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7-1. Determine the internal normal force, shear force, and
moment at point C in the cantilever beam.

wo

SOLUTION

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

wWce Wy
Tﬂ = for we = wy/2

With reference to Fig. b,
SSFE=0; Ne=0 Ans.

-0 (W)LY _ Y wo\(LY) _ _ 3wL
+13F,=0; V¢ (2)(2) iz)(z)’o Ve=" Ans.
_.__@éé_l(ﬁéé_ _ 5
C+3IMc=0; —Mc (2)(2>(4> 5 2)(2>(3)—0 Mc = — g wol’ Ans.

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

\ L L
I 2 I 2 |
[/ Ways L
), z(Z)Z)
(_zg_)(%_) 2,(,'& 2
_.——-nl'}-%ra
Ans:
Nec=0
3woL
=Ty
5 2
M —EWOL
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7-2. Determine the internal normal force, shear force, and
moment at point C in the simply supported beam. Point Cis
located just to the right of the 2.5-kN - m couple moment.

SOLUTION

Writing the moment equation of equilibrium about point A with reference to Fig. a,
(+ZM, =0, Fpco830°(4)-10(4) (2)-25=0 F,=23816 kN

Using the result of F, and referring to Fig. b,

X3F =0; -N.-23.8165sin30°=0 N.=-11.908 kN Ans.
+T2Fy =0; V.+23.816 cos 30°-10 (2) =0 V.=-0.625 kN Ans.
(+ZM,.=0; 23.816 cos 30° (2)-10(2) (1)-M_.=0 M =2125kN-m Ans.

The negative sign indicates that N and V. act in the opposite sense to that shown on the free — body
diagram.

10 (4) kN 10 (2) kN

—————— —mo—f—————— =

1 ¥4 _ I

Fy =3608.44 kN

Ans:

Ne = —11.908 kN
Ve = —0.625 kN
Mc = 2125kN-m
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7-3. Determine the internal normal force, shear force,
and moment at point C in the double-overhang beam.

3 kN/m

SOLUTION

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

wc

3 45

or we = 2kN/m

With reference to Fig. a,

C+3IMp = 0;
LSE =0

%(3)(4.5)(1.5) - %(3)(1.5)(0.5) ~A(3)=0 A, =3kN
A =0

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

SSFE =0, Ne=0 Ans.

+13F, = 0; 3—%(2)(3) —Ve=0 Ve=0 Ans.

C+3SMo=0; Mo+ %(2)(3)(1) ~315)=0 Mc=15kN-m Ans.
()@ £ 305k

We

3kNIm

/(K
—

4-5m
(b

@)
3 (2)( kN
Im

L‘__’l

Ans:

NC = 0
Ve
Mc=15kN'm
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*7-4. 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.

SOLUTION

With reference to Fig. a,

. L wL cos 6
C+3M, =0, By(Lsin#) — wL cos 9(5) =0 B,= Ssind

Using this result and referring to Fig. b,

+ wL cos 0 Ly . ~ wL
—3F, =0, *NC*W(COSG)*M(z)SIHO—O Nc = 2 csc O

L wL cos 6 .
+T2Fy’20; VC—W(E>COSG+WSIHOZO Ve=20

wlLcos@f L . L L
+ =0 = -l = =) - Mo =
C+3IMy = 0; S sind 251n0) w<2)c036(4) Mc=0
L2
MC:WTCOSG

Ans.

Ans.

Ans.

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

body diagram

Ans
Nc = —LCSCO
Ve=20
L2
Mc W?COSB
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7-5.

Two beams are attached to the column such that structural 30 mm 40 mm
connections transmit the loads shown. Determine the ’«h 250 mm
internal normal force, shear force, and moment acting in the

column at a section passing horizontally through point A.

f
F

16 kN
6 kN

23kN 185 mm

o N

6 kN
SOLUTION

£SF =0 6-6-V,=0

Va=0 Ans. P

+13F, = 0 Ny —16 —23=0

N, = —39kN Ans.
C+3IM, =0, —M, + 16(0.155) — 23(0.165) — 6(0.185) = 0

1w Wovn Veom
H
s 23
M, = —242kN-m Ans. j ot
Tﬂim
4
Ll
L]
my -'-;'I—

3

Ans:

VA - 0,

Ny = —39kN

M, = —2425kN-+m
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7-6. Determine the distance a in terms of the beam’s
length L between the symmetrically placed supports A
and B so that the internal moment at the center of the
beam is zero.

SOLUTION

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

With reference to Fig. a,

contema - bnlE)or (5= ) n(E)E- 9 -

1
By = ZWOL

Using this result and referring to Fig. b,

1 a 1 L\/L
Q+2MC =0 ZWOL<§> - EWO(E)(g) =0

2
a=—-L Ans.

3

Wo

Ans:

W |
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7-7. Determine the internal normal force, shear force,
and moment at points C and D in the simply supported
beam. Point D is located just to the left of the 5-kN force.

SOLUTION

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

w 3
% =30rwe = 1.5kN/m
With reference to Fig. a,

C+3M, =0;  By(6) — 5(3) — %(3)(3)(1) =0 B,=325kN

Using this result and referring to Fig. c,

LSE =0, Ne=0 Ans.

+13F, =0; Vc+325— %(1.5)(1.5) -5=0 V.=2875kN Ans.
1

C+3IMc=0; 325(4.5) — 5(1.5)(1.5)(0.5) —515) — Mc=0 Mc=656kN-m Ans.

Also, referring to Fig. d,

LSE =0, Np=0 Ans.
+1SF,=0; Vp+325-5=0 Vp=175kN Ans.
C+3Mp =0; 3253)— Mp Mp=975kN'm Ans.

L
Z(3)(2) KN 5K

Wy=3 kN
s -~ i A Im W
' \\\ K
A ‘E k=

[HYP“ Zm 3m
Ay

Sl
W
3 -

@)
L05)05)M5

/ (4
,\i Ans:
(—-)!& ske Ne=0
( Im 3m Ve = 2.875kN
05m My = 6.56 kN *m
ND =0
) Vp = 1.75kN

M, =975kN-m

618




© Pearson Education Limited 2017. 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.

*7-8.

Determine the distance a as a fraction of the beam’s length
L for locating the roller support so that the moment in the
beam at B is zero.

SOLUTION

2L
C+=M, = 0; —P<?—a) +C(L —a)+ Pa=0

2P (5 - a)
C. =
y L—a
2P (5 —a) /L
+3M = 0 M=——7-—"|=]=0
¢ L —a (3)
L
2PL(§—a>:0
L
a—g Ans.

(——=

L

21><§ -a)
L-a

Ans:

W~
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7-9.

Determine the normal force, shear force, and moment at a
section passing through point C. Take P = 8kN.

SOLUTION
S SF, =0
+12F, = 0;
BIF, =0,
+13F, = 0;

~T(0.6) + 8(2.25) = 0

T = 30kN
A, = 30kN
A, = 8kN
~N¢—30=0
Ne = —30kN
Ve+8=0
Ve= —8kN

—M¢ + 8(0.75) = 0

MC = 6kN-'m

B
2
e
0.1m 0.5m
C A
L4 ° >
§oo07sm 075 m——~——075m
P
T
D.bm
Ay
1
Bk Ay
075m 15m
Ans.
Me Ve
Ans Ne. %T-:«— 30kN
0F5m T
Skn
Ans.
Ans:
N¢e = —30kN
VC = _8 kN
Mc =6kN-'m

620




© Pearson Education Limited 2017. 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.

7-10.

The cable will fail when subjected to a tension of 2 kN.
Determine the largest vertical load P the frame will support
and calculate the internal normal force, shear force, and
moment at a section passing through point C for this loading.

SOLUTION
S SF, =0
+13F, = 0;
S3F, =0
+12F, = 0;

—2(0.6) + P(2.25) = 0

P = 0.533kN
A, = 2kN

A, = 0.533kN
“Ne—2=0
Ne= —2kN

Ve—0533=0
Ve = —0.533kN
—M¢ + 0533(0.75) = 0

M¢ = 0400 kN -m

B
2
0.5m
C A
L4 ° >
§oo07sm e 075m————0.75m
P
Ans.
2kRN
0,b M
Ay
225m Av-’
¥
Ans.
Ans.
Ne Ve
-1—@"———1‘—-
Mer 0.75m | 2 h N
Ans. 0.533 kN
Ans:
P = 0.533 kN
NC = 72 kN

Ve = —0.533kN
Me = 0.400 kN -m
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7-11.

Determine the internal normal force, shear force, and
moment at points £ and F in the beam.

Q¢

SOLUTION A E} D \452 r

With reference to Fig. a,

300 N/m
C+3My=0; T(6) + Tsin45°(3) — 300(6)(3) = 0 T = 664.92N e Sm15mA 15 m 15 m !
£ 3F, =0, 664.92 cos45° — A, =0 A, =470.17N
+T2Fy =0 A, + 664.92 sin45° + 664.92 — 300(6) =0 A, = 664.92N
Use these result and referring to Fig. b,
& 3F, =0, Np —470.17 =0
Ng = 470N Ans.
+T2Fy =0 664.92 — 300(1.5) = V=0
Vg =215N Ans.
C+3IMp=0; Mg+ 300(1.5)(0.75) — 664.92(1.5) = 0
Mg = 660 N-m Ans.
Also, by referring to Fig.
& 3F, =0, Ng =0 Ans.
+13F, = 0; Vi + 664.92 — 300 = 0
Vi = —-215N Ans.
C+ZMp=0; 664.92(1.5) — 300(1.5)(0.75) — Mz =0
Mg = 660 N-m Ans.
The negative sign indicates that V acts in the opposite sense to that shown on the
free-body diagram.
J=064.92N
Ay T T Ayeetqm 075 0.75m
H 450 % ME MVF j )
. : I — F
- N L Fl |
SRS .
A e | Acawonn | Ve -
V' 3m 3m A N ¥
(b) )
(@)
Ans:

Ng = 470N, Vy = 215N
M, = 660N-m, Ny = 0
VF: _215N,MF: 660 N *-m
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*7-12.
Determine the distance a between the bearings in terms of

the shaft’s length L so that the moment in the symmetric
shaft is zero at its center.

SOLUTION

Due to symmetry, A, = B,

+13F, =0, A, + B, —

w(Lfa)_Wa_w(L—a):

y T By 4 4
A= B, =" (L+a)
o wa (a W(La)(a L a) w (“),
C+2M =0; M 5 (4) 2 2+6 o +4(L+a) 5 =0

Since M = 0;
30> + (L — a)(L +2a) —3a(L +a)=0
20> +2aL — L*=0

a = 0.366 L

Ans.

el

L
.4‘:.'-02 wao w(t-9)
-~
Pl ~
. T o T
n 0
f© L .
V_‘a_ “L-O)

Ans:
a = 0.366 L
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7-13. Wo

Determine the distance a between the supports in terms of /m
the shaft’s length L so that the bending moment in the I ¥

symmetric shaft is zero at the shaft’s center. The intensity of E _'d_

the distributed load at the center of the shaft is w(. The AT R

supports are journal bearings. ‘ ‘

SOLUTION L
Support reactions: FBD(a)

Moments Function:

conen o din(2))

Ans. P lt WS JUS)

Ans:

w |~
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7-14.

Determine the internal normal force, shear force, and
moment at point D in the beam.

SOLUTION

Writing the equations of equilibrium with reference to Fig. a, we have

C+SM, = 0; FBC<2>(2) — 600(3)(1.5) — 900 =0 Fgc = 2250N
C+ZMp=0;  600(3)(0.5) — 900 — A,(2) =0 A, =0

HSF =0; A, - 2250(?) =0 A, =1350N

Using these results and referring to Fig. b, we have

£ SF, =0 Np + 1350 = 0 Np = —1350N = —135kN  Ans.
+13F, = 0; ~Vp — 600(1) = 0 Vp = —600 N Ans.
C+SMp=0;  Mp+600(1)05) =0  Mp=—300N-m Ans.

The negative sign indicates that N, V5, and M, act in the opposite sense to that
shown on the free-body diagram.

Ac=1350N
R A 1 =15 M
A | | ' ”.D
* I‘ .5m ’|‘o.5m’ X  J00A-m o5 o5mi Vo

Ay F;c Ay"o
®)

Ans:
Np = —1350N = —1.35kN
Vp = —600 N

Mp = —300N-m
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7-15.

Determine the internal normal force, shear force, and 6 kN/m
moment at point C.

SOLUTION

Support Reactions. Referring to the FBD of the entire beam shown in Fig. a,
1
C+IMy = 0; B,(6) — 5(6)(6)(2) =0 B, = 6.00 kN
KIF =0 B, =0

Internal Loadings. Referring to the FBD of right segment of the beam sectioned
through C, Fig. b

KEIF, =0, Nc=0 Ans.
1
HIZE =00 Ve + 600~ (3)(3) =0 Ve = —1.50kN Ans.

C+3SMe=0; 6.00(3) — %(3)(3)(1) ~Mc=0 Mc=135kN-m  Ans.

,2/
(Z')(é) =3/<I\ym Z (3) (3) I(l\l

I v \\\\\~‘ Bj—

Ans:

NC =0

Ve = —1.50kN
Mc = 135kN-m
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*7-16.

Determine the internal normal force, shear force, and

moment at point C of the beam.

SOLUTION
Beam:
C+EMyz =0 600 (2) + 1200 (3) — A, (6) =0
A, = 800N
S3F, =0 A, =0
Segment AC:
B SF, =0, Nc=0
+T2Fy:0; 800 — 600 — 150 = V=0
Ve=50N
C+ZMe = 0; =800 (3) + 600 (1.5) + 150 (1) + M =0

Mc=1350N-m = 1.35kN- m

Af°) ° )
_@_ C _&?_
1 3m 3m
LooN
J200N _ -
- [}
g -="
= |
-]
A F:r:"‘ﬁy
Ay 3
Ans.
Ans.
Ans.

Ans:
NC = O
V =50N

Mc=135kN- m
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7-17. 8 kN
04 6 kN
Determine the internal normal force, shear force, and 04 m - 3%10
moment at points A and B in the column. ‘
SOLUTION | 09m
Applying the equation of equilibrium to Fig. a gives 3 kN /] i
HKSF, =0, V,—6sin30° = V, = 3kN Ans. Lam
\

+T2Fy=0; Ny —6¢cos30° —8 =0 N, = 132kN Ans. ﬁl[ 2m
C+XM, =0; 8(0.4) + 65sin30°(0.9) — 6 cos 30°(0.4) — M, =0

M, =3.82kN-m Ans. | B

/| v

and to Fig. b,
XSF, =0, Vz— 6sin30° = Vg = 3kN Ans.
+13F, =0 Ny —3—8—6c0s30°=0 Nz=162kN Ans.
C+IMz =0; 3(1.5) + 8(0.4) + 6sin 30°(2.9) — 6 cos 30°(0.4) — My =0

Mp = 143kN-m Ans.

Ans:
Vo =3kN,Ny = 13.2kN,M, = 3.82kN-m
Vg =3kN,Np = 16.2kN, Mz = 143 kN-m
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7-18.
Determine the internal normal force, shear force, and 02m
. 400 N
moment at point C.
T
Afe) ° — )B
C oG
’——1.5 m ‘
‘ 3m 2m ‘
SOLUTION
Beam: 4-00 N
B
BHIF, =0, —A,+400=0 A [-Zm
X ] ,
A, = 400N - j

C+EMg=0; A, (5)-400(1.2) = 0 <
5m 1
A, = 96N M

Segment AC:
B IF, =0, N¢ — 400 = 0

Nc = 400N Ans.
+1SF,=0; -9 -Vc=0

Ve=-96N Ans.

C+IMe =0, M+ 96(15) =0

Mc= —144N-m Ans.

Ans:
Nc = 400N
Ve=—-96N

My = —144N-m
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7-19.

Determine the internal normal force, shear force, and 1200 N
moment at points E and F of the compound beam. Point E 400 N/m
is located just to the left of 800 N force.

A C- D D

F
<1 m-+—2 m—==1 m-=~1.5m—~1.5 m—

1.5 m—

SOLUTION
Support Reactions. Referring to the FBD of member BC shown in Fig. a, 1200 N
4
C+3IMp = 0; C,(3) — 1200 (5)(2) =0 C, =640N
N 4 _ _ B +
C+IMe = 0; 1200 5 1 -8B3)=0 B, = 320N X
KIF =0 1200 (%) - B, =0 B, = 720N
td

Internal Loadings. Referring to the right segment of member AB sectioned through E, zm Im
Fig.b B (

H3F =0, 720 - Ny =0 Ny = 720N Ans. 7‘ ?

+13F, =0,  V;—80-320=0 Vy=1120N = 1LI2kN  Ans. (&)

C+IMg = 0; —Mp — 320(1) =0 Mp = —320N-'m Ans.

Referring to the left segment of member CD sectioned through F, Fig. c,
KIF =0 Np=0 Ans.
+13E, =0; —Vp— 640 — 400(1.5) =0 Vy= —1240N = —1.24 kN Auns.
C+IMp = 0, Mg + 400(1.5)(0.75) + 640(1.5) = 0
Mp= —1410N-m = —1.41 kN-m Ans.

Ca=é{0/\/ 400(1-5)N (b,

e ""1

Ans:

= 720N
Vg = 1.12kN
My = —=320N-m
NF =0
Vi = —124kN

Mp= —141kN-m
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*7-20.

Determine the internal normal force, shear force, and 6kN - m
. . . ) 2kN/m

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
DE—) m*+1.5 m>~1.5 m~|

SkN
SOLUTION
The intensity of the triangular distributed load at E can be found using the similar
triangles in Fig. b. With reference to Fig. a,
C+EM, = 0; B, (3)-2(3)(1.5)— 6—*(2)(3)(4) 5( >(6) =0
B, = 15kN
Using this result and referring to Fig. c,
4
BIF, =0 5(5)—ND =0 Np = 4kN Ans.
1 3
+12F, = 0; Vp + 15 — 5(2)(3)_5 5)=0 Vp = —9kN Ans.
1 3
C+EZMp = 0; -Mp — 6—5(2)(3)(1)—5<§>(3) =0 Mp = —18kN-m Ans.
Also, by referring to Fig. d, we can write
4
L SF. =0, 5<§)7NE =0 Ny = 4kN Ans.
1 3
+T2Fy =0; Vi — 5(1)(1.5)—5(5) =0 Vi =375kN Ans.
C+EIMe =0, - - 7(1)(1 5)(0.5)— 5( )(1 5)=0 Mg = —4.875kN-m Ans.
The negative sign indicates that V), M), and M, act in the opposite sense to that
shown on the free-body diagram.
2(3) k/\l A 2 KkN|m
L) KA |
NE
3
I
A, 1§ 5
Ans:
Np = 4kN
VD = —9kN
Mp = —18kN-m
5;1 (d) Ve = 3.75kN
©) My = —4.875kN-m
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7-21.
Determine the internal normal force, shear force, and 40 kN
bending moment at point C. 8 kN/m
60°
?
A ‘ C
— 3m ‘ 3m 3m —| |~
0.3m
SOLUTION
Free body Diagram: The support reactions at A need not be computed. 8035040 kA @30k o e
Internal Forces: Applying equations of equilibrium to segment BC, we have | 40KV
e T
4 ‘ S~ . 60‘
53 F, =0 —40 cos 60° — N- = 0 Ne = —20.0 kN Ans. @-{-f — L ——
] | |
+13F, = 0; Ve — 24.0 — 12.0 — 40'sin 60° = 0 Prsm T 25m 1 23m 7]
Ve = 70.6 kN Ans.
C+EMc=0; —24.0(1.5) — 12.0(4) — 40sin 60°(6.3) — Mc =0
Mc = —302KkN-m Ans.
Ans:
Nec = —20.0kN
Ve = 70.6 kN

M¢ = —302kN-m
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7-22.

Determine the ratio of a/b for which the shear force will be
zero at the midpoint C of the beam.

SOLUTION

C+3My =0 fg(2a+b)[§(2a+b)f (a+b)} + A, () =0
A, = %(Za + b)(a — b)

BIF, =0; A, =0

+13F, = 0; —%(Za-i-b)(a—b)— %<a+§>—vc=o

Since V¢ = 0,

1 1 1
—5(20 + b)(a — b) = Z(Za + b)<5)

1 1

I — b)) ==
A

3

—a+ J—
a+b 4b

a_1

b 4

B\
A _al s, C B =9
| b/2 b/2 a
X (aatb)
|-
- - I
—_ |
C =¥ "}
IR
Aj B_‘j
a a
Ans.
Ans:
a_1
b 4
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7-23. Determine the internal normal force, shear force, 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

B is a pin.

2kN/m

FA D E

‘kl.S m J«l Sm a‘«l Sm J«] 5 mJ

SOLUTION

With reference to Fig. b,

LSFE =0, B, =0
C+IMy=0; C,3) - 10(15)=0 C,=5kN
C+SMe=0; 10(15) — B,(3) =0 B, =5kN

Using these results and referring to Fig. c,

LSE =0, Np=0 Ans.
+13F,=0; Vp—2(15)—-5=0 Vp=28kN Ans.
C+3IMp =0; —Mp — 2(15)(0.75) — 5(1.5) =0 Mp = —9.75kN Ans.
Also, by referring to Fig. d,

LSE =0, Ng=0 Ans.
+13F, =0, Vp—10+5=0 Vg=5kN Ans.
C+3IM;=0; 515)—Mp=0 Mgy=75kN'm Ans.

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

AN g 10k
A %

Ax. a Br. Q
— ﬁ

" e T, [ 75m T 75m
B C
(@) ¢ ) ¢
075m 2(15)kN

[-5m I 1.5m
Cg=5kd
)

Ans:

ND = 0, VD = 8kN,MD = _975kN,
Ny=0,Vy=5kN, My = 7.5kN-m
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*7-24.

Determine the internal normal force, shear force, and
moment at points £ and F'in the compound beam. Point Fis
located just to the left of the 15-kN force and 25-kN-m

couple moment.

SOLUTION

With reference to Fig. b, we have
£ 3F, =0 C,=0

Using these results and referring to Fig. a, we have

£ 3F =0 A, =0

With these results and referring to Fig. ¢,

X SF, = 0; Nz =0
+13F, = 0; 5583 —3(225) — Vy =0

My = 497kN-m

Also, using the result of D, referring to Fig. d, we have

£ 3F =0 Ny =0
+13F, = 0; Ve — 15+ 1375 =0
C+IM; = 0; 1375(2) =25 — Mp =0

Dy(4) —15(2) =25 =0
15(2) =25 — Cy(4) =0

3(6)(1.5) — 1.25(1.5) — A,(45) = 0

D, = 13.75kN
C, = 1.25kN

Vi = —1.17kN
Mg + 3(2.25) — 3(2.25)(8.125) = 0

Vi = 1.25kN
My =25kN-m

A, = 5.583kN

Ans.
Ans.

Ans.

Ans.
Ans.
Ans.

The negative sign indicates that V acts in the opposite sense to that shown in the

free-body diagram.

| y 25kNm

h |—
|

3 KN/m 115 kN

} ‘B 2m4«2m4

225m | 225m/1.5m|

3
@)kl C’,}
——
3m [-5m ‘t-5m
A‘& 5?
@)
|5 kN
& ¥\25 KN:M
‘ ) |
M om
% Dy
(k)
3(2.25)KN
T l28m

226m | Ve
Aa’ﬁfﬂ&kﬂ
©

Ans:

NE = 0

Ve = —1.17kN

My = 497kN-m

NF = O

Vi = 1.25kN

Mp =25kN-m
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7-25.

Determine the internal normal force, shear force, and the
moment at points C and D.

SOLUTION

Support Reactions: FBD (a).

C+2IM, =0 B, (6 + 6cos45°) — 12.0(3 + 6cos45°) =0
B, = 8.485kN

+13%F, =0, A, +8485-120=0 A, =3515kN

HSF =0 A, =0
Internal Forces: Applying the equations of equilibrium to segment AC [FBD (b)],
we have

J+ SFo=0; 3515c0845° — Vo =0 Vo =249kN
N+2F, = 0; 3.515sin45° — Nc =0 N¢ = 249 kN
C+EIMc =0 Mc — 3.515c0s45°(2) =0

My = 497kN-m

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

B 3F, = 0; Np =0
+13F, =0 Vp + 8485 —600=0  Vp=—249kN
C+3IMp=0; 8.485(3) — 6(1.5) — Mp =0

Mp =165kN-m

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

2 kN/m

—

llllD HJAB—

o

206)=/20 kKl

| Gcosqs'm | 3m

Afs. 5i5 knl

Ax

(&)

=0 m
3

45 Mc
NC
€D}

Ans:

Ve = 249kN

Nc = 249 kN
Mc = 497kN-m
ND =0

Vp = =249 kN
Mp = 16.5kN -m
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7-26. Determine the internal normal force, shear force,
and moment at points £ and D of the compound beam.

l 200N - m

8 .
=, D C
2 m—=2 m—| 4 m——

€

B E '37.
<2 m—=| ZmT

SOLUTION

Given:
M=200Nm c¢c=4m

F =800 N d=2m

Segment BC :

M+ Cd+e)=0 G =

d+e C T

~By+Cy =0 By = Gy

<
Im
=]
D ——
~/

Segment EC :

—Ng=0 Ng = ON Ng = 0.00 Ans.

VE+ (=0 VE = -Gy VE =-50.00 N Ans.

-Mg-M+Cye=0 Mg =Ce-M Mg=-100.00N-m Ans.

Segment DB :
-Np=20 Np = ON Np = 0.00 Ans.
VD—F+B,=0 Vp = F-By, Vp = 750.00 N Ans.

~Mp—Fb+By(b+c) =0

Mp = -Fb+ By(b+0) Mp = —1300N-m Ans.

Ans:
NE: O,VE: _SON,ME = —100N-m
Np =0,V, = 750N, My = —1300 N+m
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7-217.

Determine the internal normal force, shear force, and 10 kN
moment at points C and D in the simply supported beam. 6 kN/m

Point D is located just to the left of the 10-kN
concentrated load.

e B

C D 0O
‘kl.Sm ~—1.5m—1.5m | 1.5m*‘

SOLUTION |

Z{(6)(3) KA
The intensity of the triangular distributed loading at C can be computed using the 10 knl
similar triangles shown in Fig. b,

Wce 6
E=§OI'WC = 3kN/m

With reference to Fig. a,

C+IM, = 0; By(6)—10(4.5)—%(6)(3)(1) =0 B,=9kN |IM " 3'&5m [&m

A
C+SMg=0; %(6)(3)(5) +10(1.5) — A,(6) = 0 A, = 10kN 7 (@)
BIF, =0 A, =0

Using these results and referring to Fig. c,

B 3F, = 0; Ne=0 Ans.
1
+13F, = 0 10 = 5(3)(1.5)=3(1.5)=Ve = 0 Ve = 325kN Ans.
1
C+IMc = 0; Mc + 3(15)(0.75) + = (3)(15)(1) = 10(1.5) = 0 Mc = 9375kN-m Ans.

Also, by referring to Fig. d,

B SF, =0; Np=0 Ans.
+13F, = 0; Vp+9-10=0 Vp = 1kN Ans.
C+3IMp = 0; 9(1.5)~Mp =0 Mp = 13.5kN-m Ans.
S ALY
GKN|m o gty 3¢/5) KN /0 kN

o orem Vi
& [ » ~ Mgé

A = ! L A B MC :
= =0 [ i_;» N, Ny S
" I'em
Ve

3m
okl @)
®) Ay, /0

©) g:s; .
Ve = 325kN
M = 9375kN-m
Np =0
Vp = 1kN

Mp = 13.5kN-m
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*7-28.

Determine the internal normal force, shear force, and
moment at point C.

SOLUTION

Support Reactions. Referring to the FBD of the entire assembly shown in Fig. a,
C+3IMy = 0; Fgr (1) —200(4) — 800 =0 Fyr = 1600 N
£Z3E =0 A, — 1600 =0 A, = 1600 N
+13F = 0; A, —200 =0 A, = 200N

Internal Loading. Referring to the FBD of the left segment of the assembly
sectioned through C, Fig. b,

£E3F =0, 1600 + No = 0 Ne = —1600N = —1.60kN  Auns.
+13F, = 0; 200 — Ve=0 Ve = 200N Ans.
C+IM, =0, Mc—200(1)=0 Mc=200N-m Ans.

Foe <00N

@) 800N m

Aao Im

<m 2m

@)

_—w,—
.

G

e

200N

KS

1m

Ans:
Nc = —1.60 kN
Ve = 200N

Mg =200N-m
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7-29.

Determine the internal normal force, shear force, and

moment at point D of the two-member frame.

SOLUTION

Member BC:

B EF, =0

Member AB:

Segment DB:

B SF, =0

+T2Fy =0

45(1.5) - B, (3) =0
B, = 225kN
225+ C,—45=0

C, = 225kN

225(3) —3(1) - B,(3) =0

B, = 125kN
—~Np—225=0
Np = —225kN
Vp—125=0
Vp=125kN

~ Mp—125(15)=0

Mp=—188kN-m

1.5m 1.5m
B
O i — 1.5 kN/m
D
1.5m
S B B
E
1.5m
2 kN/m /o 2 Clle
_.LQA._ _.Le-s._
e
,5‘ b |
1,51 m
ot {.5kV
1. Smn
J
Cx
<
Ans. 3 2'2“”
I
A ™
Ans. ! —_— 8,
3k Lo | m
Ay
Ans. “7
"o Vo 1, 25kN
g
i ) f“
1254
Ans:
N, = —225kN
Vp = 1.25kN
—1.88 kN -m
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7-30.

Determine the internal normal force, shear force, and

moment at point E.

SOLUTION

Member BC:

L SF =0
Member AB:
Segment BE:
+12F, = 0;
B IF, =0,
+XM, = 0;

45(1.5) - B,(3) =0
B, = 225kN
225+ C,—45=0

C,=225kN

225(3) —3(1) - B,(3) =0

B, = 125kN
125 - Nz =0
Ny = 125kN

Vg +225-225=0
VE =0
M, —225(0.75) =0

M, = 1.6875kN-m = 1.69 kN -m

2 kN/m

1.5m 1.5m
B
O i — 1.5 kKN/m
D
1.5m
e
1.5m
o 2 Clle
_.LQA._ _.Le.s._
By
|
LT 15w
—t—4.chn
LS
Jd
Cx 1
|
Ans.
3em 2.25hy
 ——m
Il 2en
Ans. 3k’ — b"
{ -
- Ay
Ans. “7
1.25kN
2.25kN
g 9
0.75m
—— 2.25kn

Ans:

Np = 1.25kN

VE = 0

Mp = 1.69 KN -m
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7-31.

Determine the internal normal force, shear force, and
moment at point D.

SOLUTION

Support Reactions. Notice that member BC is a two force member. Referring to the
FBD of member ABE shown in Fig. a,

3
H3F, =0 A, - 175 (g) +6=0 A =450kN

4
+13F =0 A, — 175 (g) =0 A, = 140kN

Internal Loadings. Referring to the FBD of the lower segment of member ABE
sectioned through D, Fig. b,

KIE =0 450 + Vp =0 Vp = —4.50kN Ans.
+13F =0,  Np+140=0 Np = —140kN Ans.
C+2IMp = 0; Mp + 4.503) =0 Mp = —135kN-m Ans.

3m

Ans:
Vp = —4.50 kN
(a') (b) Ni)) = —14.0 kN
Mp = —13.5kN-m
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*71-32.
Determine the internal normal force, shear force, and B
moment acting at points D and E of the frame. T [[2 O 9
E
1.5m Zm—
Y —
A s 5
C
} 4m 900 N-m
Y
600 N

SOLUTION
Support Reactions. Notice that member AB is a two force member.
Referring to the FBD of member BC,

C+IMe = 0; F,5(1.5) — 900 — 600(4) =0 F,p = 2200N

£E3E =0 C, —2200=0 C, = 2200N

+13F, = 0; C, — 600 = 0 C, = 600N
Internal Loadings. Referring to the left segment of member AB sectioned through E,
Fig. b,

£E3IE =0 Ng — 2200 =0 Ng = 2200N = 220 kN Ans.

+13F, = 0; V=0 Ans.

C+IMp = 0; Mg =0 Ans.
Referring to the left segment of member BC sectioned through D, Fig. ¢

£E3IE =0 Np + 2200 =0 Np = —2200N = —220kN Ans.

+13F, = 0; 600 — Vp =0 Vi = 600 N Ans.

C+3IMp = 0; Mp —6002) =0 Mp=1200N-m = 1.20kN-m Ans.

P = 22000 E M
— s U RS

<
|-5m T R e (b)

_2m

@)
C.=2200N D\ Mp

L
: — Ans:
v’ Mo (C) stz 220 kN
> Ve=0
- Np = —220kN
CJ =600N Vi — 600N

Mp = 120kN-m
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7-33. w
Determine the normal force, shear force, and moment at a A
section passing through point D. Take w = 150 N/m. L I
‘ 4m 4 m
SOLUTION
3
C+=M,=0; —150(8)(4) + gFBc(S) =0
Fge = 1000N t50(6m
N
4 Ax — B
+5SF, =0 A= 5(1000) = 0 ;g D N
A, = 800N
150(HN
3 FcEecm
+12F, =0 Ay = 150(8) + £(1000) = 0 to«m—-;1 i1 3> N
éooN m Y%
Ay, = 600N
B SF, =0; Np = —800N Ans.
+12F, =0; 600 — 150(4) — Vp =0
Vp =10 Ans.
C+ZIMp =0; —600(4) + 150(4)(2) + Mp =0
Mp =1200N+-m = 1.20kN-m Ans.
Ans:
Np = —800 N
VD =

Mp = 120kN-m
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7-34.

The beam AB will fail if the maximum internal moment at
D reaches 800 N-m or the normal force in member BC
becomes 1500 N. Determine the largest load w it can
support.

SOLUTION

Assume maximum moment occurs at D;
C+=Mp=0; Mp—4w2) =0
800 = 4w(2)
w = 100 N/m
C+SM, =0,  —800(4) + Fp(0.6)(8) = 0
Fye = 666.7N < 1500 N

w = 100 N/m

|

Aza: 0
D
1 4 m 4m
fur
C
L pj >
A e
[E.‘! i L\/v
(O.K.) ’
Ans.
goo N

Ax o i i

Ans:
w = 100 N/m
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7-35.

The distributed loading w = w, sin 6§, measured per unit
length, acts on the curved rod. Determine the internal normal
force, shear force, and moment in the rod at 0 = 45°.

SOLUTION

w = wqsin 6

Resultants of distributed loading:

SICh )
0 0 1
Fg, = / wy sin 0(r d6) cos § = rwo/ sin 0cos 6 d6 = —r wy sin” 0 4
0 0 2 44
0 0 | 1
Fgy = / wq sin 6(r df) sin 0 = rwo/ sin?6 df = rw, {50 - Zsin 26} 8
0 0
J.2F, =0 —V + Fpycos45° + Fp,sind5° =
1 . o o 1 ™ 1 . o . o
V= (Er wg sin® 45 )cos45 + WO(EZ — 2511190 ) sin 45
V = 0.278 wyr Ans.
NIF, = 0; —N — Fp,cos45° + Fp,sin45° =0

1 ™ ] : o o 1 . o . o
N = —rw {5(1) 7 sin 90 } cos 45° + (Er wo sin® 45 ) sin 45

N = 0.0759 wyr Ans.
C+ZMp=0; M — (0.0759 r wy)(r) = 0

M = 00759 wyr? Ans.

Ans:
V = 0.278 wyr
N = 0.0759 wyr

M = 0.0759 wyr?
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*7-36.

Solve Prob. 7-35 for 6 = 120°.

SOLUTION

Resultants of distributed load:

0

0
. . 1 .
Fg, = / wq sin 6(r db) cos 6 = rw / sin 6 cos = 5o sin®6
0 0

0 0
1 1
y = / wo sin 6(r d) sin 6 = rw / sin”6do = rw(){a 0 — sin ZO}rwo (sin 6)
0 0

0

4 0

Fre = 37 wysin?120° = 0.375 r w,

Fgy = rWoB(ﬂ')(

YVIF, =0
N2F, = 0;

120° 1. N
1800) - Zsm240 } = 1.2637 r wy

N + 0.375 rwg cos 30° + 1.2637 r wy sin 30° = 0

N = —0.957 r wy Ans.

=V + 0.375 rwysin 30° — 1.2637 r wycos 30° = 0

V = —0.907 rw, Ans.

—M — 0957 rwy(r) =0

M = —0.957 r’w, Ans.

= r wy (sin 6)

Ans:
N = —0.957 rwy
V = —0.907 rwy

M = —0.957 r’w,
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7-37.

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

SOLUTION

Member AB:

C+=M,=0; B, (4)—1000(2) =0
B, = 500N

Member BC:

C+ZMc=0;  —500(4) +225(0.5) + B, (1.5) =0
B, = 125833 N

Segment DB:

BIF =0, —-Np+125833=0
Np = 126 kN

+13F, = 0 Vp — 500 + 500 = 0
Vp=0

C+ZMp =0, —Mp+500(1)=0

My = 500N-m

250 N/m
I[gHHH{HHH{B
[ —
J o)c .E 300 N/m
| i |
250(4)=/000N
Ax T 1" 1

Ans.
Ans.
Ans.
Bx
\ £600)(15)
I5m \\ 235 N
—F
{ 4m
Cy
2502)=500N
%
“p_,Mg f 1 hsroenl
Y \ !
) Im
5@"" 500 A’ Ans:
Np = 1.26 kN
Vp =0

Mp = 500N -m
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7-38.

moment at point E of the two-member frame.

SOLUTION
Member AB:
C+=M, =0
Member BC:
Segment EB:
B3F =0
+T2Fy = 0;

Determine the internal normal force, shear force, and 250 N /m
TEEEEEEEENEEER
) ° o) B
| ¥t
= 2m
1.5m
b
REE > 300 N/m
x x
By(4)—1000(2)=0 1850(4)"'/000/\/
B, = 500N
A T T T
ﬁi ' ! B¢
— 500 (4) + 225 (0.5) + B, (1.5) = 0 T >
B, = 125833 N om ’r Zm ;I
& %
—Ng — 125833 — 225 =0
Ngp = — 148kN Ans.
Ve =500 =0
Vi =500N Ans. B}
— Mg + 225 (0.5) + 1258.33 (1.5) — 500 (2) = 0
Mg = 1000N-m Ans. . Bx
\ +G00)(1-5)
15m \\ I}
225N
F 4
C7r 4m
By=500N
BF1258-33N
‘\
I5m \
Ne_ g4 \
N ! )
2m o-5m
Ans:
Np = —148kN
Vi = 500N

My = 1000N - m
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7-39.

The strongback or lifting beam is used for materials
handling. If the suspended load has a weight of 2 kN and a
center of gravity of G, determine the placement d of the
padeyes on the top of the beam so that there is no moment
developed within the length AB of the beam. The lifting
bridle has two legs that are positioned at 45°, as shown.

02m] .
02mi | |

SOLUTION E F
Support Reactions: From FBD (a),

C+3Mp =0, Fp(6)—2(3)=0 Fr=100kN

[
|

+T2Fy:0; Fr+100—-2=0 Fr = 1.00 kN

From FBD (b),

k 2 kd E
5 SF, =0 Frcc0o845° — Fypcos45° =0 Fue = Fye = F t 3nm E )
+13F, =0 2F sin 45° — 1.00 — 1.00 = 0
FAC = FBC = F = 1414 kN (a_)

Internal Forces: This problem requires My = 0. Summing moments about point H

A
of segment EH[FBD (c)], we have b~
éﬁ‘\?" 495
C+IMy =0; 1.00(d + x) — 1.414 sin 45°(x) 0.4.,,,]
— 1.414 cos 45°(0.2) = 0 C

d =0200m Ans, Eerom ) B0 kn
Fc=l-4i4 kN
02— 2 M0
Ny
a < Vi
K=ok )
Ans:
d = 0200m
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*7-40.

Determine the internal normal force, shear force, and
moment acting at points B and C on the curved rod.

SOLUTION

Support Reactions. Not required

Internal Loadings. Referring to the FBD of bottom segment of the curved rod
sectioned through C, Fig. a

+/SF, = 0; No — 200 sin (36.87° + 30°) =0 N = 183.92N = 184N Ans.
+N3F, = 0; —Ve — 200 cos (36.87° + 30°) Vo = —7856 N = 786N Auns.

C+SMe = 0; 200(?)(0.5 sin 30°) — 200@)[0.5(1 — c0s30°)] + Mg = 0

Mc= —3196 N-m = —32.0N-m Ans.

Referring to the FBD of bottom segment of the curved rod sectioned through B,
Fig. b

N+3F = 0; Nz —200sin(45° — 36.87°) =0 Ny = 2828 N = 283N Ans.
+/SF,=0; —Vj+200cos (45° — 3687°) =0 Vg =197.99N = 198N Ans.

4
C+SMy =0; My + 200(5)(0.5 sin 45°) — 200@)[0.5(1 + cos 457 = 0

Mp = 4586 N-m = 459 N-m Ans.

%

0-5(/-¢Cas30")m

0.5(1+C0545°)m

Ans:

Nc = 184N

Ve = —78.6N
My = —320N-m
N = 283N

Vg = 198 N

My = 459N-m
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7-41. Determine the x,y, z components of internal loading
in the rod at point D. F = {7i — 12j — 5k} kN.

SOLUTION
Given:
M = 3 kN-m
7
F =|-12 | kN
-5
a=075m
b =02m
c=02m
d=06m ~
e=1m
/(‘T
Guesses
.
Cy=1N Cy:IN By =1N
Ay
B,=1N 4,=1N A4, =1IN a|V|M B, ' !
F
Given S W
—
0 By Cy T—

Ay B, 0 Bz
—e 0 0 By 0 Cy 0 0

b+c+d|Xx Ay +|b+c|x| 0 |+]0|x Cy +|b+c+d|xF+| 0 | =0
0 A; 0 B, a 0 0 -M
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4y 4y
Az Az
By . By
5| Find(4y, 4z, By, Bz, Cy, Cy) 5.
Cx Cx
Cy Cy
Guesses
Vpy =1 N Npy =1N
Vp, = IN Mpy =1 N-m

Mpy =1 Nm Mp; =1Nm
Given

Cx VD.X

= Flnd( VDX s NDy s VDZ; MDX s MDy s MDZ)

—53.60
87.00
109.00
—82.00
—116.00
65.60

(Mp),
{Mp),
~_
\

VDx 116.00
N, Dy | =| —65.60 |kN Ans.
Vs 0.00
Mpx 49.20
Mpy | = | 87.00 |[kN-m Ans.
Mp, 26.20

Ans:

Ve = 116.00 kN, Np, = —65.60 kN, V. = 0.00,
Mp, = 49.20, My, = 87.00, Mp, = 26.20
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7-42. 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 } kKN
and F, = {250i — 150j — 200k} kN.

SOLUTION

EFR:O; Fc+F1+F2:O
Fe = {—170i — 50j + 500k } kN

C, = —170kN Ans.
C, = =50kN Ans.
C, = 500 kN Ans.

EMRZO, Mc+l'ClXF1+l'CQ><F2:0
i j K i K
Mc+|3 2 o0 |+|lo 2 0 |=0
=80 200 —300 250  —150 —200

Mc = {1000i — 900j — 260k } kKN -m

Mc, = 1MN-m Ans.
Mc, = 900 kN - m Ans.
Mc, = =260 kN -m Ans.

Ans:

C, = —170kN
C, = —50kN
C, = 500kN

Me, = 1MN-m
Mg, = 900 kN -m
Mc, = —260kN+-m
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7-43.

Determine the x, y, z components of internal loading at a
section passing through point B in the pipe assembly. Neglect
the weight of the pipe. Take F; = {200i — 100j — 400k } N
and F, = {300i — 500k } N.

X
F
SOLUTION !
Internal Loadings. Referring to the FBD of the free end segment of the pipe
assembly sectioned through B, Fig. a,
SF =0 N, + 300 + 200 =0 N, = —500N Ans.
2F =0 V, =100 =0 V, = 100N Ans.
SF, =0 V, — 500 — 400 = 0 V, =900 N Ans.
XM, =0; M, —400(1.5) =0 M, = 600 N-m Ans.
M, =0; M, + 500(1) +400(1) =0 M, = —900N-m Ans.
M, =0 M, —200(1.5) —100(1) =0 M, =400N-m Ans.
The negative signs indicate that N, and M,, act in the opposite sense to those shown
in FBD.
Ans:
N, = —500N
V, = 100N
V, =900 N
M, =600 N-m
M, = —900 N+m
M, = 400N-m
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*1-44.

Determine the x, y, z components of internal loading
at a section passing through point B in the pipe
assembly. Neglect the weight of the pipe. Take
F, = {100i —200j — 300k } N and F, = {100i + 500§ } N.

SOLUTION

Internal Loadings. Referring to the FBD of the free end segment of the pipe
assembly sectioned through B, Fig. a

SF,=0; N, +100+100=0 N, = 200N Ans.
SE,=0; V,+500-200=0 V,=-300N Ans.
SFE,=0; V,—300=0 V. = 300N Ans.
SM,=0; M, —300(1.5) =0 M, = 450 N-m Ans.
SM, =0, M, +300(1) =0 M, = —300N-m Ans.

M, =0; M, +500(1) — 100(1.5) — 200(1) = 0
M, = —150N-'m Ans.

The negative signs indicates that N,, V,, M, and M, act in the senses opposite to
those shown in FBD.

300N

(4)

Ans:

N, = -200N

V, = —300N

V., =300N

M, = 450 N -m
M, = —300N-m
M, = —150N-m
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7-45.

Draw the shear and moment diagrams for the beam.

SOLUTION
0=x<a

+13F, = 0;

C+IM = 0;

a<x= 2a

+13F, = 0;

C+=M = 0;

-V-wx =0
= —wx
X
M + —1=0
Wx(z)
M:—%x2

-V +2wa—wx=0
V=w(Qa— x)

X
M+wx(§>—2wa(x—a):0

w
M =2wax — 2wa* — — x?

Ans.

Ans.

Ans.

Ans.

3

Ans:

w 2
O=x<aV=-wxM=—3x
a<x=2aV=w2a-—x)

w
M = 2wax — 2wa® — —x?
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7-46.

Draw the shear and moment diagrams for the beam (a) in M, M,
terms of the parameters shown; (b) set M, = 500 N-m, A A~
L =8m. l; “!}“ l\ ' '/l =3
} L/3——r—L/3— L/3—>‘
P'e
SOLUTION O—le)m
(a) 0 v
L $ 0
< < —
ForO_x_3 0-|=€=P
v
+13F, = 0; V=0 Ans O x
C+=M = 0; M=0 Ans. m Voox
Ci=—
For£< <% !
3573 ©
m m
+15F, =0 V= Ans. o ,a x
< 7
C+=M = 0; M = M, Ans. I ,
T .
k R
2L [ LT L K
For —<x=1L 3 3 3
3 v
+12F, =0 V=0 Ans.
0 X
C+2IM =0 M =0 Ans. !
"
(b) m
0 ¢1/] .
Set My = 5S00N-m,L = 8m
8 X
ForOSx<§m O—Ingl'jm
0 v
+13F,=0; V=0 Ans.
C+3M =0, M=0 Ans. Im S0HN
0 — 5m
8 16 !
Forg m < x < 3 m ° x v
+T2Fy = 0; V=0 Ans. v 8-x
CTQ" Ans: .
m L 2L
Forl?)—6m<xSSm 0 Sogfm 533“"" ?<X<TZV:0’M:MO
’L;;fm{ 2.4 j9.67 2L
+12F, =0, V=0 Ans. 0 T | 265m S Sx=LV=0M=0
V() 8
C+IM =0, M=0 Ans. ’ f 0=x< mV=0M=0
® % 8 16
—m<x <—mV=0M=500N-m
m(Nm) . 3 3
> 16m <x=8m
_ - X = V=0M=
0 | '7;2)/1 . 3 V=0M=0
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7-417.

If L = 9m, the beam will fail when the maximum shear
force is V. = 5 kN or the maximum bending moment is
Mpax = 2kN-m. Determine the magnitude M, of the
largest couple moments it will support.

SOLUTION

See solution to Prob. 7-48 a.

Myee = My = 2kN-m

Ans.

Ans:
M. = 2kN-m
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*7-48. P

Draw the shear and moment diagrams for the overhang beam.

SOLUTION

Since the loading discontinues at B, the shear stress and moment equation must be B
written for regions 0 =< x < b and b < x =< a + b of the beam. The free-body ‘ b
diagram of the beam’s segment sectioned through an arbitrary point in these two ! ! “
regions are shown in Figs. b and c.
Region 0 = x < b, Fig. b P
Pa Pa :

+12F, =0 -— -V = =—-— 1

1SF, =0 L, V=0 14 5 ) Ac=0 J

]
P P
C+EM =0 M+ =0 M=-"% 1)) 1
b b ¥ b a
Ay= L2 _P(ath)
Regionb < x = a + b, Fig.c I & 551- %
(@
3F, = 0; V-P=0 V=r &)
C+=M =0; -M —Pla+b—-x)=0 M = —P(a+Db— x) @ @ )M
<

The shear diagram in Fig. d is plotted using Egs. (1) and (3), while the moment (_ﬁ_)’ 0 é X b
diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of moment at B .4, x 4
is evaluated using either Egs. (2) or (4) by substituting x = b;i.e., A %0-#

P
M|,y = —ja(b) = —PaorMl|,.,=—-Pla+b—b)=—Pa

bL x Latb (

atb-xX

(c)
4
:
-y @ oty
b
@
M
b atb
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7-49.

Draw the shear and moment diagrams for the overhang beam.

SOLUTION

0=x<5m:

+1SF,=0; 25-2x—- V=0
V =25-2x

C+2M =0; M + Zx(%x) —25x=0

M =25x — x*
S=x<10m:
+T2Fy=0; 25-10—- V=0
V= -175
C+ZM =0; M+ 10(x —25) —-25x=0
M= —-75x—25

Vi) Mikwm)
e Fi‘?"‘ SoEM
D — ——.) 25 (R
} -—f——' IJ(.L e )
- 7$m Fd ]
28%m g aigs
ism .35
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7-50.

Draw the shear and moment diagrams for the beam.

SOLUTION
0=x=2m:

+12F, =0

C+2M = 0;

2m < x < 4m:

+T2Fy =0

C+2IM =0;

075 -V =0
V =0.75 kN
M —075x =0

M =0.75x kN-m

075 -15(x-2) -V =0

V =375—-15x kN
1.
M+75(x—2)2—0.75x=0

M= —075x>+375x —3 kN-m

Ans.

Ans.

Ans.

Ans.

o

1.5kN/m

2m 1

-

X
0,75 &N

LS ki am,

27

N
z

0.7k X

Ty

m{kN-m)

Ans:

V = 0.75kN

M = 0.75xkN-m
V =375 - 15xkN

M = —0.75x*> + 3.75x — 3kN+m
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7-51. Draw the shear and moment diagrams for the beam
(a) in terms of the parameters shown; (b) set P = 30 kN,
a=2m,b=4m.

SOLUTION

b)

30knN

P

~m

Arzo.akﬁ/

V(k)

R0-0

=m

()

\

Ny=10:0 kd

(@)

-/0-0

xam)

0<

)

< vV

A0-0kN

LX <2M

(k)

M{kn-m)

«—

1\
v S

(e)

j—xim)
&
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7-51. Continued

The support reactions are indicated on the FBD of the beam, Fig. a. Since the
loading discontinues, the shear and moment functions must be written for regions
0=x<2mand 2m < x = 6 m of the beam. The FBD of the beam’s segment
sectioned through an arbitrary point in these two regions are shown in Fig. b and c.
For region 0 = x < 2m, Fig. b,

+13F = 0; 200-V =0 V = 20.0kN (§0)
C+IM =0, M —20.0x =0 M = {20.0x} kN -m ?)

For region 2 m < x =< 6 m, Fig. c,

+12F, = 0; V+100=0 V = —-10.0kN 3)
C+3IM =0 1006 —x) =M =0 M = {60.0 — 10.0x} kN -m 4@
The shear diagram shown in Fig. d is plotted using Egs. (1) and (3), while the moment

diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of moment at
x = 2m can be evaluated using either Egs. (2) or (4).
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*7-52.

Draw the shear and moment diagrams for the compound w
beam. The beam is pin-connected at £ and F.

SOLUTION L %\ L \% L
Support Reactions: From FBD (b),

3 3 \6 T T *
E(-O, E20 | A

‘ (=)

L L L —

+13F, = 0; E+2=-22-0 g == bt );
) 6 3 6 F15 5 EZ' \LZFJ

From FBD (a), Cﬂ § ©

wL(L\ 4wL/(L
+ T 4+ = - — =) =
Cosmmo s BE(L) (L)
From FBD (c),

4wl (L wL (L

+SMj = 0; —(F)-—=(F)-4,@ =
Crxmy—o BE(L) (L) ) -

+13F,=0; B+ —— - —= ===

Shear and Moment Functions: For 0 = x < L [FBD (d)],

TwL
+13F, =0 S W~V =0
18
w
V = E(7L - 18x)
X TwL
+ — 0 + - — —x =
C+=M =0; M wx(z) T 0
M= 1W—8(7Lx — 9x?) Ans. Z I=xt
DE oWt
Ar 8 %, qu
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7-52. Continued

For L = x < 2L [FBD (e)],

L 10wL
+13F, =0; 7L-ﬁ-()L—\v)c—V:O " WL
Y 18 9 " %
EX
w L) Wi
V= 3(3L - 2x) Ans. 18 LN{*— ;*51‘-31(-
- x
X TwL 10wL 20 4 3) t
+IM =0, M+wx(Z])- k- ~L)=0 % 2
G ; WX(Z) T 9 (x ) w = N
w 2 2 'i? -% L
M = 75(27Lx = 20L? ~ 9x?) Ans. 7
For 2L < x = 3L [FBD (f)], - "
TwlL (&
+13F, =0; V+——-wBL-x)=0 12
18 %
f |$‘14\|§L| I3
V= %(zm ~ 18x) Ans. Fo\- /3 \* an
TwlL 3L —
C+IM = 0; L(3L—x)—w(3L—x)( x)—MzO
13 2 TR
9 9
M= %(47Lx — 9x2 — 60L?) Ans.
Ans:

ForO0=x <L
w
V—E(7L — 18x)

w 0.2
18(7Lx 9x?)

For L < x < 2L

M =

V= %(u - 2%)

w

N (27Lx — 2017 — 9x?)
For2L < x = 3L

w
V= g@IL—18Y)

M =

w
18

M = —(47Lx — 9x* — 601?)
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7-53.

Draw the shear and moment diagrams for the beam.

SOLUTION
+12F,=0; 075 - %x(O.Sx) -V =0

V = 0.75 — 0.25x°
V =0=075 - 025x*
x=1732m
1 1
C+IM =0, M + E(O.Sx)(x) 3% —075x=0

M = 0.75 x — 0.08333 x3

M e = 0.75(1.732) — 0.08333(1.732)° = 0.866

1.5kN/m

AL
l 3m
_,O.S‘n.
I
—x
0, 7k v
Vkn)

oS
\\'732- -s

- Ivm

0. 8o

Ans:

x =1732m
M, = 0.75(1.732) — 0.08333(1.732)3 = (0.866
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7-54.

Draw the shear and moment diagrams for the shaft (a) in
terms of the parameters shown; (b) set P = 9kN,a = 2m,
L = 6m. There is a thrust bearing at A and a journal
bearing at B.

SOLUTION
(a)
C+IMp =0;  (A)L) — P(L —a)=0
L_
A, = ( . “)P
A, = (1 - %)P
+13F, =0; A, +B, - P=0
By:P—Ay:(%)P
5 SF, =0 A =0

For0=x=a

+T2Fy =0

L SF. =0, A=

C+3M = 0;

Fora<x <L

+13F, = 0;

C+2M = 0; <1*%>Pfo(xfa)fM=O

M=Px—(%)Px—Px+Pa

By
M
—l o
— x—>y
F0-%yp
Ans.
.
{
J< o\-—>l
M
x v
T(\~%)F
Ans.
.
Ans. & ”’i
~ —1
Ged - "By
L1777 -
& 7777728
/’U—t)fc\ !
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7-54. Continued

(b)

M = P(a —%x)
C+ZMy = 0; A,(6) —94) =0

Ay, = 6kN
+15SF,=0;  B,=3kN
ForO=x=2m

+13F, =0;  6-V=0

V = 6kN
C+2M = 0; 6x — M =0
M = 6xKkN-m

For2m < x=6m

+13F, =0 6-9-V=0
V = -3kN
C+EM = 0; 6x —9(x —2) - M =0

M =18 — 3xkN-+-m

Ans.

Ans.

Ans.

ben v

0=x <2m:V =6kN, M = {6x}kN-m
2m < x =6m:V = —-3kN
M = {18 — 3} kN-m
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7-55.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions: From FBD (a),

wL (3L 3wL
+3M, = 0; LYy——\|— )= =
C 4=0; Cy() 2(4) 0 C, 3
3wL wL wL
+T2Fy:0; AY+T—7:O Ay:?

L
Shear and Moment Functions: For 0 = x < 3 [FBD (b)],

wl wL
+ - 0 - _ = =
TSF, =0 s Y V==
L L
C+3M =0 M—%(x)=0 M=%x

L
ForE < x = L[FBD (¢)],

+13F, =0;

C+2M = 0;

w
A lc
= B B
L
2
L
7
A,(=O i— ---- l ----- L
— !
E G
=z ¥
A
b @) Cz

Ans.

Ans.

Ans.

Ans.

Azm_ﬂ—
8
W(=-x)
L-x
2 - —-———
N 4 !
© M |L___]
t L-X
WL
G5
Ans
wlL
V=
8
L
M = W?x

V= g(SL — 8x)

M = %(—L2 +5Lx — 4x2)

670




© Pearson Education Limited 2017. 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.

*7-56.

Draw the shear and moment diagrams for the beam.

SOLUTION

0=x<8

+12F, =0

C+=M = 0;
< x=11
+13F, =0
C+=M = 0

13375 —40x =V =0
V = 133.75 — 40x

M+ 40x(§) —133.75x = 0

M = 133.75x — 20x?
V-20=0
V =20

M +20(11 — x) + 150 = 0

M = 20x — 370

20 kN
40 kN/m
R l
B C | >
| i e
Ho*Hm 20kN
Ans. I bwom.n
0 )
13315%N 206.25%N
Ans. 3m 3m
V(RN .
128 »
.l‘) 7T L 1 x
Y
Ans. (b -186.25
223.b
Ans. T / v/ o

£6m
=210

Ans:
For0 =x <8m
V = (133.75 — 40x) kN

M = (133.75x — 20x*) kN -m

For8m < x =11m
V = 20kN
M = (20x — 370) kN +m
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7-57. Draw the shear and moment diagrams for the beam P
(a) in terms of the parameters shown; (b) set P = 20 kN,
a=15m,L = 6m.

!9\
a L a
SOLUTION
b) 20kn 20N 20kN
. X, Y S\ - ‘ SA
i (e
) , J.5m V
I 1sm 3m 1-5m =1V =
20,0kl Z00KN  200KN £0-0 kN
Ca) o< xIsM }.5m X< F.5M
| (b) )
|
B
20.0kN
45m< X< em
@) MCkN-m)
V(kN)
30-0 30.0
20.0 | | ;
W £ ] ! |
¢ s A 0 e pip—
—20-0 )

(e)
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7-57. Continued

The support reactions are indicated on the FBD of the beam, Fig. a. Since the
loading discontinue, the shear and moment functions must be written for regions
0=x<15m,15<x<45m and 45m < x = 6 m of the beam. The FBD of
the beam’s segment sectioned through an arbitrary point in these two regions are
shown in Fig. b, c and d.

For region 0 = x < 1.5m,Fig. b

+13F, = 0 200-V =0 V = {20.0} kN @

C+ISM=0; M-200x=0 M = {20.0x}kN-m Q)

For region 1.5 < x < 4.5m, Fig.c
+T2Fy=0; 200-20-V =0 V=0 3)
C+ISM=0; M+20(x—15)—200x=0 M= {30.00kN-m @)

For region 4.5m < x =< 6 m, Fig. d

+13F, = 0; V+200=0 V = {=20.0} kN Q)
C+IM = 0; 20.06 —x) - M =0 M = {120 — 20.0x} kN -m (6)
The shear diagram shown in Fig. e is plotted using Egs. (1), (3) and (5), while the
moment diagram shown in Fig. f is plotted using Egs. (2), (4) and (6). The values

of moment at x = 1.5m and x = 4.5m can be evaluated using Egs. (2) and (6)
respectively.
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7-58.

Draw the shear and bending-moment diagrams for beam
ABC. Note that there is a pin at B.

SOLUTION

Support Reactions: From FBD (a),

wL (L L wlL
Q+EMC:O; T(Z) —By(*> =0 By:

From FBD (b),

wL wL 3wL
+T2Fy:0; Ay—T—TZO Ay:T
wlL (L wL (L wlL?
+EM =0, Muy—-—\(-)—-—|%]=0 My=—
CHEMa ) <4) 4 (2) 4
Shear and Moment Functions: For 0 = x = L [FBD (c)],
3wL
+T2Fy=O; %—wx—VZO
V= %(3L—4x) Ans.
3wL X wl?
FIM =0, TEx) - owx ) M=
¢ 0; 1 (x) wx(z) ) 0
M="(3Lx — 22 - 1) Ans.
4

NK
1—‘-'-——"=V
A y
(e
M‘,ﬂlf xTx
4 f z z
WL
3
v
Bt
+ 0
& L
7 t —x
5 ¥ T
4
M
Ll
3z
e x
L3 L
z 3
-wt
4
Ans:
V=%(3L—4x)
= 5 (3Lx — 22

- 2
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7-59. Draw the shear and moment diagrams for the 2kN/m
cantilever beam.

SOLUTION

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.

+13F,=0; V-2(2-x)=0 V= {4-2x}kN 6))
+3IM = 0; —M—2(2—x){%(2—x)}—6=0 M= {—x*+4x — 10} kN-m )

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

V]eo=4—2(0) = 4kN

M|\ =[—0+4(0) — 10] = —10kN-m % (X 2(2-X)

} xX(m)

(b)
M(KN+m)

xim)

CC ) Ans:

V =4-2x)kN
M = (—x> + 4x — 10)kN-m
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*7-60.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions. Referring to the FBD of the entire beam shown in Fig. a,
1
CHEMy = 0: 12Q)(15) + 5(12)(3)(4) — A(6) =0 A, = 21.0kN
1
CGHEMy = 0. B(6) - (1)) ~ 123)45) =0 B, = 330kN
E3F =0 B, =0

Shear And Moment Functions. The beam will be sectioned at two arbitrary distances
xinregion AC (0 = x3m) and region CB (3m < x =< 6 m).
For region 0 = x < 3m,Fig. b

' 3F =0, 210- %(4x)(x) -v=0 V={210-22} kN Ans.

C+3SMp=0 M+ {%(4)6)()6)}(%) —21.0x = 0

M = {21 Ox — % }kN m Ans.

20k 23)kl

P I R

12kN/m
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7-60. Continued

For region3m < x = 6 m, Fig.c

# 3F, = 0; V+330-126-x)=0 V=1{390— 12x}kN Ans.
C+3SMp=0  330(6 — x) — [12(6 — x)]B(6 - x)} -M=0

M = {—6x> + 39x — 18} kN-m Ans.

Plotting the shear and moment functions obtained, the shear and moment diagram
shown in Fig. d and e resulted.

M(kn-m)
V(kn) 450 45315

3.28 [
I —Xx(n
3

—33.0

o
=
3
—

@)

Ans:
ForO0 =x<3m

vV = {210 - 2x} kN

M= {21.0x—§x3} kN-m
For3m<x=6m

V = {39.0 — 12x} kN

M = {—6x> + 39x — 18} kN-m
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7-61.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:

C+=ZM, = 0; Cy(3) —24(25) =0 C, = 2.00kN
+1 2k, =0; A, —24+200=0 A, = 040kN

Shear and Moment Functions: For 0 = x < 2m [FBD (a)],

+12F, =0 04-V=0 V =04kN

C+3M = 0; M — 04x =0 M = (0.4x)kN+-m

For2m < x = 3m [FBD (b)],

+13F,=0; 04-24(x—-2)-V =0
V = {520 — 2.40x} kN
x—2
C+EM = 0; 0.4x—2.4(x—2)< T) -M=0

M= {-12x*+52x — 48}kN-m

2.4 kKN/m
A Z"\ | C
B _&_
2m
3m
x M
1? 0.40kN Y

@

24(x-2) kN

Ans.

Ans.

Ans.

Ans.

V (kN)
0.4

o [4]

0.40kN x
(b)

2.167

x(m)
\ )

Ans:

V = 04kN
M = {04x} kN-m

V = {520 — 2.40x} kN

M= {—12x>+ 52x — 48} kN-m
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7-62.

Draw the shear and moment diagrams for the beam.

SOLUTION
Support Reactions: From FBD (a),

C+EMy=0; 9.00(2) — A,(6) =0 A, =3.00kN

Shear and Moment Functions: For 0 = x = 6 m [FBD (b)],

2

X
300 -— -V =0
4

2
V= {3.00 - Z} KN

The maximum moment occurs when V' = 0, then

+13F, =0

2

0 =3.00 — % X = 3.464m
x2 X
C+3IM = 0: M+ (5)—3.00);:0
x3
M = {3.00x — E kN -'m
Thus,

3.464°

Mmax = 300(3464) - = 6.93kN-'m

6 m l

4m | 2~

Ax

Ans.

Ans.

~—o
~-

(@

¢ x(
m)
° 3-N
“60
M(kn-m)
693
0 3?“ T X(m
Ans:
2
V =1<3.00 — — kN
{so0- %}

M

e
{3.00x - 7} kN -m
12
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7-63.
The beam will fail when the maximum internal moment is P
M .- Determine the position x of the concentrated force P
and its smallest magnitude that will cause failure. Tx
!a': )
=0
| L l
SOLUTION
For ¢ < x, —
PE(L ) Léf—__:,
—Xx
My =—— ]
L y(T-x) EI.
L L
For ¢ > x,
Px
My = ——F(L—9) 18 ‘Jf')-m‘

Note that M| = M, when x = ¢

Px
My = My = My = T(L_x)

deax _ P _ P(I"‘) E
= L(L 2x) =0 L
L
X =— Ans.
2 M
P(L L P(L J
Ths My =+ (5)(1-5) = 2(%) Jx%ﬁ S —
P = 4Mmax A
= I ns.

Ans:
L
X ==
2
4Mmax
P=
L
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*7-64.

Draw the shear and moment diagrams for the beam. w
w
2
AP s
SOLUTION ! L
Support Reactions: From FBD (a),
WL XL
wL (L wL (L wL =, 4
— 0 — — 2
+ = — () +==) - = =—
C+=Mp =0; 4(3) 2(2) A, (L) =0 A, 3 i-% ----- B
Shear and Moment Functions: For 0 = x = L [FBD (b)], A0 4 9
. ;
wlL —w 1w ES fel £
+ =0: — - —x - = — -V = = <
TEFy 0; 3 2x 2(2L )x V=0 3 A 3
w
=——(4L%* — 6Lx — 3x? Ans.
\%4 12L( 6Lx — 3x°) ns.
. ! .".C[))(,
The maximum moment occurs when V = 0, then W< -21—
2
0=4L% - 6Lx — 3x>  x=05275L __‘____‘1’ v
1 L n - (b
commo () 5 G) e —
'
W a2 _ 2_ .3 A e
M 12L(4L x — 3Lx" — x°) Ans. 373
Thus, v
L 2 _ 2 _ 3 \
M ax 2L [4L°(0.5275L) — 3L(0.5275L) (0.5275L)7] 2L
3 \ o
= 0.0940wL? Ans. } ~ x
¢ o-szs\l
~5WL
1z
M
<
00940 WL
+ X
0 0.528L L
Ans:
V= 2412 — 6Lx — 3x?)
12L

- " oun. 2 _ .3
M 12L(4Lx 3Lx" — x°)

M. = 0.0940 wI?
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7-65.

The cantilevered beam is made of material having a specific

weight . Determine the shear and moment in the beam as W/
a function of x.

h
SOLUTION
By similar triangles
v _h _h
x d YT
_ _ _ L[ _Yht
w nyy(Zyxt>fy[2(dx)xt} de E[
vht , yht , p—
+ =0; ———x*= = .
T2F, =0, V-2 x V=X Ans a
yht 2(x> yht |
FIM =0, -M-—x*>])= =— .
C+2M =0; M YRAE 0 od " Ans
v
M{
mw=’-‘f}x"
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7-66.

Determine the internal normal force, shear force, and

moment in the curved rod as a function of 6, where
0° =6 = 90°.

SOLUTION
With reference to Fig. a,
C+ZM, = 0; B,(2r) — p(r) =0 B, = p/2

Using this result and referring to Fig. b, we have

2

SF, =0 Lino—v=0 v =Lging
2 2
2Fy =05 gcosﬂ—NZO Nzgcose
p pr
C+EIM = 0; [r(1 —cos®)]—M=0 M=7(1—cos6’)

Ans.
Ans.

Ans.

A

Ans:
\% P 6
= —sin
2
N=Izc059
2
-
M=IL(1 — cos 0)
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7-67.

Determine the internal normal force, shear force, and
moment in the curved rod as a function of 0. The force P
acts at the constant angle ¢.

SOLUTION

Support Reactions. Not required
Internal Loadings. Referring to the FBD of the free and segment of the sectioned
curved rod, Fig. a,

+N\2F, = 0; N —Psin(0 +¢) =0 N = Psin (0 + ¢) Ans.
+/3F, = 0, Pcos(0+ )+ V=0 V = —Pcos (6 + ¢) Ans.
C+ZMy =10; Pcos¢(rsinf) — Psing[r(1 —cosf)] — M =0

M = Pr(sin 6 cos ¢ + cos 0 sin ¢ — sin ¢)
Using the identity sin (§ + ¢) = sin 6 cos ¢ + cos 0 sin ¢,

M = Pr[sin (60 + ¢) — sin ¢] Ans.

Ans:

N = Psin (0 + ¢)

V= —Pcos (0 + ¢)

M = Pr[sin (0 + ¢) — sin ¢]
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*7-68.

The quarter circular rod lies in the horizontal plane and
supports a vertical force P at its end. Determine the
magnitudes of the components of the internal shear force,
moment, and torque acting in the rod as a function of the

angle 6.
SOLUTION
SF, =0 V =|P| Ans.

SM,=0; M + P (rsin (90°— 0)) = 0

M = —Prcosf

M = |Prcos 6| Ans.
M, =0 T+ Pr(l—cos(90°—0)) =0

T =—-Pr(l —sin6)

T =|Pr(1 — sin6)| Ans. \/T T//

Ans:
V= |P|
M = |Prcos6|

T=|Pr(l—sin6)]
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7-69.

Draw the shear and moment diagrams for the beam.

SOLUTION

X
The free-body diagram of the beam’s segment sectioned through an arbitrary point
shown in Fig. b will be used to write the shear and moment equations. The
magnitude of the resultant force of the parabolic distributed loading and the
location of its point of application are given in the inside back cover of the book.
Referring to Fig. b, we have
W(]L 1<W0 2> Wy < 3 3)
+12F, =0, ———=—= -V=0 V= L°—4 1
T2h =00 T =3\ pv Jr 1212 ) @ L)L)
1 wWo X WoL Wy ( A
+SM =0, M+ _|—5x° Z)-—x=0 M= L’x —x*| @ A
¢ ’ 3<HX>Q(4> 2 A\ Fr Y )@ A
— L
The shear and moment diagrams shown in Figs. ¢ and d are plotted using Eqgs. (1) =0 3 N
and (2), respectively. The location at which the shear is equal to zero can be A % 3 B i
obtained by setting V' = 0 in Eq. (1). xL F "
A ,'“,EL Bgl’—ﬁ—'
0= 0(13 - 4 =06 L
=Dz — 4x x = 0.630L C )
a
The value of the moment at x = 0.630L is evaluated using Eq. (2).
w Wo (v
M|, —os0r = THB(O.@OL) - (0.630L)4} = 0.0394w,L2 :;,‘(-[%1 ))C
X4
Au=0 S el )M
i, >V
|  x
= WL
12 (b )
vl L
' ool
-n,L
—r
© 4
M
0-039% wpL*
| y X
odol L

&)
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7-70.

Draw the shear and moment diagrams for the simply- 2wy

supported beam.

SOLUTION

X L2 L2 |

Shear dfagmm -8
(b)

£

B A

3 7 :

Moment dfﬂi/m”
(c)
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7-71.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions. Referring to the FBD of the simply supported beam shown in
Fig.a

G+SM, = 0;  By(4) — 800(1) — 600(3) — 1200 =0 B, = 950N
C+SMz =0;  600(1) + 800(3) — 1200 — A(4) =0 A, = 450N

HIFK =0 A, =0

800N 6OON V)

1200 N-m
50
A X e N — s z 3 4
7 = ; , Xm.)
Imxlm T Im =350
Ay & ~5%0

M(N-m)

1300
950
450
l 100
} } F— X(m)
0 | 2 3 . Ans:

x=1
V =450 N
M = 450 N-m
x=3"
V =-950N
M =950 N-m
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¥1-T72.

Draw the shear and moment diagrams for the beam. The 600 N
supports at A and B are a thrust bearing and journal 100N
bearing, respectively. 300N 00 N/m
! L
—— e
g i
0.5m ‘ 1m ‘ 0.5 m~|

SOLUTION

Support Reactions. Referring to the FBD of the shaft shown in Fig. a,
C+3M, = 0; Ngy(1) + 300(0.5) — 1200(1)(0.5) — 600(1.5) = 0 Nz = 1350 N

CGHEMg = 0;  1200(1)(0.5) + 300(1.5) — 600(0.5) — A(1) =0 A, = 750N

HIE =0 A =0

V(N)

boo
: 450
i ¥
(
_ 4 05 ) 5 2 z m)
osm|o.5m) 0.5m| osm 300 0875
Ne ~750
Mw.m)
0.5 O.87¢ 15 /4
N e—F——F———m)
5 -658
-300 XM:S:O.S+
V =450 N
M= —-150N-'m
x =15
V =-750N

M = —300N-m
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7-73.
Draw the shear and moment diagrams for the beam. 600 N
A [ol, e
L— 1m

SOLUTION
Support Reactions. Referring to the FBD of the beam shown in Fig. a

C+3M, = 0; Np(4) — 600(3) — 600(1) =0 Np = 600 N

C+3Mp = 0; 600(1) + 600(3) — A,(4) =0 A, = 600N

H3E=0 A, =0

V(N)

Ax A4 : 600
3 p-
1 1 = X(m)
[m 2m /rn'l '
N -600
Az} B
(4) M(N-m)
600 600
+ —X

0 J ca 4L

Ans:

x=1

V =600 N

M = 600 N-m
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7-74.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:

C+3M, =0 FC(%)M) ~500(2) — 500(1) =0  Fe = 625N

3
+13F, =0; Ay+625(§)—500—50020

250 N/m
| 4 ng i
A WB C
2m
A, = 625N
500 N
R50(2) =5
(2) =500 Feoisn
e o B
Y
' |
m | Im 2m i
Aa:ézfld ) -‘.20/4
V()
625
125 +
0 2 F— K(m)
-375
M(N-m)
750
] : =X (m)
4
Ans:
x=2"
V =-375N
M =750N-m
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7-75.
Wo
Draw the shear and moment diagrams for the beam. The l l l l l
support at A offers no resistance to vertical load. A
| .
SOLUTION

W,L

AL A .
,a N
! I} 1
| L T L

2 2 '\A’—o L

L
. |
[ I

]
p 2
-wW, L

Shear a’ﬁy ram
(b)

L
2 \
. X
L

Meoment diagram
(¢)
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*7-76.
Draw the shear and moment diagrams for the beam. 6 kN/m
Am
STITTTITTITTTLLLT Jsoom
3m
SOLUTION

Support Reactions. The FBD of the beam acted upon the equivalent loading (by
superposition) is shown in Fig. a. Equilibrium gives

C+SM, =0; M, + %(3)(1.5)(0.5) - %(3)(1.5)(2.5) =0 M, =450kN-m
+13F, = 0; A, =0
£ 3F, = 0; A, =0

Internal Loadings. Referring to the FBD of the right segment of the beam sectioned
at x = 1.5 m, the internal moment at this section is

C+SMp =0, —M - %(3)(1.5)(1) =0 M= -225kN-m

Z3)(15) kN FB)(1-5)KN (3 US)KN

225
|
J 15 3 xm)
M Ckn-m)
|5 3
Y : —x(m)
<225 R
—4'50' X n=s.1.5
V = 225kN

M = —225kN-m
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7-71.

Draw the shear and moment diagrams for the beam. The
supports at A and B are a thrust and journal bearing,
respectively.

SOLUTION
Support Reactions. Referring to the FBD of the shaft shown in Fig. a,

C+IM, = 0; B,(6) + 300 — 200(6)(3) — 600 = 0 B, = 650N

C+IMp = 0; 200(6)(3) + 300 — 600 — A, (6) =0 A, = 550N

£ SF = 0; A, =0

200(6)N
GOON-M
Eaaaanany == === 300N-M
A s | )
TI

VUN)
550
\;75 ¢
5 x{m)
-650
MCN-m)
1256
oo
300
t —X(m)
0 275 6

200 N/m

RNy
S, ab:
‘ 600 N - m . 300N - m 1

Ans:

x =275
V=0

M = 1356 N-m
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7-78. Draw the shear and moment diagrams for the beam.

20 kN
40 kN/m
TN |
f )
AT~ B—s&-—
‘{ em }‘ 3 150kN-m
SOLUTION
Support Reactions:
C+XZM, = 0; By(8) — 320(4) — 20(11) — 150 = 0
B, = 206.25 kN
+13F, =0; A, +20625—320-20=0 A, =13375kN
“4oB)=320 KA 20KkN Vo)
N ! B 3¢
1'. : ] 200
I e o l 35 IS0k ) PIs 5 b X(m)
IVYKA-m) 224
) 8 i
3 t t t— X(m)
3%
' ~/50
=20
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7-79.

Draw the shear and moment diagrams for the beam.

SOLUTION

S kN
20 kN-ml
-

Y *’] t
143 kN 67.3kN
2m Im 2m 3m

V(kN) 45

15 kKN/m

(+)
x

Ans:
x=2"

V =-143
M= —8.6
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*7-80.
Draw the shear and moment diagrams for the beam. 15kN
10 kN/m
l 20kN - m
\
Alp | |B
ﬁ_ V4 ——0
l 2m 1 1m 1 1m 2m l
SOLUTION
Support Reaction. Referring to the FBD of the beam shown in Fig. a,
C+3IM, = 0; Ng(6) — 15(2) — 20 — 10(2)(5) = 0 Np = 25.0kN
C+3Mp = 0; 10(2)(1) + 15(4) — 20 — A(6) = 0 A, = 10.0kN
E3F =0 A =0
|5 kN /062) kN V(kN)
10.0
Lok m 3 4
| xXcm)
y2
-5.00
-25:0
35.0
/5.0 30.0
20:0
—— X(m)
9 2 3 4 6
Ans:
x =2
V = 10.0kN
M = 20.0kN-m
x=23"
V = —5.00 kN

M = 35.0kN-m
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7-81.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:

+12F, = 0;

7WOL
y = 6
7WOL

Ay
W()L
Ay=5

L

2

)

— woL —

W()L

2

(

WoL
2

4L
3

)=

0
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7-82. 6 kN

Draw the shear and moment diagrams for the overhang beam.

SOLUTION

The maximum span moment occurs at the position where shear is equal to zero
within the region 0 = x < 6m of the beam. This location can be obtained using the
method of sections. By setting V' = 0, Fig. b, we have

1/1 1
+T2Fy =0, 45- > (Ex)x - 5(6 —x)(x) =0 x =176m Ans.
Using this result,
1 1.76 1 2
FEM =0 Mligom + 5 (6 = LT6)(1T6)( =7 ) + 4 (176)(176)| S (176) | — 4.5(1.76) = 0

M|x:1.76m =373kN'm

V(KN)

G

4.5 \
' x{m)
1.7\" 75
—4.5

Shear dia g ram
«)

MCKN-m)

sxlm)

Ans:
x =176m
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7-83.
Draw the shear and moment diagrams for the beam. 4kN/m
2kN/m
o,
& | B
5
I 3m 1.5m—
SOLUTION
Support Reactions. Referring to the FBD of the cantilevered beam shown in Fig. a.
C+IM, = 0; M, — 2(3)(1.5) — %(4)(1.5)(3.5) =0 M, = 195kN -m Ans.
+1 3F, = 0; A, —2(3) - %(4)(1.5) =0 A, = 9.00kN Ans.
|
2K z@uskn VY
3.00
|
; —x(m)
3 45
< 45
7 =—t—Xm)
=20
—175
Ans:
x=3
V = 3.00 kN

M = —1.50kN-m

700




© Pearson Education Limited 2017. 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.

¥7-84,

Draw the shear and moment diagrams for the beam.

6 kN/m

B 0
3m | 3m
SOLUTION
Support Reactions. Referring to the FBD of the simply supported beam shown in Wk L
Fig a, 3() 363)(3)1’»‘
C+3IM, =0;  N(6) — 3(6)(3) — %(3)(3)(5) =0 Ne=1275kN | - 3_'_‘_‘_]
A)(, L L 4 }
1 L)
C+3IMc = 0; 5(3)(3)(1) + 3(6)(3) — A(6) =0 A, = 9.75kN —ﬁ\ :
£ 3F =0; A =0 C 3m zm [im
Shear And Moment Functions. Referring to the FBD of the left segment of the A N
beam sectioned at a distance x within region BC (3 m < x =< 6 m), '3 (a‘) ¢
1 1,
+13F, =0; 9.75—3x—5(x—3)(x—3)—V=0 V= 5.25=5x kN
1 1 X
C+3My,=0; M+ E(x - 3)(x — 3){§(x - 3)} + 3x (E) —975x =0
M = {—%f +5.25x + 4.50} kN -m
Set V = 0, we obtain
0 =525 - %xz x = VI05m Ans.  V(kN)
The corresponding moment is 97
15
M = —%( V10.5)3 + 525V10.5 + 450 = 158kN-m  Ans. 075
(410-5
i
T X(m
L 5/ )
X-3)(xX-3
G 503)
A 1275
BB el ._-| M
y B M(kl\"fﬂ)
15715 158
x-3 _
' x
=975 kN P2
X
1
0 ] y x(m)
(b) 37 “iGE e
Ans:
x=V105 m
V=0

M = 158kN-'m
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7-85.
Draw the shear and moment diagrams for the beam. 9kN/m 9kN/m
A L/ | B
‘ —3.
1 3m | 3m
SOLUTION 2O L9 H
Support Reactions. Referring to the FBD of the simply supported beam shown in - —
Fig. a, 2 A L~
1 1 A. /”/ ! el :
-~ N [ N
C+IM, =0 Np(6) — 5(9)(3)(2) - 5(9)(3)(5) =0 Ny = 15775 kN X e 3 L
y
! ! m T ‘
C+IMp = 0; 5(9)(3)(1) + 5(9)(3)(4) — A)6) =0 A, = 1125 kN Z 3am m
A Ng
@)

Shear And Moment Functions. Referring to the FBD of the left segment of the
beam sectioned at a distance x within region 0 < x = 3 m.
1 3,
+13F, =0; 1125 — E(Bx)(x) -V=0 V=<1125 — 5 kN

C+3My, =0 M+ [%(3x)(x)}(§) 11255 =0

M= {11.25x - %f} kN -m

SetV =0;
3
0=1125— Exz x=V75m
The corresponding moment is

1
M = 1125(V75) - 5 (V75)> =205kN-m

The moment at x = 3 m s
M = 11.25(3) — %(33) =2025kN'm Auns.
XxX(m)
-1575
M(kn-m)
25 2025
o 3 I
78 Ans:

x =3
V = —225kN

M = 20.25kN-m
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7-86. The beam consists of three segments pin connected at 15 kKN
B and E. Draw the shear and moment diagrams for the beam. SKN - m 3kN/m
~ 5 c b Vil
AP B) 9) | F
Wi ﬁ I E o B ey

LI& m—<2 mJ«Z m~~2 m*LZ m»\——4 m*»‘

SOLUTION
Given: My=8kNm F=15kN w=3kN/m g=3m b=2m
c=2m d=2m e=2m f=4m
Guesses 4y, =1N By, =1N G, =1N
' Dyle Eyle Fy:IN
Given
Ay+ G+ Dy +Fy - F-wf=0 Fb—-My—Aya+b)=0
- z+Ff—0 Mg+ Fa+By(a+b) =0
w 5 v = 4 a+By(a+b) =
By+Cy+Dy+Ey=0 —Byc+Dyd+ Ey(d+e) =0
A A
Y Y 4.40
By By || -10.60
G . Gy 15.20
= Find(4y, B, Cy, Dy, Ey,, Fy) = kN
D), Dy, 1.40
—6.00
Ey Ey
6.00
y y

x;7 =0,00la..a

1 1
M(x) = (Ayx + My)——

Vi(x) = Ay—
109 = Ay N-m
x) =a,l0la.a+b
Vz(x):(Ay—F)i Mp(x) =[Ayx+ My - F(x-a)] :
kN kN-m
x3 =a+b,1.01(a+b)..a+b+c
V3 = By— M3(x) = By(x—a— b) —
X) = Dy—— x) = xX—a—-b)——
3 VKN 3 y N-m
xy =a+b+c,10l(a+b+c)..a+b+c+d
Va(x) = (B +c)i My(x) = [By(x—a-b) + Cyx—a-b-0)] !
Yo VRN Y Y kN-m
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7-86. Continued

xs =a+b+c+d,10l(a+b+c+d)y..a+b+c+d+e

1
Vs(x) = —Ey& Ms5(x) = Ey(a+b+c+d+e—x) N

x¢ =a+b+c+d+e,10l(a+b+c+d+e).a+b+c+d+e+f

Ve(x) = [—Fy+w(a+b+c+d+e+f—x)]$

(a+b+c+d+e+f—x)2 1

Mg(x) = |Fy(a+b+c+d+e+ f-x)—w 5 N

10

Force (kN)
N
l =

N
V5(x5 =5 AN
v,
-10 F o _
-15 ] ] ] ] ] ] ]
0 2 4 6 8 10 12 14

X1,X2,X3,X4,X5,X6

Distance (m)
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7-86. Continued

30 T T T T T T T

Moment (kN-m)

X]1,X2,X3,X4,X5,X6

Distance (m)

705




© Pearson Education Limited 2017. 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.

7-87.

The beam consists of three segments pin connected at B
and E. Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions. Referring to the FBD of member EF, Fig. ¢
C+3ME = 0; Np(4) = 9(4)(2) =0 Nr = 18.0kN
C+3Mp = 0; 94)(2) — E\4) =0 E, = 18.0kN

Also, for member AB, Fig.a
C+3M, = 0, B,(4.5) — %(9)(4.5)(3) =0 B, = 13.5kN

C+SMy = 0; %(9)(4.5)(1.5) ~A@45) =0 A =675kN

Lgx45)k

53=/3.51<N Jl6)kN Ef/a-okfd

T IR IR IR TN RN

9kN/m

B
L—4.5m*>

J4) K

A

]
o e m— of

B
C D
2 m>~2 m>~2 m~ 4 m—-
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7-87. Continued

Finally, for member BCDE, Fig. b
C+IMe = 0; Np(2) + 13.5(2) — 9(6)(1) — 18(4) = 0
C+IMp = 0; 9(6)(1) + 13.5(4) — 18.0(2) — Ne(2) = 0 N¢ = 36.0kN

Np = 49.5kN

Shear And Moment Functions. Referring to the FBD of the left segment of member
AB sectioned at an distance x, Fig. d,

' 3F =0, 675- %(2x)(x) -v=0 V={675-+}kN

C+SMp =0, M+ {%(2}()()()}(%) —675c =0
1 3
M = 6.75x — Ex kKN-m
Set V = 0, then
0=675—-—x> x=V675m

The corresponding moment is

M = 6.75(V6.75) — %(\/6.75)3 =11.69kN-m = 11.7kN-m

Vi)
36.0
18:0
450
07T o7 45\ ( s 4 xon)
1 m
4 ' 85 10.5 \J
.y 5
55 ._/5,5 _'la'o
=35
M(kN-m)
i 18.0
| \¢5 6‘5 /7 85
7 t H— 1 — X(m)
1C75 105 125 45
Ans:
x =65
V = =31.5kN
_ M = —450kN-'m
450 —54.0 x =85"
—43.9 V = 36.0kN

M = —540kN-m
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4kN/m

*7-88.

Draw the shear and moment diagrams for the overhang
beam.

SOLUTION

T —X(m)

25
(-2.

/4
Shear dfaﬁram
(b)

18
[R5 12

M(KNm)
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7-89.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions. Referring to the FBD of the cantilevered beam shown in Fig. a.

C+3M, =0; M, — %(6)(3)(1.5) -33)=0 M, = 225kN-m

1
+1SE =00 A - (O)3) -3 =0 A, = 120kN

K3F =0 A, =0

Internal Loadings. Referring to the FBD of the right segment of the beam sectioned
at x = 1.5 m, the internal moment at this section is

C+3My =0, M — %(6)(1.5)(0.5) ~3(15)=0 M= —675kN-m

Z(6)(kN V(k\)

3kN

6 kN/m

WL v,

A //”’ \\\\\ IZ/,O
AJL '4 ”// 2 \\\\\\
i ,
My I /5m /-Em 0

$06)0.5)k
0:5m 3kN 0

B
1.5m 1.5m
750
\3,00
X(m)
I'5 >
3

T\\~
MV T

2
l F—x(m)
-

Ans:
x=1.5
V = 7.50kN

M = —6.75kN-m
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7-90.
Draw the shear and moment diagrams for the beam. 6 kN/m 6 kN/m
Yo
A B ‘
1.5m i 1.5m ‘
SOLUTION

Support Reactions. Referring to the FBD of the cantilevered beam shown in Fig. a
1 1
C+IM, = 0, M, — 5(6)(1.5)(0.5) - 5(6)(1.5)(2.5) =0

M, = 135kN-m

1 1
FTIE =00 A = (6)(15) = S(6)(15) =0

A, = 9.00kN
XK 3F, =0 A =0

Internal loadings. Referring to the FBD of the right segment of the beam sectioned
atx = 1.5m,

C+3My =0, —M— %(6)(1.5)(1) =0 M=450kN-m

Ls)kl  FE0SKl VK

.00
2 4.50
|
| | xim
0 15 )
M(kN-m)
.
e < ? — X(m )
|

Ans:
x=15
(b) V = 450 kN

M = —450kN-m
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7-91.

Draw the shear and moment diagrams for the beam.

9kN/m

6kN - m
3m

[+

SOLUTION

Support Reactions. Referring to the FBD of the cantilivered beam shown in Fig. a,
1
CHIMy =0, My —S(9)3)1) —6=0

M, = 195kN-m
1

+13F =0, A, - 5OB) =0 A, = 13.5kN
KSF =0; A =0

V(kn)

, 3.5
z(9)(3) KN

P —
~§~~
-~

xX(m)
2
My “Im 2m 2
ey

X(m)
=6.00
75

Ans:
x =
V = 13.5kN
M= —-95kN-m
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*7-92.

Draw the shear and moment diagrams for the beam.

SOLUTION
2k Wfom 2 kMo,
/5N, jﬁ\!\/m/
( PN
Vs 2" 3
3
/2 X
X
/ -6
-1

2 kN/m

2 kN/m

18 kN'm
[
QA

\Ij\FV\»\/(11/r11/(I1j[L£

3m 3m
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7-93.
Draw the shear and moment diagrams for the beam. 12kN/ 6 kKN
-
A L/ I
P ¢
1 6m 1 3m ‘
SOLUTION
Support Reactions. Referring to Ihe FBD of the overhang beam shown in Fig. a, ZL( 12)(6) kN é kN
C+IMy = 0; Np(6) — 5(12)(6)(4) -609) =0 Np = 33.0kN
—-1
1 — -
C+3IMp = 0; 5(12)(6)(2) —6(3) —A(6) =0 Ay, = 9.00 kN AX., P 1 d

1
|
(
|
L3F =0 A, =0 i
Shear And Moment Functions. Referring to the FBD of the left segment of the am
beam sectioned at a distance x, Fig. b [ 2m T 3m

+13F, = 0; 9.00 — %(2x)(x) -v=0 V=1{900-x*}kN A}

C+3M, =0; M+ {%(Zx)(x)}(g) ~9.00x = 0

3
M = {9.00x - ?} kN -m

SetV =0,
0=900-x x=3m V(kN)
The corresponding moment is
M = 9.00(3) ¥ 80KN-m 6-00
=09, -2 —1s8. . .00 &
3 9 —— — X(m)
The moment at x = 6 m is 0 !
3 b
3
M = 9.00(6) — % — —180kN-m
-27-0

M(kn-m)

Sk

18-0

9
l A —(m)

-/6'0 Ans:

x=3

V=0

M = 18.0kN-m
x =6

V = -27.0kN

M = —18.0kN-m
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7-94. Cable ABCD supports the 10-kg lamp E and the
15-kg lamp F. Determine the maximum tension in the cable

and the sag of point B.

SOLUTION
Given:
M; =10 kg
My = 15 kg
a=1m
b=3m
c=05m
d=2m
Guesses yp=1m Typ =1N
. —a [
Given

-b

————Tpc +
0P+ (- d) |

(g —d)

Tpc +
07+ (- )]

VB
Tup _
= Flnd(yB, Typ,TBC, TCD)

Tpc

Tcp

Tmax = maX(TAB,TBc,TCD)

[ 2 2 Tap 2 2
a +yp 140 +(yB—d)_
VB yp—d

2 2 TaB+ 2 2
Ja +yB R +(yB—d)_

Tpc = 1N Tecp = 1N

Tpc =0

Tpc-Mjg=0

+d
T4B 100.163
Tpc | = | 38524 | N
Tep 157.243
Topax = 1572 N yg =243 m

Ans.

Ans:
Tmax = 1572 N
yg =243 m
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7-95. Determine the tension in each segment of the cable
and the cable’s total length. Set P = 400 N.

SOLUTION

From FBD (a)

(4ZM, =0; T, cos 59.04° (0.9) + T, sin 59.04° (2.1)
~250 (2.1) - 400 (0.9) = 0

T, =390.935 N =390.9 N Ans.

0.9 m

LZF,=0;  390.935cos 59.04°— A, =0
A, =210.112N

+T2Fy =0; A, +390.935 sin 59.04° - 400 -250 =0

A, =314763 N (@)
Joint A :
Ay =314.763 kN
X3F, =0; T, cos $—-210.112=0 1) F: 3
ATSF, =0, ~Tesin ¢ +314.763 =0 2) . A

< X

A, =210.112 kN
Solving Egs. (1) and (2) yields : (=210 ¢

¢ =56.28° The
b
T, =3784N Ans. ( )
Joint D : y
AEF =0, 390.935 cos 59.04° - T, cos =0 3) Ty = 390.935 kN
+T2Fy =0;  390.935sin 59.04° — T, sin 6 —250 =0 4) G 59.04°
{

Solving Egs. (3) and (4) yields : x
6=2297°

_'EP N7
T, =2184N Ans. 250N
Total length of the cable:

L5 + 12 + 09 =4.674m  Ans.
sin 59.04°  cos22.97°  cos 56.28°
Ans:

Tsp = 390.9N, Ty = 3784 kN
TCD = 2184 N, IT = 4.674m
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*7-96.

SOLUTION

(+=M, =0,

XIF =0;
+T2F, = 0;

Assume maximum tension is in cable BD,

PinA:

Joint C:
XIF =0;

+T2F,=0

Thus,

If each cable segment can support a maximum
tension of 375 N, determine the largest load P that can be
applied.

A, + Ty cos 59.04° =0

A, — P ~-250 + Ty, sin 59.04° =0

P =359.966 N
A, =192915N

A, =288.394N

T, cos ¢ —346.969 cos 56.22° =0
T¢p sin ¢ + 346.969 sin 56.22° — 359.966 = 0

T,,=205766 N<375N OK

—~T,, (cos 59.04°) (0.6) + T, (sin 59.04°) (3) =250 (2.1) - P (0.9) =0
T, = 0.39754P + 231.899

Ty = (192.915) + (288.394)* =346.969N <375N OK

—

0.6 m

<

A, =192915N

>

T, =346.969 N

Ans:
P=360N

716




© Pearson Education Limited 2017. 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.

7-97.

The cable supports the loading shown. Determine the
distance xp the force at B acts from A. Set P =800 N.

SOLUTION

Support Reactions. Referring to the FBD of the cable system sectioned through
cable CD, Fig.a

CHSM, =0,  800(4) + 600(10) — FCD(\i§>(11) —0

Fop = 935.08 N

2
£ SF =0; 800 + 600 — 935.08(\/5) — A =0 A =56364N

1
+13F =0, A, - 935.08(\/5) =0 A, =41818N A*
AN
Method of Joints. Consider the equilibrium of joint A, Fig. b AX.
HSE =0, F (xiB) — 56364 = 0
o VA T 16 4m
F ( i ) 563.64 ) i >8ooN
AR\~ ———7—] = .
Vi + 16
+13F,=0; 41818 F( 4 ) 0 om
= U . LA\ T — | T
Y Vi + 16
F (L) = 41818 @ M aan
V16 ' [Pl
<z
Divide Eq (1) by (2) /';D
&
xg = 5.3913m = 539m -; Ans. ( )

Ay =563.64N
< X

(b) :;ni 539m
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7-98.

The cable supports the loading shown. Determine the
magnitude of the horizontal force P so that x3 = 5m.

SOLUTION

Support Reactions. Referring to the FBD of the cable system sectioned through

cable AB, Fig.a

C+sM, = 0; Fig = (L)(n) ~ P(7) - 600(1) = 0

Vil
55

FAB — 7P = 600

Vat

Method of Joints. Consider the equilibrium of joint B, Fig. b,

+1 3F =0; FAB(\?AH) - FBC(\%) =0 Py = 2\/\17?

HKIE =0, P- FAB(\/SH) - (i}i—fﬂw)(\l@) =0

Va
an =
Substituting Eq. (2) into (1)
55 (Va1
——|——=—P ) — 7P = 600
Vai\ 7
P = 700N

@

2

Ans.

GOON

% (b)

Ans:
P =700 N
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7-99.

The cable supports the three loads shown. Determine the
sags yp and y, of B and D.Take P; =800 N, P, =500 N.

=3 m 6m i 6m 3m—

SOLUTION

Support Reactions. Referring to the FBD of the cable system sectioned through
cable AB shown in Fig. a,

VB
C+3Mg = 0; 500(3) + 800(9) + 500(15) — F, (7) 15
E 3) ©)) (15) = Fap y%+9()
3
- F <7) +1)=0
‘AB y28+9()’3 )
F (M) = 16200 (1)
AB /7))%—}-9

Also, referring to the FBD of the cable segment sectioned through cables AB and
CD, shown Fig. b,

3 VB
C+IMe = 0; 500(6) + F, (7)(4 —yp) — E (7)(6) =0
C AB \/}W B AB \/}ﬁ
Oyp — 12>
F <7 = 3000 )
‘AB Tz o
Divide Eq. (1) by (2)
yp = 2216 m = 222 m Ans.
Substituting this result into Fig. (1)
{18(2.216) + 3} 16000
V22162 + 9
F,p = 1408.93 N
E
F 6m | om |3af ki
AB < > >
B
% Gt e
3 Yot

S

>

P
-

500N \ 4
800N % 500N vlr

(@) (b)
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7-99. Continued

Method of joints. Perform the joint equilibrium analysis first for joint B and then
joint C.
Joint B. Fig. ¢

H3F =0 Fpc cos 16.56° — 1408.93 cos 36.45° = 0
Fge = 118239 N

+1 3F =0; 1408.93 sin 36.45 — 1182.39 sin 16.56° — 500 = 0 (Check!)

Joint C. Fig. d

6
K IF = 0; FCD(—Z) — 1182.39 cos 16.56° = 0
V(4 — yp)? + 36

6

Fep = 1133.33 (€)]

_ 4-y . . _
+1 3F, =0 Fopl —————) + 1182.395in 16.56° — 800 = 0

V(4 — yp)? + 36

4 —
2T = 46296 )
V(4 - yD)2 + 36
Divide Eq (4) by (3)
4—-yp . o o
— 2= 04085 yp = 159m = 155m Ans.

fe=408.934

Foe=1182.39N
b, E
364 B Im (4"3»){'57 o
b-54° x % a4 XK
3
E b
¥ 500N . Y 800N
() )
Ans:
yp =222m
yp = 1.55m
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*7-100.

The cable supports the three loads shown. Determine the
magnitude of P, if P, =600 N and y, =3 m. Also find sag y,

~—3m 6m i 6m 3m—
SOLUTION
Support Reactions. Referring to the FBD of the cable system sectioned through
cable BC, Fig.a
C+IMg = 0; 600(3) + P(9) — F C(L)(S) - F (L)@) =0
E 5 1 B \/:ﬁ BC \/ﬁ
39
ﬁFBC - 9P1 = 1800 (1)
Method of Joints. Perform the joint equilibrium analysis for joint B first, Fig. b,
6 1
+,SF, = 0; F(—)—F(—):o ?)
- e/ W2
+1 3F, = 0; F, (L)—F (L)—600—0 A3
y B AB \/E BC \/ﬁ
Solving Eqgs (2) and (3),
Fge = 120V/37N  Fu3 = 720V2N
Substitute the result of FBC into Fig. (1),
P, =320N Ans.
Eﬂ' K a
AB
bm ,3"L] NE
>Fix i 37
. X
7 5
8¢ : J57 Bl =
2 Foc
boon v
YP 600 N

) (b)
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7-100. Continued

Next. Consider the equilibrium of joint C, Fig. c,

4+ 3F =0 FCD(\/(“'_EDW> - (120V/37 )<\/637> =0

6

V(4 = yp)? + 36

4 — 1
+T EFy =0 FCD(W) + (120\/5)(\/37) -320=0

4 —_
D F., =200 ®)

Fep = 720 C))

Divide Eq (5) by (4)

4 — 5
T Vb _ S yp =2.3333m = 2.33m Ans.

Ans:
P, = 320N
yp =233m
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7-101.

If cylinders £ and F have a mass of 20 kg and 40 kg,
respectively, determine the tension developed in each cable
and the sag y ..

SOLUTION

First, T 4 ; will be obtained by considering the equilibrium of the free-body diagram
shown in Fig. a. Subsequently, the result of T, will be used to analyze the

equilibrium of joint B followed by joint C. Referring to Fig. a, we have

Typ = 413.05N = 413N

Using the free-body diagram shown in Fig. b, we have

3
X SF, = 0; Ty cosf — 413.05(5) =0
4
+13F, = 0 413.05(5) — 20(9.81) — Tpesin = 0
Solving,
6 = 28.44°

Tpe = 281.85N = 282N

Using the result of § and the geometry of the cable, y . is given by

ye — 2
2
ye = 3.083m = 3.08 m

= tan 6 = 28.44°

40(9.81)(2) + 20(9.81)(4) — TAB(%)(l) - TAB<%)(4) =0

Ans.

Ans.

Ans.

Using the results of y, 6, and T~ and analyzing the equilibrium of joint C, Fig. c,

we have
5 2F. = 0; Tcp cos 46.17° — 281.85 cos 28.44° = 0
Tep = 357.86 N = 358 N Ans.
+T2Fy =0; 281.85 sin 28.44° + 357.86 sin 46.17° — 40(9.81) = 0 (Check!)
%
Dy Tog =43.05N
N
T-;B _Am | Zm £
) o =2 x
= DX’ B (4
|m | 4 3!\
Tee
W
Z0(780N
b b
20(98)N Sl
#0(90N Tie 2281851 T
(a)
¢ K‘ I;HS: 413N
2844 o 3.085- AB =
fan"(2482-1) Tye = 282N
W =46'I7. Yc = 3.08 m
40(981) Tep = 358N
(e)
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7-102.

If cylinder E has a mass of 20 kg and each cable segment can
sustain a maximum tension of 400 N, determine the largest mass
of cylinder F that can be supported. Also, what is the sag y-?

SOLUTION

We will assume that cable AB is subjected to the greatest tension, i.e., T4 5 =400 N.
Based on this assumption, M can be obtained by considering the equilibrium of the
free-body diagram shown in Fig. a. We have

C+SMp = 0; Mp(9.81)(2) + 20(9.81)(4) — 400(%)(1) - 400(%)(4) =0

Mg = 37.47 kg Ans.

Analyzing the equilibrium of joint B and referring to the free-body diagram shown
in Fig. b, we have

3
£ 3F =0 Ty cOsO — 400(5) =0
4 .
+13F, = 0; 400(3) — 20(9.81) — Te sinf = 0
Solving,
6 = 27.29°
Tye = 270.05 N

Using these results and analyzing the equilibrium of joint C,

5 2F. = 0; Tcp cos¢p — 270.05 cos 27.29° =
+T2Fy =0 Tcp sing + 270.05 sin 27.29° — 37.47(9.81) = 0
Solving,

¢ = 45.45° Tep = 34211N

By comparing the above results, we realize that cable AB is indeed subjected to the
greatest tension. Thus,

My =375kg Ans.
Using the result of either 6 or ¢, the geometry of the cable gives
-2
s = tanf = tan 27.29°
yc = 3.03m Ans.
or
ye — 1 44’
> = tan¢ = tan45.45°
yc =3.03m Ans

7;5-.:4-001\} 2m 2ms 1‘
—> I
im (18]
\}
20(9-80N
me(4:81)

&)

Tro=40oN

0=214° ¢ Ans:
¥ Mp = 3747 kg
37.47¢; 280N Mp = 375kg
o yc = 3.03m
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7-103.

Determine the force P needed to hold the cable in the
position shown, i.e., so segment BC remains horizontal. Also,
compute the sag yz and the maximum tension in the cable.

SOLUTION
Joint B:
4
BSF =0, Ty — ———Tuz=0
X BC \/}m AB
+ISF =0, ——f T -4=0
\/y%3+16
v Tpc = 16
Joint C:
+ 3
2F, =0 —————Tcp —~Tpc =0
V(yg —3)* +9
-3
+13F, = 0; Y ~P=0

N7 s o LD
(v =3 +9
(yg — 3)Tpc = 3P

Combining Egs. (1) and (2):

Joint D:
2 3
B IF, = 0; Tpp — Tep =0
V13 V(g — 3 + 9
3 -3
+13F, = 0; Tpp — ——22 Tep — 6 =0
V13 Vi —372+9
15-2
S Btw g
Vi(yg —3)"+9

From Egs. (1) and (3): 3yg P — 16y +48 =0

From Egs. (4) and (5): yg = 3.53m
P = 0.8kN

T p = 6.05kN
Tpc = 4.53kN
Tep = 4.60 kN

Tyux = Tpp = 8.17kN

@

(2)

3)

)

)

Ans.

Ans.

Ans.

Tas
N =
Tac
4hn
~
¢ - &
3 93
Tec
’P
TDE-
3
D/
T
¢8-3
G
Ans:
ygp = 3.53m
P = 0.8kN

Tyox = Tpp = 8.17kN
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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. 1

1000 m |

b

=

SOLUTION

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

80
the cable. Since the bridge deck is supported by two cables,w (x) = 5= 40 kN /m.

dy  w(x) _ 40(10%)

dx? Fy Fy
Integrating,
dy  40(10%) .
dx N FH !
. Lo dy .
Applying the boundary condition o 0 at x =0 results in C; = 0. Thus,
dy  40(10°
l — gx (1)
dx FH
Integrating,
20(10°
y = gxz + G,
Fy

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

3
v 20(10°) 2
Fy

Applying two other boundary conditions y =75 m at x = x, and y = 150 m at x =

~(1000 - x,),
20(10%)
75 = Tx%
20(10%) )
150 = ———[ — (1000 — x;) ]

Fy
Solving these equations
Xy =41421m  Fy =4575(10°) N
Substituting the result for F;, into Eq. (1),

dy 40(10%) N
= = 0.8743(107%)x
dx  4575(10%)
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7-104 (Continued)

Thus, the angles the cables make with the horizontal at A and B are

_ oy _ 1 -3 _ o
0p = |tan”{ ~ = [tan '[0.8743(1073) (414.21) ]| = 19.91
X1y,
_ i Dy -1 -3 _ o
04 = [tan”'( 1, tan~'{0.8743(107%) [ —(1000-414.21) ]}| = 27.12
Thus,
7, = T _ 57500 _ 48.66(10° N = 48.7 MN A
B cos@p  cos1991° (10N = 48. s
Fy 45.75(10% .
T, = = = 51.40(10° N = 51.4 MN Ans.

cos 64 cos 27.12°

L/ 0op~X, x,
Al

rsoﬂj\ | ,ffﬂﬁm .

(a)

Ans:
Tz = 48.7 MN
T, = 51.4 MN
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7-105. If each of the two side cables that support the
bridge deck can sustain a maximum tension of 50 MN,

determine the allowable uniform distributed load w, caused f B
by the weight of the bridge deck. E ﬁ “175m

b

1000 m

<
|

'l

SOLUTION

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

of the cable. Since the bridge deck is supported by two cables, w(x) = 70.

d?y ) /2 _w

d* Fy  2F

Integrating,

d
l — & + Cl
dx ZFH
. .o dy .
Applying the boundary condition o 0 at x =0 results in C; = 0.Thus,

d)’i Wo

- 1
dx  2F; M

Integrating,

Wo )
- et
Y TR T

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

- Mo
YT 4R,
Applying two other boundary conditions y =75 m at x = x, and y = 150 m at x =
~(1000-x,),
- Moo
75 2 FHx
150 = %[~ (1000 — x,)?]
4Fy

Solving these equations
X = 41421m  Fy = 571.91w,
Substituting the result for F, into Eq. (1),

DM o s7a310-)
dx  2(571.91wp)
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7-105 (Continued)

By observation, the angle the cable makes with the horizontal at A(6,) is greater
than that at B(6p). Thus, the cable tension at A is the greatest.

tan 71(d7y )‘ =
XA

dx
By setting 7, = 50(10°) N,

0,4 = tan~1{0.8743 (1073) [ (1000 — 414.21)] } | = 27.12°

Fy
T, =
4 cos 64
50(10% — 571.91w,
(10 = cos 27.12°
wy = 77.82(103) N/m = 77.8 kN/m Ans.
, /000-Xo X, 1

Ans:
wy = 77.8 kKN/m
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7-106.

B
The cable AB is subjected to a uniform loading of 200 N/m. 60°
If the weight of the cable is neglected and the slope angles
at points A and B are 30° and 60°, respectively, determine /
the curve that defines the cable shape and the maximum y
tension developed in the cable. / /
SOLUTION //
1
y = FH 200dx | dx A 30°
X
1 2
y = 7(100)( + Clx + Cz)
Fu
‘ ‘200 N/m
—=—(2 +
dx FH( 00x + Cy)
Atx =0, y =0 G =0 3
all
dy o o Wg‘/ X
Atx =0, E:taniﬁo; C, = Fytan 30 Lty ;m%
e
1
y = —(100x* + Fy tan 30°x)
Fy
dy
Atx = 15m, dx = tan 60°; Fy = 2598 N
x
y = (38.5x> + 577x)(107°) m Ans.
0,nax = 60°
F 2
Tpar = Y = 598 = 5196 N
cos 0,  cos 60°
Tax = 520 kN Ans.
Ans:
y = (38.5x% + 577x)(10 %) m
T = 520kN
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7-107.
f

Determine the maximum tension developed in the cable if N
it is subjected to a uniform load of 600 N/m. T :

SOLUTION ViV vl
600 N/m

100 m

The Equation of The Cable:

Y= F, (/w(x)dx) dx

1
= (v;)xZ + Cx + C2> (§))

A @)
dx FH WoX 1

Boundary Conditions:

1
y = 0at x = 0, then from Eq. (1)0 = F(CZ) G =0
H

d 1
oA tan 10° at x = 0, then from Eq. (2)tan 10° = ?(Cl) C; = Fytan 10°
H

dx

Thus = &xz + tan 10°x 3

y =20 m at x = 100 m, then from Eq. (3)

600
20 = ——(100%) + tan 10°(100)  Fy = 126726547 N

T 2Fy

and

d w
o 2% + tan 10°

dx FH

600

= 126726547% T an 10

= 0.4735(107%)x + tan 10°

0 = Oax at x = 100 m and the maximum tension occurs when 6 = 6,,,,.

— dy —_ -3 o
= = 0.4735(107%)(100) + tan 10

tan 0,,,« E
x=100m

Omax = 12.61°

The maximum tension in the cable is

F )
n_ 126726547 1506 579,01 N = 130 MN Ans.
€08 Omax cos 12.61°

Tmax =

Ans:
Tae = 1.30 MN
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loading wy N/m that the cable can support if it is capable of

*7-108. Determine the maximum uniform distributed ': 60 m | :l
sustaining a maximum tension of 60 kN.

SOLUTION
The Equation of The Cable:

y = FLH/(fw(x)dx)dx

F4H<7x + Cix + C2) [1]

E 7(W0x + Cy) 2]

Boundary Conditions:

1
y=0at x=0,then from Eq.[1] 0 = F(Cz)cz =0
H

Y 1
i 0 at x =0, then from Eq.[2] 0 = FH(Cl)C] =0
Thus,
- Mo
T 131
d
ay Wo 4]
dx FH
) 450
y=7m at x =30 m, then from Eq.[3] 7 = (30 VFy = "o

0 = 6 max at x =30 m and the maximum tension occurs when 6 = 6 ... From Eq.[4]

dy 0
tan 6 . = —— = = 0.01556(30) = 0.4667
an U max dx —30m 450 X ( )
—W
7 "o
0 max = 25.02°
The maximum tension in the cable is
F
Tmax = —1
€OS 0 max
450
—W
cos 25.02°
wy = 0.846 kN /m Ans.

Ans:
wy = 0.846 kN/m
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7-109.

If the pipe has a mass per unit length of 1500 kg/m, \ 30 m |
determine the maximum tension developed in the cable.

SOLUTION

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point
of the cable. Here, w(x) = w, = 1500(9.81) = 14.715(10% N/m. Using Eq. 7-12,
we can write

1
y = FH (/wodx>dx

1 (14715(10%)
= FH fx +cox + o

d
Applying the boundary condition dfy = 0 atx =0, results in ¢,;=0.
X

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

3
1300 |__zm LI

Fy [

Applying the boundary condition y =3 m at x =15 m, we have 1 %
. : m
7.3575(10°) s M X
3=——7""—"7-15) Fy = 551.81(10°) N

Fy
Substituting this result into Eq. (1), we have Cﬂt )
dy
— = 0.02667x
dx

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

d
tan™! (71

emax

>= tan~! [0.02667(15)] = 21.80°

15m

Thus,

Fy  551.8(10°%)
€0S Onax ~ cos21.80°

= 594.32(10%) N = 594 kN

Tmax =

Ans:
Thmax = 594 kN
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7-110.

If the pipe has a mass per unit length of 1500 kg/m, ‘ 30m |
determine the minimum tension developed in the cable. ]

SOLUTION

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point
of the cable. Here, w(x) = wy = 1500(9.81) = 14.715(10% N/m. Using Eq. 7-12,
we can write

1
y = F7H (/wodx)dx

1 (14715(10%)
= FT{ fx Toax + o

d
Applying the boundary condition c% = 0 atx=0,results in ¢;= 0.

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

7.3575(10%)
y= X
Fy

Applying the boundary condition y =3 m at x =15 m, we have I

/15m /BEm R

N

7.3575(10°) s
3= (15 Fyy = 551.81(10°) N
H

Substituting this result into Eq. (1), we have Mx

dy
— = 0.02667x
dx

(&)

The minimum tension occurs at the lowest point of the cable, where § = 0°. Thus,

Tonin = Fiy = 551.81(10°) N = 552 kN

Ans:
Thin = 552 kN
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7-111. 'The cable supports the uniform distributed load of
wo = 12 kN/m. Determine the tension in the cable at each

support A and B.

SOLUTION
Use the equations of Example 7.12.
_ W
YT 2F,
45= 12 x?
2F,
12
3= (7.5-x)°
2F,
12 , 12

as T2 P

X =15 (56.26 — 15x + 1)
0.5x% - 22.5x + 84375 = 0

Choose root < 7.5 m

x =4.1288 m
oW el 12 088 =22 729kN
2y 2(45)
AtB
y= Yo o 12 X
2F, " 2(22729)
d

Ey = tan 0, = 0.52796 x|, _, s = 2180

05 = 65.36°
F 22.729
T, = L = =54.52 kN
cos 0, cos 65.36°
AtA:
y= Yoo 12 X
2F, 2 (22.729)
dy
— =tan 6, = 0.52796x|xf(7574]288) =1.780
dx T
0, =60.67°
F 22.72
T, = 1 = i =46.40 kN

cos 0, cos 60.67°

~V

4.5m

ﬁ

B A
j A 45m
3m
X
75-x x
Ans.
Ans.

Ans:
Tz = 54.52 kN
T, = 4640 kN
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*1-112.

The cable will break when the maximum tension reaches
Tmax = 10 kN. Determine the minimum sag 4 if it supports
the uniform distributed load of w = 600 N/m.

SOLUTION
The Equation of The Cable:

y = FLH/(/w(x)dx)dx

1 (wy ,
=—|—x*+ + 1
FH< 2 X Clx Cz) [ ]
dy 1
P +
I FH(wox Cy) [2]

Boundary Conditions:

1
y = 0at x = 0, then from Eq.[1]0 = F(CZ) C,=0
H

d 1
Y _ 0 at x = 0, then from Eq.[2] 0 = —(C)  Ci=0
H

dx
Thus,
_ Mo o
y 2FHx [3]
dy Wo
_m 4
dx FHx [ ]
78.125
y = hat x = 12.5 m, then from EqQ.[3] h = —2-(12.5)  Fy = Wo
2Py h

0 = 0,,,, at x = 12.5m and the maximum tension occurs when 6 = 0,,,,. From

d
Eq.[4] tan 0,0, = =0 = 0.0128k(12.5) = 0.160h
dx|c-1psm 112,

1

V0.0256K% + 1

The maximum tension in the cable is

Thus, cos 0,,,,, =

Fy
COS 0,,0x

Tmax

18.’1[25(0.6)
__
\V0.02561* + 1

10 =

h=709m Ans.

e

600 N/m

Ans:
h=709m
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7-113.

If the slope of the cable at support A is zero, determine the
deflection curve y = f(x) of the cable and the maximum
tension developed in the cable.

SOLUTION

Using Eq. 7-12,

L ( frae)a
y= FH (/4cosﬁ><dx)d

1 24 W o.om
=— = —x +
FH/ 77{4(10 )} sin % C

24 {96(103) ™
Ey %24t

y=— :|+C1X+C2

w

d
Applying the boundary condition dfy = O0atx=0resultsin C;=0.
x
Applying the boundary condition y =0 at x =0, we have
24[96(103)
- c

o

os0°} + G

TLH
~2304(10%)
7TZFH

2304(10%) a
y = 2F,, 1 — cos ﬁx

Applying the boundary condition y =4.5 m at x = 12 m, we have

~2304(10%)
= W[l — COS 7(12):|

Fy; = 51.876(10°)N

Thus,

Substituting this result into Eqgs. (1) and (2), we obtain

dy  96(10%) w
dx  2(51876)10%) S M 24"

= (0.5890 sin ﬁx

and
O 2304(10%) {

T 51876100 ﬂ“}

24

4.5(1 — cos ix) m Ans.

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

o dy
Opax = tan 1(5

) = tan’1{0.5890 sin(% (12)” = 30.50°

x=12m
Thus,

Fy 51.876(10%)
COS 0 ax B cos 30.50°

Thax = = 60.207(10°) N = 60.2 kN Ans.

Ans:

y = 4.5(1 — cos lx) m
24

= 60.2 kN

m(u

737




© Pearson Education Limited 2017. 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.

7-114.  If the horizontal towing force is 7= 20 kN and the \ 40m i

chain has a mass per unit length of 15 kg/m, determine the ‘ i T
maximum sag h. Neglect the buoyancy effect of the water H,T, = %%
on the chain. The boats are stationary.

SOLUTION

As shown in Fig. a, the origin of the x, y coordinates system is set at the lowest point
of the chain. Here, Fy = T = 20(10°)N and

w(s) = 15(9.81)N/m = 147.15 N/m.

d? 147.1 d d
C WD (Y 75575007, 1+ ( —yj
dx~  20(10°) dx dx

dy du d’
Setu = o thena = ﬁ Thus,

du

V1 + u?

= 7.3575(103)dx

Integrating,

In (u+ V1 +u?) =73575(10 )% + C
. iy dy .
Applying the boundary condition u = o 0 at x =0 results in C; =0.Thus,

In (u+ V1 +u?) = 7357510 )
w4 /1 + w2 = 67.3575(10*3))5 %
dy e73575(10*»")x _ 6—743575(10*3)):

x4 2

ef —e
Since sinh x = ————, then

’ h

-X

% = sinh 7.3575(10 %)x X
Integrating,
y = 135.92 cos h 7.3575(103)x + C, (« )
Applying the boundary equation y = 0 at x = 0 results in C, =-135.92. Thus,
y = 135.92] cos h 7.3575(10 3)x — 1]
Applying the boundary equation y =4 at x =20 m,
h = 135.92[cos h 7.3575(107%)(20) — 1] = 1.47m Ans.
Ans:
h=147m
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7-115. The 80-m-long chain is fixed at its ends and hoisted at
its midpoint B using a crane. If the chain has a weight of
0.5 kN/m, determine the minimum height / of the hook in
order to lift the chain completely off the ground. What is the
horizontal force at pin A or C when the chain is in this position?
Hint: When h is a minimum, the slope at A and C is zero.

SOLUTION

Given:

L =80m
d = 60m
w = 0.5 kN/m

Guesses Fy = 10kN

Ans.

Ans.

Ans:

F, = 11.1kN
Fc = 11.1kN
h=235m
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*7-116.
The cable has a mass of 0.5 kg/m, and is 25 m long.

Determine the vertical and horizontal components of force
it exerts on the top of the tower.

SOLUTION
ds

{ 1+ Fiﬁ(wo ds)z}

Performing the integration yields:

X = 1

2

v = Lt s’nh*l{im 9055 + C )} +C a)
4905 |0 |, T M 2
From Eq.7-14
dy 1
- = d
dx FH Wods
dy

1
(4 905s Cl)

d
Ats = 0: d—]yc = tan 30°. Hence C; = Fy tan 30°

dy 4905
dx FH

+ tan 30° 2

Applying boundary conditions at x = 0; s = 0 to Eq.(1) and using the result
C, = Fytan 30° yields C, = —sinh™'(tan 30°). Hence

Fu ) . _1{ 1 } e
= - \* + °© — o
o 4_905{5“111 7 (4905s+Fyytan 30°) | — sinh(tan 30°) G)

Atx = 15m;s = 25 m. From Eq.(3)

F o 1 L
5= - ggs{smh 1[F—H<4.905(25) + Fytan 30°>J — sinh™!(tan 30°)}

By trial and error Fy = 73.94 N

At point A, s = 25 m From Eq.(2)

tan 8. — dy _4.905(25) 30° 0~ 65.90°
MOAT Uk |icsm 304 0 A= 0.
(F,)4 = Fytan 6, = 73.94 tan 65.90° = 165N Ans.
(Fi)a = Fyy = 139N Ans.

Ans:
(F)a=165N
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7-117.
A uniform cord is suspended between two points having
the same elevation. Determine the sag-to-span ratio so

that the maximum tension in the cord equals the cord’s
total weight.

SOLUTION

From Example 7.13.

Fy . h Wo
= — SIn e
s i si FHx
F w
y = H[cosh <0x> - 1j|
Wo Fy

L
Atx = —
X >
d wol
ﬁ =t Omax = sinh<2;H>
cos 6 = ;
cos 2F,
F,
T = _H
€OS 0,,0x

25) = Fy cosh | 20
wo(2s) = Fy cos 2F,
. W()L WoL
2Fy sinh E = Fy cosh E
W()L 1
tanh| —— | = =
o <2FH> 2

oL _ -1 —
—— = tanh (0.5) = 0.5493

L
whenx:E,y:h

F, F,
h=-" ! —1p= 0.1547<”>
Wy w Wy
[1 — 2 oL
1 — tanh (2FH>
0.1547 L
—— = 0.5493
2h
h
I = 0.141 Ans.

o

I92)

(3.
: wil
R

Ans:

= 0.141

~ =

41
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7-118. A 50-m cable is suspended between two points a
distance of 15 m apart and at the same elevation. If the
minimum tension in the cables is 200 kN, determine the
total weight of the cable and the maximum tension
developed in the cable.

SOLUTION

Given:

L=50m d=15m T, = 200kN

Tpin=TFy Fy = Ty, Fy=200kN
From Example 7.13:
F
s = —Lsin h(m)
Wo Fy
Guess wo = 1kN/m

L F wo d
Given H'<0

5= ;Os1nh FHE) wo = Find (w)

Total weight = wy L

(3)
wo L '\2

tan(60,,c) = = = Opax = atan Oppar = 84.284°
max FH 2 nax FH max
Then,
__ _
Toae = ———— Tpue = 2.01 MN
coS (00 )

Total weight = 4.00 MN

wo = 79.93 kN/m

Ans.

Ans.

Ans:

Total weight = 4.00 MN
Thax = 2.01 MN
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7-119.

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.)

SOLUTION

2

X
coshle—i-j—i--w

Substituting into

F wix?

e I B |
woy 2FH

_ W0X2

C2Fy

Using Eq. (3) in Example 7.12,
W0L2
T 8h
4h ,

Weget y= px QED
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*7-120. A cable has a weight of 30 N/m and is supported
at points that are 25 m apart and at the same elevation. If it
has a length of 26 m, determine the sag.

SOLUTION

Given:

y=30N/m d=25m L =26m

Guess Fy = 1000 N

. L Fy o vy [(d .
Given - H*sm h{FTI(E)H =0 Fy=Find(Fy;) Fy=7/0N
F
h= —H(cos h(lld) - 1) h=3104m Ans.
Y 2 Fy

Ans:
h =3104m
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7-121. A wire has a weight of 2 N/m. If it can span 10 m
and has a sag of 1.2 m, determine the length of the wire. The
ends of the wire are supported from the same elevation.

SOLUTION

Given :
y=2N/m d=10m h=12m

From Eq. (5) of Example 7.13 :

<zi)2
F | \2 R 2
p=tn| 2t/ e 1 d Fy = 20.83N

¥ 2 H= Y
From Eq. (3) of Example 7.13 :

L Iy v(d)} Fy . (1 d)
—=— h|—\ = L=2— hl—y— L =103
> Y sin |:FH ) y sin ZYFH 9m

Ans.

Ans:
L =1039m
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7-122.

The 10 kg m cable is suspended between the supports A \ L

and B. If the cable can sustain a maximum tension of
1.5kN and the maximum sag is 3 m, determine the
maximum distance L between the supports

3m B

SOLUTION

The origin of the x, y coordinate system is set at the lowest point of the cable. Here
wy = 10(9.81) N/m = 98.1 N/m. Using Eq. (4) of Example 7.13,

Fy Wo
=— h{—=x] —1

Fy [ 98.1x
=— h -1
RCTEE e < Fi > J
L
Applying the boundary equation y = 3 mat x = o we have
Fy [ 49.05L
=— h -1
3 Tog | ( Fir ) }

The maximum tension occurs at either points A or B where the cable makes the
greatest angle with the horizontal. From Eq. (1),

49.05L>

tan 6, = sinh (
H

By referring to the geometry shown in Fig. b, we have

0 L .
COS Opax = =
49.05L
\/1 + sinh? [ 49.05L cosh( )
Fy Fy
Thus,
Fy
—
T COS Oax
49.05L
1500 = Fy cosh< > A3
H

Solving Egs. (2) and (3) yields

L =168m Ans.

Fy = 1205.7N

?

(‘& ) (b) Ans:

L =168m
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7-123. A cable having a weight per unit length of 0.1 kN/m ‘ 50 m
is suspended between supports A and B. Determine the

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

SOLUTION

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) = 0.1 kN/m.

2y 01 dy Y’
ay _ 21 _ 1+(_y]
FH

dx? dx
d d d?
If we set u = =2 ,then a_ L) Substituting these two values into the equation,
dx dx  dx?
d 0.1
_du 01
1+u? Fy
Integrating,

1
In(w+y1+u?)= 0—x+C1
FH
. .\ dy .
Applying the boundary condition u = ol 0 atx =0results in C, = 0. Thus,
> 0.1
In(u+vV1+u*)= —x
FH
ﬂJc
u+\1+u® =efn

p [} _o01,
Fp —e Fy

dy _ e e

dx 2
. . e*—e™*

Since sinh x = , then
d 0.1
2 _ginh——x 1)
dx F,

d
Applying the boundary equation d_y =tan 30° atx =25 m,
X

tan 30° = sinh |:27—1 (25):|

H

F,=45512kN

Substituting this result into Eq. (1),

;Ly = sinh[(0.0219722)x] @
X
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7-123 (Continued)

Integrating,

y =45.512 cosh[(0.0219722)x] + C,

Applying the boundary equation y = 0 at x = O results in C, = -45.512. Thus,

y =45.512 {cosh[(0.0219722)x] — 1} m 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

XLIF, =0; T cos —4.5512=0
+T2F, = 0; T'sin 6-0.15=0
Eliminating 7,

D _tan 0= 00219722 3)
dx

Equating Egs. (2) and (3),
(0.0219722)s = sinh[(0.0219722)x]
§ =45.512 [(0.0219722)x] m

Thus, the length of the cable is

L =2{45.512 sinh[(0.0219722) (25)]}

=52.553m Ans.

25m 25m
N

F,=45512kN

(6)
Ans:
y = 45.512 {cosh[(0.0219722)x]—1} m
L = 52553 m
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