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*7-1. Determine the internal normal force and shear 8 kip
force, and the bending moment in the beam at points C and
D.Assume the support at B is a roller. Point C is located just
to the right of the 8-kip load.

40 kip - ft

‘<—8ft ‘ 8 ft ‘ 8ft——‘
Support Reactions : FBD (a). Axip
(+zM, =0 B,(24)+40-8®)=0 B, =100kp l 40Kipft
+TIE =0: A,+1.00-8=0 A, =7.00kip A, F 'D
- X
—pZF‘ =0 A, =0 _i A
Internal Forces : Applying the equations of equilibrium to segment AC I- oft 16ft
[FBD (b)], we have A} @) B}
-:bﬂ'; =0; Ne=0 Ans éxr
+TZE =0, 700-8-V,=0 V.=-100kip  Ans 3| e
Me (b)
(+zm.=0; M.-7008)=0 M. =3560kip-R Ans A= v
Ve
é
Applying the equations of equilibrium to segment BD [FBD (c)] , we have fe
. hy7o0 &
= 1IF =0, Np =0 Ans M v 401,‘?,&
+TZE =0, ¥+100=0 Vp==1.00kip Ans © ;Jp )
(+zM,=0;  1.00(8) +40-M, =0 Bfc |
Mp =480kip-ft Ans B =/aab}o
</
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7-2. Determine the shear force and moment at points C
and D.

Support Reactions : FBD (a).
(+IM,=0; 500(8) ~ 300(8) -4, (14) =0
A, =114291

Internal Forces : Applying the cquations of equilibrium to segment AC
[FBD (b)], we have

52F =0; Ne =0 Ans

+TIE=0; 11429-500-V.=0 V. =-38b Ans

(H'Mc =0; M. +500(4)-114.29(10)=0
M, =-8571b-ft Ans

Applying the equations of equilibrium to segment ED [FBD (¢)] , we have

L 2F =0 Np=0 Ans

+TEE=0; V,-300=0 V,=3001b Ans

Q'Woﬂk -Mp=300(2)=0 M, =-600lb-ft Ans

6 ft———4 ft——4 ft—

ook  zootb

Bx

6 ft——

2 1t

300 1b

fa o

€ '
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7-3. Determine the internal normal force, shear force, and 500 b /ft
moment at point C in the simply supported beam. Point C is
located just to the right of the 1500-1b * ft couple moment.

‘1500 Ib - ft
1 6 ft i 6 ft l
Writing the moment equation of equilibrium about point A with reference to Fig. a,
C+IMA =0; Fp 008 30°(12) - 500(12)(6)— 1500 = 0 Fg =3608.441b
Using the result of Fg and referring to Fig. b,
KEF =0 —N¢ —3608.445in30° =0 Nc =-18041b Ans.
+Tﬂ‘} =0; Ve +3608.44 cos30° - 500(6) = 0 Vo =-1251b Ans,
(+Wc =0; 3608.44 c0s30°(6)—500(6)(3)- M =0 Mg =97501b-ft  Anms.
The negative sign indicates that Nc and Vi act in the opposite sense to that shown on the free- body
diagram.
- 500(6) 1b
500(12) Ib
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*7-4. Determine the internal normal force, shear force, -
and moment at points £ and F in the beam. \!) c

300 N/m

PLS m#«l.Sm#«l.Sm*Fl.Sm#

With reference to Fig. a,
(+m 4 =0; (6) + T'sin45%(3) - 300(6)(3) = 0 T = 664.92N
L3F, =0 664.92c08 45° —A; = 0 A, =470.17N
+T3F, =0; Ay + 664.925in45° + 664.92— 3006)=0 A, = 664.92N

Using these results and referring to Fig. b,

rEF =0 Ng -47017=0 Ng =470N Ans.
+T2F =0 664.92 -300(1.5)~ Vg = 0 Vg = 215N Ans.
G2Mp =0; Mg + 300(1.5)(0.75) - 664.921.5)=0 Mg =660N-m Ans.

Also, by referring to Fig. c,

5EF =0 Np=0 Ans.
+T2F, =0 VF +664.92 —300(1.5)=0 Vg =-215N Ans.
Qw,,—:o; 664.92(1.5)~-300(1.5)(0.75)-Mp =0 Mg =660N-m Ans.

The negative sign indicates that Vg acts in the opposite sense to that shown on the free- body diagram.

Ap T T Ayéstqn 075m 0-75m

JP Aﬁ:o )

T

r

E
-+

. Me
SR e e g A =
= Ao Ve =
30006)n 300(r&)N 30001.5)N
P <)

()
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e7-5. Determine the internal normal force, shear force, 02m 400N
and moment at point C.
T
Afo) D == J)B
C =0
‘%1.5 m J
[ 3 m 2m |

Beam :
.:.1',)-'. =0 -A+400=20
: —>4-00 N
A =400 N -Zm
Ax ;

G2 =0 A 9)-400(12) =0 - 4

A =96N

J 5m

Segment AC :
o Ay %
SIE =0 N -400= 0

Ne = 400N Ans

+TEF, =0, -9-% =0 Aﬁ:—.4.omd I M¢
% = -%N Ans < J NC
G =0 Mo+ 96019 =0 1sm VY,
M- = -144N-m  Aas A‘#’ 96 N
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(+I'MA =0;

LiF =0
+TZF}.=0;
Gmc=o

diagram,

7-6. Determine the internal normal force, shear force, and 4 kN/m
moment at point C in the simply supported beam.

With reference to Fig. a,

By(6)- 2(4X6XD)=0 B, = 4kN

Using this result with reference to Fig. c,

The negative sign indicates that Vi~ acts in the opposite sense to that shown on the free- body

2(4)(6) kN

=4 K[m

Nc=0 Ans,
4—%(2)(3)+ Ve =0 Vo = -1kN Ans,
4(3)—-%(2)(3){1)—% =0 Mc =9kN-m Ans,

We=2 "d/m

Sm

ém
(k)
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7-7. Determine the internal normal force, shear force, and
moment at point C in the cantilever beam.

The intensity of the triangular distributed loading at C can be computed using the similar triangles
shown in Fig. a,

we _ wo _
Bl <0 R
L/iz2 L ¢~ "0

With reference to Fig. b,

TEE =0 Nc=0 Ans.
LY 1{woYL 3wol
1 3F, =0; ve-| 2 |2)-4 22 )L la0 o 200
wrmee e[ R4-5(25) o= b
LYL IfwogYLYL 5
M =0; Y PO it I o B O o Y ] ) = — o wpl2 Ans.
CMe ¢ [212]{4) 2[2){213] 0 Mc=-ggwol

The negative sign indicates that M acts in the opposite sense to that shown on the free- body diagram.

M —--*-1 1—~'r-Q
| A B e (4
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*7-8. Determine the internal normal force, shear force,
and moment at points C and D in the simply supported 3kN/m
beam. Point D is located just to the left of the 5-kN force.

The intensity of the triangular distributed loading at C can be computed using the similar triangles
shown in Fig. b,

-E-C-=2 orwe =1L5kN/m
1.5 3

With reference to Fig. a,

(ma =0 By(6)- X3~ 3(XAD =0 B, =325kN

Using this result and referring to Fig. c,

LIF =0 Nc=0 Ans.
+1T3F, =0 Ve +3.25——;-(1.5)(1.5)-—5=0 Ve =2.875 kN Auns.
(+Wc =0; 3.25(4.5) - %(1.5)(1.5)(0.5)— 51.5-Mc=0 Mc =6.56kN-m  Ans.

Also, referring to Fig. d,

LEF =0 Np =0 Ans.
+T 27 =0 Vp+325-5=0 Vp =175 kN Ans.
(:w,g =0 3.25(3)-Mp Mp=975kN-m Ans.

i =

/&m

@)
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¢7-9. The bolt shank is subjected to a tension of 80 Ib.
Determine the internal normal force, shear force, and
moment at point C.

5EF, =0; Ne+80=0 Ne=-801b Ans
\f‘"‘
+TLE =0; %=0 Ans ‘M
= = = ~480 Ib- Ans pin,
(EMc=0 Mc+806)=0  M=~4301b- in, "
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7-10. Determine the internal normal force, shear force, 3kN/m
and moment at point C in the double-overhang beam.

A
A C

~—1.5m ! 1.5m—+—15m 1.5 m—

The intensity of the triangular distributed loading at C can be computed using the similar triangles
shown in Fig. b,

W_C=ioer =2kN/m
3 4.5

With reference to Fig. a,

I

M =0 SOA1S) - 21505 -4, =0 A, =3KN

:EFI={1 Ac =0

Using the results of A , and A y and referring to Fig. c,

“IR=0  Ne=0 o
+T2Fy =0; 3~ '%(ZXS)—VC =0 Ve=0 Ans.
Q’Wc =0 MC+%(2)(3)(1)—3(1.5)= 0 Mc =1.5kN-m Ans.

(@K 215K
3kdlm

T

Y

3
2

" 4-5m
(b)

554



7 Solutions 44918 1/27/09 10:38 AM Page 555 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-11. Determine the internal normal force, shear force, 10 kN
and moment at points C and D in the simply supported 6 kN/m
beam. Point D is located just to the left of the 10-kN
concentrated load.

i

= C
#1.5m 1.5m 1.5m—~=1.5m—

The intensity of the triangular distributed loading at C can be computed using the similar triangles
shown in Fig. b,

» 6 -
15 30*'“'(3 3kN /m

With reference to Fig. a,

Gamy =0; By(6)- 1004.9)- 2(6X3KD)=0 B, = OkN
(+Ws =0; -%(6)(3}(5){- 10(1.5)~Ay(6)=0 Ay =10 kN
LEF =0 A, =0

Using these results and refering to Fig. c,

KEIE =0 Nc=0 Ans,
+T35, =0 10- %(3)(1.5)—:'1(].5)——Vc=0 Ve =3.25kN Ans.
ch =0; Mc +3(1.5)(0.75)+%(3)(1.5)(1)-1(11‘5):0 Mc =9375kN-m  Ans.
Also, by referring to Fig. d,
IR =0 Np =0 Ans,
+T2F =0 Vp+9-10=0 Vp =1kN Ans,
C+2‘MD =0 9(1.5)-Mp =0 Mp=135kN-m  Ans.
|
2
Z(6)(3) KA ikl
T~ ém’m ‘VJE
: ""“'-....‘ k4 \
Ac A Tem
mT  35m 15m” 3m
A by
‘; (@) (_b)
A1
(pdmy)3¢15) KN
L R ]
=y
AX.::O ! kA 2 MC M \6’,’
Ne 3
ND
l.om | Ve I5m
Ay=/0 KN 23 By =9 K
©)
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*7-12. Determine the internal normal force, shear force,
and moment in the beam at points C and D. Point D is just

to the right of the 5-kip load.

&m =0; 5(6)+6(18) —-A (24) = 0
A = 575kp
SIF =0 A =0
Segment AC:
SIE =0 N =0 Ans
+TIE =0 575-3-% =0
Y% =275kp Ams

Gue =0, Mc+3(3)~575(6) = 0
Mo = 255kip- ft  Ans

Segment AD :

SIF 20 Np =0 Ans

+TLF, =0; 575-6-5-%=0
b= -525kp Ans

(ane.&. Mp + 6(12) - 5.75(18) = 0
Mp = 31.5kp- it Ans

5 kip

0.5 kip /ft

. . 1B
ol

6 ft

D

6 ft 6 ft— 6ft——‘

05(12)= 6 kip 5 kip

-
1

Ax

\L__—n——'—__#ﬁ

ofc | 72ft 4fe

Ay

0.5(6)=3 kip

[ ———

Aco

0502)= 6KiP  BKip
12t 4

— s s e sy

Mp
=N,
{4

/8 ft l

A.5=5 76 Kip
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*7-13. Determine the internal normal force, shear force, 250 N/m
and moment at point D of the two-member frame. l l l l l l l l i i l l l l l
-—1 s ° o)\ B
i
2m
1.5m
L [E@C = 300 N/m
1 4m \
Member AB : 250(4)‘-'/00“:3”
Gm =0 B, (4)-1000(2) = 0
B, = S0ON Ax 777 B 1
G- % j— A fx
Member BC :
(e =0 -5004)+ 2509 + B, (19 = 0 r <m T <Zm 1
B, = 1258.33N A‘ﬂ- B?
Segment DB : B}
8
LEF =0; -Np+ 12583320 =
No = 1.26kN  Ans 15m \1“(5023:)’5!-5)
+TEF, =0; V% ~-500+500 =0 G_, " \. 0-5m
=0 Ans T o
IMp = 0 - Mp + 500(1) = 0 g
G C?r “4m
Mp = S00N-m Ans
250&)=500N
[ ]
Mp o
8§ hesn
ot ——
N
Im
53= 500N
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(+ZM4 =0

(o =0

S5F =0
+Tm =0;

(mu. = 0;

Member AB :

Member BC :

Segment £8 :

7-14. Determine the internal normal force, shear force,
and moment at point E of the two-member frame.

B, (4) - 1000(2) = 0

B, =S00N

= 500(4) + 225(0.5) + B, (1.5) = 0

B, = 125833 N

- Ng- 125833 - 225 =0
Ng = ~ 1L48kN  Ans
VW - 500 =0

¥ = 500N Ans

- Mg + 225(0.5) + 1258.33¢1.5) - 500(2) = 0

My = 1000N - m Ans

250 N/m
g gHHH{HHH{JE
‘ lA N D
1.5m
l[t.gc = 300 N/m
1 4m |
250)=/000N
A D I 1
Q’f % _W ! fx
[ 2m T zm 1
A
H %
Bx
\ £6oo)(1-5)
I5m \ 225N
G’ T . __\; 0-5m
{ 4m .
<
Bar-‘-SOON
B=/258-32N
ME Ve [5m “\ 225N
NEJ £ 4 \
) \ l ]
2m 0-5m
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7-15. Determine the internal normal force, shear force,
and moment acting at point C and at point D, which is
located just to the right of the roller support at B.

Support Reactions : From FBD (a),

(=M =0 B, (8)+800(2) -2400(4) - 800(10) = 0
B, =20001b

Internal Forces : Applying the equations of equilibrium to segment ED
[FBD (b)], we have

3S2E =0; Np=0 Ans

+TEZF=0; V,-800=0 V,=800M Ans

M =0 -M,-800(2) =0
Mp=-16001b-ft=~1.60kip-ft  Ans

Applying the equations of equilibrium to segment EC [FBD (c)] , we have

51K =0 Ne =0 Ans
+TEZF =0;  V;+2000-1200-800=0 V.=0 Ans

G 2Mc=0: 2000(4)-1200(2) -800(6) - =0
M =8001b- ft Ans

300 Ib /ft

200 Ib /ft

200 Ib /ft

4 ft 4 ft 4 ft 4 ft

20064) =Boolb 300B) 4001k 2004)-B001}

[ E—
= --.q' 1{-—‘. 3

. 2 : 4 H &«
[ p— n|

4 .
A 2] 49t T4fe |21

M ow &
20004)=800 b

My%

) »J,<—Hq

3004)=/2001

| J

24t
200(4)=8001b
Me VeI T4

*7-16. Determine the internal normal force, shear force,
and moment in the cantilever beam at point B.

Free body Diagram : The support reactions at A need not be computed.

Internal Forces : Applying the equations of equilibrium to segment CB,
we have

:)IF; =0; Ny =0 Ans
+TIE=0; V,-288=0 V, =288kip Ans’

(M =0;  -288(9)-Mp =0
My =~115kip-ft Ans

6 kip /it

3t 12 ft ‘

T(480)(12)=28:8 kip

Fo=—

Vi
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¢7-17. Determine the ratio of a/b for which the shear force wo
will be zero at the midpoint C of the double-overhang beam.

AL C B ==
’

a
Support Reactions : . From FBD (a), T—(M%){
L
. | Fzbra) ’/Ifff’"‘)
C+IM, =0; E(Zd'l-b)!v[;(b-q)]—A’ (=0 -____.--""l'" '
A= :‘Em"' b)(b-a) :-:--‘" . 4
. Ax. 1
Internal Forces : This problem requires ¥ =0. Summing forces +
vertically [FBD (b)], we have b
Ay b
+T2E =0; 1(za+b)(b-a;_l(a+3)(:)=o by
6b FINET.§) +(a+2)%)
o gark)
ud w 17T Me
=(2a+b)(b-a) = —(2a+b) it | | ;
6b 8 == N‘:_
a 51
54 Ans o V=0
Ay> o (2atb)(b-a)
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7-18. Determine the internal normal force, shear force, 6kN - m
and moment at points D and E in the overhang beam. Point
D is located just to the left of the roller support at B, where
the couple moment acts.

D
~—3 mﬁ‘*l.i m=~1.5 m~|
5kN
The intensity of the triangular distributed load at Ecan be found using the similar triangles in Fig. b.
With reference to Fig. a,
3
(+TMA =0; By(3)-2(3)(1.5)- 6~ -;-(2}(3){4)— {;](6)= 0
By = 15kN

Using this result and referring to Fig. c,

XIF, =0 {%J—ND =0 Np =4kN Ans,

+T2F =0 VD+15--;-(2)(3)-5[§3)=0 Vp =-9kN Ans.
QWD = _MD—G-%(z)(S)(l)WS(?sJ(S):U Mp=-18kN-m  Ans.

Also, by referring to Fig. d, we can write

+SF =0 {%J-NE =0 Ng = 4kN Ans.

1
+T2'F),=0; VE"-2-(1H1-5)—5(§3)=0 Ve =3.75kN Ans.
1
Q'WE =0; -Mg —E(l)(l.S)(O.S)n {%J(I.S) =0 Mg=-4875kN-m Ans.

The negative sign indicates that Vp, Mp, and M act in the opposite sense to that shown on the free - body
diagram.

Z(3)KN L KA
= (2)(3) 2kljm

GKA:m
'MrE-
AJ(,, &3 hh""‘-.._

—f

Jj!_ ﬁ 5 B '/'5”’ |
(—al( She—sie 3% 3m
L 1-5m | )-5m m

b Im
5kN

“ t (b)

@)

psm FOX15)KA S KA

N <MZ
E
1.:5m 3‘§\
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7-19. Determine the distance a in terms of the beam’s wo wo

length L between the symmetrically placed supports A
and B so that the internal moment at the center of the
beam is zero.

In this problem, it is required that the internal moment at point C be equal to zero. With reference
to Fig.a,

: L 4 L a1, [LlL_a),
(-f-EMA—O, By(a)—2w0(21a+(3 2)]+2w0[213 2)-—0

1

Using this result and referring to Fig. b,

Q-mc =0; lwo{g}—lwo{.a)[E]:O
4 2) 2 2A3
a =-§L Ans.
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*7-20. Determine the internal normal force, shear force, 2 kN/m 10 kN
and moment at points D and E in the compound beam.

Point E is located just to the left of the 10-kN concentrated
load. Assume the support at A is fixed and the connection at
Bis a pin.

A D
‘«1.5 m—~~1.5m—-1.5m—~1.5m—

With reference to Fig. b,

XIF =0 B, =0

(+=Mp =0; Cy(39-10(1.5)=0 Cy = 5kN

(Mc=0; 10(1.5)- B,(3 =0 By=5kN

Using these results and referring to Fig. c,

YEF =0 Np =0 Ans.
+T2F, =0 Vp - 2(1.5)-5=0 Vp =8kN Ans.

G—IMD =0 -Mp - X1.5)(0.75)-5(1.5)= 0 Mp=-975kN-m Ans.

Also, by referring to Fig. d,’

NEE =0 Ng =0 Ans.
+T2F =0; Vg -10+5=0 Vg =5kN Ans.
{+1‘ME=0; 51.5)-Mg =0 Mg =7.5kN-m Ans,

The negative sign indicates that Mp acts in the opposite sense to that shown in the free - body
diagram. '

ADKN 10 kN
A s

Ax. ; j 3&@%
My L " : ; i

T em | .&m [TBm 1 7.5m)

B (8

& b e !
075m 2(15) kN

=5k
My Vo - “1

k *é_%%_@ao

<)
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¢7-21. Determine the internal normal force, shear force, 500 1b
and moment at points F'and G in the compound beam. Point DD NP
Fislocated just to the right of the 500-1b force, while point G ‘ W 600 1b

is located just to the right of the 600-1b force.

With reference to Fig. b,
:)ZF,( =0 Dx‘—‘o

Using this result and writing the moment equation of equilibrium about point A, Fig. a, and
about point E, Fig. b, we have

‘*‘WA =0; Dy(6)- Fpc (4)- 5002)=0 0]

(+mg =0; 600(2)+ Dy(4)— Fpc (6)=0 2)

Solving Egs. (1) and (2)
Fgc =5601b Dy =540 Ib

Using these results and referring to Fig. b,
+T2R =0 E;, — 600 540+ 560 =0 E, =5801b

Again, using the results of D, D o and Fpr, the force equation of equilibrium written along
the x and y axes, Fig. a,

:ixe =0 Ay =0

+T2F, =0, Ay — 500~ 560+ 540 =0 A, =5201b

Using these results and referring to Fig. ¢,

IR =0 Np=0 Ans.
+T3F =0; 520-500-Vp =0 Vp=201b Ans.
(+omp =0; Mg - 520(2)=0 Mp =1040 Ib-f Ans.
Using the result for E,, and referring to Fig. d

LI =0 Ng=0 Ans.
+ 2R, =0; Vg +580=0 Vg =-5801b Ans.
{+ma =0; 580(2)~ Mg =0 Mg =1160 Ib-ft Ans.
The negative sign indicates that Vg acts in the opposite sense to that shown in the free - body

diagram.

500 Ib 0
f-;c D? 600 Ib

Ax

564



7 Solutions 44918 1/27/09 10:38 AM Page 565 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

The negative sign indicates that V, acts in the opposite sense to that shown on the free- body diagram.

7-22. The stacker crane supports a 1.5-Mg boat with the 5 i
center of mass at G. Determine the internal normal force, ‘k 7 \ m ‘
shear force, and moment at point D in the girder. The trolley T 14 @=0 B
is free to roll along the girder rail and is located at the % jung Q %
position shown. Only vertical reactions occur at A and B. @’C ©® D
-2 m
7.5m
With reference to Fig. a,
(-i—IMA =0; By, (9)—1500(9.81)(3.5+3)=0 B, =10627.5N
Using this result and referring to Fig. b,
LIF =0 Np =0 Ans.
+T IR, =0; Vp +10627.5=0 Vp =-10627.5N =-10.6kN  Ans,
Gamp =0 10627.54)~ Mp =0 Mp=42510N-m=425kN-m Ans.
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7-23. Determine the internal normal force, shear force,
and moment at points D and E in the two members.

With reference to Fig. a, AN NATRW
(+ZMA =0; Fac (200830°) - 6((2c0s 30°+0.75) = 0 ‘ |
Fgc =85.98N | 2m !

Using this result and referring to Fig. b,

t3r. =0, Np=0 Ans.
+X2F, = 0; 85.98-60-Vp =0 Vp = 260N Ans.
Qmp =0 85.98(1)—- 60(1.75)+Mp =0 Mp=190N-m Ans.
Also, be referring to Fig. c,
Y¥E. =0, V=0 Ans.
+X2F; =0; Ng-85.98=0 Ng =860N Aus,
GaMe =0, Mg=0 Ans.

(@)
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*7-24. Determine the internal normal force, shear force, 1.5ft | 1.5t | 156t | 1.5ft
and moment at points F and E in the frame. The crate ‘ ‘ ‘ ‘ 04 ft
weighs 300 Ib. :
— (L2 . 3 . (e
A F C E D
4 ft
With reference to Fig. a, 7
4
‘muA =0 Fac (;_)(3)+ 300(0.4)-300(64)=0  Fpc =7501b | !
B
Referring to Fig. b,
XEF =0 ~Ng-300=0 Ng =-3001b Ans.
+T2R =0; Vg —300=0 Vg =300 Ib Ans.
‘+2‘ME =0; ~Mg +300(0.4)— 300(1.9) =0 Mg =—4501b-ft Ans,
Using the result of Fg~ and referring to Fig. ¢,
XEE =0 750{§J~300-NF=0 Np =1501b Ans.
+TEF, =0; Vg +7su[%]—300=0 Vg =-3001b Ans.
(+wp =0; 750[%}(1 5)+300(0.4)— 300(4.9)— My = 0
Mg =-4501b-f Ans.
The negative sign indicates that Ny, V, and My actin the opposite sense to that shown in the free-body
diagram.
3R | 348t
g5t
300 :b] o4
A
~ M
v 3
o e < X
O S
N R
(b)
(a ) 4 Y
3001b oo lb
lLrsft] 34t |
W £ | 3000k 7
N - —
- L]
N -
/1 Coast
3
fac=7501b
<
©)
¥
300 Ib
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¢7-25. Determine the internal normal force, shear force,
and moment at points D and E of the frame which supports
the 200-1b crate. Neglect the size of the smooth peg at C.

Referring to Fig. a,

LIF =0, Vp =0 Ans,
+TI‘F3,=O; Np-200=0 Np =2001b Ans.
(+}.‘MF =0; Mp -200(4.5)=0 Mp =900 Ib-ft Ans.

Also, by referring to Fig. b,

1IF =0, Vg —zoo(%]:o Vg =1201b Ans,
+ T35 =0, NE—zoo(%]—zowo Ng =360 Ib Ans.
(+Ws =0; Mg-zoo(4.5)-zoo{-§}2)=0 Mg =1140Ib-f  Ans.
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7-26. The beam has a weight w per unit length. Determine
the internal normal force, shear force, and moment at point

C due to its weight.

With reference to Fig. a,

(ramy =0; B,(Lsin6)— m[.oosﬂ[—g-)= 0 B, = %:_33
Using this result and referring to Fig. b,
t5F =0, -N¢ —%}(mﬂ)-n{%}ﬁnﬂ =0 Nc=—£2csc9 Ans.
Rerr =0 v —w[%]{mﬂ + 2220506 = 0 Ve=0 Ans.
Gamc=o, %‘;%(% sine)-— »{%]msﬂ[%} ~Mc=0
Mc = %zcos 6 Ans.

The negative sign indicates that N acts in the opposite sense to that shown on the free - body

diagram.
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7-27. Determine the internal normal force, shear force,
and moment acting at point C. The cooling unit has a total
mass of 225 kg with a center of mass at G.

3m 3m

From FBD (a)
(u:u.-o; T(6)-225(9.81)(3)=0 T; =1103.625N

From FBD (b)

(a-ﬁl’p =0; Tgsin 30°(6)- 1103.625(6) =0 Ty = 2207.25N
From FBD (c)

DEF =0 -N;-207.25cos 30°m0 N =—1.91KkN Ans
Te

+TIF=0; V+2207.25 5in 30°~1103.625=0 V- =0 Ans
D 30° 30°
(-rl'.&- =0;  2207.25 cos 30°(0.2)+ 2207.25 sin 30°(3)- 1103.625(3) - M, = 0

Mo=382N- m Ans T

Ts=1103-625N
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*7-28. The jack AB is used to straighten the bent beam
DE using the arrangement shown. If the axial compressive
force in the jack is 5000 Ib, determine the internal moment
developed at point C of the top beam. Neglect the weight of
the beams.

Segment :

Qt.wcﬂ; Mc + 2500 (10) = 0

Mc = -250kip-ft Ans

=

/0f¢ 'I‘ 104t )
R=25001b 5000Ib R=25001b

Me

Ne
Tk

A 4

R=25001b
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©7-29. Solve Prob. 7-28 assuming that each beam has a
uniform weight of 150 1b/ft.

Beam :

+TZF = O; 5000 - 3600 - 2R = 0

R = 7001b

Segment :

(muc:o; Mc + 700 (10) + 1800 (6) = 0

Mc = -17.8kip- ft  Ans

150(24)=3600 Ib

R 50001b R

150(12) = 1800 Ib

) /0ft 1
A 4
R=7001b
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3 1t 5t 31t
i (&0

7-30. The jib crane supports a load of 750 1b from the
trolley which rides on the top of the jib. Determine the
internal normal force, shear force, and moment in the jib at
point C when the trolley is at the position shown. The crane
members are pinned together at B, E and F and supported
by a short link BH.

)

750 1b

Member BFG :

(+2Me = 0. For G) (4) - 750 (9)+375(1) = 0

Fgr = 265625 b

JEF =0; -8B, +zss¢sz]—m-o

B, = 1750

+TLF, = 0; -B,+2656.23(§)-750-0
s
B, = 84375
Segment BC:

SEF =0 N -1750=0 &(-.:1750!5 Me

Ne = 1.75kip  Ans

C

Ve

+TIF 20, -84375-% =0 It
W = -84b Ans 9}:843.75 1b
(mwc S0, Me +84375(1) = 0

Mc = -8441b-ft  Ams
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7-31. The jib crane supports a load of 750 1b from the
trolley which rides on the top of the jib. Determine
the internal normal force, shear force, and moment in the
column at point D when the trolley is at the position shown.
The crane members are pinned together at B, E and F and

supported by a short link BH.

Member 8FG :

(o6 =0 Ry G] @ - 750(9)+375(1) = 0

Entre Crane :
(mﬁ =0;  Ty(6) - 7509)+375(7) = 0

T = 68751b

3LF 20 A -6815-375 =0

5t 3t
it G0
— Y G
750 Ib

A

3751k

T
<

il

éft_ / L It

Ao b Ax Y750 1b
+TLF, a0; A -70=20 ’

A = 7500

Ay

Segment AED :
+125 = 0; nbnso-ms.zs@)ao Np

Mo = 8441b  Ans ilMP
. . ek \fy [p5%56:25 1b
SEF =0 10625 - 265625(3) + o= 0 24 43

% = 106kp Ans

3ft

(oe=0 -4p- zsso.zs(;-)(z) +1062.5(5) = 0

Mp = 1.06kip-ft Ane Ax=/062-5 /b

A7=750 b
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*7-32. Determine the internal normal force, shear force,
and moment acting at points B and C on the curved rod.
HZF = 0; 400 sin30° — 300cos 30° + Ny = 0
o 2N
N; =59.811b=59.8 b Ans \‘.
it
FEF, = 0 % + 400cos 30° + 300sin 30° = 0
oou
% = 4961  Ans e
(lzugao: My + 400(2 5in30°) + 300(2=2 c0s30°)= 0
My = —480- ft  Ans
Also,
_(+zua=&. -59.81(2) + 300(2) + My = 0 m
Yool # 0/
My = -4801b- ft  Aus oow T hy
SER, = 0 A = 4001b
+T2F =6 A =301
Tizmy = 0 My — 300(4) = 0
My = 1200 b- ft N v
™%
+\ZIE =0 Ne + 400 5in45° + 300 cosd5® = 0 i
. °A — 400l
Ne = —495'lb Ans Ly
+/ZF, = 0; ¥ — 400 cos45° + 300 sind5° = 0
¥ =707 Ans
(+!‘.Hc=u0; - My -1200 - 400(2 5ind5°) + 300(2 ~ 2 cos45°)y= 0
Mc = -1590 b ft = ~1.59 kip- Ans
Also,
(2o = 0; ~1200-495(2) + 300(2) ~ Mc = 0
Me = -15901b ft = —1.59 kip- ft Ans
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¢7-33. Determine the internal normal force, shear force, S0N
and moment at point D which is located just to the right of 50N
the 50-N force.
S0N v D SON
=B
Referring to Figs. a and b, respectively,
‘+}M4 =0; B, (0.6 +0.65in30°)+ B,( 0.6 c0s30°) — 50(0.6— 0.6c0s 30°) = 0 30°| 30°
—50(0.6 — 0.6cos 60°) — 50(0.6)= 0 (1) 30° ¢ T 30°
£+zuc =0; B, (0.6~ 0.6005 60°)— B,(0.65in60°)+ 50(0.6- 0.6008 30°) =0 (2) ) 30° 600 mm
o o\C
Solving Egs. (1) and (2) yields
B, =2939N B, =375N
Using these results and referring to Fig. ¢,
IR =0 -Np-12939=0 Np =-294N Ans.
+T2F =0 375-Vp =0 Vp =37.5N Ans.
(mun =0 37.5(0.65in30°) — 29.39(0.6 — 0.6 cos 30°) ~ Mp = 0
Mp=88IN'm Ans.
By son
30°
Ax e
OB
299N
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7-34. Determine the x, y, z components of internal loading z \Fl
at point C in the pipe assembly. Neglect the weight of the B
pipe. The load is F; = {—24i —10k} Ib, F, = {—80i} Ib, M
and M= {—30k} 1b-ft. M

%

Free body Diagram : The support reactions need not be computed.

Internal Forces : Applying the equations of equilibrium to segment BC, folé
we have

£F =0, (Vo),-24-80=0 (V),=1041b Ans

IF =0; Ne=0 Ans

IE=0; (%),-10=0 (V,),=1001b Ans

IM, =0; (M), -10(2)=0 (M), =2001b-fi Ans

M, =0;  (Mc),-24(3)=0 (M) =T20lb-f Ans

IM, =0; (M), +24(2)+80(2)-30=0
(M), =-1781b-fu Ans

7-35. Determine the x, y, z components of internal loading Z
at a section passing through point C in the pipe assembly.
Neglect the weight of the pipe. Take F; = {350j — 400k} 1b
and F, = {150i — 300k} Ib.

IF, = 0; Fo+F +F =0

Fo = {-150i — 350j + 700k} Ib

C =-1500 Ans
G = -350D Ans
C = 701 Ans
IM, = 0; Mc +1e % B +1gxF, = 0

M, +

i j ok
0 2 ooJ =0
150 0 -3

ik
3 2 foo!+
0 350 -

M = {14008 — 1200j — 750k} Ib-ft
M, = 1.40 Xip-ft Ans
M, = =120 kip-ft Ans
M-, = =750 Ib-f Ans
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*71-36. Determine the x, y, z components of internal loading at
a section passing through point C in the pipe assembly. Neglect
the weight of the pipe. Take F; = {—80i + 200j — 300k} Ib
and F, = {250i — 150j — 200k} Ib.

z
IF = 0; Fo+F +F, =0
F, = {-1701 - 50j + 500k} Ib m,
G =-100 Ans
x
G =-50b Ans
G = 5001 Ans

IM; = 0; Mg + 1 XF + 1y x By =0

i j k i k.
o S b o 8]
-80 200 - 250"'150-.-_‘

M, = {1000i - 900§ — 260k} Ib-ft

M +

M, = 1kip-ft Ans
MQ =900 1b-ft Ans.
M, = =260 Ib-ft Ans.
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¢7-37. The shaft is supported by a thrust bearing at A and
a journal bearing at B. Determine the x, y, z components of
internal loading at point C.

With reference to Fig. a,
M, =0 B,(3)-900(1)-750(1) =0 . = 550N
M, =0, 750(2) + 600(2)— B,(3)=0 B, =900 N

Using these results and referring to Fig. b,
3F, =0; (Vo) +900-750-600=0 (V). = 450N Ans,
IF, =0; Nc=0

Ans.
3F, = 0; (Ve ), +550=0 V¢), = -550N Ans.
M, =0; (Mc )y +550(1.5)= 0 (Mg )y =-825N-m Ans.
My =0; T +600(0.2)~750(02)=0 T =30N-m Ans.
M, = 0; (Mc ), + 750(0.5)+600(0.5)— 900(1.5)= 0
(M¢), =675N-m Ans.

The negative signs indicate that (V¢), and (Mc ), act in the opposite sense to those shown in the
free- body diagram.
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7-38. Determine the x, y, z components of internal loading
in the rod at point D. There are journal bearings at A, B,
and C. Take F = {7i — 12j — 5k} kN.

Supportreactions:  FBD (a)

IM =0 B, (0.4)+A(1)-G (0.75)-51)=0 (1)

IM =0, AD+G075)=0 (2

IM =0; B, (0.4)-A()=7(1)~3=0 (3)

IF,=0; G+B,+7=0 (4

IF, a0, G+A-12=0 (5

I =0; B +A-5=0 (6)
Solving Egs. (1) to (6) yields :

G =-116kN - B, =109kN A =87.0kN

A =-53.6kN G =65.6kN B, =-82.0kN

Negative signs indicate that the support reactions act in the opposite sense to those shown
on FBD (a).

From FBD (b)

IR, =0; (Bbh-116=0; (1), =116kN Ans

IF, =0; (Np), +65.6=0; (Mp), =—65.6kN  Ans
IF=0; (%% =0 Ans

IM =0;  (Mp), -65.6(0.75)=0; (Mp); =49.2kN- m Ans
M =0;  (Mp), -116(0.75)=0;  (Mp), =87.0kN- m  Ans

IM=0; (Mp)~116(0.2)~3=0; (Mp) =26.2kN-m Ans
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7-39. Determine the x, y, z components of internal loading
in the rod at point E. Take F = {7i — 12j — 5k} kN.

Support reactions : ~ FBD (a)
IM, =0; B (0.49)+A(1)-G(0.75-5(1)=0 (1)
IM, =0; A(D+G(0.75)=0 (2)
IM =0; -B.(0.4)~-A(D)-7(1)-3=0 (3)
I =0; G+B.+7=0 (4
IF,=0; G +A-12=0 (5)
IF, =0; B, +A-5=0 (6)
Solving Egs. (1) to (6) yields :
G =-116kN B, =109kN A =87.0kN
A ==53.6kN G =656kN B, =-82.0kN
Negative signs indicate that the support reactions act in the opposite sense to those shown
on FBD (a).
From FBD (b)
IE =0; (Ngkx=0 Ans
IF,=0; (%) -53.6=0; (W), =S3.6kN Ans

IF=0; (%), +81.0=0; (%), =-87.0kN Ans

IM, =0, (Mg).=0 Ans

IM, =0; (M), +87.000.5)=0; (Mg), =—43.5kN- m Ans

IM =0; (Mg)+53.6(0.5)=0; (Mg),=-26.8kN-m Ans
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*7-40. Draw the shear and moment diagrams for the

beam (a) in terms of the parameters shown; (b) set
P =8001b,a =5ft, L = 12 ft.

=~

|

.

582

L5
f' ]
T m a v a
1 P FL’D” mm::::
() For O0Sx<a v Ty rx 1
P | b ;
+T3E =0; V=P Ans -
(+ZM =0;  M=Px  Ans 4 .
T T
For a<x<L-a P P
a i-20 0
+T2E =0; V=0 Ans v | ’
' P
(+3IM = 0; -Px+Px-@ +M=0 ;;r)’/l .
AA/
M = Pa Ans -P
meoo [
For  L-a<x<L m
+T2P; =0; V=-P Ans
L+IM = 0; - M+ P(L-x) =0 $00Lb
19"1 S5t
M=PL-%)  Ans G V T‘—‘=‘-I’=x ‘l?n
oy, ¥
(b) SetP =800, a=5f, L=I12f
For 0Sx<5ft ’“{% 12-x
+1T3E =0 V=800 Ans Boolb
(+3M = 0; M = 800x Tb-ft Ans Boolb oo,
For S5ft <x<7ft l l
]
+ T2 =0 V=0 Ans WTOlb l J ,&u,
k " al
" et (!
(+3ZM = 0; -800x + 800(x~5) + M =0 S Ia& Sit
M = 4000 1b-ft Ans %o | ‘
For 7f <x<12ft 0:7‘E/I 1
[ A7)
+TZF =0; V = —8001b Ans MU l | ~%00
¥y ’ #pw ‘
(+ZM = 0; - M+ 800(12-x) = 0 0 o/ )
M = (9600 — 800x) Ib-ft Ans
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¢7-41. Draw the shear and moment diagrams for the kN
simply supported beam. l

Since the loading discontinues at the 9-kN concentrated force, the shear and moment equations must be written for the
regions 0 < x <4mand4 m <x < 6 m of the beam. The free - body diagrams of the beam's segment sectioned through
the arbitrary points in these two regions are shown in Figs. band c.

Region 0< x <4 m, Fig. b

+T2F, =0; 3-V=0 V =3kN ()
(+2M=0; M-3x=0 M ={3x}kN-m )
Regiondm< x<6m, Fig.c

+T3F =0 V+6=0 V =-6kN €]
{+2M=o; 6(6-x)- M =0 M ={36~6x}kN -m 4)

The shear and moment diagrams in Figs. d and e are plotted using Eqs. (1) and (3), and Eqs. (3) and (4), respectively.
The values of the moment at x = 4 m are evaluated using either Eqgs. (2) or (4),

Mgy =39 =12kN-mor M|,_, . =36-6(4)=12kN-m
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4m T 2m 1
Ag=5KAI Balzékd

=0

. ;M 0 <X <4M ()

x v
A? =3kl

MY

C) 4m<x<6m Q
ey

Bféknl
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(V)
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7-42. Draw the shear and moment diagrams for the beam S ft L2ft 21t
ABCDE. All pulleys have a radius of 1 ft. Neglect the weight
of the beam and pulley arrangement. The load weighs 500 1b.

AR
Support Reactions : From FBD (a),
(+zM,=0;  E(19-500(-500(3) =0 E =33333D
+TEIE =0, 4,+33333-500=0 A, =166.671b
Shear and Moment Diagrams : The load on the pulley at D can be
replaced by equivalent foroe and couple moment at D as shown on FBD (b),
veib)

Soolb 167 167 5 o)
C) > 5 3 X
Ax i | q § 34t

5 e

el eft - ) ~833
A’dﬁé-ﬂa 500 1p ;}- =333331b
()
10001b  Spolb M(lb-f¢)

1333
| 1000
3
| e 28 EETN ) l\
Af/éé-ém 1oco b Ey>38:331 \

(b) =333
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7-43. Draw the shear and moment diagrams for the 2 kN/m
cantilever beam.

The free - body diagram of the beam's right segment sectioned through an arbitrary point shown in Fig. a will be used
to write the shear and moment equations of the beam.

+Tyy =0; V-2A2-x)=0 V={4-2}kN ]

+IM =0; —M—Z(Z—x)[%(z—x)]—ﬁzo M={—x2+4x—10}kN-m (2)

The shear and moment diagrams shown in Figs. b and ¢ are plotted using Eqgs. (1) and (2), respectively. The value of the
shear and moment at x = 0 is evaluated using Egs. (1) and (2).

W, =4-2(0) = 4kN
M|, _y =[-0+4(0)- 10 = ~10kN -m

Z(Z %) 2(2-x)

} x(m)

(b)
M(KNm)

xXim)

©)
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*7-44. Draw the shear and moment diagrams for the
beam (a) in terms of the parameters shown; (b) set
My=500N+m,L = 8m.

L
@ 0sx<3

sTzh a0 -R-vao

M,
L e .‘
Va T ns

(iwao. u+—-"f:-0

M:-%x Ans

;-:xsl.

+TZIF, =0; -%"V'o

(b) When My = SOON- m, sndL = 8m

V(N)

-62-5

M(N-m)

50

x(m)

J

-250

L L

2 2
Mo Me
L L
— I

x |V
L4
My
L
I \i )‘M

M, ¥
oo
Mo
L
\%
—,‘;; L
o T
-M

A
M
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e7-45. If L = 9 m, the beam will fail when the maximum
shear force is Vi, = 5 kN or the maximum bending

M,
A
moment is M., = 22 kN - m. Determine the largest couple r{_ B

moment M, the beam will support. . ‘ —
L 1 L2 | L2 1
@ 0sx<>
. 2
sTzh a0 -R-vao
Mo
V= -—E- Ans LN
! 1
(;waﬁ; M#%llo ) ’40
L L
M=--x Ans P 2
: He Mo
L L L
5-::51.

Mo W
+EM =0, M+—x-My =0
( 2 Mo
Met(1-5)  Ame L
hY
I o )‘M
(®) When M, = SOON- m, wdL = 8m M, ¥
oo
M
M, 2
‘Q.--L—. SST; My = 45kN- m L
u-“%‘. a— My=4kN-m V
Thus, -l'; L
My = 44kN: m Ans 5 %I: K
-2
L
M
My
-
‘E\I\
2 o
L
Mo
2

588



7 Solutions 44918 1/27/09 10:39 AM Page 589 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-46. Draw the shear and moment diagrams for the
simply supported beam.

Since the loading is discontinuous at the midspan, the shear and moment equations must be written
forregions0 < x <L /2and L /2 <x < Lof the beam. The free - body diagram of the beam' s segments
sectioned through arbitrary points in these two regions are shown in Figs.b and c.

Region0< x < -g'- Fig. b

+TIF, =0; %wOL—w{}x—Vﬂ V=w0(-8§L—xJ (1)
— O x) 3 _ ) 2y
+3IM =0; M +w = ——S-wOL(x)-O M:T(sz.x—:u ) ?)
RegionL /2<x <L, Fig.c
wolL wol
+T3F, =0; V4 =—=0 s
Y 2 3 14 3 3
(Gam=0 2L n-m=0 =L"g—’“(L— x) @

The shear diagram is plotted using Egs. (1) and (3). The location at where the shear is equal to zero can be
obtained by setting V = 0 in Eq. (1).

0= WO(-B-L —x) I=EL
8 8

The moment diagram is plotted using Eqs. (2) and (4). The value of the moment atx = %L (V=0)canbe
evaluated using Eq. (2).

2
ML_3L=‘_‘,.Q. SL[EL]— 4[—3L) =..2—wOL2
=SL" g | T\3 5 128

The value of the moment at x = L/ 2 is evaluated using either Egs. (3) or (4).
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Ao L . |
T 3
4 L wL
A =§ML = -
18" @) "8

Aco ﬁ)M 0&¢x<% (b)

x |V
A gL
G ¥
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7-47. Draw the shear and moment diagrams for the 300 N/m
simply supported beam. 300N - m l l l l l l

| 4m |

The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used
to write the shear and moment equations.

+T3F, =0; 525-300x—-V =0 V ={525— 300x}kN W

+EM =0; M+300x[-;-)—525x—300=0 M ={-150x% + 525x+ 300}N -m @)

The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location
where the shear is equal to zero can be obtained by settingV = 0 in Eq. (1).
0= 525-300x x=175m

The value of the moment at x = 1.75m (V = 0) can be evaluated using Eq. (2).

M|, 75 =—150(1.75%)+ 5251.75)+ 300 = 759N -m
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300(4) N

MN-m)

300
5 -t xm)
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*7-48. Draw the shear and moment diagrams for the 8 kN/m

overhang beam.
Pa——— 1

0sx<Sm:
+TEF =0, 25-2x~V =0

V=25-2x

g-!:llno; Hq-ZxGx)—?.Sx-O

Ma2Sx-2
Sm<xs10m: —
+TEF, =0, 25-10-V =0 .___ig{sltﬂ sorphem
—) as o Li5*
V= =15 Frt—3em _ e
2sem 75kN N
Gru =0 M+106-25)-255 =0 s & I

M=-75x+125
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¢7-49. Draw the shear and moment diagrams for the 2kN/m
beam. m
cam e
AlR) ] lC
0sx<Sm: B‘ ¥ =
. 1 5m i S5m 1
+TZF, =0 25-2x-V =0
Ve23-2: 2(5)=/0 kN
ezn.m M+ 2:(%:)-2.5::0 o
.
Ms=25z-2 ° : — 1
j eokam A
Sm<x<lOm: Z5m| ZEm j
+TZF =0 25-10-V =0 Afz-so kn G, =750kN
Va =15 a
em-o; M+10(c~25)=25c~50=0 X »
M= -75x+175 <
v
E——1] )M
A-r?ﬁﬂkh/
2(5)=/0 kN
: X-2.5 J
N
4 1
L )M
? 50 Ki-ft f
i %
A7=2-5o kN
V(KN)
250} 125 5 10
3 A t xm)
i
=750
M(kN-m)
3¢
.56
5
of r2s 0 X(m)
-(2.5
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7-50. Draw the shear and moment diagrams for the beam.

M = 25(100x - 5x* - 6)

Ans.

250 1b/ft

IRy

(s =

150 1b - ft 150 1b - ft
1 20 ft 1
(+ZM, = 0; - 5000(10) + B,(20) = 0 50001h
R S
B, = 2500 Ib fs i':."_ 1) 150U it
o ub]
N3E <0 4 =0 m“f'“ s . Ay 8y
T F VL o
+T3E = 0; A, — 5000 + 2500 = 0 2,500} 2504y
150044
A, = 2500 Ib t ol TDfsowrt
2, 5004, 2
For 0<x<20ft . 200t
+T2E = 2500 - 250x -V =0
V = 250(10-x) Ans
L+IM = 0; ~2500(x) + 150 + 2sox(§) +M=0
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7-51. Draw the shear and moment diagrams for the beam. 1.5 kN/m
Al | B
- l s
I 3m
+TZF =0 075-13@SH -V =0
Uonqﬂ- \,(*-’D
DL
V =0=075-0254 x ! o7 _\
‘l
x=172m 0.7¢ k) v NI S
1 1
G.m -0 M+ (5)(0.511(;)(5:) -075x=0
- lpm
M =075z - 0083337 M (Rdiw)
Mo, = 0.75(1.732) - 0.08333 (1.732)" = 0.866
2. 84
x
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*#7-52. Draw the shear and moment diagrams for the 150 1b /ft

simply supported beam.

3001b - ft

l 12 ft l

The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is

w= 15:{5.]: 12.5x
12

Referring to Fig. b,
1
+ T3 =0 275-=(125)X0) -V = 0 V={275- 625¢ }Ib 0)
(+m =0: M +%(12.5x)(x)(%) ~275x=0 M ={275x - 2.083x 2} Ib-ft (2)

The shear and moment diagrams shown in Figs. cand d are plotted using Eqgs. (1) and (2), respectively. The location
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1).
0=275- 6.25x> x=6.6331t

The value of the moment at x = 6.633 ft (V = 0) is evaluated using Eq. (2).
M|, 6331 = 2756.633)-2.083(6.633)° =12161b-ft
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¢7-53. Draw the shear and moment diagrams for the beam. 30 Ib/ft
Af i
Aar — -
1 9 ft ‘L 4.5 ft—
/333
Dsx<9fi: L " I)M
. v
+T25 =0 25-;063A0-V =0 2s¢b
|
i H
V=25~ 1.667¢ Aus -7
- L)
V=0=25- 16672 = — 1_),,,
A—t
x=38TH v
251 ilol
Gz:uuo; u+%c3.3ma)(§]-zsx=o b
NN
M = 25x~ 05556 Ans atv
) 387 . 9 3.5
Moo = 25(3.87) — 0.5556 (3.87)" = 64.51b- - = x44)
9ft<x<13.5Mt:
milb
| L) 1o
+TEF, =0; 25-135+110-V =0
V=0 Ans
. 4. . »s

(5w=o; —25x+135(x—6)-110(x-9+ M =0

VI EU* S
\-—.Lrso

M= - 180 Ans
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7-54. If L = 18 ft, the beam will fail when the maximum w
shear force is V., = 800 1b, or the maximum moment is
M ax = 1200 1b - ft. Determine the largest intensity w of
the distributed loading it will support.
|
For 0<x<L A B
wa? | L
wx?
+1EF=0; V=—3r E",
wr? x l’,”
{+zM=0 M= v
~wL
Vowr = =3~
—u(18)
- 800 = 2
w = 88.9 Ib/fi
L!
Mocs = ==
—w(i8)?
- 1200 = ---g—-—
w =222 Ib/R Ans
w
%
L
WL
z
v
0 | *
-wL
@ e
u [
0 x
% T
K3
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7-55. Draw the shear and moment diagrams for the beam. 4 kip /ft

IEee.
|

12 ft 12 ft !

A (4/24)480 5p
Support Reactions : From FBD (a),
Ag T T

(romMy =0 M, -480(12)=0 M, =576 kip-t P ~.
+TIE=0; A,-480=0 A, =480kip c ]
My | L -
Shear and Moment Functions : For 0 S x <12 ft [FBD (b)], 2 (T 124t
a)
+TIE =0, 480-S-v=0 ! £
’ 6 . : TP G "
va{a.on-é.} kip Ans | 3

Gzm=0; m-%(;]a- 576-48.0x =0 M5 x;p(JtII-—x—ﬂ'

M= {48.0: - fl% -m} Kip- ft Ans tzesxjeax)
+Hax)
For 12 ft<x S 24 ft (FBD ()],
. ©) M (]‘
+TEE =0, Vv- i[s(u-x)](u-—x) =0
1 2 v(kip)
V={3(24-x) }hp Ans
480
Iri 24-x 240
Cram=o —5[5(24-;)](24—:)( . J"“"’
1 . + +—Xx(ft)
u={-.ﬁm-x)’} kip- ft Ans ¢ 12 24
M(Kip-ft)
2, 24
0 ] 10
=960
-576
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*7-56. Draw the shear and moment diagrams for the 300 Ib

! 200 Ib /ft
cantilevered beam.

The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is

w=zn{£]=33w
6

Referring to Fig. b,

+T2F, =0 —300- %(3333::)(::)— V=0 V ={-300 ~ 16.67x%} 1b )
‘+2‘M =0; M +%(3333t)(x)[g—)+3001 =0 M ={-300x— 55563 }Ib-ft @

The shear and moment diagrams shown in Figs. cand d are plotted using Egs. (1) and (2), respectively.
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3001b S(200)(6) Ib

~300 \’ X ()

Shear diagram ~ 790
M(Ip-ft) (¢)

! X{ft)

-3000
Mowent d‘ayrm

(d)

300lb 5 (33.334) %

..-l'
--"” |
- ! L\‘
| H)m
A 1x
7T 3V
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e7-57. Draw the shear and moment diagrams for the
overhang beam.

Since the loading is discontinuous at support B, the shear and moment equations must be written
forregions 0 < x <3 mand 3 m <x < 6 m of the beam. The free - body diagram of the beam' s segment
sectioned through an arbitrary point within these two regions is shown in Figs.b and c.’

Region0< x <3 m, Fig. b

. 1{4 22
+ TR =0; —4~E[-§x}x)-V=0 V={-—-§x —4}kN @)
(+m =0, M +-1-(-‘ix](x{5]+ 4x=0 M= {—-2-—x3 -4x}kN ‘m 2
’ 203 3 9

Region 3m< x <6m, Fig. ¢
+T3F, =0, V-46-x)=0 V ={24-4x}kN 3)

(+I'M=0; -M —46- x{-;-(G— x)]=0 M ={-26~-x)2}kN-m 4)

The shear diagram shown in Fig. d is plotted using Eqgs. (1) and (3). The value of shear just to the left and just to the
right of the support is evaluated using Egs. (1) and (3), respectively.

=-232y_ 4=
Vs m- = -5(3%)-4=-10kN
VIe3pms = 2-43)=12kN
The moment diagram shown in Fig. e is plotted using Eqgs. (2) and (4). The value of the moment at support B is
evaluated using either Eq. (2) or Eq. (4).
__ 23 -
M _, = ~5 @) -43)=-18kN-m

=2(6-32 = — ,
M|,_; . =—26-3*=~18kN-m
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7-58. Determine the largest intensity wy of the distributed 2wy
load that the beam can support if the beam can withstand a
maximum shear force of V., = 1200 1b and a maximum
bending moment of M, = 6001b -ft.

| 6 ft 6 it |

Since the loading is discontinuous at the midspan, the shear and moment equations must be written
for regions 0 < x <6 ft and 6 ft <x < 12 ft of the beam. The free - body diagram of the beam' s segment
sectioned through the arbitrary point within these two regions are shown in Figs. band c.

Region 0 < x <6ft, Fig. b

+T2F, =0; 7.5wg— wgx—V =0 V = wg(7.5- x) 1))
(+m=o; M+ww{%]-7.5w0x=0 M=%(I5x—12} V)

Region6ft <x <12ft, Fig.c
+T3F =0 10.5wg —2wg(12—x)+ V =0 V =wg(13.5-2x) &)

(mu =0; 10.5wq(12 -»x)—2w0(l2—x)[%(l2 —.r)] -M=0

M=wgo(-x2+13.5:-18) (4

The shear diagram shown in Fig. d is plotted using Eqgs. (1) and (3). The value of the shear at x = 6 ftis evaluated
using either Eq. (1) or Eq. (3).
VL=6ﬁ =wq(7.5-6) = 1.5wg

The location at which the shear is equal to zero is obtained by settingV = 0 in Eq. (3).
0=wg(13.5~2x) x = 6.75ft

The moment diagram shown in Fig. e is plotted using Eqgs. (2) and (4). The value of the moment atx = 6 ft is evaluated
using either Egs. (2) or (4).

=Yo i
Ml _¢q = - (156~ 6%)= 27wy

The value of the moment at x = 6.75 ft (where V = 0)is evaluated using Eq. (4).

M, 75 = wo[-avsz +13.56.75)- 18] = 27.5625wg

By observing the shear and moment diagrams, we notice that Vi ax =10.5wg and M., = 27.56wg . Thus,
Vmax = 1200= 10.5wg

wo =114291b-ft
M ax = 600 = 27.56wq
wg =21.8Ib/ft (control!) Ans.
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7-59. Determine the largest intensity w, of the distributed
load that the beam can support if the beam can withstand a
maximum bending moment of M, = 20kN-+-m and a
maximum shear force of V., = 80 kN.

Since the loading is discontinuous at support B, the shear and moment equations must be written
for regions 0 < x <4.5 mand 4.5 m < x <6 m of the beam. The free - body diagram of the beam' s
segment sectioned through the arbitrary points within these two regions are shown in Figs. b and c.

Region0< x <4.5m, Fig. b

v =0, M +w0{-;-] -2.167wgr =0 M =wg(2.167x —05x2) @

Region4.5 m< x <6m, Fig.c

_ _1i{6-x R _Wo . 2
+T2F, =0 14 2[[ G )wo}(e x)=0 V==t6-x ()

0 -m Ll 6=x ol i ol =
f+2M-0, M 2[{ = ]wg](ﬁ x)[3(6 x)]-O

M=-=06-x) 0

The shear diagram shown in Fig. d is plotted using Eqgs. (1) and (3). The value of the shear just to the left
and right of support B is evaluated using either Eq. (1) or Eq. (3), respectively.
V] e asm - = W0(2.167- 4.5) = -2.333w,

_ 20 2_

Vcasme= 3 (6-45)"=075wg

The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1).
0=wq(2.167-x) x=2167m

The moment diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of the moment atx = 2.167 m
(V = 0)is evaluated using Eq. (2).

L — W0[2-167(2~167) -0.5(2.167 2)] = 2347w,

The value of the moment at support Bis evaluated using Egs. (2) or (4).

wo 3
M| s =-=5-(6-45)" =-0375wg

By observing the shear and moment diagrams, we notice that Vy,ox = 2.333wg and M 5, = 2.347w(. Thus,
Vmax = 80=2.333w,
wg = 34.29kN/m
M nax = 20= 2347w
wo =8.52kN/m  (control!) Ans.
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]
A ‘,,l -
2.26m | 2.25m ko- -
Ay=2-167, = 3.0839,
? (@ % °
;%
X2

l——‘—". —-—-q
=0 | M
A ) 0<x<4.5m (b

' 4
Afz-/aw;
(6 M.z'_[(%;;)%](é—x)
.. LE % 506>
(€) 4.5m Lx £gm M

vV

RA6]W,
\ o '75 Mrp
Nl
0 z.;;;\l +5 xlm)
2333,

&)
M (:
Z:347Wp
I 4;'? :
0 2:”,7 N————T—X(m)
-0.375%;
(e)
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*#7-60. Determine the placement a of the roller support B wo
so that the maximum moment within the span AB is l l
equivalent to the moment at the support B. )

Since the loading is discontinuous at support B, the shear and moment equations must be written
for regions 0 < x <a and a < x < L. The free - body diagram of the beam' s segment sectioned through
the arbitrary points within these two regions are shown in Figs. band c.
Region0< x <a, Fig. b
—0, X00a-1%)-wer-v= LYo
+T2F, =0; 5o (24l - L?)= wox-V =0 1% m(m 2 - 2ax) )
X

=0 - —-‘t.n_ - 2 = =m - 2 -_ 2
(mu 0,M+wor[2J 2a(2al. Bx=0 M 2a[(2aL L) dx] @

Regiona <x< L, Fig.c
+T 2R, = 0; V-—wo(L—x)=0 V=wgy(L-x) (€)]

Gt =0 M -wot -x{%(l. -.:)] =0 M=-22( -2 @

The location at which the shear is equal to zero is obtained by settingV = 0 in Eq. (1).

72
0=20 24 - 12 — 2ax) x=2al -L7
2 2a

The maximum span moment occurs at the position at whichV = 0. Thus, using Eq. (2), we obtain

-12 _2)
() =52 - E2 ) 2L |- -

The support moment at B is evaluated using Eq. (2).
=X “LYa-a3]=X0 24 - 12 _a2)=_X0 (1 a)?
Mw_za[(m L%)a a] 2aL ~1? ~a*)= -2 (L-0)

The support moment at B can also be computed from Eq. (4).

wo 2
M suppport = ——-(L-a)

Here, we require I(Mm )qml= IMWPPMI Thus,

20 2aL - I2)? = 20 (L -a)?
8q2 2

WL
iy
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*7-61. The compound beam is fix supported at A, pin 500 Ib /ft
connected at B and supported by a roller at C. Draw the
shear and moment diagrams for the beam.

The support reactions atA and C and the interaction force at pin connection B are indicated on the
free - body diagram of members AB and BC of the compound beam shown in Figs. a and b.Since the
loading is continuous through the entire beam and the interaction force at the pin connection atB is
internal to the beam, the shear and moment equations can be described by a single function. The

free - body diagram of the beam' s left segment sectioned through an arbitrary point is shown in Fig.c.

By referring to Fig. c, we have

+T3F, =0; 3000-500x -V =0 V = {3000 500x}1b )
(+m =0; M +50(h{§]+ 6750 3000x = 0 M ={3000x - 250x% - 6750} Ib-ft 2

The shear and moment diagram shown in Figs.d and e are plotted using Egs. (1) and (2), respectively. The
location at which the shear is equal to zero is obtained by setting V = 0in Eq. (1).
0= 3000 - 500x x = 6ft

The value of the moment at.x = 6 ft (V = 0) is computed using Eq. (2).

M],_g ;, = 3000(6)- 250(6?) 6750 = 2250 Ib -
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7-62. The frustum of the cone is cantilevered from point
A. If the cone is made from a material having a specific
weight of y, determine the internal shear force and moment
in the cone as a function of x.

Using the similar triangles shown in Fig. a,

1] n
=p+—tx=—>(L+
reptx L( x)
L' L+L'
— e —— L'=L
o 2rg

Thus, the volume of the frustrum of the cone shown shaded in Fig. ais

2
v =l§z[%o(l,+x)] (L+ x)—ismn“-’z.
2
" 3 _y3
=z [(L+ x)3 =L ]
The weight of the frustrum is

W=W= %‘;j[(mx)” -1%]

The location X of the center of gravity of the frustrum is

2
1o i 12 L
3”[L (L”)] (L+x}[4“‘”)] 370 ’{“ 4]= (L+x)* - P(ar+L)
4[(L+x)3-L3]

X=
%;[{L+ % -1

Using these results and referring to the free - body diagram of the frustrum shown in

Fig. b,
2
=0 L _r3]=
+ T35 =0; P 2+ 2 -22]=0
2
V=£-@_[(L+x)3 _L3] .
32
2 . 3
(+W =0 —Mé{m [(L +xp3 -3 ]H(L +x)" —L(Ax+ L)| _ 0
3? AL +x)° - 21
2
M=-20 [(L +0* ~13@x+ L)] Ane
122
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7-63. Express the internal shear and moment components z
acting in the rod as a function of y, where 0 = y = 4 ft.

41b/ft

Shear and Moment Functions :

N

IE =0; V=0 Ans

EF=0; V,-4(4-y)-8.00=0
V, = {240-4y} b Ans

IM, =0 M, —4(4-y)(4—;1)-s.00(4—y) =0

M, = (2" ~24y +64.0} Ib-ft Ans
IM, =0; M,-800(1)=0 M, =800lb-ft. Ans
IM, =0; M =0 Ans
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*7-64. Determine the normal force, shear force, and
moment in the curved rod as a function of 6.

Fay = rw(rdﬂ) cosd = --wrginh

Ry = [:w(nmn'ua = - wr(l- cos)

I =0 V- (wrain6)cosd — rfl-cos8)sind = 0
V= wrsind Ans

NZIE =0, N+ (wrsin6)sind - rw(l-cos8)cosd = 0 ,,é
N = wr(cos8 -1) Ans ) o

GEMo = 0 wr(eos —Dr-M=0 Fg,,_

M = wri(cos8-1) Ans
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¢7-65. The shaft is supported by a smooth thrust bearing 600 Ib
at A and a smooth journal bearing at B. Draw the shear and 400 Ib

. 300 Ib
moment diagrams for the shaft.

) |
400lb 6oolb 3001b AiE—ae—ae—ae—

A =0 ~ w
X '.5 A

Z7t | th+&ff B2
hoy =075 16

@)
V(1b)

A

215,
5 2'1 7 f X(ft)
-325
—6R5
Shear dzbgmm
(b)
M ib-ft)
1900
1350 250
= ! ; i — x>
2 8
Moment dz’aimm
<)
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7-66. Draw the shear and moment diagrams for the 10 kN
double overhang beam. 5kN 5kN

o Z 7 z p X(m)

Shear dﬁr?/*am
(®)

ey
N
™

xX(m)
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18 kN

7-67. Draw the shear and moment diagrams for the
overhang beam. 6 iN
A
/1B KN b6 KN [ ] |
J M=10kN - m

3.5
Z F X{m)
—i5
Shear affag ram
(b)
M (kN-m)
-
. 7 é
0 7 ! | xdm)
/0
22
Moment dr&;fdm
(c)
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*7-68. Draw the shear and moment diagrams for the 4 kN
simply supported beam.

4 kN

4
L 4
xim
0 .?l; (m)
-3

Shear dragmm

b
MCKkN-m) )

o

4
2

T X(m)
6

al

l

{

|
2

moment dmfmm
()]
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¢7-69. Draw the shear and moment diagrams for the
simply supported beam.

IOKN /o Kkd

i xcm)
~2:5

—/25

Shear d{éfrdm
(b,

M{kn-m)

15

i xam)

N

-5
Mmoment- aﬁfimm

&)

10 kN 10 kN

‘«—2 m——‘«—Z m——‘«—Z m
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PL

7-70. Draw the shear and moment diagrams for the beam.
The support at A offers no resistance to vertical load.

P p

A+ 1L

L T L
3 sbgzzp
(@)
V
|

PL

Shear dz&gmm
(b)

PL

uﬂh
W~

£p
0 Y — x
3 = L
Mpment dk?fmm
(¢)
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7-71. Draw the shear and moment diagrams for the lathe
shaft if it is subjected to the loads shown. The bearing at A is
a journal bearing, and B is a thrust bearing.

80N
ol WliooN 5oy 4ON Zon
L 4
_{
L
o15m T 0/5m f oI
o.osm 0-05m
Afé%-ém 5‘7=45-33N
V(N)
. Y67 g0
0.05 0 467 =
L —— x(m)
6o 02 035  050550.65
=fo0
-/80
-280
M(N-m)
0501 0.150- . 05056 O-b5
j?5f¢=’ t?}l ?2. 0=35 { O} \ X(m)
2 “5
_.?',5
=17 ~/65
=3

60N 80N100 N

AN SON 40N 5(1 N
al o _al :
s i
50 mm 50 mm 50 m
200 mm 200 mm ~—]

100 mm 50 mm
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*1-T72.

n“ulw(t

Draw the shear and moment diagrams for the beam.

27 kN

3 hl}fm

N en)

bbbl
LS

D"

3kN/m

10 kN

NN NN INAY

176 kN

journal bearing.

2101y

I 0.8 Itl.l ngl

AB4EN

V(kN)

1.76
0.16 4

(+)

~3.84

1)
X (o
M kN.m)
t((m)
114
¢7-73. Draw the shear and moment diagrams for the 4 kKN
shaft. The support at A is a thrust bearing and at B itis a 2kN/m

0.8 m

622




7 Solutions 44918 1/27/09 10:39 AM Page 623 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-74. Draw the shear and moment diagrams for the beam.

8 kN 8 kN 15 kN/m
lZOkN-ml
~
AlR . fo\
B } C DT
1m ‘ ‘0.75m‘ Im 1m—
0.25m
Support Reactions :
{+M =0:  D,(3)-8(1)~8(2)-15.0(3.5)-20=0
D, =32,167kN
+TIF =0; 32.167-8-8-150-4, =0
A, = 1167kN
v (k)

150

o Bk s)=l5 DK

J:Jcnl-n R P 2 / 2 (m3

; ) 1 T 5 T Fl
. o — 1 M7 4
1 L‘ | 1 ] =317
3m |zfo-;s.T 1m  |05m 0-5m 7%
3.16] kA 0.25m =32.16] KN :
A % Mexim)

-/50
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7-75. The shaft is supported by a smooth thrust bearing at 500N
A and a smooth journal bearing at B. Draw the shear and
moment diagrams for the shaft. 300 N/m
Y
500N A B
1.5m 1.5m

300(3)N

—— 1] |
Ax= " ) 1
(5m [5m ’|
Ay=700N (3= JooN
1 ¢
(&)
V(N)
700
250 3
4 5 I xcm)
250
-700
Shear dz&gmm
(b)
M(N-m)
7125
. i x(m)
/-5 3
mMoment dz&ymm
)
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*7-76. Draw the shear and moment diagrams for the beam. 10 kN
2 kN/m
Q |
AE ‘, o) B
Sm 3m ‘ 2 mJ
Support Reactions :
(+zM=0:  B,(10-100(25)-10(8)=0 B, =10.5kN
+TEF =0; A, +10.5-10.0-10=0 A, =9.50kN
V{xu)
2(5)=100 kl 10 kN 950
N &
! : H X(m)
* | o 5 090
| 25m 55m 2m
AH 2950 kN By=105 ki ~7050
M(kN-m)
L6 225
Ny
210
l{ L ¢ J(.(M)
0 495 g 10
¢7-77. Draw the shear and moment diagrams for the 200 1b 100 Ib /tt
shaft. The support at A is a journal bearing and at B it is a
. A B 43001b - ft
thrust bearing. )
[
1 ]
1ft 4 ft 11t
lﬁ1 468 4 IR JSNM
arsib  lasm
v
Vi) s
. =M
~200
-225

625




7 Solutions 44918 1/27/09

10:39 AM Page 626

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

A,; =/0/b-67 b
1

7-78. The beam consists of two segments pin connected at
B. Draw the shear and moment diagrams for the beam.

150¢6) 1b

[ ——f—
1

-

r

E T 8ooIb-ft

00 1b Bf 3/4-671b C'? =583.33 b

Y

T
9400 Ib-ft
V(1b)

k3

47 |

oly

317

e

M(Ib-t)

18
} } —X({t)
8 12 ‘\l

-58

W

—43400

8 12 34 18
} X (ft)
141

(
—1267 - 800

700 1b

150 Ib /ft

mlb'ﬂ
l Ve

8 ft

4 ft

B

O,
|
|

6 ft
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7-79. Draw the shear and moment diagrams for the 300 Ib 200 Ib /ft
cantilever beam.
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*7-80. Draw the shear and moment diagrams for the 10 kN

simply supported beam. 10 kN/m

|
Since the area under the curved shear diagram can not be computed directly, the value of the moment at.x = 3 m
will be computed using the method of sections. By referring to the free - body diagram shown in Fig. b,
(+m=o;dem+§(mx3)(1)—zt(3)=o M|, =45KN-m Ans.
/OKN
v Z(0)(3) k
L00x6) KA [
P -
A;L"' il A A ““j&' A= - 2 ML:;;n
§ T
3m 3m 7 i 3m -)\-/

Bgz 20 kN A, =20 kN X=3m™

=20 kN
Ay (b)

V(kN)

<0
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¢7-81. Draw the shear and moment diagrams for the 2000 Ib
beam. 500 Ib/ft
v T .
Al i
Ak 0B
zo00\b ‘
sealb/d} 9 ft 9 ft
<z H:H'f SH# 36z51b
S pdion
0625
*®
-1.375
-3 L2%
m{kipb) 259y

Vi )

9

7-82. Draw the shear and moment diagrams for the beam.

Support Reactions :
L
Canmn pomnill)- )
Twol
7 LB’ N
+125 =0; Twol ., wal _
y A+ 3 wol 3 0
=%l
4 3
" %
R R
* Jl‘ N |
L & 1
£ s [§T &
(L VL
A}'3 A

2WL
-3
M
L
%
NI 2
) '-| { 4 X
El
. S
e
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7-83. Draw the shear and moment diagrams for the beam.

8 kN/m
m |
HB)B)=I2 kN ’ |
5 i
2apim _f- L JiEa
Pl 2
Q i ;’-J 8 kN/m
Lt
2m T zm 2m
F(8)(3)=/2 kN
v(kN)
[
o\j‘:/= xm)
e
M (kn-m)
24
12
4 4— X(m)
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*7-84. Draw the shear and moment diagrams for the beam. 20 kN
40 kN/m l
Alp i)
BT B—= ‘
‘{ om L 1S0KN'm

320§N 20kN

—=—'“—: = ) \QO\(-I‘\‘M

T L A B
123,75 kNl | 206,25 kN

1 23,75 \ 20
X(m)
3344
-1 %625
N ( VJAW\) !
2234

— X ()

—2l0
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¢7-85. The beam will fail when the maximum moment
is M . = 30 kip - ft or the maximum shear is V., = 8 kip.
Determine the largest intensity w of the distributed load the

beam will support.

=4w; 8 =4dw

w = 2 kip/ft
M, =-6w; -30= —6w
w = 5 kip/ft

Thus, w = 2Kkip/ft Ans

—f

6 ft

} 6 ft
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SkN

7-86. Draw the shear and moment diagrams for the
compound beam.

I Sem, 2.54en)
-235?1&3 23N

V(hed)
1.5

ﬂ
~P»
)
L.
Al
(/"
30
e ——— —‘g_b-a-i

2.5 |

B S b

_Jl—
|
*

—ll.s

T O Rp—

)
o
%)
-ﬁ...h-.._..._,_w.;[
N
V)

w;a(kwm)

o
A

\
! \
\

X

=Z|
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7-87. Draw the shear and moment diagrams for the shaft.
The supports at A and B are journal bearings.

2 kN/m

A

‘ 300 mm

~——600 mm————=—450 mmﬂ‘

2(2000)03) 2000(06) 5(2000)(0-45)

300N 1200N 430,.;
+TEF=0;  1022.2- }2000)(0.3)- %3 =0 |V am T“‘ X
rd 1 ~—
/, 3 }_ b I h \"5.._
%3 =T2N r 5
C+EM=0; Moy +}(2000)0.3)0.1)-1022.2(0.3) = 0 sl o gm T o 4om ‘o-:}m
My3=2TIN- m A}-'-'-/OZ-Z ZN 5?:'9275”
0-3m
quzfozz 2N
VN)
022 722
09 135
} } — X(m)
o 03 oé\_[
MN-m)
407
277 350
: et — X (m)
0 03 0661 09 135
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*7-88. Draw the shear and moment diagrams for the beam. 5 kip /ft
15 kip - ft 15 kip - ft
i A a\ |
-~ 61t 10 ft 6ft—
Support Reactions : From FBD (a),
(+zM,=0; B, (10)+150(2)+15 i .
-50.0(5) - 15.0(12) = 15 =0 FIG)=150kp 509*R00kp Lysjgh /68K
B, = 40.0kip
+TZF =0; A, +400-150-50.0~150=0 I5kipft A~ e 8 5 kp gt
A, =40.0kip (l- - L 4 : =
Shear and Moment Diagrams : The value of the t at supports I'_’,""* I
: moment at sup
A and B can be evaluated using the method of sections [FBD (c)]. s IO
Ay=400 kip b= 400 Kip
(+w=&. M+15.0(2)+1550 M=-450kip-ft ¢
# )I)«/Mb},
5 Kpft A4
(="
7'
v(kip)
250
5.0
\ 1
o ¢ P Xdt)
=150
“25.0
M (kip-ft)
175
. A 22
- ¢ LN\ 4 = x(e)
=150 \/ " \/-,3.50
=450 ~450
635
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Total length of the cable : k

¢7-89. Determine the tension in each segment of the
cable and the cable’s total length. Set P = 80 1b.

" En39.08° | caZLO6  coadT.AT

‘rom FBD (2)
(+z =0:  Tiocos $9.04°3)+ Typsin $9.04°(7) - 50(7)~80(3) =0
Tp=78.1881b=78.210  Ams
3 EF, =0, 78.188cos $9.04°-A a0 A, =40.2271b \Crfb
+TEF, =0 A +78.188 sin 59.04°~80-50=0 A, =62.9551b (@)
Joint A 4
| -2
DIF =0 Ticcos¢—40.227=0 m ;\AJ 62925 1b
+TLF 0,  -Ticsing+62.955=0 @ < A X
Solving Egs. (1) and (2) yields : A=40-22] It ¢
¢=57.42° Toc
Tic=7471b Ans (b)
JointD : ¥
3 ZF, =0;  78.188 cos 59.04°~Tep cosd = 0 e) Tep=78-166 Ib
+TIF, =0; 78.188 sin 59.04°~Tpsin6~30 =0 @ e 59.04"
Solving Eq. (3) and(4)yields 7 x
9=22.96° o |
Tp=43.7D A 501b
3 4 3 _ 1578 Am
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7-90. If each cable segment can support a maximum tension
of 75 Ib, determine the largest load P that can be applied.

3 ft ‘ 4 ft 3 ft—

ﬁm. a®; - Tap (cos 59.04°) 2 + Typ (sin 59.04°) (10)- SO () - P(3) = O
Tio = 0.39756 P + 46.383

23IF, =0; =-A +ThpcosH.0L =0

+TEF, =0, A -P-50+T)sinN0 =0 —
. . A 24t
Assume maximum lension is in cable BD. pr F— :
Tio = 1SB
P =7198D
A =33.9D
A, = 51.670D v
PinA: P (@)
Tic = /(38.59% + (57.670F = 9.39b< 7S OK
o= "‘"(s:::) - 56.21° pPy= o767 lb
Joimt C: Ae=38:59 Ib
G 7 X
3BIF, =0 Tepcosd - 69.39c03 56.21° = 0
+TIF, =20, Tpsing+ 69.395in56.21° -~ 71.98 = 0 Te
Tp = 412> < 75 OK (b)
- Y
$- 205 Th=t4391b
Thus, P =720 Ans T;_p
8=56.2/*
2/ % X
Y
7198 1b
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7-91. The cable segments support the loading shown.
Determine the horizontal distance x from the force at B to
point A.Set P = 401b.

(m(. =0;  -Tepcos 33.69°(13) - Tep sin 33.69°(3) + 60( 13) + 40(5) =0
Tep =78.521 1b

SEF,=0; 40+60-78.521 cos 33.69°~A, =0+

A =34.667 b

A, =43.5551b
Joint A :

LEF, =0 Tpcos8-34.667=0 )
+TIF, =0; 43.555-Tyusind =0 [F))

Solving Eqs. (1) and (2) yields :
g=5148°

Ty =55671b

=398 ft Ans

s
Ry Ty

| *p
A
b
5 ft
B
8 ft
£ » 60 1b
2 ft F
Y el
LD
Lf)ft*
=40 1b
> 00 Ib

A LAI& =43‘555 H?

>
&
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*7-92. The cable segments support the loading shown.
Determine the magnitude of the horizontal force P so that
Xp = 6 ft.

(+IMo=0:  Tigcos 39.81°(10)+ Tus sin 39.81°(6)~ 60(2)- P(10) =0

11.523T; 5 = 10P = 120 m
Joint B :
ANZIF, =0; Tipcos 19.25°~Psin 69.44° =0 @
Solving Eqs.(1) and (2) yields :
P=84.01b Ans
Tus =83.321b

|

| *p

A

b
5 ft

B
8 ft
£ » 60 1b

2 ft F
Y el

LD

Lf)ft*

/
x
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¢7-93. Determine the force P needed to hold the cable
in the position shown, i.e., so segment BC remains
horizontal. Also, compute the sag yp and the maximum

tension in the cable.

Joint B :
+ 4
SEF =0, T - ——=—===ls =0
43’5*16
+TIE =0, X _Tp-4=0
Jyg + 16
ys Toe =16 (1)
Joimt C:
* 3
S LF, = 0; Tp-Tae =0 (2
1,}[y,—3}’+9
yg — 3
+TZF, =0 Tegp—P =0

Jos =32 +9
s =N =3P ()

Combining Egs. (1) and (2) :
Ip=— @@
'8
Joint D :

L%F =0; —2—1;';3— 3 Tep =0
Ji3 JOos - 37 +9

3 yg ~ 3

+TEF, =0 ——Tppm 2 Tep~6=0
’ JB 2 Jos-3p 40
_Uﬂ.__ra,zm )
‘!(y.-S)’+9
From Egs. (1) and (3) : 3ysP - 16y +48 = 0
From Egs. (4) and (5) : ys =3.53m Ans

P =08kN Ans

Tis = 6.05KN
Toc = 4.53kN

Tep = 4.60kN

Lua=Tpg = 8.17kN  Ans

Tee

640




7 Solutions 44918 1/27/09 10:39 AM Page 641 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-94. Cable ABCD supports the 10-kg lamp E and the

15-kg lamp F. Determine the maximum tension in the cable o A ol A
and the sag yg of point B. AN 1 __y?'D
\ VB 2m ;I_.
h‘l 22 :. ELd . ) .\‘ ‘ ff";
N T .' ___—dc
A 1 BYy— I
Zm f b
1546 L g Fi
| 4 FAN
153 ~— 1 m— 3m R
(o580
From FBD (a)
(=M =0;  Tepcos 75.96°Q2)+ Tepsin 715.96°(4)
- 15(9.81)(4)— 10(9.81)(1) =0
Tep = 157;30N "
3EF =0; 157.30cos 75.96°~A =0 A =38.15N e
' A238is8 .
+TEF, =0; A, +157.30 sin 75.962-15(9.81)~10(9.81) =0 “TANe
A =92.65N The
Joint A :
DEF=0; Tigcos6-38.15=0 m
+TLEE =0; 92.65-Tpsin0=0 @
Solving Eqs.(1) and (2) yields :
9=61.62° Tip =100.2N
yp = (1)tan67.62° =2.43 m Ans
JointC :

BIF =0; 15730 cos 75.96°—Tyocos 8.13°=0 T =38.54N

+TZIF,=0; 157.3 sin 75.96°~38.54 sin 8.13°~ 15(9.81)= 0 (Check)

Tow = Tep = 157N Ans
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7-95. The cable supports the three loads shown. Determine
the sags yp and yp of points B and D. Take P; = 400 Ib,
P, = 2501b.
12 ft 20 ft ‘ 15 ft 12 ft
ALB
20 12
SHIF, = 0; Tpe - T =
Y(1d-y;)? + 400 Yy + 144
14 -
+12E = G - ¥ e+ =T, -250=0
Y(14=y,)? + 400 V73 + 144
2yy — 168 Ta
”3—1;“_, = 3000 [4)] e Py @ e
y(14-y;)? + 400 A Tac
2501
AtC
+ 15 20
—IF =0 Tep - Ge =0
Y(1a-yp)? + 225 Y(14-y,)? + 400
- 4 -
+13E = ; Moo o, MY _uw-0
J(1d-y,)? + 225 J(14-y;5)? + 400
~20y,, + 490 - 15
Mgc = 6000 @
J(14=y;)? + 400 T 3] Teo
& L BT 15
Mﬂ = 8000 3) *‘{;Dl.b
J14oy)? + 225
AtD
LR = 0 2 Ty - = Tp =0
J(@+yp)? + 144 Y(l4-yp)? + 225
+T3E =0, 44 y - -y o — 250=0
Y4+ yp)?* + 144 Y(14-yp)? + 225
Toe
w?&” = 3000 (4) g ® At
J(l"")‘n) + 225 Ter n
B0
Combining Eqgs. (1) & (2)
19yp + 20y, = 826
Combining Egs. (3) & (4)
45y, + 276y, = 2334
¥s = 86T I Ans
¥p = 704 ft Ans
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*7-96. The cable supports the three loads shown.
Determine the magnitude of P; if P, =3001b and
yp = 8 ft. Also find the sag yp.

12 ft 20 ft ‘ 15 ft 12 ft ~

AtB

20 12
53F, = 0; Sl

J‘Elc" ﬁm—stzclx"

-6 8 e
+TZF, =0; Te + T,p ~300=0 ¥ '
¥y rra 6 BC f—-m 'AB \%j“rt?sr—; Tee

3ool
T, = 9833 1b
Ii.c. = 85421 iﬁm‘mﬁ.__‘/vﬁv
ET) [Tk 4
AtC ' ' !
-20 15
53K =0 ——(8542) + —————Tp = 0 (n
Y436 J(14-yp)? + 225
sT5E =0, (4 + —a22 7. R =0 (@
_ \(435 y(14-y,)2 + 225
AtD
12 15
5%F, = 0 : e - ===—=Tcp = 0
J(4+y,,)= + 144 V(14=3,)? + 225
4 14 -
+T3E = 0; —_— 2 1 _30=0
V@+ yp)2 + 144 V(14=yp)? + 225
: Tr
_ 36004225 + (14 - yp)? . /
Tn 15
Substitute into Eq. (1) : Soolb
yD = 6.44ﬁ Am
T, = 9161 Ib
P, = 6581b Ans
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¢7-97. The cable supports the loading shown. Determine
the horizontal distance xp the force at point B acts from A.
Set P = 401b.
S5 ft
AtB
+Zﬂ =0 40 - Xg _ xp—3 . =0
- Vi + 251"“ Vixz—3)2 + 64 se B
3 8
TIg = 0; Ts - =
o VB +25 0 -3+ a0 3 ;© Yo, 8 ft
13x; —15 3
—_—_— T =
r—(x, ~3i 164 e = 200 (1) T
AtC
+ 4 Xz -3 3 2 ft b
IE = 0; Z . e A S . kRS
- P e e’ :
8 2 3
Tn? = o; —_T - —T, -— =
+ ¥ m '‘BC 13 D 5(30) 0
30 = 2‘3
—=" =102 2 Toc
Joa-3r+ 64 ° . @ oA,
Solving Eqs. (1) & (2) . ;
13z, ~15 _ 200 @ 3016
30 -2, 102
xp = 436t Ans
7-98. The cable supports the loading shown. Determine i Xp
the magnitude of the horizontal force P so that xz = 6 ft. &
AtB
6 3
—)EF,',:O; P"'—‘ﬁ"l'ns—-;];c=0
5 8
+T2E = 0; 2T,y - —=Tc = 0
7 61" y1B°°
63
S5P— —=The =0 n
V73
AtC
+ 4 3 3
—IZF, = 0; -(30) +——=0Th¢ = =—Top=0
x 5 ﬁ c JE CD
+T=E = o0; 8 % 21;: 3(3(::)—0
Y » 47—3 ‘BC Jﬁ D 5
18
*‘[-—gﬁc =102 2)
Solving Egs. (1) & (2)
63 5P
18~ 102
P=171401 Ans
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7-99. Determine the maximum uniform distributed } 60 m |
loading wy N/m that the cable can support if it is capable of ': T :l
sustaining a maximum tension of 60 kN. 7m

|

The Squadon of The Cable - RRERRERR RN AR AN

Wo
yﬂéj(lw(x)dt)dx
= LMo 1
F},(Zx -l-C.x-I-C‘) m
dy 1
E= E(WOX'PC,) (2]

Boundary Conditions :
y=0 at x=0, then from Eq.[1) 0=%(C,) C, =0

dy 1
z=0u:=0.dmfmmﬁq.[2] Dn-p-;((.‘,) C =0

=2, 3
Thus, y 25‘: (31
& %o 4
E E"X (41
y=7matx =30 m, then from Eq.[3] 7=l".2.(301) 5‘=15_0w0
25, 7

8=8,,,atx =30 mand the maximum tension occurs when 8 = @,,, . From Eq.[4]

g, =2 = e = 0.01556(30) = 0.4667
x=30m T Wo
oﬂl.l =25'02°
The maximum tension in the cable is
R
T H
= = cosf,,,
450
= Two
cos 25.02°
wo = 0.846 kN/m Ans
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*7-100. The cable supports the uniform distributed load
of wy = 600 Ib/ft. Determine the tension in the cable at

each support A and B.
— :7 A
15 ft

U e cquaions of Exsopl - 12, RERRERERENE .

W
Y
600
lsﬂz—af ’%

600
1 — -
o=2&(zs 0

B r S
500 o 600 . —%l A
2(15)‘2 200 > = ;0;‘ I5f
2 = 1.5(625 - S0r + &) — X

0.5¢ - 75x + 937.50 = 0 25-x x

Choose root < 25 ft.

x=13.76&
wo 600
Fy = 2)"’ = 5-(-1-5(13.76)’ = 3788 Ib
ALB:
- M, 600
Y =iy o
&b -
2 = umo a:mul._lm = 2.180
0. = 65.36°
Bt o 38 s =909kp Ans
cos 8  cos 65.36° )
ALA

wo 600,

by Y

% = tan 6, = 0.15838 1.780

=
x » 25 - 13.76)
9,. = 60.61'

Fq_ _ _ 318

n 3788
AT 6, o606

= 7733 = 7.73kip  Ans
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¢7-101. Determine the maximum uniform distributed BY 1
load wy the cable can support if the maximum tension the
cable can sustain is 4000 Ib. ,m
15 ft
10 ft

bbb bbb,

Use the equations of Example 7- 1Z,

a 2
kY
- 3
15 “_ni Py
wy = & k

10 = 2% (25 - 22 I5ft

25y 10ft

p
% = I—Lm -z >
25-X x
2 = 1.5(625 - S0x + ) -
0.5¢ - 75x + 937.50 = 0
Choose root < 25 f.
x=13.7%f
Fy = E = -.-L Y
W Iyi % (13.76)* = 6.31378 wo
Maximum tension occurs at B since the slope y of the cable is greaiest there.
a 0

Y A
gl. = BN O, = .."35 = m

13,760 Fy 6.31378 wy
Op = 65.36°

= F'
L- wo—-

- 6.31378 wy
4000 =08 65.36° wyp = 264Ib/ft Ans
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7-102. The cable is subjected to the triangular loading. If y
the slope of the cable at point O is zero, determine the
equation of the curve y = f(x) which defines the cable 4 3
shape OB, and the maximum tension developed in the cable. ]
N /] 8 ft
3 d
_ o ]
1 —
y = = weanas ‘ l .
H it I |\ o
= [ sy ds U SooUfir ! r
AT e
150 15
1 ¢ 50
= Ej(ws—x’ +Cy)dx 300 Ib/ft 500 b /ft
15 ft 15 ft
150
= E(?I + Cix + Gy)
& = ﬁxz + &
dr 3y Fy

tx=151t, y=8f F, = 2341

y = 237107’ Ans

dy 50

- = tanfd = —

dx mar e 3(2344) zalihl

6, = tan"'(16) = 57.99°

F 2344
= e— — =
4 cosB,,  c0s57.99° 21
T,.. =442kp Ans
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7-103. If cylinders C and D each weigh 900 Ib, determine
the maximum sag 4, and the length of the cable between the
smooth pulleys at A and B. The beam has a weight per unit A
length of 100 1b/ft.

12 ft |

8

Since the loading and system are symmetric as indicated in the free- body diagram shown in Fig. a,

+T3F, =0 2(9005in0 g,y ) - 100(12) = 0
Omax = 41.81°

Thus,
Fpy =Tpax €050, = 900c0s 41.81° = 670.821b

As shown in Fig. a, the origin of the x— y coordinate system will be set at the lowest point of the cable,

d%y _w(x) _ 100

= = = 0.1491
&2 Fy 67082

Integrating the above equation,
L 0.1491x+C
ax T

Applying the boundary condition % = 0at x = 0 results in C; = 0. Thus, Eq. (1) becomes

b _ 0.1491x
dx

Integrating,
y = 0.07454x2 +C,

Applying the boundary condition y = O at x = 0 results in C5 = 0. Thus, Eq. (1) becomes
y = 0.07454x>

Applying another bouhdary condition, y = A, at x = 6ft,
h = 0.07454(6%) = 2.68 t Ans.

The differential length of the cable is

2
ds=Jde? + dy? = ‘L(%] dr = ¥1+0.02222x 2 de
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Thus, the total length of the cable is

6 ft
L::I ds=2J. 'Jl-i- 0.02222x 2 dx
0

6ft
=0.29SII 45+ x% dx
0

=0.2981{-;-|:1J45 +x2 +451n[x+ 45+ 22 ]]

=13.4ft Ans.

ft

Y
100(/2) 1b

(a)
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*7-104. The bridge deck has a weight per unit length of
80 kN/m. It is supported on each side by a cable. Determine
the tension in each cable at the piers A and B

1000 m |
Al

=

75 m

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge
deck is supported by two cables, w(x)= 20_ 40kN /m

Ly_ ) _400’)
&? Fy Fy

Applying the boundary condition > Oat x = Qresults in C} = 0. Thus,

& Fy

& _ 4000%)

®
Integrating,

3
_2000%) 5

Applying the boundary condition y = 0 at x = 0 results in C = 0. Thus,
3

100) 2

Fy

y=

Applying two other boundary conditions y = 75mat x = xg and y = 150 m at x = «(1000- xp ),
3

75:—--—-—20(10 )xgz

Fy

3
150=£F%2[—(10m x0)]

Solving these equations

xp =41421m Fg =4575(10%)N

Substituting the result for F g into Eq. (1),

& L)s—x—ﬂg'!ﬂlo )
dc 4575(10°%)
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Thus, the angles the cables make with the horizontal at A and Bare

h
e 2 = lano. ~3va1420ll= 19,910
6p = |tan [ &L) Il:an 0874310 )(41421)“ 19.91

\
0, = m“[%L = Imn“ {0.8743(10‘3 )~(1000- 414.21)}{: 27.12°
a)

Thus,
i 6
Ty = —H - BB _ 4566108 N = 487MN Ans.
cosfp  cos19.91°
6
Ty = —i— = BB _ 51 46105 N = 51.4MN Ans.

T cosfy  c0s27.12°
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\
bridge deck can sustain a maximum tension of 50 MN, A
determine the allowable uniform distributed load w, caused f

by the weight of the bridge deck. 150£ w 75 m

¢7-105. If each of the two side cables that support the } 1000 m ‘

L=

|

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge

deck is supported by two cables, w(x)= %9-

dzy WQ!'ZH w

Integrating,
dy _ wo
e == e+
dr  2Fy

Applying the boundary condition -z—-yx- = 0at x = 0 results in C; = 0. Thus,

dy _ wo
dr 2Fy * O
Integrating,
wo 2
= +C
Y=2Fg " T™2

Applying the boundary condition y = O at x = 0 results in C = 0. Thus,
wQ 2

YT

Applying two other boundary conditions y = 75 mat x = xg andy = 150 m at x = (1000 xg),
wQ
4FH

75 = x2

wo 2
150 = ——=[- -
5 o [ (1000 xg)]

Solving these equations
xg =41421m Fy =57191wy

Substituting the result for F  into Eq. (1),

dy wo

— i ——— Y = -3
& 25T10Iwg) - OBTANI0 D)x
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By observation, the angle the cable makes with the horizontal at A (84 ) is greater than that at B (6g ). Thus, the cable
tension at A is the greatest.

Y - -3 )<1000- =272
6,4 =|tan [a’x ) —-lmn {0.8741{10 )[—(1000 414.21)H—27.12

By setting T = 50(10°)N,
T =.£H_
c0s 0y
571.91wg
cos 27.12°
wo =77.8X10°)N/m=77.8kN/m Ans.

50(10%)=
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7-106. If the slope of the cable at support A is 10°, y
determine the deflection curve y = f(x) of the cable and the |
maximum tension developed in the cable.

40 ft ‘
o
The triangular distributed load is described by w(x)= .S%.x =12.5x 40 m ml ft

d?y _w(x) _ 12'5.!:
a? Fy Fy

-

Integrating, 500 Ib /tt

Applying the boundary condition % = tan 10°at x = O results in C| = tan10°. Thus,
D _82 .2, mnioe )
dx Fy

Integrating,
2.0833
Fy

x3 + an10°x+C,

Applying the boundary condition y = 0 at x = 0 results in Cy = 0. Thus,
2.0833 3
y I ——— )
H

+ tan10°x 2

Applying the boundary condition y = 10 ft at x = 40ft,
10=29833 40)3 + wn10°(40)
Fu

Fyy = 45.245(10%) 1b

Substituting the result into Egs. (1) and (2),

2. —-ﬁl’i—‘q—xz +tan10°
dx  45245(107)

=0.1381(10~3 % 2 + tan 10°

2.0833
v —"
45.245(107)
=46.010 "5 %3 +0.176x - Ans.
The maximum tension occurs at pointB, where the cable makes the greatest angle with the horizontal. Here,

Omax = m-l[iy.l ]: an~Y| —22__(402)+tan 10° | = 21.67°
drlgo 45.245(10)

x3 +an10°x

Thus,

S _ 45245010%)
T 08O max  C0821.67°

= 48.69(10°) Ib = 48.7 kip Ans.
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7-107. If h = 5 m, determine the maximum tension
developed in the chain and its length. The chain has a mass
per unit length of 8 kg/m.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable.
Here, w(s)=8(9.81)N /m=7848 N /m.

2 2
& nal (o)
dx Fy dx

2
Ifwesetu=£, then Eﬂ=£—y,thcn
dx dx

&2
du - 78.48 dx

-Jl+ u? Fu

Integrating,

h{u+'Jl+ u2J= 78'48x+C1

Fy

Applying the boundary condition u = % = Oat x = O results in C; = 0. Thus,

Ir{u+Jl+u2)= 7&48.:

Fy
1’8.48Jr
u+'Jl+u2 =g Fu
7848x 7848
e Fy —-e Fy

-i‘:‘:-:u:
dx

X _ =X
Since sinh x = i_ii_’ then
78.48

Fy

%: sinh x )

Integrating Eq. (1),

y= Fu cosh 78'48x +Cy
78.48 Fy

Applying the boundary equationy = Smat x=25m,

_Fg | (7848 )
5=l loosh( - (25)} 1},

Solving by trial and error,
F, H= 4969.06 N
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The maximum tension occurs at either points A or B where the chain makes the greatest angle with the horizontal. Here,

e )

L _ 496906 _ o) 46N = 536KN Ans.

T = =
M cosOpax  c0s 22.06°

Referring to the free - body diagram shown in Fig. b,

+T2F, =0; Tsind —8(9.81)s = 0
+— IR, =0 Tcosf — 4969.06=0
Eliminating T,

dy

—==tanf = 0.01579%4s
dx

Equating Egs. (1) and (2),
. 78.48 _
smh[ 296506 x] =0.015794 s
§= 63.329inh[0.l)l 579x]

Thus, the length of the chain is
L = 2{63.325inh[0.01579(25)]} = 51 3m Ans.

(&) ' 8(9-81)S
(b)

657



7 Solutions 44918 1/27/09 10:40 AM Page 658 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

\ |
*7-108. A cable having a weight per unit length of 5 Ib/ft \ 150 ft \
is suspended between supports A and B. Determine the

. B
equation of the catenary curve of the cable and the cable’s 30° 30°
length.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable.
Here, w(s)=51b/ft.

2 2
d—%:—s- 1+[£]
ac* Fy dx
2
Ifwesetu = ﬂ, then -‘E = ﬂ Substituting these two values into the equation,
dx gl
—du__ =—5--dr
Jl+ u? Fu

Integrating,

ll\(u+'Jl+u2J=}§—x+Cl
H

Applying the boundary condition u = % = Oat x = O results in C; = 0. Thus,

ll{u+'Jl+ u2]=ix
Fy

. X e*
Since sinhx = T,then

B S 1
e si FHx (1)

Applying the boundary equation % = tan30° at x = 75ft,
. 5
tan 30° = smh[— (75)]
Fy
Fy = 68268 1b

Substituting this result into Eq. (1),
b _ -3
= 3111]1[‘?.324(10 )x] )
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Integrating,
y = 136.54c0sh [7324( 1073 }t] +Cp

Applying the boundary equation y = 0 at x = 0 results in Cy = —136.54. Thus,
y= 137{msh{7.324( 10-3)x]— 1}& Ans.

If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in

Fig. b, we have
IR =0 T cosf — 682.68= 0
+138, =0 Tsin® ~55=0
Eliminating T,

%ﬁ tan 0 = 7.324(10)s ®

Equating Egs. (2) and (3),
7324103 ) = sinh[‘?.324( 10~ x|
s= l36.5<lsinh[7.324( 107 ):]r:

Thus, the length of the cable is
L= 2{136.54sin1{7324(10—3 )(75)E
=157.66 ft = 158t Ans.
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*7-109. If the 45-m-long cable has a mass per unit length \ 40m |
of 5 kg/m, determine the equation of the catenary curve of
the cable and the maximum tension developed in the cable. U

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable.
Here, w(s)= 5(9.81)N /m=49.05N /m.

2 2
& sl (o)
dr Fy dx

2
Setu=2 then # =9 e
dx  dx

du - 49'050‘.\:

1+u> FH
Integrating,

ll{u +J1+ uz)z 4;'05x+01
H

Applying the boundary condition u = %:— = 0at x = 0 results in C; = 0. Thus,

ln[u+-JI+u2)=i:—_'gix
H

49.05 .
u+ -Jl +u2 =¢Fu
4905 4905
— X - X
T 2
—_ e_x
Since sinh x = ,then
L2 = sinh——49'05 X (4]
dx Fy
Integrating,
Fy 49.05
= cos| +C
YT .05 '{ Fr x] 2

F
Applying the boundary equation y = Oat x = 0 results in Cp = ——t—. Thus,

49.05
Fy 49.05
[y » S -1
Y 49.05[”51‘{ Fr x] ]m
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If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in

Fg. b,
L3E =0 Toosf— Fy =0
+ Tl‘F;, =0; Tsinf —5(9.81)=0
Eliminating T,
d _ 0@ = 49.05s 3)
dx Fy
Equating Egs. (1) and (3) yields
49.055 " 49.05 n
Fy Fy
i Fy si 49.05
205 | Fgu

Thus, the length of the cable is
45— Fy . .| 49.05 20
L=45 2{49‘05 mnh(—FH (20)

Solving by trial and error,
Fy =115341N

Substituting this result into Eq. (2),
y = 23.5[cos h0.0425x— 1] m Ans.

The maximum tension occurs at either points A or B where the cable makes the greatest angle with the horizontal. Here

Oy = tan ™! [%L:m ) ] =tm™ {sinl{%o-'?-(ZD)J} = 43740

() 509818
(b)
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7-110. Show that the deflection curve of the cable discussed
in Example 7-13 reduces to Eq. 4 in Example 7-12 when the
hyperbolic cosine function is expanded in terms of a series
and only the first two terms are retained. (The answer
indicates that the catenary may be replaced by a parabola
in the analysis of problems in which the sag is small. In this
case, the cable weight is assumed to be uniformly distributed
along the horizontal.)

coshz= |+ i *..
2

Substituting into

-2l (3-

= E—[l + -;%1-...-1]

wot

Using Eq. (3) in Example 7-1Z,

2
Fnzﬂi

We get y= g} QED
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7-111. The cable has a mass per unit length of 10 kg/m. \
Determine the shortest total length L of the cable that can
be suspended in equilibrium.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable.
w(s) =10(9.81)N /m=98.1N /m.

dy du  d%
ety === — —
Setu o lflmudt P then
du 298.1‘3r
J1+u2 H
Integrating,

In(u +Jl+ u2]= &x
Fy
98.1

1, %81
dy__u__eFH —e Fy
& 2
X —-X
Since sinhx = < '2" , then
b L, 0
dr Fy

Referring to the free- body diagram shown in Fig. b,
XEF =0 Tcos®— Fgy =0
+T2F =0; Tsinf —10(98)s=0
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Eliminating T,
98.1s

ﬂ: =
o =m0 =

(2)

Equating Egs. (1) and (2),

98.1s . .[981
= 8l — X

Fy Fy

- F& . .| 98.1
5 %1 81 _FH o

The length of the cable between A and B is therefore

L= z{ Fism{i’ﬁ(:n]} = 0.02039Fy sin'{ 2’:‘1)
%1 | Fu F

Thus, the length of the overhanging cable is

L-L'= L —02039Fy siuh[ 3’-93“-‘-‘-]
Fy

The tension developed in the cable atB is equal to the weight of the overhanging cable.

Tg = 10{9.81)[L— 0.2039Fy sim{%]]
Fy

=98.1L~ 2Fy sm{m“) 3
Fy

Using Eq. (1), the angle that the cable makes with the horizontal at B is

98.1 . .| 3924
=si —(d) | = —
tan Og smh[ T ( )] smﬁ( o ]

From the geometry of Fig. ¢,

ous93= 1
. 2| 3924
1+sinh®| ——
J [ Fy ]
Fyy .. 2| 3924
= ,1 nh —\ 4
67 Fr J1+si ( r 4)

Iz =
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Equating Egs. (3) and (4),

. .2 392. . .
Fpy J1+sinh“| —— | = 98.1L — 2Fp si T

1 3924 .| 3924
= e 2F — 5
L 98.I|:FH : l Fr J+ ”s"‘h[ Fr ]] ®
In order for L to be minimum, i must be equal to zero.
3924 392.4 392.4 3924 3924 . .[ 3924
+2Fy = + 2sinhf ——
.H' w1 F H Fy Fy 2 Fy
1 392.4 3924 | 3924 392.4 784.8 392
1 25 _ -
9&1[@[ Fu )+ sm‘{ Fu ] Fu m[ ] Fu Fu ]]

Setting i:ﬂ
I 3924 [39241

Ianh[3i24}2FH ~392.4)+(Fg - 7848) =0
H

Solving by trial and error,
Fy = 438.70N

Substituting this result into Eq. (5) yields
L=155m Ans.

665



7 Solutions 44918 1/27/09 10:40 AM Page 666 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*7-112. The power transmission cable has a weight per \ 300 ft |
unit length of 15 Ib/ft. If the lowest point of the cable must |
be at least 90 ft above the ground, determine the maximum
tension developed in the cable and the cable’s length
between A and B.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Here, w(s) =151b/ft.
o) 2
Seai(2)

d&x? Fy dx
dy du dzy
If we set 4 = ==, then = = ==, Thus,
; dr dr g2
du 15
2 Fy

Integrating,

ln[u+J1+n2]£T:-s-x+C1
H

Applying the boundary condition u = % = Qat x = 0 results in Cy = 0. Thus,

ln(u+-Jl+ u2J=-Ls—x
Fy
I,

u+Jl+u2 = eFH

15 . _ 15 .
& 2
Since sinhx = 5 , then
D o ginh 3, )
dx Fy
Integrating,
= 2& -lé— ..|,.C
T Fg o JTC?

Applying the boundary equation y = Oatx = 0 results in C; = ~%”-. Thus,

y:f.ﬂ- nlnsunx |
15 Fy
Applying the boundary equation y = 30 ftat x = xg and y = 90 ftat x = (300 —xp),

30= f!_’..[ur{”_’ﬂ] i 1] 2
15 Fy
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_Fy [ [ -15300- )]
90—-]-—5-{@811[ T ] l}

Since cosh(a — b) = cosha coshb — sinha sinhb, then

F, 15x, 15x,
00 =1L msh—oomhﬂ— 'nh—nsinhﬂ—l 3
Fy Fy Fu Fy

Eq. (2) can be rewritten as

cosh 13%0 _ 450+ Fy @)
Fy Fy

Since sinha='Joush2a—l,then
2
sinha2X0. - M) _|=FL [202500 + 900F ;7 5)
H

Fy Fy
Substituting Eqs. (4) and (5) into Eq. (3),

1350 = (450 + Fpy ) cosh 2222 — [202500+ 900F 5 sinh 0 - Fry
Fy Fy

Solving by trial and error,
Fpy =3169.581b

Substituting this result into Eq. (4),
xp = 111311t

The maximum tension occurs at pointA where the cable makes the greatest angle with the horizontal. Here,

I e

Fy _ 316958 :
M S Oy 008 AS.4T° P

667



7 Solutions 44918 1/27/09 10:40 AM Page 668 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Referring to the free - body diagram shown in Fig. b,

HEIF =0 Tcosf —3169.58 =0
+T2F, =0; Tsing —155=0
Eliminating T,
%: 473201075 )

Equating Eqs. (1) and (6) yields
473210735 = sinh[4.732( 1073 ),r]

s=21131 sinhk.m(lo’?')x]

Thus, the length of the cable is
L=21131 sinh[4rm(m‘3)(1 11.31}]+ 21 131sinn[4.732(m‘3)(138.69)] =331ft  Ans

Fr=3/64.58 14
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¢7-113. If the horizontal towing force is 7= 20 kN and the \

|

40 m

chalp has a mass per unit length of 15 kg/m, determine the % ir ‘ h ‘ %
maximum sag 4. Neglect the buoyancy effect of the water ﬁW‘>

on the chain. The boats are stationary.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the chain.
Here, Fyy =T = 20(103 )N and
w(s) =15(9.81) N/m=147.15N / m.

2 2 >
i.g..—_ 147'135 1+(5l] =7.3575(10“3)Jl+(51]
ax? 20000 \& e

2
_dy du _d”y
Setu —E, then E—?.Thus.
7357500 3)dx
114- 2
u

Integrating,

n{u i+ u2 ] =7.3575103)x+C;

Applying the boundary condition u = % = Qat x = O results in Cy = 0. Thus,

ln[u+Jl+u2]=7.3575(10‘3)x
3
wtgren? = T35TRI0) %

37.3575(104 W _ 73575107 i

=u= > :30"1 MM

e

e —e*

Since sinh x = —T—, then h

% = sinh7.3575(103 )

Integrating,
3 ()
y = 135.92c0sh7.3575(10 “)x +C3

Applying the boundary equation y = Q atx = O results in Cy = —135.92. Thus,
y= 135.92[oosh 735751073 )x — 1]

Applying the boundary equation y = hatx = 20 m,
h= 135.92[oosh 7.3575(102)(20) - 1] =147m Ans.
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7-114. A 100-Ib cable is attached between two points at a
distance 50 ft apart having equal elevations. If the maximum
tension developed in the cable is 75 Ib, determine the length
of the cable and the sag.

From Example 7 - 15,

n--._f-"-l-—=75l’h
-y

o B
For = of cable,
'Ii.i

A
Thus,

W OSF = Fj = S0; Fy = 559D

= ]
: B o )0
3

s=7188

Wo n%sl.wﬂﬂ‘ﬂ

Totallength = 25 = 55.6ft Ans

e 2o () - 22 (222)-

= 0.6t Ans
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7-115. Draw the shear and moment diagrams for beam CD.

Bfé Kip

4 r:'?-ft

) f
|

E'zﬁ 3ft Zf

G=186kp Dy=I4 kip
V(kip)
486
5 7
> 2 ; +—x#0
~l4
MCkip-ft)
.7t
629
229
ot R

3 ft ﬂkz ft—|

2 ft——— 3 ft sz ftJ
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*7-116. Determine the internal normal force, shear force, 7.5 kN
and moment at points B and C of the beam. 2 kN/m 6 kN
1 kN/m
Y \/
B ¢ )
Al 40KN - m
S5m Sm 3m—
1m
Free body Diagram : The Support reactions need not be computed for this
case.
Internal Forces : Applying the equations of equilibrium to
[FBD (a)], we have 1(3)=3.0kdg gy
JEm] i-5m
- IF =0; No=0 Ans M Yer——-
+TIE=0; V.-3.00-6=0 & N‘:J‘_{T
=0; =3.00-6= Ve =9.00kN
. c c Ans ' (69 fOkNm
(+IMc =0 -Mc-3.00(1.5) ~6(3)-40=0 A on 75"'(
M-.=-62.5kN-m Ans 1Q)ed.obl oxN

r

]

]

H -
i

Applying the equations of equilibrium to segment DB [FBD ( b)] , we have ==
Ny =0 Ans Mo N =1 ’ )40 o

-I-TZF; =0, V- 100-7.5-4.00-6=0 I"2:5m "2sm2m T2m ‘
Vp = 21.5kN Ans )

-'-bﬂ';:{‘.l;

(+2m =0 -, -10029)-75(5)
~4.00(7)-6(9)-40=0
My =~184.5kN-m Ans
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¢7-117. Determine the internal normal force, shear force

and moment at points D and E of the frame. 0.75m ‘

o
r

Support Reactions : Member BC is a two force member. From FBD (a),

(;:LH, =0; Fyccos 15°(1.5) -600(0.75) =0
Fc=31058N

Internal Forces : Applying the equations of equilibrium to segment CE
[FBD (b)], we have

o+ IF.=0; 31058sin15°=N;=0 N;=804N  Ans

\+£};. =0; Vg+310.58c0s 15°~300=0 V;=0 Ans L

(‘+ IMg=0;  310.58cos 15°(0.75) = 300(0.375) - My = 0 ,
Mg=1125N.m Ans  400(15)3 600N /
/

Applying the equations of equilibrium to segment CD[FBD (c)] , we have
HEF =0;  Np+31058c0s 45°=0 N,=-220N Ans

+TEF =0, =-31058sin45°-V,=0 V,=-220N Ans

(+2M,=0; M, +310.58sin 45°(0.25) = 0 A
Mp==549N-m Ans Ax k| Fe=31058 N v
»
4 My .
Ny (©)
0.25
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7-118. Determine the distance a between the supports in

w
terms of the beam’s length L so that the moment in the
symmetric beam is zero at the beam’s center.
13\
R O N L
a
L
X lra)
Support Reactions : . From FBD (a), PP S ey -
: <) RN
_ w a w I "
(+2Mc_0: E(Lu)(i)—s,(g) =0 B"I(L“} - 3
|‘_-£‘ 4 2 L=
Free body Diagram : The FBD for segment AC sectioned through point ~ z 2 o
Internal Forces : This problem requires M = 0. Summing moments .
about point C[FBD (b)], we have Z (2atl)
| Wa
- 2 3'
. g (- ==
_ afay w 1 - v
("’“‘c =0 T(z)+';-(l. —G)[—(Za-l-l.)] A4
_ 6 s NN ' I
0
evalg)eo =
24’1-24!.-1.’ =0 L% %
=0.
a 366L Ans R}” %{Lf‘ﬁ)
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7-119. A chain is suspended between points at the same
elevation and spaced a distance of 60 ft apart. If it has a
weight per unit length of 0.51b/ft and the sag is 3 ft,
determine the maximum tension in the chain.

ds
x= _-__——_i
1 ds)? |
{+%w° }} | 30f4t 30fd |
r
Performing the integration yields : A »
i

xm%{m-l[é(o.s;;c,)]w«c,} o

FromEq. 7-14-
1 .

% = ijodf
‘1
%=E(o:u+c,)

X
A

Ats=0; %:0 hence C, =0

dy 0.5z :
e =g = E [2]

Applying boundary conditions at x=0; s =0 to Eq.[1] and using the result C, =0
yields C, =0. Hence

B [0S
5= Egsiuh[ng . [3]
Substituting Eq.[3] into [2] yields :

2wl
Performing the integration
Bl

0.5
Applying boundary conditions atx=0; y=0 yields C, m——:% . 'Ihemfure

=g ()]

' F, 0.5
At x=301; =3ft 3= —= -
y O.S[m(ﬁ, (SO)J l]
By trial and error Fg=75251b

Atx=30f; 6=6,.. FromEq.[4]

dy 0.5(30) '
tan @, =— = ginh| —— - 0
mar = re30 8 Slﬂh( 7525 ) ﬂ,“ 11;346
7525 '
B =767 Ans

Ta

=, coaa,.,,,: = cos11.346°
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*7-120. Draw the shear and moment diagrams for the beam. 2 kN/m
i b 0N
== B
v(e) . ‘ ‘
| Sm | Sm |
2% | “’:
AN
LIS m 7.5
25K0 7-5kn)
Mirpm;
i L5k X(m)
-5
~50
*7-121. Determine the internal shear and moment in
member ABC as a function of x, where the origin for x is at A. D
A B C 45°
D . C
1.5m

F—3m 4«1.5 m-~|-1.5 m—~

6 kN
Support Reactions : The 6 kN load can be replactd by an equivalent force
and couple moment at B as shown on FBD (a).
(+IM, =0;  Fpsin45°(6)~6(3)-9.00=0 Fp=6364 kN
+TEE =0; A, +6364sin45°-6=0 A =150kN
Shear and Moment Functions : For 0 Sx <3 m (FBD (b)],
+TZE=0; 150-V=0 V=150kN Ans b kN fep
(+zM=0: M-150c=0 M=(150¢)} kN-m Ans A .’\q.om-m 445-
| | g
For 3 m<x <6 m [FBD (c)], 1 < |
3m 3m 1
+TEZE =0; V+6364sin°45=0 V=-450kN  Ans A}
()
CrIM=0; 6.364sin 45°(6-x)-M =0
M={27.0-4.50r} kN-m Ans
Ey= G364k
% mY
A;(_ M (¢ N { __;15'
N &) ) _
e-x

x
Ay=1-50 kn
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7-122. The traveling crane consists of a 5-m-long beam
having a uniform mass per unit length of 20 kg/m. The chain
hoist and its supported load exert a force of 8 kN on the
beam when x = 2 m. Draw the shear and moment diagrams
for the beam. The guide wheels at the ends A and B exert
only vertical reactions on the beam. Neglect the size of the
trolley at C.

Support Reactions : From FBD (a),

(‘-u-nu,.ao; B, (5)-8(2)-0981(2.5)=0 B, =3.6905 kN
+TZF =0, A, +3.6005-8-0981=0 A, =5.2905kN

Shear and Moment Functions : For 0 Sx <2 m [FBD (b)],

+TIE =0; 5.2905-0.1962x~V=0
V={529-0.196x} kKN Ans

Gzm=o; m-mmx(;)-sm =0
M= {5.29x-0.0981x} kN.-m Ans

For 2 m<x <5 m[FBD (c)],

" 20(9.81)
TIE =0; V+3.6905~ -x) =
*TEG 3 1000 0 -®=0
V={-0.196x-2.71} kN Ans

(‘+m=o; 3.6905(5 - x) - 208D 5 )(s"

1000 0% T)“Mao

M={160-271x~0.098L’} kN-m  Ans

M(KkN-m)
10-2

X(m)

gl 20985 g5,k

0:5n
8
s SR 4
r \'4
= om o
x 1|
pAF
A’=5‘2955N
20
——w{,m 5-X)
sx 7
s v,r_..-,..__.ﬂ'
A
o M=
l' 5-K
6a=.3-e9¢5xr1
V(kN)
529 490
. ! X(m)
o
-3.10 349
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*7-123. Determine the internal normal force, shear force,
and the moment as a function of 0° = 6 = 180° and
0 = y = 2 ft for the member loaded as shown.

e,
B | C
\ 200 b
y
4
150 Ib
2 ft
1A
For0®S 85180°:
+fIF, = 0;  V+200c0s 6 -150sin 8 = 0
V= 1503in0-200cosd Ans 74‘ x
NIF, =0; N-2005in0-150cos 6 = 0 \N My
N = 150cosd + 200sin @ Ans N r
(zM =0 M- 150) 1 = co ) + 20001 sin 6 = 0 o f 15in6 {4
M = 150cos 0 + 200sin @ - 150 Ans > £-.200 Ib
At section B, 8= 180°, thus
1(1~Cos8) §# 150 1b
% = 2000
Ny = 150D
/b
My = =300D- fe 150
For0Sys2fi: 3001b-ft
. =t>200/b
=LF =0 V=200l Ans
+TIF, =0 N=-150b Ans '3
G.r.u-o: -M~-300~-200y = o e
M= -300-200y Ans M
-
N
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*7-124. 'The yacht is anchored with a chain that has a total
length of 40 m and a mass per unit length of 18 kg/m, and the
tension in the chain at A is 7 kN. Determine the length of
chain /; which is lying at the bottom of the sea. What is the
distance d? Assume that buoyancy effects of the water on
the chain are negligible. Hint: Establish the origin of the
coordinate system at B as shown in order to find the chain
length BA.

Component of force st A is

Fy = Tcos 8 = 7000 cos 60° = 3500 N

From Eq. (1) of Exampie7-13 Sinex =0, y=0, thenCy = - 19.82
n _SSGJ inh~! L

x = ooer (i [mo (19)9.81)s + c,] . c.) Thus,
sm%-o.uo.m ""n(“"(maz)"]
dy 1 Slope of the cable at point A is
—=—(ws+C); C =0
& " F dy

I = an60® = 1,732
Alsox = 0, s =0, sothat C; = 0 and the sbove equation becomes

Using Eq. 3,
=19 az( mr'( ] m _

19.82 San = 19.82(1.732) = 4.8 m
on Length of chain on the ground is thus
. x
t= 19.:2(:@(@]) @ L=40-3433 = S.6Tm Ans
From Example 7- 13 From Eq. (1), withs = 3433 m
34.33

Q'm 18 (9.81) g x = 19.82 [sinh™'[—=]] = 26.10m
S " mE @ ( (mn )

Using Eq. (4),
Substiuting Eq. (2) into Eq. (3), Integrating, oa e (

26.10

d y = 19.82 "2) :)
8 1 (50) y = B me(i) | (5=

d-r-lg.t-ﬁ Ams
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7-125. Determine the internal normal force, shear force,
and moment at points D and E of the frame.

Btan30°ft

(+ IM =0;  Fcp(8)-150(8un30°) = v

Fep=86.601b

Since member CF is a two- force member
WbaMp=0 Ans

Np = Fe5a=86.6 Ib Ams

(+ £M,=0;  B,(12)-150(8:n30°) =0

B, =S1.735 b

J3LF=0;  Np=0 Ane
+TEF =20, |+51.735-8660=0
%=2891b Ans
(=0 57.735(9) - 86.60(5) ~ My = 0
Mg=866-R Ans
Fp=86.60 Ib

L %

' s 4t ﬁi
Bfﬂ 7351b
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7-126. The uniform beam weighs 500 1b and is held in the
horizontal position by means of cable AB, which has a
weight of 5 Ib/ft. If the slope of the cable at A is 30°,
determine the length of the cable.

15 ft

500 Ib

T
i
=1

250
T'_’
sin 30° 500

Fy = 500cos 30° = 433.01b

75/t 75/t
From Empb?-l% 250 .\‘b

. L
e F,(""' +G) %

M::O.%-mwwom T

. € = 433.0(0.577) = 250 51 30°

= % {sinh"[FL(um: + C,)] + C‘,}

433.0
B e—

o
3 {mh [m(h+2&m]+c,}

s=0ax=0, C; = -0.5493
Thus,
ol 1
= 86.6 {sinh '[—-. -
x { T zso)] as-m}

Whenx = 15ft,

s =182t Ams
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7-127. The balloon is held in place using a 400-ft cord that
weighs 0.8 1b/ft and makes a 60° angle with the horizontal. If
the tension in the cord at point A is 150 1b, determine the
length of the cord, /, that is lying on the ground and the
height h. Hint: Establish the coordinate system at B as
shown.

Deflection Curve of The Cable :

ds

- T where wo =08 Ib/f
[! +( wg)dwam’]

x=

Performing the integration yields

F

X m—

Y {sinh"[é (0.85+C, }]+ c,}

From Eq. 7-14

S

1 1
F"-Iw,dmg(a&nc,}

Boundary Conditions :
dy _ 1
z—o at s =0. From Eq.[2] OBE"(D"'CI) C, =0

Then, Eq.[2] becomes

Bl&

_ _0.8s
=unf = A

s=0atx=0 and use the result C, = 0. From Eq.[1]

e

Rearvanging Eq.[1), we have

x=t

1
3 = (0+0)

T ]"C’} =0

Performing the integration

By

y=ﬁmh

8 )"'Cs

&
Fy
cosh 0+ C,, thus, C’n-%

2%

y=0atx=0.From Eq.[5] 0=£‘-

0.8
Then, Eq.[5] becomes

[

B

Y= —

0.8

B
1503 =
i 3 Fy=7501b
From Eq.[3]

dy 0.8s
Et- tan 60° = ——

75 s= 16238 fi

(2

Thus, 1=400-16238=238 ft

Substituting s = 162.38 ft into Eq.[4], Ans

31

75
162.38 = — sinh
Y]

x=12346 ft

(O.SX
75

)

4]
y=hatx= 123.46 ft. From Eq.[6]

59
0.8

0.8

h= —
75.0

[I:Iuh (123.46)]- I] =93.75t

(5]

(6]

The tension developed at the end of the cord is T'= 150 Ib and @ = 60°. Thus

682

o




