa =0

W, =§w <
4
Shear and bending-moment diagrams
From A to C:
5
+T2Fy=02 wa—wx—V=O
V=+lwx
4
DEM, =0: M+ = wx [0
s 2 (477)2
M =+lwx2
8
For x=0: V,=M,=0 <
1 | N
For x=a: VC=+Zwa MC=+gwa <
From C to D:

+TZFy =0: %wx—wa—VzO

Vz(éx—ajw
4

+‘>ZM, =0: M+Wa(x—%j—gwx(§j=0

a

- _a
M—wa wa(x 2] (1)
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PROBLEM 7.44 (Continued)

For x=a: Ve =+iwa, M, =+éwa2 <

For x =2a: vy =+%wa, M, =+wa* <

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

v obtained for its left-hand half.
20a —— —
¢ (b) WV ax =%wa <
rwa |
L — = D E B . . .

-l al— = ] z To find IM1,, , we differentiate Eq. (1) and set 4% = 0:
-dva - — — dﬁ:iwx—waz()
dx 4

4 . .
x= ga <a (outside portion CD)
The maximum value of M| occurs at D:

Ml =wa* 4

m

x Bending-moment diagram consists of four distinct arcs of parabola.
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3kN 3kN PROBLEM 7.45

1 c b Assuming the upward reaction of the ground on beam AB to be uniformly
( B distributed and knowing that a = 0.3 m, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the shear
’* a~| . [<a " and bending moment.
| S5m

A

SOLUTION
3 kN > kN

(@) FBD Beam: f2F, =0: w(l.5m)-2(3.0kN)=0

A 3 ye Qum, DY 3w

w=4.0kN/m

Along AC:
[LF, =0: (4.0kN/m)x—V =0

M
x ~ V = (4.0 KN/m)x \ 200 L.8c0
s ﬁf} . v ] /l
4oMYV  (sy -0 M —%(4.0 KN/m)x = 0 kn) l/ T~

~ {00
=100

M = (2.0 kN/m)x?

Along CD:
, 1ZF, =0: (40kN/m)x—3.0kN-V =0 01800 01800
ICYIN y /\
M
T 11" .
Wo tm by (IM =00 M+(x-03 m)3.0 kN) =2 (4.0 kN/m)x =0 s

—— e > ™

M =09kN -m—-3.0kN)x+ (2.0 kN/m)x2
Note: V=0 at x=0.75m, where M =—-0.225kN-m

Complete diagrams using symmetry.
(b) IVl =1.800kN <«

Ml =0225kN-m <
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PROBLEM 7.46

1 l Solve Problem 7.45 knowing that a =0.5 m.
C D

PROBLEM 7.45 Assuming the upward reaction of the ground on beam AB
’(“4 l<a to be uniformly distributed and knowing that a = 0.3 m, (a) draw the shear
| 15m | and bending-moment diagrams, (b) determine the maximum absolute values
of the shear and bending moment.

SOLUTION

Free body: Entire beam

4

J———5ma—

+2F,=0: w,(1.5m)-3kN-3kN=0 w, =4 KN/m <
(@)  Shear and bending moment
From A to C: Z M
Ml 1)
HEF, =0: 4x-V=0 V=(40)kN |
(hicim)zy | =
+)IM, =0: M—(4x)%=0, M =(2x*)kN-m
For x=0: Vi=M,=0<
For x=0.5m: Ve =2kN, M. =0500kN-m <
From C to D: + ZF,=0: 4x-3kN-V =0
3kN

V=(4x-3)kN N

-

)EM, =0: M+(3 kN)(x—O.S)—(4x)§=O

M =2x*=3x+1.5 kN -m

For x=0.5m: Ve =-1.00kN, M =0.500kN-m <
For x=0.75 m: Ve=0, M =0375kN-m <
For x=1.0m: Ve=1.00kN, M,.=0.500kN -m <
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PROBLEM 7.46 (Continued)

From D to B:
y . HZF,=0: V+du=0 V=—(4ukN
-(f 8

N DM, =0: @ -m=0, M=24>
= LI Cskenm)e T N ’ H
“fy

For u=0: Vp=M,=0<
For ¢£=0.5m: V, =-2kN, M, =0500kN-m <

V()
%00 (b) VI, =2.00kN <«

M (kNvm)
0.500

0.375

Ml =0.500kN-m <
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C

3 kips/ft

D

A

B

[ |
LB ft*L— 6 ft*—LS ft—»’

PROBLEM 7.47

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

SOLUTION

7y X
(LSkipsshiz  °

(Bkp/s)x-L0 5

A=

REAREN

C

"l

V(kips)

H,500 —

1 2 -
2

(15 kips/et)x 1

M(k‘@l“’
13,50 —

65 [—

A

A \/ X
|
4,50 -

Free body: Entire beam

+HZF, =0: w, (12 ft) - (3 kips/ft)(6 ft) =0
w, =1.5 kips/ft <

(@)  Shear and bending-moment diagrams from A to C:

H2F, =0: 15x-V=0 V=(1.5x)kips

EM, =0: M —(1.5x)§ M =(0.75x>)kip - ft

For x =0: Vi=M,=0<
Forx =3 ft: V. =4.5kips, M =6.75kip-ft <
From C to D:

+{ZF, =0: 1.5x-3(x-3)-V =0
V =(9-1.5x)kips

x=3

)EM, =0: M +3(x-3) .

x
—(1.5x)==0
( )2

M =[0.75x* —=1.5(x —3)*kip - ft

Forx=3ft: V. =4.5kips, M =6.75kip-ft <
Forx=6ft: Vg =0, Mg =13.50 kip-ft <]
Forx=9 ft: V, =-4.5kips, M, =6.75kip-ft <
At B: Ve=My=0<
b) VI =450 kips 4

IMI_ =13.50 kip - ft <

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

all located above the x axis.
Thus: M >0 everywhere 4
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PROBLEM 7.48

Assuming the upward reaction of the ground on beam AB to be uniformly

B distributed, (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

+ZF, =0 w,(12ft) - B kips/f)(6 ) =0 w, =1.5kips/ft <

(@)  Shear and bending-moment diagrams.

From A to C:

For x=0:

For x=3ft:
From C to D:
913\75-'-—14-1-[.5—]

A j o S
v

AT
2z
1774

Nl —

For x =3ft:

For x=6ft:

+12F, =0: 1.5x-3x-V =0
V = (~1.5x) kips

)IM, =0: M +(3x)%—(1.5x)%=0
M =(-0.75x%) kip - ft
V,=M,=0 <
Ve =-45kips M. =-6.75kip-ft <

+ZF, =0: 1.5x=9-V =0, V=(1.5x-9)kips
)IM, =0: M+9(x—1.5)—(1.5x)§20
M =0.75x" =9x+13.5

V. =—4.5 kips, M =—-6.75kip-ft <
V. =0, M, =-13.50kip-ft <|
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PROBLEM 7.48 (Continued)

For x=9ft: Vp =4.5kips, M, =-6.75kip-ft <
At B: Vy=My=0 <
V (kips)
o |— — -—7\ (b) VI =4.50kips <
[
NS 55"
|
|
-850 ——

Bending-moment diagram consists of three distinct arcs of parabola.

M (Kl'p-‘?)
y .
Ml =13.50kip-ft 4
-5
- 13,50
Since entire diagram is below the x axis: M <0 everywhere 4
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S PROBLEM 7.49
| Draw the shear and bending-moment diagrams for the beam AB, and determine
c the maximum absolute values of the shear and bending moment.
Aﬁo o)\ B
LZOO mm>L2()0 mmJ
SOLUTION
Reactions:
+)EM, =0: B, (0.4)—(120)(0.2)=0
JZoN 120N
; B, =60N{
1
' fad £ =0
gl 5 SF, =0: B, =0
A=/80M O.2m 'i__ 0.2m 33=o’0/7
IF, =0: A=180N1
Equivalent loading on straight part of beam AB.
120/ 1z0N
24 Nem 24 Nm
oI LAY |
A= 180N r c’ s }@b:KO/y
From A to C:
. % +ZF,=0: V=+I80N
y d
person_, ¥ )EM, =0: M =+180x
From C to B:
\on +=F, =0: 180-120-V =0
R4 N-m
f e .‘;5‘1 V=60N
c’ y
= C.2m -0 ~
feigon k20t £)IM, =0: —(180 N)(x)+24 N-m+(120 N)(x~0.2)+ M =0
M =+60x
v 180N
doN
NI,
My spmm
) £ 2 x
VI .. =180.0N <«
M|, =36.0N-m <
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3()() mm 300 mm | 300 mm

| PROBLEM 7.50

|
M\l 0\11 )m\l

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

’J : moment.
A B
c D E| =8=
|
15()Imm 300 mm 300 mm 15()Imm
SOLUTION
Free body: Entire beam
+‘> M, =0: B(0.9m)- (400 N)(0.3 m) - (400 N)(0.6 m)
— (400 N)(0.9m)=0
B=+800 N B=800N{<
XF,=0: A =0
+T ZFy =0: Ay +800 N-3(400N)=0
A EE T ;}— 29 m} A, =+400N A=400N1<

kooN

I A
60N'm GON-m EON.»

BOON

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

We consider successively the following F-B diagrams.

Y, V, =+400 N
ARl M
Loor 1.)-1 M, =0
0.
A's"’ K8 V, =+400 N
Yoo \—Jz M,=+60N-m
éoN-mjiooN
‘3 V3=O
mu M,=+120N-m
tooM] M
A"L_@ Yoo N0
ot N Y, M, =+120N-m
0.15m 0,3 m

Vs =—400 N
Ms=+180N-m
Vs =—400 N
M¢=+60N-m
V, =-800 N
M, =+120N-m
Ve =—800 N
Mg =0
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PROBLEM 7.50 (Continued)

V(N)
400
D E B
DA [ { %
-Yoop— — - '
-800| — — —
P4

(b)

VI, =800N <

IMI_, =180.0N-m <
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PROBLEM 7.51

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

. moment.
B
50 1b l lﬁl) Ib
100 Ib
e 10 in.—»L—lO il].Lﬁ o
SOLUTION
Slope of cable CD is
C
76 >
rs ) o
D /0
i s 7 [P
f ‘L—‘Z()m —J & = &
7 10
A T/,Vﬁ
_ 7 K,
-’fo = O G n. -
- = 8,
#m |4 gl Dx m & B
Sow ¥ j oo l V506

L 4 om.__ L Josm. 8m. ]
1 1 A

=M, =0: (501b)(26in.) + D, (4in.) - (% ij(zo in.) + (100 1b)(10 in.) — (50 Ib)(6 in.) = 0

2000+ (4~14)D, =0 D, =2001b—
7 7
D, =—D, =——(200 D, =1401b
TR R ’ !
+.SF,=0: 2001b-H, =0 H,=2001b~—
+] ZF, =0: 140-50-100-50+H, =0 H,=601bf

Equivalent loading on straight part of beam AB.

D, (vin) R ok HBm)=(208)Bs)
=(70o)¥) = )E00 161
- 800 /b'/h,’f’\ ‘/C G
A—7"20i e 1%
Lok ; 1‘/00/5 & So/b
b l fotn. i[O/ | B/ 4
= -t g T !
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PROBLEM 7.51 (Continued)
From A to E:
I, &M —0- —
ﬁE:p SF,=0: V=-501b
Lo /b Xty
XM, =0: M =-50x
From E to F:
+ 2XF, =0: -50+140-V =0
500 lbn /6‘0/52 SM T 7
é_a’; _ = 1V V =490 Ib
——— +)ZM, =0: (50 Ib)x— (140 Ib)(x — 6)—800 Ib-in.+ M =0
M =-40+90x
From F to G:
,/Kw +/ 5F, =0: ~50+140-100-V =0
00 lbmn
A s A V=—101b
ob|__4m f;_ som | x4y -
/004
ye ¥ o +‘>ZM3=0: 50x—-140(x—-6)+100(x—16)—-800+ M =0
M =1560-10x
From G to B:
+ 2F,=0: V-50=0
M [’Tr‘-/_—_::_g ‘
REE SRRy V =501b
)EM, =0: —M —(50)(32—x)=0
M =-1600+50x
%
+901b R
+&0
/// V777 .
N RPN VA A A A
M koo tbir +1300 1bm.
r\w t »- )(
~300 /b 5. ~ 300 /b m.
VI =90.01b; M| =14001b-in. 4
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¢ D PROBLEM 7.52
N T
4. A E F Draw the shear and bending-moment diagrams for the beam
) B AB, and determine the maximum absolute values of the shear
5 in. and bending moment.
°)G Yas1p 120 b
| 9in. 6 in.—<—6 in,—>‘
SOLUTION
T .
Y, E F 8
_T—__ >}
Shh, g A Ve V1208
4 3 e _.
P17, I Em. &n. ]
&y S RS
+‘> XF;=0: T(9in.)-(451b)(9in.)—(1201b)(21in.)=0 T =3251b
+.ZF . =0: -3251b+G, =0 G, =325b—
+T2Fy=0: G, —-451b-1201b=0 Gy=1651bT
Equivalent loading on straight part of beam AB
B2stsYsw)= 1425 I1bein. (325 1X#/n)= 1300 K-,
D
A 328k X‘-Y‘
3254 =—=1 K
w7 ]
/658 y i . vy
n. 0. Za
From A to E: 3261 1625 lb-1n. )M
SF,=0: V=+1651b %7 '
y 16876 x v
+‘>EM1=0: +16251b-in.—(1651b)x+M =0
M =-1625+165x
From E to F: ”
T 2F,=0: 165-45-V =0 L Sk = | 5™
+|ZF, =0: —45-V = A :
! 166‘//,\ 95 52T 49 [
V=+1201b x

)IM, =0: +16251b-in.— (165 b)x+(451b)(x—9)+ M =0
M =-1220 + 120x
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PROBLEM 7.52 (Continued)
From F to B: SF,=0 V=+1201b %1’:;—_:18
. _ i 2 m. =% Zow
)IM,=0: —(120)021-x)-M =0
M =-2520+120x
v +IESh
// +120/5
A 7 £ b—x VI, =165.01b <
M
+8Bo et
f £ (CZ"-‘ 8 x
~J4olb-rh.  T=220 1o
—/;’ZJ/b-lh.
M| =16251b-in. <4
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PROBLEM 7.53

Two small channel sections DF and EH have been welded to
the uniform beam AB of weight W = 3 kN to form the rigid
structural member shown. This member is being lifted by
two cables attached at D and E. Knowing that 8 = 30° and

ﬂ) - neglecting the weight of the channel sections, (a) draw the

Al | shear and bending-moment diagrams for beam AB, (b)
- B . .
L F G H ‘J determine the maximum absolute values of the shear and
L5m lm><lm L5m bending moment in the beam.
SOLUTION T
4 ?Z\-: e
FBD Beam + channels: S
= L

(a) By symmetry: IL,=T,=T ¢ 3bN

[£F, =0: 27T sin60°~3kN=0

3
T=—kN
V3
3
I, =—+=
1x 2\/§
3
Ty, =7 kN
3
FBD Beam: M =(0.5 m)—=kN
23
=0.433kN-m
With cable force replaced by equivalent force-couple system at F and G
Shear Diagram: V is piecewise linear
(d_" =-0.6 kN/mj with 1.5 kN
dx

1.SkN Xy
kNgm F e T,

discontinuities at F and H. l l l
A ) J@ R
VF_ =—(0.6 kN/m)(1.5m) =0.9 kN F 6 ®wH

STLSh R e [ e | Sy >

Vincreases by 1.5 kN to +0.6kN at F*
Vi =0.6 kN — (0.6 kN/m)(1m)=0

Finish by invoking symmetry
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PROBLEM 7.53 (Continued)

Moment diagram: M is piecewise parabolic

.9
(dﬂ decreasing with V]
dx v
. . . (kN)
with discontinuities of .433 kN at ' and H.
- b
-9

1
M, = —5(0.9 kN)(1.5 m) M osE
A~
——0.675kN-m (kn) )
\
M increases by 0.433 kN m to —-0.242 kN - m at F" iz
1 N ers”
M;=-0242KkN -m+ 5(0.6 kN)(1 m)

=0.058 kN -m

Finish by invoking symmetry
(b) Vl,..=90N <«
at F~ and G*

Ml . =675 N-m «
at Fand G
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PROBLEM 7.54
Solve Problem 7.53 when 6 = 60°.

PROBLEM 7.53 Two small channel sections DF and EH

have been welded to the uniform beam AB of weight

W =3 kN to form the rigid structural member shown. This

10'5 ., member is being lifted by two cables attached at D and E.

e Knowing that 6=30° and neglecting the weight of the

L l G ZL ‘ channel sections, (a) draw the shear and bending-moment

1.5m lm>r<lm 1.5 m— diagrams for beam AB, (b) determine the maximum absolute
values of the shear and bending moment in the beam.

SOLUTION

Free body: Beam and channels

From symmetry:

E, =D,
Thus: E.=D,=D,tan6 (1)

+2F, =0: D, +E, -3kN=0 D,=E, =15kN[ <
From (1): D =(1.5kN)tanf — E=(1.5kN)tand~— <

We replace the forces at D and E by equivalent force-couple systems at F'and H, where

M,=(1.5kNtan6)(0.5 m)= (750 N-m)tan & 2)

- LS~ 2o e 1

We note that the weight of the beam per unit length is

_W_3KN_ 0.6 kN/m = 600 N/m
L S5m
(a)  Shear and bending moment diagrams = X 77
From A to F: ﬁl’)
+2F,=0: —~V-600x=0 V =(-600x)N so0x {7
+‘>ZM, =0: M+(6()()x)§=0, M =(-300x*)N-m
For x=0: Vi=M,=0<
For x=1.5m: Vp,=-900N, M,=-675N-m <
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PROBLEM 7.54 (Continued)

From F'to H:
+{2F, =0: 1500-600x-V =0

V =(1500-600x) N

P

=M, =0: M +(600x)§—1500(x—1.5)—M0 =0

M =M, —300x> +1500(x —1.5) N-m
For x=1.5m: Vp=4600N, M, =(M,—-675)N-m <
For x=2.5m: V=0, M;=(M,—-375)N-m <
From G to B, The V and M diagrams will be obtained by symmetry,
(b) VI, =900N <
()

RN
N
A G\lu B2

Making € =60° in Eq. (2): M, =750 tan 60°=1299 N-m

Thus, just to the right of F: M =1299-675=624 N-m <
and Mg =1299-375=924 N-m <
MOy

- — = = ) VI, =900 N «

Ml =924 N-m <
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PROBLEM 7.55

For the structural member of Problem 7.53, determine (a) the angle
@ for which the maximum absolute value of the bending moment in
beam AB is as small as possible, (b) the corresponding value of
IM | . (Hint: Draw the bending-moment diagram and then equate
the absolute values of the largest positive and negative bending
moments obtained.)

71‘(,,5 n PROBLEM 7.53 Two small channel sections DF and EH have
Al TR B been welded to the uniform beam AB of weight W = 3 kN to form

‘4_1'5 m_,Ll 1 e the rigid structural member shown. This member is being lifted by
two cables attached at D and E. Knowing that &= 30° and neglecting
the weight of the channel sections, (a) draw the shear and bending-
moment diagrams for beam AB, (b) determine the maximum absolute

values of the shear and bending moment in the beam.

~—15m —»‘

SOLUTION

See solution of Problem 7.50 for reduction of loading or beam AB to the following:

W= 600N/m

where My =(750N-m)tan8 <
[Equation (2)]

The largest negative bending moment occurs Just to the left of F:

ot ’as-h-ﬁ

Jm=

dooNY Y

+)ZM, =0: M1+(9OON)(1'STm)=O M,=-675N-m <

The largest positive bending moment occurs

At G:

)EM, =0: M, —My+(1500 N)(1.25m—1m)=0

M,=My,-375N-m <

Equating M, and —M,:

M, —375=+675
M, =1050 N-m
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(a)  From Equation (2):

(b)

PROBLEM 7.55 (Continued)

tan @ =@ =1.400
750
M(N-m)
675 _ —
375 —_ - -~ — -
A rl | H B

6=545° 4

Ml =675N-m <«
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PROBLEM 7.56

w P w For the beam of Problem 7.43, determine (a) the ratio k = P/wa for which the
1 maximum absolute value of the bending moment in the beam is as small as
A C D E s possible, (b) the corresponding value of IM |,x. (See hint for Problem 7.55.)

‘ L ‘ »L ’ PROBLEM 7.43 Assuming the upward reaction of the ground on beam AB

L = 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

+T XF,=0: w,(4a)-2wa—kwa=0

w a—et T
Wy = 2+ -
WX
Setting W ¢ (1)
We have k=d4a-2 2)

Minimum value 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.

| 2
wa Lz
From C to D: Sl h ‘ M
€I 1)
A D
3,
=19(4'\)l %7 Y}
-
+‘>ZMJ=O: M +wa| x—< |—awx| = |=0 iy |
2 2 N
te—x —
M =%w(0{x2 —2ax+a®) 3)
We differentiate and setdﬂ =0: ax—a=0 Xoin = 4 @)
dx o
Substituting in (3):
M .. =lwa2 (l—£+lj
2 o o
M, =-wa* = 5)
2a
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PROBLEM 7.56 (Continued)

Maximum value of bending moment occurs at D

)IM,=0: Mp+wa [37“) —(Rawa)a=0

Equating -M ,, and M, :

n

wa® l—_a =wa’ (20{—%]

200
4o* —20-1=0
2+ \/%
oa=—-
8
(a)  Substitute in (2): k =4(0.809) -2
Mfwo*

(b)  Substitute for ¢ in (5):

2 1-0.809
2(0.809)

Substitute for « in (4):

(6)

=0.809

1+\/§
o=
4

k=1.236 4

M|, =0.1180wa’ <«

a

1.236a <
9

Xmin
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PROBLEM 7.57
3N 3kN For the beam of Problem 7.45, determine (a) the distance a for which the
1 maximum absolute value of the bending moment in the beam is as small as

C D possible, (b) the corresponding value of IM| .. (See hint for Problem 7.55.)

Al . |B

’(“4 l<a *‘ PROBLEM 7.45 Assuming the upward reaction of the ground on beam AB

15m | to be uniformly distributed and knowing that a = 0.3 m, (a) draw the shear
and bending-moment diagrams, (b) determine the maximum absolute values
of the shear and bending moment.

SOLUTION

Force per unit length exerted by ground:

o
m—at WM
5=
wy =N eN/m LIy,
1.5m agas'va

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

D)EM, =0: M, =(4a)% M, =24* <

3 toas-a
|- c.._.’l‘t M
.Y e e— 17 ?

NI
) "
P-":';EN EFEM

The largest negative bending moment occurs

At the center line:

+‘>ZM2 =0: M, +3(0.75-a)—-3(0.375)=0 M, =—(1.125-3a) <
Equating M, and —-M,: 2a* =1.125-3a
a®+1.5a-0.5625=0
(a)  Solving the quadratic equation:  a =0.31066, a=0311m <«
(b)  Substituting: M| =M, =2(0.31066) Ml =193.0N-m <
M(N-m)
193.0

-193.0
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3kN 3kN 2N PROBLEM 7.58

Ja—c D E 'B For the beam and loading shown, determine (@) the distance a for which the
maximum absolute value of the bending moment in the beam is as small as
possible, (b) the corresponding value of IM |.,,,x. (See hint for Problem 7.55.)
I 0.8 m 1m 1
0.6 m
SOLUTION

Free body: Entire beam

3N 3kN 2kN XF. =0 A =0

+‘> IMp=0: -A,2C4H+C)(1.8)+3(D—-(2)a=0

A, =35KN-24 A=35kN-2al<
6 6
Y= 5 a
s55af )IM =0: M, —(3.5—gaj(o.6 m) =0, Mc=+21-= <

)IM, =0: M, —(3.5 —%a](1.4 m) +(3kN)(0.8 m) =0

M, =+2.5—%a <

Free body: EB )EM, =0 —M, —(2kN)a=0 My =-2a <

We shall assume that M. > M, and, thus, that M, =M.

Weset M, =IM_, | or MC=|MEI=2.1—%=2a a=0.840m <
IM | =M =IMgl=2a=2(0.840) M, =1.680N-m <
M.
14680 m_) - 1520 We must check our assumption.
l | @=0.840 m

My= 2.5—%(0.840) =1.520N"-m

A cI 3', tls lﬁ
v Thus, Mo > M, OK.
- — The answers are (a) a=0840m <«

-1.680

(b) M|, =1.680N-m <«
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PROBLEM 7.59

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

A B Determine the distance a from the ends of the beam to the points where

| - - | the cables should be attached 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, L, and the weight w per

! 2 ' unit length, and then equate the absolute values of the largest positive
and negative bending moments obtained.)

BN i

SOLUTION
w = weight per unit length
TT"%‘JL T Z':}LWL
Al” c )
CITITI T LIT I I 34~
a L S :‘[
X
To the left of A: +‘>ZM1 =0: M +wx(—j=0
2 o— X —4l5 M
1 Feavi
]
M =—5wx wx §4x
1
M, =—5wa
Between A and B:
1 1
+‘>ZM2 =0: M _(EWL)(X_Q)+(WX)(E)C):0 T‘i“:.—&;}gﬂ
1 1 1 v
M =——wx’ +—wLx——wLa , “¥y
2 2 2 2% —p-4¥

At center C:
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PROBLEM 7.59 (Continued)

1
—wil? - l wLa
8 2

1
We set IM =Ml ‘—Ewaz

+lwa2 =le2 —lWLa
2 8 2

a’>+La—-0251>=0
azé(Li\/Lz +L2)=%(\/§—1)L

M. = %w(o.zon)2 =0.0214wL’ a=0207L <4
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A

P

30 in—f<—230 in.—

cY D

Q

Y

e

]

PROBLEM 7.60

Knowing that P = Q = 150 1b, determine (a) the distance a for which the
maximum absolute value of the bending moment in beam AB is as small as
possible, (b) the corresponding value of M| (See hint for Problem 7.55.)

max *

SOLUTION

m(tbin,)
1206 f— ——
/\ 5
| >
OA cx V
|
-1206

Free body: Entire beam

+‘> M, =0: Da-(150)30)-150)(60)=0

- 13,500 4
a
Free body: CB
)IMo=0: —M . —(150)(30) + 13500, _30)=0
a
M, = 9000(1 —fj <
a
Free body: DB
)EIM =0 —M,, —(150)(60—a)=0
M, =—150(60 — a) <
(a) Weset
45
M, =IM_| or Mq.=-M,: 9000(1——) =150(60 - a)
a
60-21% _g0_q
a
a*=2700 a=51.96in. a=52.0in. 4

(b) Ml =—M, =150(60—51.96)

IMI_, =12061b-in. <4
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PROBLEM 7.61
P Q
30 in—>f<—30 in.—~ Solve Problem 7.60 assuming that P =300 b and Q = 150 Ib.
A cY D Y
e, > B PROBLEM 7.60 Knowing that P = Q = 150 Ib, determine (a) the distance a
for which the maximum absolute value of the bending moment in beam AB is
) a , ‘ as small as possible, (b) the corresponding value of M|, . . (See hint for
Problem 7.55.)
Free body: Entire beam
+‘> XM, =0: Da—(300)30)—-(150)60)=0
D= 18,000 4
a
Iree body: 5
150 1b Free body: CB
M CV? 30'“‘% +‘>EMC =0: -M,-(150)30)+ 18,000 (a-30)=0
L e a
c\e ) B
;’t a
a-3o 40
|6o- Isoib = =
(y &0 0‘4, M, 13,500(1 » ) <
D 2 Free body: DB
)EIM,=0: —M, —(150)(60—a)=0
M, =-150(60-a) <
(a) Weset
M(l;in.) M, =IM_| or Mo=-M,: 13,500(1 —ﬂ] =150(60 - a)
1973} — ——- a
\
|
'\ > B 90—36OO=60—a
‘ a* +30a —3600=0
B 30++/15.300
= 4.8in. —> a=——"""""""" =46.847
2
a=46.8in. 4
b Ml =-M,=150(60-46.847)
Ml ,..=19731b-in. 4
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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 IMI .
Consider (a) the case when the distributed load is permanently
applied to the beam, (b) the more general case when the
distributed load may either be applied or removed.

SOLUTION

< 2o
M due to distributed load:
ue to distributed loa MG‘L&J"L&B

QZMJ =0: —M—%wx=0

M due to counter weight:
M (f
(ZM,;=0: —M +xw=0

M =wx

(a) Both applied:

dﬂ:W—wszatxzK
dx w

2

And here M = VZV— >0 s0 Myax; My must be at x=1L1
w

1 -
So M., ZWL—EWLZ. For minimum M|, set M . =-M_. .,

2
1
50 W wi+lwr or WEeowLw—wir =0
2w 2

W =—wL £2w* 2 (need+) W=R2-)wL=0414 wL 4
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PROBLEM 7.62* (Continued)

(b) w may be removed

2 2
M, =Y G2-n M, =0.0858wL’ 4
2w 2
wi=Fwit®
! o wlﬂou.f w
M \

Without w, M =Wx
M, .. =WLatA
. w 2
With w (see Part a) M = Wx—;x
2
max :E at x :;

1
M, =WL—EWL2 at x=1L

For minimum M, ,set M . (now)=-M_ . (withw)

WL =—WL+1wi? 5w =Lui - M. Lo <

2 4 4

: 1
With W22WL 4
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PROBLEM 7.63

w
1 l 1 1 1 1 1 1 1 l Using the method of Section 7.6, solve Problem 7.29.
A | B
I PROBLEM 7.29 For the beam and loading shown, (a) draw the shear and
L ! bending-moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.
SOLUTION

AREA = w L
2

N e e

k ?

T =

Free body: Entire beam

13F, =0: wL-B=0

B=wLT

Shear diagram

+)IM =0: (wL)(%)—MB =0

Moment diagram

=wL; Ml —=—

b WVl

max
2
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PROBLEM 7.64

/m Using the method of Section 7.6, solve Problem 7.30.

Al | B
‘ l PROBLEM 7.30 For the beam and loading shown, (a) draw the shear and
. L | bending-moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.

SOLUTION

Free body: Entire beam

\
= S W), —
AREA = 3 N W, +T2Fy=(): B_l(wo)(L):O
A 4 ‘ 2
— B—1 LT
'l L ————— B _EWO

Shear diagram

+)EM 4 =0: %(WO)(L)(éj—MB =0

M, =lw0L2‘>
6
Moment diagram
M =
A B (b) V10 =woL/2 4
o
x M1 =w,[*/6 4
2
_-Q‘-;wo[_ — e e - e o= -
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P PROBLEM 7.65

BY C D Using the method of Section 7.6, solve Problem 7.31.

A
(
o
. . . PROBLEM 7.31 For the beam and loading shown, (a) draw the shear and
L‘g—ﬂ—g—’ 4—34" bending-moment diagrams, (b) determine the maximum absolute values of
P the shear and bending moment.

SOLUTION

Free body: Entire beam

+)EMp, =0; P(%j—P(éj—ALzo

3
A=r/3]
Shear diagram
Y
+7/3 | We note that
+ P PL
+3) (-3 l V,=A=+P/3
O%—=s A
VI =2P/3 4
2PL max
€5
2P
3
y Bending diagram
PL/Q|~ — - We note that M , =0
{
[ D =
o K L \3/ P M, =PL/9 4
-Pl/qi—— — —
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PROBLEM 7.66

Using the method of Section 7.6, solve Problem 7.32.

\Y
P
L
@
A B c
M
1 —_— —
1P
|
|
O 1
A B C

A
) B ‘ PROBLEM 7.32 For the beam and loading shown, (a) draw the shear and
P % | % bending-moment diagrams, (b) determine the maximum absolute values of
the shear and bending moment.
SOLUTION

Free body: Entire beam

ZF},=O: C=0

SM.=0: M, =%PL‘>

Shear diagram
AtA:  V,=+P

Moment diagram

AtA: M,=0

max

M| =—PL 4
2
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PROBLEM 7.67

o~
bo |~

Using the method of Section 7.6, solve Problem 7.33.

L/

PE .
X
o

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

SOLUTION

Free body: Entire beam

SF,=0: A=C

)EM =0: Al-M,=0

a=c=Yo
L
v .
ohear diagram
. A B c Shear diagram
- M 2 M
w|CF) ‘ (-3 At A: V=0
L
M
WV =—— 4
M L
+Mof_ Bending-moment diagram
z
A x AtA MA = 0
0 ) c
M, At B, M increases by M, on account of applied couple.
~P——

Ml =M)2 4
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PROBLEM 7.68

P

L
! Using the method of Section 7.6, solve Problem 7.34.
B

A |
PROBLEM 7.34 For the beam and loading shown, (a) draw the shear and

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

SOLUTION

Free body: Entire beam

+ ZF,=0: B-P=0

B=r!
)M, =01 My—My+PL=0

V., M, =0
0 A L x Shear diagram
(-PL)
-P At A: V,=-P
WVl =P 4
M Bending-moment diagram
PL
At A: M,=M,=PL
0 M., =PL 4
K B X
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6 kN 3kN PROBLEM 7.69

3 kN-m 1.2 kN-m
A lB lc D . _
(@. D) For the beam and loading shown, (a) draw the shear and bending-

L E= 2 moment diagrams, (b) determine the maximum absolute values of
L] m 1.5m 2 m—

the shear and bending moment.

SOLUTION
Reactions XF. =0 A =0
)EM,, =0: +3kN-m+(6kN)(3.5m)+ (3 kN)(2 m)-12kN-m—A, (45m)=0
A, =+64KN A =+64KkN]
3kN-m gy 3Ry L2 AN
i sl o T
az L T P S R - 28
E44h
v b4 RN
/ (1% roudn >
A ) ZT 77T 777 . , e
B g  CUICSHTITIN 8,
\ D
A e ®
/ 7
g < ~ 12PN
= 28Hm
) VI, =640KkN; M, =4.00kN-m <«
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5kN- 5kN  5kN PROBLEM 7.70

12 kN-m l l
(- For the beam and loading shown, (a) draw the shear and bending-

L moment diagrams, (b) determine the maximum absolute values of
14—2 m->t<2m

=
Q
O

O
e}

the shear and bending moment.
SOLUTION

Reactions
)EM, =0: 12kN-m—-3(5kN)(4m)+ E@Bm)=0
E=6kN]|
SF, =0
A=9kN]|

Shy BN SAN
lg lc lD £

(\
ﬁ/ﬁ;zm +2m+2m+ 20—\ £=4 BN

12N »

+94H

/7]

(‘HB) 7 7 4 RN
Y e

s (Y
M +/</4>m,
7

£

- /743//- »

(b) V1, = 9.00 kN; M1, =14.00kN-m <
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60 kN

PROBLEM 7.71

25 kN/m
N oV b 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
o 2 m—s] bending-moment diagrams, (b) determine the maximum absolute values of
1m the shear and bending moment.
SOLUTION

V(kN)
6.0

-14.0

-b%0

M(kN-m)

[ | PRSI hy

1
|
i
[}
|

D

Free body: Beam

SF,=0: A =0

)IMy =0: (60kN)3 m)+(S0KN)(Im)—A,(5m)=0
A, =+46.0kN <
+] ZF, =0: B+46.0kN-60kN-50kN =0
B=+64.0kN <

Shear diagram
At A: V4 =Ay =+46.0kN
VI,.,=640kN «

Bending-moment diagram

At A: M,=0

M, =92.0kN-m <

Parabola from D to B. Its slope at D is same as that of straight-line segment
CD since V has no discontinuity at D.
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24 kN PROBLEM 7.72

8 kN/m

Using the method of Section 7.6, solve Problem 7.40.

C D
Al |B

B PROBLEM 7.40 For the beam and loading shown, (a) draw the shear and
L J bending-moment diagrams, (b) determine the maximum absolute values of
3m 3m 3m the shear and bending moment.

SOLUTION
24 kN 8 kn/m Free body: Entire beam
4
Y sl e D)EM, =0: (24KkN)9 m)— C(6 m)+ (24 kKN)(4.5m) =0
Ts lé C=54kN]
e B —>f— 3m Bem -]
Shear diagram
VCend H13F, =0: 54-24-24-B=0
30
A Gy — B=6KkN)
D 8 X
(-12) (+18)
- 24

M (ko )

C D B

A L L i

I ' X

I =13

[

-2
(b) VI, =30.0kN; Ml =72.0kN-m 4
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4 kips/ft

PROBLEM 7.73

Al B Using the method of Section 7.6, solve Problem 7.41.
A C D e
| | PROBLEM 7.41 For the beam and loading shown, (a) draw the shear and
oRr v 5t voof ! bending-moment diagrams, (b) determine the maximum absolute values of
8 kips 8 kips the shear and bending moment.
SOLUTION
4 kips/ft

Vikips)

8

(36) 0
:(12 ¢d » B
Ok <
16)
-0 — — —
B — — —

Reactions at supports.

Because of the symmetry:

A=B:%(8+8+4><5)kips
Shear diagram
At A: V, =+18kips

Bending-moment diagram

AtA: M,=0

A=B=18kips| <

VI, =18.00 kips «

IMI_, =48.5kip-ft «

Discontinuities in slope at C and D, due to the discontinuities of V.
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25 kips/it PROBLEM 7.74

N C B Using the method of Section 7.6, solve Problem 7.42.
| o it —*l PROBLEM 7.42 For the beam and loading shown, (a) draw the shear and
' o ! bending-moment diagrams, (b) determine the maximum absolute values of
12 kips the shear and bending moment.
SOLUTION

Free body: Beam

SF,=0: A =0

+)EM, =0: (12 Kips)(4ft) + (15 kips)(7 ft) — A, (10 ft) =0

A, =+15.3kips <

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

B=+11.7kips <

V (Kips)
15,30
Shear diagram
(4s)
030 /ey B At A: V, =4, =153kips
A C X
Coed VI =1530 kips 4
-00j— — — max — £9- 1ps
M(Kip.¢8) Bending-moment diagram
8= AtA: M, =0
|
1
\ M1, =46.8kip-ft <
0l 1 X
f < B
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16 kips 45 kips 8 kips PROBLEM 7-75

Al B‘ C‘ b "E For the beam and loading shown, (a) draw the shear and bending-
.= A moment diagrams, (b) determine the maximum absolute values of the
J J shear and bending moment.
<3 ft =t=—>5 ft—>t<—4 ft—1<3 ft >
SOLUTION
’»3& st —f—sp 4z
16 kg Y& ky 8 kg
A . Bl ” c l s D l'E
6:751:}, T T-Pf #at ey
Reactions
+‘> XM, =0: (16)(9)+(45)4)—-(@®8)3)—A(12)=0
A =425 kips A =25 kips |
+{F, =0: 25-16-45-8+D, =0
D, =+44, D, =44 kips |
3F.=0: D, =0
\V
+28 kifr
(+2s) + Pk +&k
(+%5) (+2%) l x
A 3 < 7 e
(-14%
=38 Popy

(b) IVl =36.0kips; M|, =120.0kip-ft <
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20 Ib/in. 1251b 12511 PROBLEM 7.76
A B ‘C ‘ g For the beam and loading shown, (a) draw the shear and bending-
A =8 moment diagrams, (b) determine the maximum absolute values of the
’L ’L J shear and bending moment.
12 in 12 in. 12 in.
9 in.
SOLUTION
Reactions
SF. =0: B, =0
F)EM, =0: (20 Ib/in)(9 in)(40.5 in) + (125 in)(24 in.) + (125 in)(12 in) — B(36 in.) =0
B,=+32751b B, =327.51b]
+T 2F,=0: —(2016/in)(9in.)-1251b-1251b+327.51b+ E=0
E=+10251b E=10251bf
2 /A// V749 1251p
\ﬂ o)) & Cl J’l £
lg-522 é‘/b L J02.5 1
L— 9m, ——4&—— liﬁn /20 ——»1&- /2in —t
Y , 192514
/ +22.8
e e
4 (am) UL
(—8/0/b»m) ~l8olb
A —r / / / x
%
~816/bein.

®) VI, =180.01b; Ml =12301b-in. €
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PO ). PROBLEM 7.77
( A . For the beam and loading shown, (@) draw the shear and bending-moment
B| 4 diagrams, (b) determine the magnitude and location of the maximum
| - |  absolute value of the bending moment.
I |
1.5m
SOLUTION
|3 _{(SAHmY & =)= 90 k1
b ISR A
%’*M(HHHHJ, ¢
A
ﬁ ¥ 4 B+ S S c
Reactions
+)IM, =0: +45KkN-m—(90KkN)(3m)+C(7.5m)=0
C=+30kN C=30kN|
+ZF,=0: A-90kN+30kN=0
A=60kN|
45 phem , f/&&ﬂ/m
6 Wil (e en] JI]T])L ¢
A= LORN 8 r_¢=304§;/
V7 l/ x
‘ ’ - 30£H
- J /.8
’)l} 4 m : . Em '|[
(Frorm simrrpn 4's ) £-¥=2m
M
ﬁ
— 45 RpNm
(b) 75.0kN-m, 4.00 m from A <
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25 kN/m PROBLEM 7.78
A ¢  For the beam and loading shown, (a) draw the shear and bending-moment
CE = diagrams, (b) determine the magnitude and location of the maximum
absolute value of the bending moment.
2.5m f<—1 m—=|
SOLUTION
L2 N RS BN )(35m) = B.ISHN
IR YN NENS!
_ﬂ L—— 28 B
+) XM, =0: (8.75)(1.75)-B(2.5)=0
B=6.125kN|
2F, =0:
A=2.625kN|
2.8 #Wfm
V1 (gesen L1] sl ¢
0= 2.6258N B =5J"_‘T
o R&Em —— = Im
v
Similar A’ +2.425 B +2.8 RN
imilar A’s
x _25-x_ 25 \%5
2.625 3.625 6.25 ~3,425 kN
s e ¥=laswm | 2.8-%
Add numerators } =LY ——l
and denominators
x=1.05m
M +1.378 BN
4 L7777 T s ¢
r LA
—/e RE BN M
b) 1.378 kN - m, 1.050 m from A <«
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25 kN/m

A )

| 4 m |

PROBLEM 7.79

20 kN-m

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

SOLUTION
le—2m _UIkN) 25 kNfn
l 20 kN-w
8

Free body: Beam
+)IM, =0: B(4m)—(100kN)2m)-20kN-m=0

B=+55kN <
XF.=0: A =0
+ ZF,=0: A, +55-100=0
A =+45kN
Shear diagram
At A: V,=A, =+45kN
To determine Point C where V =0:
Ve =Vy=—wx
0—-45kN =—(25kN -m)x
x=18m <

We compute all areas bending-moment

Bending-moment diagram

M,=0

At A:
At B: Mgz =-20kN-m

M1 =40.5kN-m <

1.800 m from A «

Single arc of parabola
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PROBLEM 7.80
25 kN/m
20kN-m  Solve Problem 7.79 assuming that the 20-kN - m couple applied at B is
\) counterclockwise.
A B
| | PROBLEM 7.79 For the beam and loading shown, (a) draw the shear
! i ! and bending-moment diagrams, (b) determine the magnitude and
location of the maximum absolute value of the bending moment.
SOLUTION
Free body: Beam
— 2m _(L.‘f“'” 25 knifn +‘>ZMA =0: B(4m)—100kN)2m)—20kN -m=0
. 1 20 kN.m
v) B=+45kN <
A A L l5
A b 8 XF.=0: A =0
4m =
b +{ZF, =0: A, +45-100=0
A, =+55kN <
Shear diagram
V(k% At A: Vy=A, =+55kN
(603) c . To determine Point C where V =0:
A x HWI Ve =Vy=—wx
L s 0—55kN =—(25kN/m)x
x=220m <
We compute all areas bending-moment
M (kN+m) Bending-moment diagram
605 1=— —> At A: M,=0
|
‘I At B: My =+20kN-m
| +20 IMI_, =60.5kN-m <
! 8
M= wm_,"c % 2.20m fromA <
Single arc of parabola
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4 kips/ft PROBLEM 7.81

¥ I( A c B For the beam shown, draw the shear and bending-moment diagrams, and
<&  determine the magnitude and location of the maximum absolute value of
| i i | the bending moment, knowing that (a) M =0, (b) M =24 kip - ft.
! |
SOLUTION

Free body: Beam

SF,=0: A =0

“6 Kirs)
akipyft W b —>

+)EMy=0: (16 kips)(6 f) — A, 8 f)— M =0

A, =12 kips—éM (H <

B+12—%M—16=0

B=4kips+%M 2) <
(@ M=0:
= 4iips/i b
Load diagram J/ L c B
Making M =0 in. (1) and (2). o e
g M @ \1k;p;_}<—lfﬂ: —sbe— kgt — Likips
A, =+12 kips
B =+4 kips Vikips
Shear diagram V,=A, =+12 kips 2
i®) -1,
To determine Point D where V =0: ( D /6( ) B

Vp=V,y=—wx
0-12 kips = —(4 kips/ft)x

We compute all areas

B. M. Diagram
At A: M,=0

IM1,, =18.00 kip-ft, <

3.00 ft from A <«
Parabola from A to C
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PROBLEM 7.81 (Continued)

(b) M =24kip-ft

Load diagram
Making M =24 kip-ftin (1) and (2)

A =12—%(24) = +9 kips
B =4+%(24) = +7 kips

Shear diagram V,=A, =49 kips
To determine Point D where V =0:

Vp =V, =—wx
0-9 kips =—(4 kips/ft) x

B. M. Diagram
At A: M, =+24 kip - ft

Parabola from A to C.

kipft W:ﬁlsﬁ; i

1 e
‘%‘, iy " ft-—'—j[7 ips

V(kips)

9
{10.125)

A D ¢ B .
“6129) L

x=2251ft <
M (kip. £€)
34,125

M1, =34.1kip-ft, 4
225 ft fromA 4
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2 kips/ »  PROBLEM 7.82

A ¢ "B For the beam shown, draw the shear and bending-moment diagrams, and
A - determine the magnitude and location of the maximum absolute value of
| | the bending moment, knowing that (a) P =6 kips, (b) P =3 kips.
' bit okt
SOLUTION
Free body: Beam
XF =0: A =0
(13 kip2) $)IM, =0: C(6 ft)— (12 kips)(3 ft) — P(8 f6) =0
b3 1, EMa =00 CEI-(2Kip(3 10~ P(E 10
4
C=6kips+—P 1) <
A 5 ps+ (1)
i A 6f £ 4
s eh XF, =0: Ay+(6+§P)—12—P=0
A, =6kips—~ P 2 4
y ps _g ( )
(a) P=6Kkips.

Load diagram
Substituting for P in Egs. (2) and (1):

1 .
A, = 6—5(6) =4 kips

C=6+£(6)=14 kips

3 V(NP5)|\ p
iy
Shear diagram V,=A, =+4Kkips OND c|0d -
A 1‘; - \(16)
To determine Point D where V =0: -3
Vo =V, =—-wx
0 — 4 kips = (2 kips/ft)x x=21ft <
M{Kip-£8)
We compute all areas ‘; e ¢ B
i | P N/
Bending-moment diagram e :
At A: M,=0 g — == \

M|, =12.00 kip-ft, at C «
Parabola from A to C
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(b)

PROBLEM 7.82 (Continued)

P =3 kips

Load diagram
Substituting for P in Egs. (2) and (1):

1
A= 6—5(3) =5 kips
4 .
C= 6+§(3) =10 kips
Shear diagram V,=A, =+5kips
To determine D where V =0:

Vp =V, =—wx
0— (5 kips) = —(2 kips/ft) x

We compute all areas

Bending-moment diagram

AtA: M,=0

Parabola from A to C.

oy = Zkips [+ D3k

L 8 ‘L{rli’ lc \B

ST e e~ Seia N

A

ki
V{Kieg

A l, z—=<[N\E1Z2WC B

M

S
f\f

5 k\'?s Q: 10 k-‘fu

(63N D 3'61

x=251ft <

(kip: $£)
635 —

1
\
: c_»

0A2;1D \!:/x
S it 1
-5 F .

M1, =6.25kip-ft <
2.50 ft from A 4
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300 Ib/ft

4ft ! ‘

PROBLEM 7.83

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

SOLUTION

0 vt

1350 1b

Reactions at supports

Because of symmetry of load

A:B=%(3OOX8+300)

A=B=13501b <
Load diagram for AB

The 300-1b force at D is replaced by an equivalent force-couple system at C.

Shear diagram
At A: V,=A=13501b

To determine Point E where V =0:

Vg =V, =—-wx
0-13501b =—(300 Ib/ft)x

x=4.501ft <

We compute all areas

Bending-moment diagram

AtA: M,=0

Note 600—1b-ft drop at C due to couple
M1, =30401b-ft <
4.50 ft from A <
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300 Ib/ft PROBLEM 7-84

A g Solve Problem 7.83 assuming that the 300-Ib force applied at D is directed

C upward.
D@—‘

‘ PROBLEM 7.83 (a) Draw the shear and bending-moment diagrams for

e 42t Toft beam AB, (b) determine the magnitude and location of the maximum absolute
3001h value of the bending moment.
SOLUTION
Reactions at supports
300 lvit

Because of symmetry of load:

A=B =%(300x8—300)

A=B=10501b]<

w =300 b /it Load diagram
.\] The 300-1b force at D is replaced by an equivalent force-couple
A, T —“-_:‘,.AB t tC
1050 It % 00F, LJC oo | Systemat C.
300 |

Shear diagram

At A: V,=A=10501b
V(lb)
1050 To determine Point E where V =0:
(1838 E c B
A x — 339 |(-1500) x Vg =V, =—wx
—kg 0-10501b =—-(300 Ib/ft)x
-750 ~105D

x=3.501t <
We compute all areas
Bending-moment diagram

M (16 58) AtA: M, =0
1838

Note 600—1b-ft increase at C due to couple

900
M1, =18381b-ft <

4
Al 'E :
(¢ B 4
3,506t 3.50 ft from A
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I s PROBLEM 7.85
For the beam and loading shown, (a) write the equations of the shear and
A | » bending-moment curves, (b) determine the magnitude and location of the
B maximum bending moment.
L
SOLUTION
or
w w's up cos ZF
l ey,
R
X-—————’J J
L >
dv T X
— =—W=W,C0s——
dx 2 L
2L X
V =—|wdx=-w,| — |sin—+ C, 1
_[W Wo( 7 j oL ey
dﬂ:v =-w, [—jsin—-i—C1
dx V3
2
2L X
M= J' Vdx = +w, (7j cos T+ G+ G, )
Boundary conditions
At x=0: V=C=0 (=0
2L Y
At x=0: M =+w, (—) cos(0)+C, =0
V3
2
ol
V3
2L X
Eq. (1 V=-w sin— <«
q. (1) 0( r j 2L
(—L] (—l—kcosﬂ] |
V4 2L
4
M, at x=L: M ., I—w0 I—l+0| —WOL |
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PROBLEM 7.86
w
/v/rrrrr B For the beam and loading shown, (a) write the equations of the shear
fA_ ¥ and bending-moment curves, (b) determine the magnitude and location
| " | of the maximum bending moment.
SOLUTION
5{ w= w; _2_‘ Wy
A Mrﬂ ”
B b—— 2 — &
e >
av X
Eq. (7.1): —=—w=-Ww,—
a-0.D dx L
X 1 X
V—J-—wozd)c——awof+q (1)
M 1 X
Eq. (7.3 —=V=——w +C,
q.(7.3) Ix PR 1
1 X 1 X’
M—j(—zwowaCl]dx——gwo—T+C1x+C2 (2)
(a) Boundary conditions
At x=0: M=0=0+0+C, C,=0
x=L: M=0=—1w0L2+ClL clzlwoL
6 6
Substituting C; and C; into (1) and (2):
1 X1 1 1 X
V=-xw,—+—w,L V=—wl|l——2-
2L 6" 2" (3 r
3
M=—ty XL M= LN
6 L 6 6 L L
(b) Max moment occurs when V=0:
2
135 -0 oL x=0577L <
r L 3
1 1 (1Y
M, =—wl’ ——(—j M. =0.0642w,I> 4
6 NEIRNE
1 1 1
Note: Atx=0, A=V, =—w,L| = A=—WOLT
2 3 6
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w

PROBLEM 7.87

W
For the beam and loading shown, (a) write the equations of the
shear and bending-moment curves, (b) determine the magnitude and
B location of the maximum bending moment.
Al —x
3Wo
L |
SOLUTION
(a) We note that at B(x=L): Vy=0, Mgz= (1)
x) 1 X 4x
Load: wx)=wy| l——|—=wy| = [=wy| 1 ——
) OL L) 3 OLL] 0[ 3LJ

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

L L
V, — V. :—J‘x w(x)dx  0-V(x) :—J‘x w(x)dx
V(x)=wojj(l—:—z]dx
22| 2L 24
B T R G T T2
V(x) =;V—z(2x2 —3Lx+ 1) 2) <

Bending moment: We use to Eq. (7.4) between C(x=x) and B(x=1L):

L
My—M, =J'x V(x)dx 0—M(x)

_ W L 2 2
_3ij(2x 3Lx+ [2)dx

we[2 5 3 ¢
M(x)=——2 S-S+ Px
3L 3 2

=20 143% —9Lx +612x]"
18L

=0 (413 —91® + 61%) — (4x° —9Lx> + 612x)]
18L
M(x)= ;;—(2(4x3 9L + 62— 1) 3) 4
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PROBLEM 7.87 (Continued)
(b) Maximum bending moment
M _y g
dx
Eq. (2): 2x* =3Lx+L[* =0
o 3—-49-8 L= L
4 2
Carrying into (3): M —WO—L2 At x—£ <
y g * max 72 ’ 2
2
Note: M =% At x=0
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w PROBLEM 7.88

w w =w, (] —sin?)
For the beam and loading shown, (a) write the equations of the
shear and bending-moment curves, (b) determine the maximum

M 3 bending moment.

SOLUTION

(@) Reactions at supports: A=B= %W, where % = Total load

L L . X
w _.fo wdx—woj0 Ll—smfjdx

L
L TX
=W, | Xx+—cos—
X

0
= wOL(l—Ej
T
Thus VA=A=1W=lWOL 1—2
2 2 V3
M,=0 (1
Load: w(x) =w, (1 —sin %]

Shear: From Eq. (7.2):

V(x)-V, = —J'OX w(x)dx

= —WOJ. x(l— sin%jdx
0

Integrating and recalling first of Egs. (1),

1 2 L !
V() —=woL| 1-= |=—wy | x+ = cos X
2 T L |,

T
V(x)=lw0L[1—3)—wo(2+£cosﬂ]+wo£
2 T T L T
L L X
V(x)= — —x——cos— 2) 4
(x) Wo(z X pn L] ()
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PROBLEM 7.88 (Continued)

Bending moment: From Eq. (7.4) and recalling that M , =0.

Mx)-M, = IOXV(x)dx

2 2 V.4
0
1 , 212 | 7x
M(x)=—w,| Lx—x* ——sin— 3) 4
(9= my —sin 3)
(b) Maximum bending moment
M _y o
dx
This occurs at x == as we may check from (2):
L L L L
V — | = WO _____ Sz = 0
2 2 2 2
2 2 2
From (3): ml L)Ly, |E_L 2L g%
2) 2 2 4 g 2

=0.0237w,L*

M, =0.0237Tw,[*, at x =§
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PROBLEM 7.89

20 kN/m ' Q
l ) The beam AB is subjected to the uniformly distributed load shown and to two
A ¢ b £ 3 unknown forces P and Q. Knowing that it has been experimentally
A == determined that the bending moment is +800 N-m at D and +1300 N-m at E,
| | (a) determine P and Q, (b) draw the shear and bending-moment diagrams for
03m ' 03m ' 03m ' 03m" the beam.
SOLUTION
(a)  Free body: Portion AD

(6 kN)_OMSm P @
A l _,C._.a.‘_D E,‘_)3
1,667kN

0,3 03m 0.3m 4,333 kN

20 kN/n LEKN ¢ kN

1667k

(3]

A (0.5

%.333 knt

Le6T
E B

-6 -

X
(-13)

-4,333

(b)

SF,=0: C,=0
£)IM), =0: —C,(0.3 m)+0.800 KN-m + (6 kN)(0.45 m) = 0
C, =+11.667 kN C=11.667 kN | <

Free body: Portion £B

+)EM, =0: B(0.3m)-1.300 kN-m=0

B=4333kN <

Free body: Entire beam

+‘> XM, =0: (6kN)(0.45m)—(11.667 kN)(0.3 m)
—0(0.3 m)+(4.333 kN)(0.6 m)=0

Q=6.00kN | €
+=M, =0: 11.667 kN +4.333kN
—6kN—-P—6kN=0
P=4.00kN| <
Load diagram
Shear diagram
AtA: V, =0
V1, =6KkN<
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PROBLEM 7.89 (Continued)

Bending-moment diagram

M(N.m) . _
130D o —— — - At A: M,=0
gop |- — — : Ml =1300 N-m <]
(]
!
A ¢ /1 ; x We check that
ONT/> f B
1 My,=+800N-m and M,=+1300N-m
-900 |4\ .
As given:
PARABOLA WITH
HoRIZONTRL TRNGENT At C: M =-900 N-m |
AT A
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PROBLEM 7.90

P Q

20 kN/m
c lD llz

A |B
A oo
| ‘ |
|

03m ' 03m 03m' 0.3m

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

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 is +800 N-m at D and

+1300 N-m at E, (a) determine P and Q, (b) draw the shear and bending-
moment diagrams for the beam.

SOLUTION
(a)
(6(@&"‘,‘
t
E5DN:
A .,,L—?‘ F; L)
=”-'“'_I
_c:,'—-v'
¢ 10:3m
3
E B
nesows | =)
L——. B
Di3m "=
(ekn)_0dsm P &
\
A ,.:,_—- : ?
>
H167 kN lo.am 0.3m 0,30 ' 1-B33kN
20 kNAv I.SIW 7.50kN
[]
A B
0,3m 10,3m 03 03m
11,167 AN 4,833kN
V(kn) b)
5167 |——

(155 | 2667
A M) e s

ONm[c » x
\ -I.B
-6 l—— -4833

Free body: Portion AD
YF.=0: C.=0

+)IM, =0: —C(0.3 m)+0.650 KN-m + (6 kN)(0.45 m) =0
C, =+11.167 kN C=11167kN[ <

Free body: Portion EB

+)EM, =0: B(0.3m)—1.450 KN-m=0

B=4833kN <

Free body: Entire beam

+)EM,, =0: (6 kN)(0.45 m)—(11.167 kN)(0.3 m)
~0(0.3 m) + (4.833 kN)(0.6 m) =0
Q=7.50kN| «
+ =M, =0: 11.167 kN +4.833 kN
~6kN-P-750kN=0
P=250kN| <
Load diagram
Shear diagram
At A: V,=0
Wi =6kN <
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PROBLEM 7.90 (Continued)

(-} Bending-moment diagram
M50 - — — —
I At A: M, =
]
— !
650 i : M, =1450 N-m <
| |
0 A ‘T- > 5 = We check that
I
| Mp=+650N-m and M, =+1450N-m
-400 )
PARABOLA WITH As given:
HOoR\ZONTAL TANGENT
AT A. At C: M .=-900N-m <«

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1128

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

0 PROBLEM 7.91*

250 Ib/ft

) ) The beam AB is subjected to the uniformly distributed load shown and to two
A < : p unknown forces P and Q. Knowing that it has been experimentally
c| D E| F determined that the bending moment is +6.10 kip-ft at D and +5.50 kip-ft
| m | at E, (a) determine P and Q, (b) draw the shear and bending-moment

2 ft 2t 2ft 2t diagrams for the beam.

SOLUTION
) ¢ kP2
(a)  Free body: Portion DE 61D kionSt 55D kip.ft
+‘>EME =0: 5.50kip-ft—6.10 kip - ft + (1 kip)(2 ft) -V, (4 ft) =0
Y bty

V,, =+0.350 kip

+/ £F, =0: 0350 kip - 1kip—V; =0

V, =—0.650 kip
Free body: Portion AD
(1kip )EM , =0: 6.10 kip- ft — P(2ft) — (I kip)(2 ft) — (0.350 kip)(4 ft) =0
e ft
A l 10 kip.f P =1.350 kips | «
w&#
% P \_/;'0.35'0ku’r SF.=0: A =0
1t 2t +] £F, =0: A, —1kip—1350 kip—0.350 kip =0
A, =+2.70 kips A =2.70 kips | <
Free body: Portion EB
(s kip) )EM =0 (0.650 kip)( ft) + (1 kip)(2 ft) + O(2 ft)—5.50 kip - ft = 0
]
~Vez o,ssal-f Q =0.450 kip | <
SOkt e
5.50 kipi B 3R =0 B-0450-1-0650=0
ey lg
2% 290

B =2.10 kips| <
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(b) Load diagram

210kips

Shear diagram
AtA:

We next compute all areas

Bending-moment diagram

AtA: M, =0

Largest value occurs at G with

1,350 hips

PROBLEM 7.91* (Continued)

0,450 ki
W=0.25 hip/fi] p¢

AE

UL

2¢F 2 }Z.I()kaps

[
Ut uit

V,=A=+2.70 kips

To determine Point G where V =0, we write

Vo =Ve=—wu
0—0.85 kips = —(0.25 kip/ft)u

AG=2+3.40=5.40 ft

Bending-moment diagram consists of 3 distinct arcs of parabolas.

Vlkied

2,10

(=340 ft <

VI ,.=270kips at A «

M (kip.£t)
6345 |- —
o S 370
b |
p :
,__,16 F g X
5406k

M1, =6.345 kip-ft 4
5.40 ft from A 4
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PROBLEM 7.92*

950 Ib/ft © Solve Problem 7.91 assuming that the bending moment was found to
be +5.96 kip-ft at D and +6.84 kip-ft at E.

N
gt

L

A - ° B PROBLEM 7.91* The beam AB is subjected to the uniformly distributed
¢ b El F load shown and to two unknown forces P and Q. Knowing that it has been
!2 ARSI Y- ft! experimentally determined that the bending moment is +6.10 kip-ft at D

and +5.50 kip-ft at E, (a) determine P and Q, (b) draw the shear and bending-
moment diagrams for the beam.

SOLUTION

(a)  Free body: Portion DE

+)EM, =0: 6.84 kip-ft —5.96 kip - ft + (1 kip)(2 ft) =V, (4 ft) =0
V,, =+0.720 kip
+ F, =0: 0.720 kip—1kip—V; =0

V, =—0.280 kip

Free body: Portion AD

+‘> M, =0: 5.96 kip - ft — P(2 ft) — (1 kip)(2 ft) — (0.720 kip)(4 ft) = 0

¢ FP)
T S9skipk P =0.540 kip | €
AL D
A R . —0: A =
= & E YD' 0'110le ZFX O AX 0
2t 2ft +ZF, =0: A, —1kip—0.540 kip—0.720 kip =0
A, =+2.26 kips A =2.26 kips| <

Free body: Portion EB

)EM ;=0 (0.280 kip)(d ft) + (1 kip)(2 ft) + Q(2 ft) — 6.84 kip - ft =0

(Ikip)
Ve 0280k Q =1.860 kips | <
tkipt
o | B +] 2F, =0: B-1.860-1-0.280=0
|9| B
TATS B =3.14 kips | «
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PROBLEM 7.92* (Continued)

(b) Load diagram

0.5%0kip 1,860 kips
‘ur:o.ZSHP ft

o> oEr p
Abkips{—te re——sh—de2A3 1y |
2.26kips T TR 2erai o kips

Shear diagram

At A: vV, =A=+2.26 kips
4
A
To determine Point G where V =0, we write
Vo =Ve=—wu
0 — (1.22 Kips) = —(0.25 kip/ft)u R
=488 ft <
We next compute all areas IV, =3.14 kips at B 4
Bending-moment diagram M(kip-£9)
. — 6997 - — — =
AtA: M, =0 N8
Largest value occurs at G with ko2 WA : |
} Ty
AT T F Bx
AG =2+4.88=6.88 ft - 605t

M|, =6.997 kip-ft <

6.88 ft from A «
Bending-moment diagram consists of 3 distinct arcs of parabolas.
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’<74m 4m 4m 4111—»‘ PROBLEM 7.93
5\1% ﬂ Three loads are suspended as shown from the cable ABCDE.
! de Knowing that dc = 3 m, determine (a) the components of the
B \C/ b reaction at E, (b) the maximum tension in the cable.
v
2 kN Y 4 kN
3 kN
SOLUTION
(a)
ﬂj om Yo Y Yo 4Ey
6‘[ A = éy
P hc=3w D
ZRY =
YRN
240 #
+‘>ZMA =0: E,(16m)—(2kN)(4 m)—-(BkN)8m)—(4kN)(12m)=0
E,=+5kN E, =500kN| <
Portion CDE:
=S AN
L #m 4m 44y #
T £ ﬁL; +‘)EMC =0: GkN)@m)-(4kN)4m)—E (3m)=0
37 2 E,=8kN E,=800kN - «
T 48N
k¥'7
(b) Maximum tension occurs in DE:
T, =\E2+E2 =\8*+5 T,=9.43kN <
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’4—4111 4m 4m 4m—>‘ PROBLEM 7.94
A 4 P E Knowing that the maximum tension in cable ABCDE is 13 kN,
: de - determine the distance dc.
B \/ D
c
2kN Y 41N
3 kN

SOLUTION

Maximum tension of 13 kN occurs in DE. See solution of Problem 7.93 for the determination of E, =5.00 kNT
LR EE g Wo¥ 7%

£y

From force triangle E}+5* =13’

Portion CDE: E =12kN

)EM=0: (SKN)®m)—(12kN)he — (4 kN)(4 m)=0
he =2.00m <«
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’478 ft>=8 ft—~=8 ft—»‘<—8 ft—»‘

PROBLEM 7.95

E

C

300 Ib
200 1b

Y
300 1b

If d. =8 ft, determine (a) the reaction at A, (b) the reaction at E.

SOLUTION

Free body: Portion ABC

)EM =0

24, ~16A, +300(8) =0

A = 8Ay —-1200
Free body: Entire cable

8t ) Efe 18R | EX A E

Substitute from Eq. (1):

3(84, —1200) +16A, — 6400 =0
Eq. (1)

A, =8(250)—1200
F.3F. =0: -A +E =0 —800lb+E, =0
+] 5F, =0: 250+ E, —300-200-300=0

=K
=ssolhh t A=
.»E;o e [fk:mb

AT T 35‘ Zob
'

+)ZME =0: +6A, +32A, —(300 Ib+2001b+3001b)16 ft =0

34, +16A, —6400 =0

By = B0 E= 9/ /6 A3%:8°
() A =8381b™17.35° «
(b) E=9711b «34.5° 4

-8r _+-8rc~_.|
T ‘ U
66 2By ct=8f
2ft
AP I3 c
o00/p ‘ Zo0/b
(1
A, =2501b]
A, =8001b~—
E, =800 b —
E,=5501bf
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’«s f—-{=8 f—}<8 ft—»‘<—8 ft—»‘ PROBLEM 7.96
E
If d. =4.5 ft, determine (a) the reaction at A, (b) the reaction at E.
300 1b
N
3000 0P
SOLUTION
Free body: Portion ABC
| &Ft ) B8R '_?
-7 ! = fe
A d=4.8 : -
¢t I”\!/[:;:‘Am £)EM =0: —1.54, ~16A, +300x8=0
A
SR CR (2400-16A,)
Lor | 8 )8R | & 4s, A=s—s 0]
Free body: Entire cable +) IMp=0: +6A,+324,-(3001b+2001b+3001b)16 ft =0
3A, +16A, -6400=0
) 3(2400—-16A4,)
Substitute from Eq. (1): — 1 + 16Ay —-6400=0
A, =-100Ib
Thus A, acts downward A, =1001b)]
Eq. (1) A = (2400 _112(_100)) =2667 Ib A =26671b~—
FL3F,=0: —A +E, =0 —2667+E, =0 E, =2667 Ib—
+13F, =0: A, +E, -300-200-300=0
~1001b+E, -800 1b=0 E, =900 Ibf
A =266210 p ————
Y - L0 b £
P> TXagt T T IL_J:;;W&
(a) A=26701b772.10° 4
b) E=28101b «18.65° 4
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2m  2m

r—»r—»lfi} mTS m*»‘ T
dp de

PROBLEM 7.97

dp 4 reaction at E.

E

Knowing that d. =3 m, determine (a) the distances d, and dj, (b) the

SOLUTION

Free body: Portion ABC

ﬁ'_g‘?" 2m |

>
P
B)‘ 4\3_3\?: 3m
G kN SN c

Free body: Entire cable

85 } 29w ¢ Am |} 3m 3m

;-—’

G——.
A A
2
Srv < &
JM\D E £

) /OBN *

)EM=0: 3A,—4A, +(GKN)2m)=0

A ="A -— )

)IM, =0: 4A, ~10A, +(5 kN)(8 m) + (5 kKN)(6 m) + (10 kN)3 m) =0

4A, —10A, +100=0

Substitute from Eq. (1):

4(£A,—£J—10A, +100=0
37 3 !

A, =+18.571 kN

10

Eq. (1) AX=%(18.511)—?=+21.429 kN

FoSF =0: —A+E =0 -21429+E_=0

+T 2F,=0: 18571kN+E +5kN+5kN+I0kN=0

£z 191980 § = =L
=Y 147 ;I—/——tggx:z/.ﬁy.g//

(b)

A, =18571kN|
A, =21.429 kN~

E =21429 KN—

E, =1429 kN|

E=21.5kN « 3.81° 4
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PROBLEM 7.97 (Continued)

. %:/amw Zmn
(a) Portion AB J
=2 fﬁ&ﬂy_ /1

)EM, =0: (18.571 kKN)(2 m) — (21.429 kN)d,, =0 5 kN
dy=1733m <«
Portion DE
Geometry _ c
h=(3 m)tan 3.8° dp E_—_ B
=0.199 m I i

d,=4m+0.199 m
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y.z_m.‘ﬂ.‘fg mﬂfgmj PROBLEM 7.98

dg {Tv T T Determine (a) distance d¢ for which portion DE of the cable is horizontal,
’ 4m  (b) the corresponding reactions at A and E.

SOLUTION

Free body: Entire cable

By 42m 2m ) Zom 2

A i

- 2
1% Le #n
Sha i AE
oy £ £

(b) + =F,=0: A, ~5kN-5kN-10kN=0 A, =20kN{

+‘>ZMA =0: E(4m)-GkN)2m)- (G kN)(4m)—-(10kN)7m)=0

E=+25kN E=250kN— «
SF =0: —A +25kN=0 A =25kN-—
A —pA:70 A=32.0kN™ 38.7° «
= ~'s
A,;zsawc—Afn

(a)  Free body: Portion ABC

DEM=0: (25KN)de — (20 kN)(4 m) +(SKN)(2 m) =0
25d, -70=0 d.=280m <«
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PROBLEM 7.99

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 tension in each hanger is 400 Ib.
Knowing that d. =12 ft, determine (a) the maximum tension in
the cable, (b) the distance dp.

L—S@Gft:SOft—J

SOLUTION

FBD Cable: Hanger forces at A and F act on the supports, so A, and F act on the cable.

QZMF =0: (6ft+12 ft +18 ft + 24 ft)(400 Ib)

~(30 A, - (5 f) A, =0

A, +6A,=48001b (1)

FBD ABC: QZMC =0: (7 fA, —(12 fYA, + (6 f)(400 Ib) =0 2)

Solving (1) and (2)

A =8001b-—
A, <2000,
3
From FBD Cable: —3F =0: —-8001b+F =0
* * 20 lb
FBD DEF: F,=8001b—
TZF}, =0: ? Ib —4(400 Ib) + Fy =0
2800
F, === Ibf
Joolb
2

Since Ax = Fx and Fy > A)” Tmax = TEF - \/(800 lb)2 * [glbj
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PROBLEM 7.99 (Continued)

(@ T, =1229271b, T, =12291b <

QZMD =0: (12 ft)(@lb]— dp, (800 Ib) — (6 ft)(400 Ib) =0

(b) dp=11.00 ft <
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PROBLEM 7.100

Solve Problem 7.99 assuming that d. =9 ft.

PROBLEM 7.99 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 tension in each hanger is

i 400 1b. Knowing that d. =12 ft, determine (a) the maximum
‘ 5@6I=301 tension in the cable, (b) the distance dp.

SOLUTION

FBD CDEF:

‘[~x
sFL ¢F uft
T F

z (ZM=0: (8 fOF, - (9 fOF, — (6 ft+12 ft)(400 Ib) = 0
F,~2F, =800 Ib (1)
FBD Cable: ((EM,=0: (30 fOF, - (5 fOF,

—(6 ft)(1+2+3+4)(400 1b) =0
F, —6F, =—4800 Ib )

Solving (1) and (2),
F,=12001b—, F, =1000 le

—3F, =0: —A +12001b=0, A, =12001b—

Point F:
rocol
1.2 kopos
/F r200 /b /"P‘ :Tw

Facant
[TF, =0: A, +10001b-4(4001b)=0, A, =6001b]
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PROBLEM 7.100 (Continued)
Since
A=A, and F >A, T, =Ty
T, =+/(1kip)* + (1.2 kips)®
(@) T, =1562kips 4
FBD DEF: QZMD =0: (12 ft)(1000 Ib) - d,,(1200 1b)
—(6 ft)(400 1b) =0
1o00/h
1200 /b
(b) d,=8.00ft 4

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1143

STUDENTS-HUB.com


https://students-hub.com

[ 4m—f— 6 m—f g m— PROBLEM 7.101
o T Knowing that mg = 70 kg and m¢ = 25 kg, determine the
T D 5. magnitude of the force P required to maintain equilibrium.
5m v
SOLUTION
Free body: Portion CD 4m } Dy
+)ZM=0: D,(4m)—D,(3m)=0 g-,———-—p_»o,
iy
Dy = _DX I&c _Vyc
Free body: Entire cable
-2
gom AT 50
55
c
We
+‘>ZMA=0: %Dx(l4m)—WB(4m)—WC(lOm)—P(5m)=0 (1)
Free body: Portion BCD
-3
bor__, tm Y770 +‘>2MB=O: %DX(IOm)—Dx(Sm)—WC(Gm):O
i /‘a’
Sm _
_7'% c DX _ 2.4WC (2)
3 A
£ wy,
For mg =70kg m.=25kg
g =9.81m/s”: W, =70g W, =25¢g
Eq. (2): D, =2.4W, =2.4(25g)=60g
3
Eq. (1) Z6Og(14)—70g(4)—25g(10)—5P=O
100g -5P=0: P=20g
P=2009.81)=196.2 N P=1962N 4
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PROBLEM 7.102

’4— 4m 6m

4 m~>‘

Knowing that mg = 18 kg and m¢ = 10 kg, determine the magnitude
of the force P required to maintain equilibrium.

SOLUTION
Free body: Portion CD
4m 99
+)ZM=0: D,(4m)—D,(3m)=0 —t )0,
v
Dy :_Dx __7_54 _VV‘
Free body: Entire cable
=2
om AT # 0
55
c
We
+‘>ZMA=0 %Dx(l4m)—WB(4m)—WC(lOm)—P(5m)=0 (1)
Free body: Portion BCD
.3
bor rn Y4750 +‘>ZMB=O %DX(IOm)—Dx(Sm)—WC(Gm)zo
i /;3;
Sm _
J'M c Dx _24WC (2)
(] e
£ oy,
For mg =18kg m, =10kg
g =9.81m/s?: W, =18g W, =10g
Eq. (2): D, =24W, =2.4(10g)=24g
3
Eq. (1): 224g(14)—(18g)(4)—(10g)(10)—5P=0
80g —5P: P=16g
P=16(9.81)=156.96 N P=1570N 4
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PROBLEM 7.103

Cable ABC supports two loads as shown. Knowing that b = 21 ft,
determine (a) the required magnitude of the horizontal force P,
(b) the corresponding distance a.

180 Ib

SOLUTION
Free body: ABC
R Ay 4 b —
Ax Jeasy +‘>EMA:O: P12 ft)— (140 Ib)a — (180 1b)b =0 (1)
A
125
B
3
q %
c Ly
140 1o P
180 Vo

Free body: BC

+)IMy =0: P(9ft)~ (180 Ib)(b—a)=0 )
20
Data  b=21ft Eq. (): 21P—140a—180(21)=0 P=""ax180 3)
Eq. (2): 9P-180(21-a)=0 P =-20a+420 @
20
Equate (3) and (4) through P ~=a-+180=-20a+420 ()  a=9.00ft <
20
Eq. () P==-(9.00)+180 (@ P=2401b «
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PROBLEM 7.104

and b when a horizontal force P of magnitude 200 1b is

180 Ib

Cable ABC supports two loads as shown. Determine the distances a

applied at A.

SOLUTION

Free body: ABC
Ay 4

D el +)EM , =0: P12 ft)— (140 Ib)a— (180 Ib)b = 0
A

A

125

‘GH'\'
C L)'
P

180 Vo

140 b

Free body: BC

+)IMy =0: P(9ft)~ (180 1b)(b—a)=0

[
130 1o
Data P=2001b
Eq. (1): 200(21)—140a—-180b=0
Eq. (2): 200(9)+180a—180b=0
3)—-4): 2400-320a=0
Eq. (2): (2001b)(9 ft) — (180 1b)(b—7.50 ft) =0

6]

2

€)

4)

a=1750ft 4
b=17.50ft 4
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Eq. (1):

’7411’1-»«4 m—>|<4 mTﬁt m4>1 PROBLEM 7_105
If a = 3 m, determine the magnitudes of P and Q required to
2mp E maintain the cable in the shape shown.
a
2m :7
SOLUTION
Free body: Portion DE o lé“b £
— . J— E - %
)EMp=0: E (4m)—E (S5m)=0 5«"
o 4
5 Ty +
Ey = Z Ex Jen _P
Free body: Portion CDE
4 ""'"E'-‘{i +‘>ZM =0: EE B8m)—E (7Tm)—P2m)=0
> _3' 2% C . 4 x x
T /L5
Em 2
7m Ex =—P (1)
D 3
1 %\ P 2m
/20 £N
Free body: Portion BCDE
4m | 4 | Ym A
E' £yF %Ey
5
S»
-74-3 B b -+
\ I
D Sy
+‘>EMB =0: %EX(IZ m)—E (5m)—(120kN)(4m)=0
10E, -480=0; E, =48kN
2
48 kN == P=720kN 4
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PROBLEM 7.105 (Continued)

Free body: Entire cable

+‘>ZMA =0: %Ex(16 m)—-E (2m)+PGBm)-0(4m)-120kN)8m)=0

(48 kN)(20m—2 m) + (72 kN)(3m) — O(4 m) —960 kN -m =0
40=120 Q=30.0kN <
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Tél m—|

~4m—>~d m*"‘l m—] PROBLEM 7.106

If a = 4 m, determine the magnitudes of P and Q required to

- maintain the cable in the shape shown.
2m
120 kN
SOLUTION
Free body: Portion DE
R
)EIM,=0: E,(4m)—E (6m)=0 p £
_ 3 &m
E} =5 E D 4
T P
Free body: Portion CDE =D -
4m b £,* ’?‘;: +)IM . =0: %EX(S m)—E_(8m)—P(2m)=0
1
Free body: Portion BCDE
+‘>ZMB =0: %Ex(12 m)—E (6m)+(120kN)(4 m)=0
12E, =480 E =40kN
E —IP' 4OkN—1P P=80.0kN <«
Eq (1): =3k =2 =80.
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PROBLEM 7.106 (Continued)

Free body: Entire cable

oym  4m ) ¥™ ‘f”"’_i..Es—' z2&%
F— L
N E
|2"n ;}y 4
8 7 8 o T

c

120 N

+‘>EMA =0: %Ex(16 m)—E (2m)+P(4m)-Q0@4m)-(120kN)(8m)=0

(40kN)24 m—-2m)+ (BOkN)(4m)-Q(4 m)-960kN -m=0
40 =240 0=60.0kN <«
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PROBLEM 7.107

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 (a) the maximum tension in
the cable, (b) the length of the cable.

SOLUTION ,,._ ne—o o7,
w = (0.8 kg/m)(9.81 m/s*) Z-__“_/*/J;:’
=7.848 N/m l— - ]
W = (7.848 N/m)(37.5 m) 4(32.6m,

W =2943N
(a) )IMy=0: T,(2m) —WG37.5 m) =0
| | w=zon 2y
7,2 m)= (2943 N)— (375 m) =0 T =299
T, =2759 N
T2 =(294.3 N)* + (2759 N)* T,=27710 N <
2 2
b) S = X 1+—(y—BJ T
3\ xg
2
—375m|1+2[ 2M ) 4.
3137.5m
=37.57m
Length =2s, =2(37.57 m) Length=75.14 m <

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1152

STUDENTS-HUB.com


https://students-hub.com

STUDENTS-HUB.com

PROBLEM 7.108

The total mass of cable ACB is 20 kg. Assuming that the mass of the
cable is distributed uniformly along the horizontal, determine (a) the sag #,
(b) the slope of the cable at A.

SOLUTION

Free body: Entire frame

Ay 4/20&3)[ 9.8/ mfs™) = [96. 2N

£
(50 ka)(2.9170) =147/, 8 M

+‘>ZMD =0: A,(45m)—-(196.2N)(4m)—-(1471.5N)(6m)=0

A =21364N
Free body: Entire cable
+)ZM,=0: A, (8m)—(196.2N)(4m)=0
w o JEM0 4
Ay A c D)\ Dy A, =98.1N
Y477 —spo—ttm —J Y
(a)  Free body: Portion AC
T63:99~,”

A _ SF, =0: T,=A =2136.4N
A an win | h
21 %. L, 7%  )IM,=0: T,h—(98.1N)2m)=0

-
Zom l z»,_.‘ (21364 N)Ah—196.2N-m=0
h=0.09183m h=91.8 mm <«
ang. <A _ 981N
) “TA, 21364N
A ___ A=98M
e
% tan @, =0.045918
A
A= 236N
-9 6, =2.629° 6, =2.63 <
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PROBLEM 7.109

The center span of the Verrazano-Narrows Bridge consists of two uniform roadways suspended from four
cables. The uniform load supported by each cable is w = 10.8 kips/ft along the horizontal. Knowing that the
span L is 4260 ft and that the sag & is 390 ft, determine («) the maximum tension in each cable, (b) the length
of each cable.

SOLUTION
Py 1.—1,_—425&% _,] B
T P T (e
CRBLE
w-= 10.8 R/
(a)

Y
B
[—/ [ ‘je:,g=370(‘f

C| xg= 2450f_|

2
wx
At B: =—B
Ve 21,
. 2
390 ft = (10.8 kips/ft)(2130 ft) T, = 62,819 kips

1,

_ 2,22
T, =Ty +wxg

= \/(62,819 kips)® + (10.8 kips/ft)* (2130 ft)*

= \/62,8192 +(23,004)* = 66,898 kips T, = 66,900 kips 4

2y, Y 2(y, )
SB :xB 1+§[y_BJ __[y_BJ
Xg S\ xp

2 4
= (2130 ft) 1+§( 390ﬁJ —3( 390ft] }:2176.65ft

(b)  Length of cable

21301t 5\ 21301t

Total length: 25, =2(2176.65 ft) = 4353.3 ft L=4353ft 4
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PROBLEM 7.110

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 #,, = 386 ft in winter to s, =394 ft in summer. Knowing that the span is L = 4260 ft,
determine the change in length of the cables due to extreme temperature changes.

SOLUTION
2( vV 2( )
Eq. 7.10: sp=ag|lt=| 28| —Z| 28| 4o
3\ xg S5\ xp
Winter: v =h=386ft, xB=%L=213Oft
2 4
sz =(2130) 142 386 ) 20386 ) 0175715
312130 512130
Summer: yp =h=3941t, xB=%L=213Oft
2 4
sg =(2130) 1+g(ﬁj —z(ﬁj +.-- | =2177.59 ft
312130 5\2130

A=2(Asp)=2(2177.59 ft — 2175.715 ft) = 2(1.875 ft)
Change in length =3.75 ft <«
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PROBLEM 7.111

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

SOLUTION
Eq. (7.8) Page 386:

2
wx
At B: =_"B
VB 21,
7 = wxp _ (LL1kip/f0)(2075 ft)?
0 2y, 2(464 ft)
(@) T, =51.500 kips
~ W
A W = wx, = (11.1kips/ft)(2075 ft) = 23.033 kips

T, =T +W? =4/(51.500 kips)® +(23.033 kips)*

T, =56,400 kips «

2 4
b) spmxy| 142 2| J22m ] | 2 A0 36
3\ xp 5\ yg xg 20751t

sg =(2075 ft){l +§(0.22361)2 —%(0.22361)4 + } =2142.11t

Length=2s, =2(2142.1ft) Length =4284 ft 4
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PROBLEM 7.112

Two cables of the same gauge are attached to a transmission tower
at B. Since the tower is slender, the horizontal component of the
resultant of the forces exerted by the cables at B is to be zero.
Knowing that the mass per unit length of the cables is 0.4 kg/m,
determine (a) the required sag A, (b) the maximum tension in each

cable.
SOLUTION
W =wxy
Y ‘¥B z,.'.
Y =
+‘>ZMB=0: T, yB—(wa)TB=O M MB
D X
W ~ ’;_‘: -J
(@) Horiz. comp. =T, =—2
2yg
Cable AB: Xg=45m
2
T, = w(45m)
2h
Cable BC: xp=30m, yg;=3m
~ w(30 m)*
" 23 m)
2 2
Equate 7, =7, & m° _wGOm) h=6.75m 4
2h 2(3m)
(b) T, =T; +W* }:»ilw
Cable AB: w = (0.4 kg/m)(9.81 m/s) =3.924 N/m )
xp=45m, y,=h=6.75m
2 2
T, = WXp _ (3.924 N/m)(45 m) _5836N
2yp 2(6.75m)
W =wxy =(3.924 N/m)(45m) =176.58 N
T2 =(588.6 N)* +(176.58 N)*
For AB: T,=615N «
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PROBLEM 7.112 (Continued)

Cable BC: xg=30m, yz=3m

_wxp  (3.924 N/m)(30 m)®
2y 2(3m)

T, =588.6 N (Checks)

W =wxg =(3.924 N/'m)(30m)=117.72 N

T2 =(588.6 N)* +(117.72 N)?
For BC:

T,=600N <
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PROBLEM 7.113
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, (b) the maximum tension in the wire. [Hint: Use only
the first two terms of Eq. (7.10).]
SOLUTION
First two terms of Eq. 7.10
1
(a) S = 5(50.5 m) =25.25 m,
1
Xg =5(50 m)=25m
yg=h
2( vy )|
Sp = Xg 1+—(y—3]
3\ xg
5 2
2525m=25m 1——{y—3
3\ xg
2 2
(y—B] =0.01(3) =0.015
Xpg 2
2B~ 0.12247
g
_h =0.12247
25m
h=3.0619 m h=3.06m <
(b)  Free body: Portion CB
Y= 25 4B,
w=(0.75 kg/m)(9.81m) =7.3575 N/m g";
W =5, w=(25.25m)(7.3575 N/m) = 8 |9 30807
- W —
W =185.78 N < I"’”"‘
+)ZM0 =0: 7,(3.0619 m)—(185.78 N)(12.5m)=0
T, =7584N
B, =T,=7584N
+T2Fy =0: B,-18578N=0 B, =18578N
T, =B +B? = (7584 N)? +(185.78 N)? T,=781N 4
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PROBLEM 7.114

A cable of length L + A is suspended between two points that are at the same elevation and a distance L apart.
(a) 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 ft, determine the approximate sag. [Hint: Use only the first two
terms of Eq. (7.10).

SOLUTION
Eq.7.10 (First two terms)
5 2
(@) Sp = Xp 1+—(y—BJ
3\ xg
xg =1L/2
sg=—(L+A)
yg=h
L 2( h
—(L+AN)=—|1+—=| —
wro=4i- 23]

2
é:ih_; hzszA; h= /ELA <
2 3L 8 8
(b) L=100ft, h=4ft. h= }%(100)(4); h=12.25ft 4
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PROBLEM 7.115

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

N

1o

l—

SOLUTION
Cable: m=25kg
W =25(9.81)
=24525N
Block: m =450 kg
W =44145N

)IMp =0: (245.25)(2.5)+(4414.5)(3) - C,(2.5)=0 ) g
C.=5543N p—2s '_fy_ﬁw;wz
X P — e

SF.=0: A =C,=5543N w;
v =
DIM, =0: C,(5)—(5543)(2.5) - (245.25)(2.5) =0 ar

C, =2894 N1
+15F, =0: €, -4, ~24525N=0
2894 N — A, —24525N=0 A, =2649N |
A, 2649
A tan@, =—L =" =0.4779; 6, =255 <
Point A: A 5543 A
=%
[ SR ﬁ, C
2894
e tanf, =— ="""=0.5221; 0, =27.6° 4
Point C: C C. 5543 A
C,
= @c_
L—fgc

Sy

Free body: Half cable W =(12.5kg)g =122.6

oS S)IM, =0 (122.6 N)(1.25 M) + (2649 N) (2.5 m) — (5543 N) y, =0
12248 h,

SZe T v, =12224m; sag=h=125m—1.2224m
AL 2evn

h=0.0276 m=27.6 mm 4
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";9‘“—"—6 m—= PROBLEM 7.116
Ta | Cable ACB supports a load uniformly distributed along the
a 1225 " horizontal as shown. The lowest Point C is located 9 m to the right
' W of A. Determine (a) the vertical distance a, (b) the length of the
[ | cable, (c) the components of the reaction at A.
60 kg/m
SOLUTION A,
% b—’l%
Free body: Portion AC T "
3:'-0\ \\ _’-7;
+13F, =0: A, -9w=0 <
HEm
A= 9WT Fur
+‘>EMA =0: Tha—Ow)(4.5m)=0 (1)
Free body: Portion CB bom 8,
el
Ye l c
+{2F, =0 B,—6w=0 by
- L 3m
B, = 6WT
Free body: Entire cable
&les._, Fur I.gb:‘w-
:E) | L 2.75’!
- lss’: a.—2.2~f
X2
S
e —
+)ZMA =0: I5Sw(7.5m)-6w(15m)-T7,(2.25m)=0
(a) T, =10w
Eq. (1): Tha—Ow)(4.5m)=0
10wa = (9w)(4.5)=0 a=405m <
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PROBLEM 7.116 (Continued)

(b) Length=AC+CB

Portion AC: x=9m, y,—a=405m; 24-20_g4s
X, 9
2(v, Y 2(ys )
Syc =Xp 1+= y_A - = y_B 4.
3 x, S5\ xy,

2 2

Sy =9 m(1+—0.452 -2045* +] =10.067 m
3 5

Portion CB: Xp=6m, y,=405-225=18m; 2£=03
Xp

2 2

Scp =6 m(1+—0.32 -20.3* +---)=6.341 m
3 5

Total length =10.067 m + 6.341 m

(¢) Components of reaction at A.

A, =9w=9(60 kg/m)(9.81 m/s’
T ~C b, . (60 kg/m)( )
! R =52974N
A, =T, =10w=10(60 kg/m)(9.81 m/s*)
=5886 N

Total length =16.41 m <«

A, =5800N-— <

A, =5300N| <
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1100 ft ' PROBLEM 7.117

5|

Each cable of the side spans of the Golden Gate Bridge supports a
load w = 10.2 kips/ft along the horizontal. Knowing that for the side
spans the maximum vertical distance 4 from each cable to the chord
AB is 30 ft and occurs at midspan, determine (a) the maximum
tension in each cable, (b) the slope at B.

h=30ft

10.2 kips/ft

SOLUTION

FBD AB: i
Ty
100 Ft Tg T (EM,=0: (1100 f0)T,, — (496 fO)T,, — (550 fOW =0

11T, —4.96T, =5.5W (1)

w o2 %P'X/Iooﬂ)

= /1220 kips

Toy

8 Tav

(=M =0: (550 fO)T,, — (278 fO)T,, — (275 ft)% =0

11Ty, —5.56T,, =2.75W )

Solving (1) and (2) Ty, = 28,798 kips

Ty, =51,425 kips

> Ty,
Toax =Tp =\Ts, +Tj, tan @, = T—‘

So that (@ T, =58900 kips 4
(b) 6, =29.2° 4
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PROBLEM 7.118

5 ft

—j R: A steam pipe weighting 45 Ib/ft that passes between two
B 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/ft,
determine (a) the location of the lowest Point C of the
cable, (b) the maximum tension in the cable.

SOLUTION
Note: Xp—x, =401t ’d»L 7‘*\[/ =4fE
or x, =xp —40ft _.1”_.1._ ¥g—
(a) UseEq.7.8
) _ wxi _ 9_W()CB—40)2
Point A: Ya= 2T, ’ - 2T, (1)
. wx,g 4= wx,é
Point B: Yp = o7, = 27, )
—40)2
Dividing (1) by (2): %: M; Xp = 16 ft Point C is 16.00 ft to left of B 4
: 2

(b)) Maximum slope and thus 7, is at A
X, =x5 —40=16—-40=-24ft

2 . 2
pon o - SOID/O24ft)* 7, <1600 1b
2T, 2T,

W, = (501b/ft)(24 ft) =1200 1b

ol P T, =20001b <«
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PROBLEM 7.119*

A cable AB of span L and a simple beam A’B’ of the same span are
subjected to identical vertical loadings as shown. Show that the
magnitude of the bending moment at a point C” in the beam is equal to
the product Tyh, where Ty is the magnitude of the horizontal component
of the tension force in the cable and /£ is the vertical distance between
Point C and the chord joining the points of support A and B.

SOLUTION

(=M, =0: LAy +aTy—EM} o =0 (1)

FBD Cable:
(Where XM 5 .4s includes all applied loads)

X )
(ZMC:(): XAC)'_(h_QZJE)_ZMCIeft:O 2
Aey ST ’a{
Y
FBD AC: I t-/‘/, T h
> A L
(Where XM . . includes all loads left of C) * l\‘[ <
g’ .P'L
X ) X ) )
7D =@ ATy =T 2M g jgugy + EM o5 =0 S)
FBD Beam:
A ¢ 8
= T L s (EMy=0: LAy —3M 0 =0 @)
lex .
Aoy P B 3] & (ZMC:(): XAp, —EM 1o =M =0 o)
FBD AC:
X
‘ =Y ue
ST LT
4y P B "
X X ) )
2(4)—(5): _ZZMBloads+ZMClefl+MC =0 (6)
Comparing (3) and (6) M. =hT; Q.ED.
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’4—4111 4m 4m 4m—>‘ PROBLEM 7.120
A E Making use of the property established in Problem 7.119,
dy d p solve the problem indicated by first solving the corresponding
B \\/ D beam problem.
C
5 ‘l'\ ) \J PROBLEM 7.94 Knowing that the maximum tension in
- S 4 kN cable ABCDE is 13 kN, determine the distance d.
SOLUTION
Free body: beam AE
+‘>ZME =0: —A(16)+2(12)+3(8)+4(4)=0 A=4kNT
+ =F,=0: 4-2-3-4+E=0 E=5kN!

2 kN kN 4kN

NN

Avn

> »
»
3
»
3
»
3
im m

L2
| D E
A ® c : ] %
-5
M (kN -w)
rZ oo
6
E
A B < D %
AtE:  T,=Tg+E> 13 =T;+5 T,=12kN
AtC: M =Tyh.; 24kN-m=(12kN)h.
he.=d.=2.00m 2.00m <«
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PROBLEM 7.121

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

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

SOLUTION

ol B 5T -

E
'@ ’Zm Z2m Im K d ?_

v(#7)
/0
s [’5- ¥
A B ¢ Ol-z0) [€
-/0
Mm{kn-=) K 30
201
%
L 8 < D &

+) IMp=0: A(10m)-(SkN)@m)—(5kN)(6 m)—10kN)(3m)=0

A=10kN
Geometry:
A o8~ b™ 282 dc =1.6m+hc
Tt — I 3m=1.6m+h.
8 e
c % r he =1.4m
D
Since M = Tyh, h is proportional to M, thus
hy  he  hy hy  l4m _  hy
Mg M. M, 20kN-m 30kN-m 30kN-m
hy =14 221209333 m | =14 30 4m
30 30
dy=08m+0.9333m | d,=28m+14m
dy,=1733m < d,=420m <
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PROBLEM 7.122
5¢ft Making use of the property established in Problem 7.119,
3 solve the problem indicated by first solving the corresponding
beam problem.
PROBLEM 7.99 An oil pipeline is supported at 6-ft
g 2 intervals by vertical hangers attached to the cable shown.
b Due to the combined weight of the pipe and its contents the
L—s @6 ft =30 ft ————— tension in each hanger is 400 1b. Knowing that d. =12 ft,
determine (a) the maximum tension in the cable.
SOLUTION
Ysorw ootk Yoolb  &ooth 1
N L A= B=—(4x400)=8001b
F; e 2
vip)
oo |
(46:0) o
¢ 20 I '12 x
]
400 b -4
S@ 6t 1 e
“
N(’b‘ ﬂ, 7Zeco 7200
400
4500
A B € 0 & F
Geometry
3
de=h; +3ft
12ft=h, + 31t
h. =9 ft
dp=hy,+2ft (1)
At C: M. =T,h.
7200 1b - ft =T, (9 ft) T, =8001b
At D: M, =T)h,
7200 1b - ft = (800 Ib)A, hy =91t
Eq. (1): dp=91ft+2ft d, =11.00ft <
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PROBLEM 7.123

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

PROBLEM 7.100 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
tension in each hanger is 400 Ib. Knowing that d. =9 ft,
determine () the distance dp.

SOLUTION
oot ‘f""f Yool 400 A=B-= %(4x 400)
af gt A=B=8001b
viw
8oo 400
lpsce) (2409 ¥
(2409
—400 (~&09
-8ac
S@6FE
M(16:£) 220 e
44800 N
pa
A I3 c D & F~
At any point: M =T,h
We note that since M. =M, wehave h. =h,
Geometry
1 34 2fe -~ dp = he +3 1t
s , h Oft="h.+3ft
K . 'p
3 £ he =6 ft
" e
- S@ 41t o and o =0ft

dp=h, +2ft=6ft+2ft
d,=8.00ft 4
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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’y/dx* = w(x)/Ty, where Ty, is the tension at the lowest point.

SOLUTION
FBD Elemental segment:
%~ T Cx*‘“‘J
[2F, =0: T,(x+A0-T,(x) - wx)Ax=0
AT T,
Ty(x+Ax) T,(x) w(x) ay
So - = Ax <t
To To 76 A war
R e T
T ¥
But ) 709
T, dx
dy| _dy
SO dx x+Ax dx X _ W(X)
Ax T,
d* y  w(x)
In lim : — = Q.E.D.
Ax—>0 dx T,
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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 = wqy cos (xx/L), where x is measured from mid-span. Also determine the
maximum and minimum 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*y/dx* = w(x)/Ty, where Ty is the tension at the lowest point.

SOLUTION
Zay 4 2y t Joy
B L B L
L. .

N

&

N\ "\’é
~N

8
N
-e—S"i
A

>X

From Problem 7.124

W,L
So L =Lsinﬂ using L =0
dx Tyrz L dx|,
woL* V1
== (1— os—j [using y(0)=0] <
Ty
2 2
But y(£] =h= W0L2 (l—coszj so T, = wozL
2 T,z 2 T°h
2
And T,=T,, $o0 Ton = W02 |
w°h
Ty, L
deszA_TB i_dy ZWL
Iy dxl_y, Ty
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PROBLEM 7.126*

If the weight per unit length of the cable AB 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 dzyldx2 = w(x)/Ty,
where T is the tension at the lowest point.

SOLUTION
20dls
Elemental Segment:
w, e L { d
Load on segment* w(x)dx = g ds ds y
cos” @ 7 — —
w dx
But dx=cosfds, so w(x)= (3’
cos” @

2

From Problem 7.119 d i} = wx) - 3
dx I, T,cos’ @

2

In general Q = i ﬂ = i(tan ) = sec? ﬁd—e
dx*  dx\dx) dx dx

So 49 _ 3W0 —= %o

dx T,cos’@sec"@ T,cosf

Ty
or —c0s8d0 =dx=rdBcosd
"o
.. 1, ..

Giving r =— = constant. So curve is circular arc Q.E.D.

Wo

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

A 20-m chain of mass 12 kg is suspended between two points at the same elevation. Knowing that the sag is

8 m, determine (a) the distance between the supports, (b) the maximum tension in the chain.

SOLUTION
mass/meter = (12 kg)/(20 m) = 0.6 kg/m
w = (0.6 kg/m)(9.81 m/s*) = 5.886 N/m
L L | .58 = /O™
I 1B b
A " S/ e
N‘*/ h=8m ge_: 3+IC
< x
O le— v —
Eq.7.17: v —sp=c’ (8+¢) —10> =¢?
64 +16¢ +c* —100 = ¢*
16c=36 ¢=225m
Eq.7.18: T, =wyy =(5.886 N/m)(8 m + 2.25 m)
T,=60.33N
Eq.7.15: sz =csinh2; 10=(2.25m)sinh -2
C C

sinh 2B = 4.444; B 2197
C C

T,=603N <

X =2.197(225m)=4.944m; L=2x;=2(4944m)=9.888m

L=989m <«

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1174

STUDENTS-HUB.com



https://students-hub.com

STUDENTS-HUB.com

PROBLEM 7.128

A 600-ft-long aerial tramway cable having a weight per unit length of 3.0 Ib/ft is suspended between two
points at the same elevation. Knowing that the sag is 150 ft, find (a) the horizontal distance between the
supports, (b) the maximum tension in the cable.

SOLUTION
L e
A /\ [
7 Se n
= t |
C N
o x
Given:
Length = 600 ft
Unit mass = 3.0 Ib/ft
h=150 ft
Then, sg =300 ft

yg =h+c=150ft+c
ya—s5=c>; (150+c)* —(300)* = ¢?
150% +300c + ¢* —300* = ¢*
c=2251t

sz =csinh2£; 300 =225sinh—£-
225

C
Xy =247.28 1t
span = L= 2x, = 2(247.28 ft) L=495ft <
T, = wy, = (3 Ib/ft)(150 ft + 225 f) T, =11251b <
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| L |
— le——_ PROBLEM7.129
—’7 ol il A 40-m cable is strung as shown between two buildings. The
o l maximum tension is found to be 350 N, and the lowest point of
. ¢ the cable is observed to be 6 m above the ground. Determine
LE Gfm E (a) the horizontal distance between the buildings, (b) the total
' mass of the cable.
SOLUTION
. L o
h
_.—/ Yo
c
o) g vp—
s =20m
T,=350N
h=14m-6m=8m
yp=h+c=8m+c
Eq.7.17: vy —sp=c’ (8+¢)* =207 =¢?
64+16¢+c* —400=c’
c=21.0m
. Xg . Xg
Eq. 7.15: sg =csinh—; 20=(21.0)sinh
c 21.0
(@) xp =17.7933m; L=2x, L=35.6m <
(b) Eq.7.18: T,=wyg; 350 N=w(8+21.0)
w=12.0690 N/m
W =2s,w=(40 m)(12.0690 N/m)
=482.76 N
mzyzm Total mass=49.2 kg 4
g 9.81lm/s
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PROBLEM 7.130
A 200-ft steel surveying tape weighs 4 Ib. If the tape is stretched between two points at the same elevation and
pulled until the tension at each end is 16 Ib, determine the horizontal distance between the ends of the tape.
Neglect the elongation of the tape due to the tension.
SOLUTION
l L 1
ﬁ' < [¥] /2_‘. 3
\\\\\\‘:iﬁ::iﬁ’/// h yg=h+e
<
-] s y— *
sp =100 ft
41b
w=|——|=0.021b/ft T, =16m
200 ft
Eq.7.18: T, =wyg; 161b=(0.021b/ft)yz; vz =800 ft
Eq.7.17: yi =S5 =c’; (800)* —(100)> =c*; ¢=793.73t
. Xg . Xp
Eq. 7.15: sg =csinh—=; 100=793.73 sinh—
c c
2B 2 0.12566; x, =99.737 ft
c
L =2x, =2(99.737 ft) L=199.5ft 4

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1177

STUDENTS-HUB.com


https://students-hub.com

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 A and to a collar at B. Neglecting the
effect of friction, determine (a) the force P for which 4 = 8 m, (b) the
corresponding span L.
SOLUTION
FBD Cable:
P=T,
L I
<
L2 x
o
sy =20m (so Sg =2()Tm=10mj
w = (0.2 kg/m)(9.81 m/s?)
=1.96200 N/m
hy =8m
y,23 =(c+hB)2 =c? +s,23
242
So c=28 i
2hy
4o m)” — (8 m)®
2(8 m)
=2.250 m
Now sy =csinh>E — x, =csinh ™' &
c c
— (2250 m)sinh ™! | 0™
2.250 m
xp =4.9438 m
P =T, =wc=(1.96200 N/m)(2.250 m) (a) P=441N— <
L=2x; =2(4.9438 m) (b) L=9.839m <«
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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 A and to a collar at B. Knowing that the
magnitude of the horizontal force applied to the collar is P = 20 N,
determine (a) the sag i, (b) the span L.

SOLUTION
FBD Cable:
Zy n §Y
L
& 8 —> P=T,= 20N
SNl

Of n

T x

sp=20m, w=(0.2kg/m)(9.81 m/s*)=1.96200 N/m

P=T,=wc c=£
w
c=20—N=10.1937m
1.9620 N/m
yé =(hB+c)2 =c2+s§

W +2ch—s3=0 sBzonm=10m

h* +2(10.1937 m)2—100 m* =0

h=4.0861m (a) h=4.09m <«
L Xy . 15 L 10m
sg =csinh—* — xz =csinh™ —==(10.1937 m)sinh™ | ————
c c 10.1937 m
=8.8468 m
L=2x, =2(8.8468 m) (b) L=17.69m <«
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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 A and to a collar at B. Neglecting the
effect of friction, determine (a) the sag & for which L = 15 m, (b) the
corresponding force P.
SOLUTION
FBD Cable:
Ly 4 A §Y
A - L
< Y x > P=To
Ay | |
2WSg
A hﬂ 73
_Z ¥
c
1 Z
=]
sy =20m — s, =2()Tm=10m
w= (0.2 kg/m)(9.81 m/s*) =1.96200 N/m
L=15m
X L
sz =csinh~2 = ¢ sinh %
c c
10 m = ¢ sinh 75m
c
Solving numerically: ¢=5.5504 m
X 7.5
=ccosh| “£ | =(5.5504)cosh
b =€ (cj (55504 [5.5504)
yp =11.4371m
hy =yg—c=11.4371m—-5.5504 m
(@) hy =5.89m 4
P =wc=(1.96200 N/m)(5.5504 m) (b) P=10.89N— <«
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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
z
ws
; | 3 B/rrﬁ
hg Lo S i
—a—%
Ia cf_ y =C CQSA_ CT'x .178
2
x
Sp =%=15ft L=20ft
L
Xp =E=10 ft
Sg = csinh 2£
c
15 ft = sinh 101
c
Solving numerically: c=6.1647 ft

X
yg =ccosh—2
c

10 ft

= (6.1647 ft)cosh————
6.1647 ft

=16.2174 ft

hg = yp —c=16.2174 ft — 6.1647 ft hy =10.05 ft 4
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| . | PROBLEM 7.135

A 10-ft rope is attached to two supports A and B as shown. Determine (a) the
span of the rope for which the span is equal to the sag, (b) the corresponding
angle O5.

SOLUTION

P
~
on
’\u
va\/\
\Q
Al
3 >
“l
>
+
N

Note: Since L=h,
P2 2
Xp
Eq.7.16: yp =cosh—
c
h+c= ccoshﬂ
c
ﬁ+ 1= cosh(lﬁ]
c 2c¢
h
Solve for h/c: —=4.933
c
X
Eq. 7.16: y=ccosh—
c
ﬂ = sinhﬁ
x c
At B: tan @ =ﬂ =sinhx—B
dx|g c
Substitute Xg =ﬁ: tan @, =sinh Lh sinh l>< 4.933
2 2¢ 2
tan 8, =5.848 6, =80.3° 4
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PROBLEM 7.135 (Continued)

Eq.7.17: Sy =csinhx—3=csinh(lﬁ)
c 2c¢
5ft=csinh ex4.933)

5ft=c(5.848)
c=0.855

Recall that =4.933

o=

h=4.933(0.855) =4.218

h=4.221ft 4

1183
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PROBLEM 7.136
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
ok Lreer - g
\ * T
— 2 =
< Yyg=hte
< y
] X
t——18=30n—'
sg=45m
. Xg
Eq.7.17: s = csinh—
c
45 = csinhﬁ; c=18.494m
c
B
Eq.7.16: yp =ccosh—
c
= (18.494)cosh
Yy = (80 cosh e a
yg =48.652m
yg=h+c
48.652 = h+18.494
h=30.158 m h=302m <«
Eq. 7.18: T,=wyg
300 N = w(48.652 m)
w=6.166 N/m
Total weight of cable W = w(Length)
=(6.166 N/m)(90 m)
=55496 N
Total mass of cable m= W _35496N _ 56.57 kg m=>56.6kg 4
g 981m/s
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PROBLEM 7.137

A cable weighing 2 Ib/ft is suspended between two points at the same elevation that are 160 ft apart.
Determine the smallest allowable sag of the cable if the maximum tension is not to exceed 400 1b.

SOLUTION
1= 160 £t
A P
’ <3 h = hte
b —" 38
o < x
f— Xm0
Eq. 7.18: T, =wyg; 4001b=21Ib/ft)y,; yg =200 ft
*B
Eq.7.16: yp =ccosh—
c
200 it = ¢ cosh S
c
Solve for ¢: ¢ =182.148 ft and ¢ =31.592 ft
yg=h+c; h=yz—c
For c=182.148 ft; h=200-182.147=17.852ft <
For c=31.592 ft; h=200-31.592=168.408 ft <
For T, <400 1b: smallest h =17.85 ft «
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PROBLEM 7.138

A uniform cord 50 in. long passes over a pulley at B and is attached to a
pin support at A. Knowing that L = 20 in. and neglecting the effect of
friction, determine the smaller of the two values of 4 for which the cord
is in equilibrium.

SOLUTION

Length of overhang:

Solve by trial and error:

For ¢ =5.549 in.

For ¢ =27.742 in.

w(so in.— 2¢sinh X—BJ — wecosh 22
C

L L =20 —!3
5 AT T
h \ T b 93=;’+c
< = 4 i
A ¥
O‘,...'yé:lo:'n.—ai
b=501in.—-2s,

Weight of overhang equals max. tension

T,=T; =wb=w(50in.—2sy)

X
sy =csinh =2
c

x
yp = ccosh—2
c

Tm =Wyp
w(501in.—2sz) = wyy

c
xg =10: 50—2csinh£:ccoshE
c c
c=5.549in. and ¢=27.742in.
10in.
=(5.549in.)cosh——=17.277 in.
vs = Jeosh < o,

yp=h+c; 17.277in.=h+5.549 n.
h=11.728 in. h=11.73in. 4
v, = (27.742in) cosh— 20 _ 29 564 in.
27742 in.
yp=h+c; 29.564in.=h+27.742in.
h=1.8219n. h=1.822in. 4
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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 length of the cable is 0.4 kg/m, determine the maximum
tension in the cable when 2= 5 m.
SOLUTION
b4
. i w3 B/ Ta
hg |———s i
o o y=c cosh g‘ Ya
, I
ek ——
w=04kg/m L=10m hz=5m
Vg = ccosh £
c
hg +c= ccoshi
2c
Sm= c(coshs—m— 1)
c
Solving numerically: ¢=3.0938 m
yg =hg+c=5m+3.0938 m
=8.0938 m
Tmax = TB =WYp
= (0.4 kg/m)(9.81 m/s*)(8.0938 m)
T,..=31.8N «
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PROBLEM 7.140
| 10 m i
Q! B ®M 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
1 tension in the cable when 2 =3 m.
C
SOLUTION
b4
i W3 8__~> Ta
hg |———»S i
o . g=c cosh g‘ Ya
b Ly
et
w=04kg/m, L=10m, hy;=3m
yg=hg+c= ccosh2E = ccosh£
c 2c
3m= c(ccoshs—m—lj
c
Solving numerically: c=4.5945m
yg =hg +c=3m+4.5945 m
=7.5945m
Tmax = TB =Wyp
= (0.4 kg/m)(9.81 m/s*)(7.5945 m)
T,..=298N «
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12 m

PROBLEM 7.141

; B| The cable ACB has a mass per unit length of 0.45 kg/m. Knowing
L8 m that the lowest point of the cable is located at a distance a = 0.6 m

¥ A

a P\ C below the support A, determine (a) the location of the lowest

Point C, (b) the maximum tension in the cable.

SOLUTION (gacho.b'» Y 8,
A T
Note: Xz —x,=12m N_/,ﬂs"ﬂ'%
- [
l— —%p e ¥y —
or, —x, =12m-—x, 2m
. _'XA 12_ .XB
Point A: vy, =ccosh—=; c¢+0.6=ccosh D
c c
Point B: Yg=c¢C coshx—B; c+2.4=ccoshx—B 2
c c
From (1): 2—)C—Bzcosh_l(cho'Gj 3)
c < c
From (2): B cosh™! (C Al 2‘4) 4)
c c
Add (3) + (4): 12 _ cosn! [C+O'6J+cosh1 [ﬂ)
c c c
Solve by trial and error: c=13.6214 m
Eq. (2): 13.6214 +2.4 = 13.6214 cosh £
c
cosh™E =1.1762; £ =0.58523
c c
xg =0.58523(13.6214 m)=7.9717 m
Point C is 7.97 m to left of B d
yp=c+2.4=13.6214+2.4=16.0214m
Eq. 7.18: T, =wy, = (0.45 kg/m)(9.81 m/s*)(16.0214 m)

T, =70.726 N

T, =70.7N 4
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PROBLEM 7.142
12 m |
; B‘ The cable ACB has a mass per unit length of 0.45 kg/m.
1.8 m Knowing that the lowest point of the cable is located at a
z PA\C distance a = 2 m below the support A, determine (a) the
location of the lowest Point C, (b) the maximum tension in
the cable.
SOLUTION
9 8
Note: A T
- % c =L t+38m
xp—xy=12m 9 <% D~ S —
| ° " | x
or — -¥, —4.— Yg —
12n
—x, =12m-—xg
. —X, 12— xp
Point A: y, =ccosh—=; c¢+2=ccosh (D)
c c
. Xg Xg
Point B: yg =ccosh—; ¢+3.8=ccosh— ()
c c
From (1): E—X—B= ( ] (3)
c
From (2): 2L =c ( ct3. 8] 4)
Add (3) + (4): 2 = cosh™ [ j [ﬂ)
c
Solve by trial and error: c=6.8154m
Eq. (2): 6.8154 m+3.8 m=(6.8154 m)coshx—B
c
cosh2E =15576 £ =10122
c c
xg =1.0122(6.8154 m) = 6.899 m
Point C is 6.90 m to left of B 4
yg =c+3.8=6.8154+3.8=10.6154 m
Eq. (7.18): T, =wyp =(0.45 kg/m)(9.81 m/s*)(10.6154 m)
T,=46.86 N T,=469N <«
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PROBLEM 7.143

A uniform cable weighing 3 Ib/ft is held in the position shown by a
horizontal force P applied at B. Knowing that P = 180 Ib and 6, = 60°,
determine (a) the location of Point B, (b) the length of the cable.

SOLUTION A, Y
Yo —-s]
Eq.7.18: T,=P=cw b ANG slp [pb lyzbre
— -t
c:£=1801b ¢ =601t 0 < "
w  31b/ft
P
AtA: T, = y AR
" cos60° - X lﬁg
cw Gn
:EZZCW ﬂ>=P
(a) Eq.7.18: T, =w(h+c)
2cew=w(h+c)
2c=h+c h=b=c b=60.01t 4
Eq.7.16: Va =ccosh4
c
h+c=ccoshx—A
c
(60 ft + 60 ft) = (60 ft) cosh 4
60
cosh—4—=2 4 =13170
60 m 60 m
x, =79.02 ft a=79.0ft 4
(b) Eq.7.15: sAzcsinhx—B=(6Oft)sinh79'02ft
c
s, =103.92 ft
length =5, s, =1039ft 4
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PROBLEM 7.144
A uniform cable weighing 3 1b/ft is held in the position shown by a
horizontal force P applied at B. Knowing that P = 150 1b and 6, = 60°,
determine (a) the location of Point B, (b) the length of the cable.
SOLUTION
Eq. 7.18: Ty=P=cw
=£:1501b=50ft
w  31b/ft
At A: = P
cos60°
=M 2w
0.5
(@) Eq.7.18: T,=w(h+c)
2ew=w(h+c¢)
2c=h+c h=c=b b=50.0ft 4
Eq.7.16: yAzccoshx—A
c
h+c=ccosh 4
c
(50 ft +50 ft) = (50 ft) cosh 24
c
cosh™ =2 A -13170
c c
x, =1.3170(50 ft) = 65.85 ft a=6581ft «
() Eq.7.15: Sy :csinhXTA:(SO ft)sinh 03851t
s, =86.6ft length=s5, =86.6 ft 4
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E r  PROBLEM 7.145
—_—

h=4m To the left of Point B the long cable ABDE rests on the rough
l 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 Trap = F
y 1 g zecosh x {9‘~ -~
/ k
= 4
75 ¢ -
~ 2 - 1\ »
Xxp=a=36m h=4m
yp =ccosh 2
c
h+c=ccosh
c
4m= c(cosh 3.6m —1]
c
Solving numerically: c=2.0712m
Then yg=h+c=4m+2.0712m=6.0712 m
F=T, =wy,=(2kg/m)9.81 m/s*)(6.0712 m) F=119.1N— <«
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E r PROBLEM 7.146

h=4m  To the left of Point B the long cable ABDE rests on the rough
l 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
D Ty =F
A'J 3: c’dﬂSﬁé‘E {—whb -~
T K h
X v
!
¢ ¢ a
: L.
Xp=a=6m h=4m
Yp = ccosh 2
c
h+c=ccoshs
c
4m= c(cosh6—m—1)
c
Solving numerically: ¢c=5.054m

yg =h+c=4m+5054m=9.054m
F =T, =wyp, =(2kg/m)(9.81 m/s*)(9.054 m) F=177.6 N— 4
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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 1« =0, cable L rod
p %t — 5

o
Y2~ Ya
b}
A o
T Y
Ya © S
| ——
yli —)‘B
* e Fok ag >
. x dy . x
Point A: y=ccosh—; ——=sinh—
c dx c
tan @ = ﬂ = sinhx—A
dx|, c
X : o
—£ =sinh(tan (90° — #))
c
x, = csinh(tan (90° - 9)) ()
Length of cable = 10 ft 10ft=AC+CB
10 = csinh 24 + csinh 22
c c
sinhx—B = E - sinhx—A
c ¢ c
xg =csinh™ [9 —sinh X—A} )
c c
Va =ccosh ™4 Vg =ccosh £ 3)
c c
In A ABD: tan@ =284 4)
X +2x,
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PROBLEM 7.147* (Continued)

Method of solution:

For given value of 6, choose trial value of ¢ and calculate:

From Eq. (1): x4

Using value of x4 and c, calculate:

From Eq. (2): xp

From Eq. (3): y4 and yp

Substitute values obtained for x4, X, Y4, yp into Eq. (4) and calculate 6

Choose new trial value of #and repeat above procedure until calculated value of & is equal to given value of 6.
For 8=30°

Result of trial and error procedure:

¢=1.803ft
x, =2.3745 1t
xp =3.6937 ft
ya =3.606 ft
v =7.109 ft
a=Yp—Ya
=7.109 ft - 3.6006 ft
=3.503 ft a=3.50ft <
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PROBLEM 7.148*

the horizontal is 45°.

distance a.

Solve Problem 7.147 assuming that the angle 8 formed by the rod and

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

SOLUTION

Collar at A: Since 1« =0, cable L rod

Point A:

Length of cable = 10 ft

p [ Yt?g — 5

of

Y2~ Ya

bJ3

% ¥
A 2
* " Rotac e e >

d .
y =ccosh£; D _ sinh X

c dx c
dy

dx

X
=sinh =4
A C

tan @ =

Y4 _ sinh(tan (90° - 8))
Cc
x, = csinh(tan (90° - 9))

10ft=AC+CB
10 = esinh 24 + ¢sinh 22
c c
sinhx—B = E - sinhx—A
c c c
xz =csinh™ [2 —sinh X—A}
c c

X X
y, =ccosh—2  y, =ccosh~£
c c

(D

2

3)
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PROBLEM 7.148* (Continued)

In A ABD: tang =284 4)
XB +.)CA

Method of solution:

For given value of 6, choose trial value of ¢ and calculate:

From Eq. (1): x4

Using value of x4 and c, calculate:

From Eq. (2): x3

From Eq. (3): y4 and yp

Substitute values obtained for x4, xp, Y4, yp into Eq. (4) and calculate 6

Choose new trial value of #and repeat above procedure until calculated value of & is equal to given value of 6.
For 6 =45°

Result of trial and error procedure:

c=1.8652ft
x, =1.644 ft
xp =4.064 ft
ya =2.638 ft
vp =8.346 ft
aA=Yp =Y
=8.346 ft —2.638 ft
=5.708 ft a=5.71ft 4
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PROBLEM 7.149
Denoting by @ the angle formed by a uniform cable and the horizontal, show that at any point (a) s = ¢ tan 6,
(b)y=csec 6.
SOLUTION
(@) tzatntﬁ’zﬂzsinhﬁ J I
dx c
s=csinh> =ctan @ Q.E.D. SCT‘
c
4 X
(b) Also y? = 5%+ ¢*(cosh? x =sinh? x +1)
SO y2 =c*(tan” @+ 1)c? sec’ 6
and y=csect Q.E.D.
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PROBLEM 7.150*
(a) 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 1b/ft and T, = 8000 Ib.
SOLUTION
o £ (]
f P g
? A
y, =h+<
c z | 6):
o
"—78=% -
(a) Tm = WyB
= wecosh 22
c
=wxp| — cosh &
Xp c
c
We shall find ratio (XTB) for when T, is minimum
2
T
d1, = wxg sinh>2 —| — | coshZ |=0
4l X8 Xp c Xp c
C C C
X
sinh ~&
c .1
cosh B B
C C
tanh 22 = <
c X
Solve by trial and error for: B —1.200 (1)
. Xp . Sg
s = csinh—= = ¢sinh(1.200): —==1.509
c
Eq.7.17: y,23 —sf, =c’
2
2 =c? 1+(S—Bj =2(1+1.509%)
&
v =1.810¢
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(b)

PROBLEM 7.150* (Continued)

Eq.7.18: T, =wyg
=1.810wc
Tm
c=—">"—
1.810w
T T
Eq. (1): xg =1.200c =1.200 —=—=0.6630—
1.810w w
T T
Span: L=2x, =2(0.6630)— L=1326" <
w w
For w=0.251b/ft and 7,, =8000 Ib
1 =13063000 1o
0.251b/ft
=42, 4321t L=8.04 miles 4

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1201



https://students-hub.com

PROBLEM 7.151*

w A cable has a mass per unit length of 3 kg/m and is supported
1

as shown. Knowing that the span L is 6 m, determine the two
values of the sag A for which the maximum tension is 350 N.

SOLUTION
Z
| WSy 3 Ts
1 — T
lta: 2 y=c CDSA, CZ'Q gB
L L
e ——
Vinax =ccosh£=h+c
2c
w=(3kg/m)(9.81 m/s*) = 29.43 N/m
Tmax = Wymax
ymax = T
Vow =2 N 11893 m
29.43 N/m
ccosh3—m =11.893m
c
Solving numerically: ¢ =0.9241m
¢, =11.499 m
h = ymax —C
h =11.893m—-0.9241 m h =1097m <«
hy, =11.893 m—-11.499 m h,=039%4m <
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PROBLEM 7.152*

0, ' L ' 0
‘Z\|A B |/(\ " Determine the sag-to-span ratio for which the maximum

w tension in the cable is equal to the total weight of the entire

cable AB.
SOLUTION
Z,
Iw-sﬁ 3 Ta
he s f

~° feh
i S
('———XB-':% ———ﬁ
Tmax =Wyg = ZWSB
Yp =2sp
ccosh— =2c¢sinh—
C C
tanhi -1
2¢c 2
L L 20549306
2c 2
My _Y=C _ oon Lt _1-0.154701
c c 2c
hy
hy _ 050154701 _ o0 hs _ 01408 <
L 2(5) 0.549306 L
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PROBLEM 7.153*
0, ' | 0 A cable of weight per unit length w is suspended between
‘Z\|A B |/(\ " two points at the same elevation that are a distance L apart.
I Determine (a) the sag-to-span ratio for which the maximum
tension is as small as possible, (b) the corresponding values
of Gz and T,,,.
SOLUTION
Y 6s
! 1“‘.-SB B)y Iﬂ
1:{5 LS T T
> i v = c.aasA_E' ?3
L x
Xg= % —>
L
(a) T, .x =wyg =wccosh—
2c
T
LR =w[cosh£—£sinh£j
dc c 2c 2c
For minT, ., Ui =0
dc
tanh = =26 L 1 1997
2c L 2c
2B — cosh—=1.8102
c c
h_Ys 108102
c ¢
h_|Lh{2c)|_ 08102 _ ) 330s " 0338 <
L |2c\ L 2(1.1997) L
(b) Ty=wc T, =wc coshi — = coshi =28
c T, c c
T,
But T, =T, cosly —==secly
T
0
So 6, =sec” (y—B) =sec” (1.8102) = 56.46° 6, =56.5° 4
c
T =wy, =w2e 2| L) 2 w8109y —L T, =0755wL 4
¢\ L){2 2(1.1997)
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240 mm PROBLEM 7.154
Determine the internal forces at Point J of the structure shown.
L
©)
Kle EG() mm
AG 60 mm
|
VvV 135 mm
400 N
SOLUTION
FBD ABC:
C‘1 ’4‘)’
.29m D
T -2 =4 (=M, =0: (0.375m)(400 N)~(0.24 m)C, =0
3 =625 N
A5 ~ C, =625 T
) QZMB =0: —(0.45m)C, +(0.135m)(400 N) =0
Yy B
J2m A C,=120N—
l\ <. t... ’3_5"'-4
Y
oo N
FBD CJ:
T;é:ZJTTJ
C -
J2oN " I [ZF,=0: 625N-F=0 F=625N| <
225m —2F =0: 120N-V =0 V=1200N-—«
A J/ QZMJ =0: M-(0225m)(120N)=0
VvV a-
~ A M M=270N-m ) <
\/F-
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r4Mmmﬂ PROBLEM 7.155

T ey C D Determine the internal forces at Point K of the structure shown.
225 mm
L8,
225 mm
WA
« :{»60 mm
A __y 60mm
AN
Vv 135 mm
400 N
SOLUTION
FBD AK:

—~3F. =0: V=0
E' X
A M V=0 <

(XS y
w®~ [2F, =0: F-400N=0
R B
135 F=400N| <
4
#oo N (M =0: (0.135m)@400N)~M =0

M=540N-m ) <
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PROBLEM 7.156

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 T, =T,

—~3F, =0: 2(§le—451b=0 T,=T,=3751Ib

Curve CJB is parabolic: x = ay’

FBD BJ:
At B: x=8in. y=32in.

_ 8in. 1
© (32in)?  128in.

2
x=2_
128
Slope of parabola = tan 8 = s = 2y =Y
dy 128 64
At J: 6, =tan™ 101140360
64
So o =tan™' % —14.036° =39.094°
/' SF,=0: V—(37.51b)cos(39.094°) = 0 V=2911b A 14.04° 4
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PROBLEM 7.156 (Continued)

\ZF, =0: F+(37.5Ib)sin (39.094°) =0

F =-23.647 F=23.61b X 76.0° 4
QZMJ =0: M +(16in.) [%(37.5 lb)} +[(8—2)in.] [? (37.5 lb)} =0

M =5401b-in. ) <
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PROBLEM 7.157

of the frame shown.

I I | 0.2 m
0.8m 0.8m 0.8 m

360 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

+)=M, =0: —B,(1.8m)— (360 N)(2.6 m)=0
B, =-520N

+USF, =0: A, -520N=0

A =+520N

+] £F,=0: A, +B,-360N=0

A, +B,=360N

Free body: Member AE

. D)EMy =0: —A, (2.4 m)— (360 N)(1.6 m) =0
510N ,rl D E
f E A =-240N
%..__L 2l ’

LL6m ==

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.

600N

IR, =0: %(600 N) +%(520 N)
—360N—§(360 N)-F =0

F=+200N

B, =520N <

A =520N— <

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

F=200N 36.9° 4
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+/3F, =0:

+)IM, =0:

PROBLEM 7.157 (Continued)

%(600 N)—§(52O N)—%(360 N)+V =0

V=+1200N V=1200N £ 53.1° 4

(520 N)(1.2 m) - (600 N)(1.6 m) + (360 N)(0.6 m)+ M =0

M =+120.0 N-m

M=1200N-m ) 4
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60 kips 60 kips PROBLEM 7.158
PA AP
cY D E VF For the beam shown, determine (a) the magnitude P of the two upward
. —,B  forces for which the maximum absolute value of the bending moment in the
| | beam is as small as possible, (b) the corresponding value of IM|_,. .
Poft ' 2ft ! 2ft 2ft 2ft
SOLUTION
By symmetry: A, =B=60kips— P eokips @ R Gokips
A AC Ax 27 l eraTz& 2+ g
long AC: A ¢ » £ F
. L’vf_ Tg_
(=M, =0: M — x(60 kips — P)=0 r20-2p ooz
M = (60 kips — P
A T___'—st M ( P )X M
Loy T M =120kips-ft—(2ft)P at x=2ft
cokp--p L M- gy, \ /
- kigs)
120-4P
Along CD:
(ZM, =0: M +(x—2ft)(60 kips) — x(60 kips — P) =0 41
M =120 kip-ft — Px =l
P ==l n
M =120kip-ft—(4ft)P at x=4ft Cokips—P v
Along DE: wi B
(=M, =0: M —(x—4£)P+(x—2 ft)(60 kips) ot ] iy,
L
—x(60 kips—P)=0 z v ~
M =120kip-ft— (4 ft)P (const) Lo kips- P -
Complete diagram by symmetry
For minimum IM|_, ,set M =-M .
120 kip - ft — (2 ft) P =—[120 kip - ft — (4 ft) P]
() P =40.0kips 4
M., =120kip-ft— (4 ft)P (b) Ml =40.0kip-ft 4

PROPRIETARY MATERIAL. © 2013 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 prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1211

STUDENTS-HUB.com


https://students-hub.com

2 kN/m PROBLEM 7.159

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

3.2m !
0.8m

SOLUTION o Ao
)IM, =0: (8)(2)+(4)(3.2)-4C =0 A i

| <

wF——Tg

C=72kN! f 2.2m | 08m

SF,=0: A=48LkN|

(a)  Shear diagram

2'&”/‘»!)
et 1T T e  TTTIT LT o]
A= 8 C= 2284
48y K =
be 3.2m +— 087 —
V{+28by
.
(+52) [ T T -
. 8 Pad
) NEL €
-1
:"“" =2.2RN
h— U=y ™ (z-‘_:) 08”_—'
Similar Triangles: X _32ox =£; x=24m
4.8 1.6 6.4
T
Add num. & den.
Bending-moment diagram
M +5.7 AN-»
+5.12 AN-m
///1/
a N 5 e
L—— 2.4m ——4

(b) VI, =7.20kN <«

IMI,, =5.76kN-m <
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2 kips 3 kips 4 kips PROBLEM 7.160

6 kip-ft 12 kip-ft
cV Dl EY For the beam and loading shown, (a) draw the shear and bending-
[_\AL_ ﬁiﬁ moment diagrams, (b) determine the maximum absolute values of
‘ | the shear and bending moment.
"6ft | 6ft | 6ft | 6ft
SOLUTION
Free body: Beam
wor LU e £)=M ; =0: 6 kip-ft+12 kip-ft+ (2 Kips)(18 ft)
cY DY E +(3kips)(12 ft) + (4 kips)(6 ft) — A, (24 ft) = 0
-x b
A =+4.75kips <
By ER T s R e e ’ P
XF.=0: A =0
V(Uyﬂ
4.5 ‘ Shear di
2,15 Shear diagram
(285) 153) A("'fg)
o oy Z AtA: Vy= Ay =+44.75kips
259
-425 |— — — — - VI ..=4.75kips 4
M (k'lP'm Bending-moment diagram
39.0 0 — 3.5 .
I At A: M, =-6kip-ft
22,5~ | \
(I : 12,0 Ml =39.0kip-ft 4
0 ! | 3
60V ¢ D E B 2
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1500 b/ft PROBLEM 7.161

Al P ¢ For the beam and loading shown, (a) draw the shear and bending-moment
ke A diagrams, (b) determine the magnitude and location of the maximum absolute
‘ pi] ] ff““" Ib value of the bending moment.
~ I
SOLUTION 3 | 9kp
b d
Free body: Entire beam _ (T 11},
+‘> XM, =0: (6kips)(10ft) — (9 kips)(7 ft) +8(4 ft) =0 B f;q-{:t I/'s /%3 .aé b
B =+0.75 kips
B =0.75 kips |

+T 2F,=0: A+0.75kips —9 kips + 6 kips =0

A=+2.25kips
A =2.25kips |
/;&'-&W/ﬂ'
A gl J[TJI 111 }e
fZ?F ’(lp; fo.').f »&IIM é‘k?f
I-—‘/‘FL‘ ——.-1-———— 4€t —

Vltaps)

43R4 LBRa)(D=+3Rip AT
ot T o <

f 8 4 / (_,2&@
Vg 3ps _ L/
Bo= Z2="0 = 2# ‘ ¥ Y

2t 4FE
te

m( kep - £

M, =12.00kip-ft 4
6.00 ft from A
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=", )  PROBLEM7.162
wy L2
/ 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
A B x  bending-moment curves, (b) determine the maximum bending
moment.
L |
SOLUTION
T T ’i"—f (ex-2%)
L4 ‘
(@) 127, =0: L[ 220 (1 x)dx=0 A ' Eﬁ
0 [ 2 Tl
f— X
L
wL="20 L2 Lp) 2, 01
o2 3 377
2w,
=3
X dx x (xV] 2
Define E="sodé=——netloadw=4w, | ——| = | [—-=w,
L L L \L 3
1 2
or w= 4w, _g"'f_f
¢ 1 2
% =V(0)—J'0 gL —+E =& e
1 1, 1.4 2 2 3
=0+4w,L| —&+=¢& —=¢ V="wL(E-3E"+2£°) 4
6 2 3 3
x 5
M=M, +J'0 Vdx = 0+§W0L2J-0 (E—3E2 +28%)dE
N ) B L IR ST YR <
3707 2 2 37
(b)  Max M occurs where V=0—>1—3§+2§2=0—'§=%

Lz
2) 3 4 8 16 48

= Y0 ot center of beam 4
48
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- on i S PROBLEM 7.163
A
(I,TB Two loads are suspended as shown from the cable ABCD.
Knowing that d, =1.8 m, determine (a) the distance d., (b) the
B components of the reaction at D, (c¢) the maximum tension in the
cable.
6 kN
SOLUTION
FBD Cable: —2F. =0: -A,+D,=0 A, =D,
p D, QZMA =0: (10 m)D, — (6 m)(10 kN) — (3 m)(6 kN) =0
Shse g sm opvn-]
P T > 2 D, =78 kN|
)
¢ ISF =0: A, —6kKN-10kN+7.8 kN=0
6 kn lokN ¥ y
A, =82kN|
FDB AB: QZMB:O: (1.8m)A, —3m)B8.2kN)=0 Ay=5,2kN
Al 3m_
Ax Z% kN =— L8 m
41 Tec
From above D .=A, =? kN LN
FBD CD:
41
(Mo =0: (4m)7.8kN)—d, (? kN) =0
d-=2283m
(@) d-=228m <
(b) D =13.67 kN — 4
D, =7.80 kN | «
Since A, =B, and A, >B,, max T is Ty
ot (4 ) s
Ty =+A +A) = 3 kN | +(8.2kN)
() T, =15.94 kN «
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PROBLEM 7.164

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, (b) the maximum tension in
the wire.

SOLUTION
L ) =1205n __]
| | g
A » /
\P" 2 h=3om |Ygh+c
< c
© 4-—-)(B=60m —
B
Eq.7.16: yg =ccosh—
&
30m+c:ccosh@
C
Solve by trial and error: c=64.459 m
. Xp
Eq. 7.15: sg =csinh—
c
5, = (64.456 m) sinh— 01
64.459 m
sp =69.0478 m
Length =25, =2(69.0478 m) =138.0956 m L=138.1m <«
Eq. 7.18: T, =wyg =w(h+c)

=(0.65 kg/m)(9.81 m/s*)(30 m + 64.459 m)

T, =602.32N T, =602N <«
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By symmetry:
We have
and

Then

or

(@)

(b)

Solve by trial for c:

L=45ft |<——L————/:15

h=15 ft A
T, =80 1b
xg =225t

T, =T, =T, =801b

Vg = ccosh 2 = ccosh 22.5
c c

yg=h+c=15+c

ccosh =15+c¢
c
cosh 225 = E +1
c c
c=18.9525 ft

L X
sz =csinh =2
c

=(18.9525 ft) sinh 22.5
18.9525

=28.170 ft

| L PROBLEM 7.165
A ' A counterweight D is attached to a cable that passes over a small pulley at A
b i’ and is attached to a support at B. Knowing that L = 45 ft and h = 15 ft,
C determine (a) the length of the cable from A to B, (b) the weight per unit
S0 b length of the cable. Neglect the weight of the cable from A to D.
SOLUTION
Given:

Length =2s, =2(28.170 ft) =56.3 ft 4

T, =wyy=w(h+c)

80 1b = w(15 ft +18.9525 ft)

w=2.361b/ft 4
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