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

A
B

C

w0

L––
2

L––
2

1.
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Solution
The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. a,

wC

L>2
=

w0

L
 or wC = w0>2

With reference to Fig. b,

S+
ΣFx = 0; NC = 0 Ans.

+ cΣFy = 0; VC - aw0

2
baL

2
b -

1
2
aw0

2
baL

2
b = 0       VC =

3w0L

8
 Ans.

a+ΣMC = 0; -MC - aw0

2
baL

2
baL

4
b -

1
2
aw0

2
baL

2
baL

3
b = 0 MC = -

5
48

 w0L
2 Ans.

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

NC = 0

V C =
3w0L

8

MC = -
5

48
 w0L

2

Ans:
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FB = 3608.44 kN

2.5 kN · m

2 m 2 m

1 m 1 m

10 (2) kN10 (4) kN

Writing the moment equation of equilibrium about point A with reference to Fig. a,

�

+ ΣMA = 0; FB cos 30° (4) – 10 (4) (2) – 2.5 = 0 FB = 23.816 kN

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

+
→ ΣFx = 0; –NC – 23.816 sin 30° = 0 NC = –11.908 kN Ans.

+↑ΣFy = 0; VC + 23.816 cos 30° – 10 (2) = 0 VC = –0.625 kN Ans.

�

+ ΣMC = 0; 23.816 cos 30° (2) – 10 (2) (1) – MC = 0 MC = 21.25 kN · m Ans.

The negative sign indicates that NC and VC act in the opposite sense to that shown on the free – body 
diagram.
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BA

C

10 kN/m

2.5 kN m

2 m

30

2 m

NC = -11.908 kN
V C = -0.625 kN
MC = 21.25 kN # m

Ans:
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7–2.  Determine the internal normal force, shear force, and 
moment at point C in the simply supported beam. Point C is 
located just to the right of the 2.5-kN # m couple moment.

Solution



7– Determine the internal normal force, shear force,
and moment at point C in the double-overhang beam.

A C B

1.5 m

3 kN/m

1.5 m 1.5 m 1.5 m

3.
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Solution
The intensity of the triangular distributed loading at C can be computed using the 
similar triangles shown in Fig. b,

wC

3
=

3
4.5

 or wC = 2 kN>m

With reference to Fig. a,

a+ΣMB = 0;
1
2

(3)(4.5)(1.5) -
1
2

(3)(1.5)(0.5) - Ay(3) = 0 Ay = 3 kN

S+
ΣFx = 0; Ax = 0

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

S+
ΣFx = 0; NC = 0 Ans.

+ cΣFy = 0; 3 -
1
2

(2)(3) - VC = 0 VC = 0  Ans.

a+ΣMC = 0; MC +
1
2

(2)(3)(1) - 3(1.5) = 0 MC = 1.5 kN # m  Ans.

NC = 0
V C = 0
MC = 1.5 kN # m

Ans:
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*7– .
the internal normal force, shear force, and moment at point
C due to its weight.

B

A

CL––
2

L––
2

u

4 The beam has a weight w per unit length. Determine
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Solution
With reference to Fig. a,

a+ΣMA = 0; Bx(L sin u) - wL cos uaL
2
b = 0 Bx =

wL cos u
2 sin u

Using this result and referring to Fig. b,

S+
ΣFx′ = 0; -NC -

wL cos u
2 sin u

 (cos u) - waL
2
b  sin u = 0 NC = -

wL
2

 csc u Ans.

+ cΣFy′ = 0; VC - waL
2
b  cos u +

wL cos u
2 sin u

 sin u = 0 VC = 0 Ans.

a+ΣMC = 0;
wL cos u

2 sin u
aL

2
 sin ub - waL

2
b  cos uaL

4
b - MC = 0

 MC =
wL2

8
 cos u Ans.

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

NC = -
wL
2

 csc u 

VC = 0 

MC =
wL2

8
 cos u 

Ans:
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Ans:

7–5.

Two beams are attached to the column such that structural 
connections transmit the loads shown. Determine the 
internal normal force, shear force, and moment acting in the 
column at a section passing horizontally through point A.

Solution

S+  ΣFx = 0;       6 - 6 - VA = 0

VA = 0� Ans.

+ cΣFy = 0;       -NA - 16 - 23 = 0

NA = -39 kN� Ans.

a+ΣMA = 0;  -MA + 16(0.155) - 23(0.165) - 6(0.185) = 0

MA = -2.42 kN # m� Ans.

185 mm23 kN

16 kN

A

6 kN

6 kN

125 mm

250 mm
40 mm30 mm
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V A = 0, 

MA = -2.425 kN # m
NA = -39 kN
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7– . 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.

w0 w0

A B

L

a––
2

a––
2

6
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Solution
In this problem, it is required that the internal moment at point C be equal to zero. 
With reference to Fig. a,

a+ΣMA = 0;  By(a) -
1
2

 w0 aL
2
b c a + aL

3
-

a
2
b d +

1
2

 w0 aL
2
baL

3
-

a
2
b = 0

By =
1
4

 w0L

Using this result and referring to Fig. b,

a+ΣMC = 0;  
1
4

 w0Laa
2
b -

1
2

 w0 aL
2
baL

3
b = 0

a =
2
3

L Ans.

a =
L

3

Ans:
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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.

A
C D

B

3 kN/m

5 kN

3 m1.5 m 1.5 m
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Solution
The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b,

wC

1.5
=

3
3

 or wC = 1.5 kN>m

With reference to Fig. a,

a+ΣMA = 0;  By(6) - 5(3) -
1
2

 (3)(3)(1) = 0  By = 3.25 kN

Using this result and referring to Fig. c,

S+
ΣFx = 0; NC = 0 Ans.

+ cΣFy = 0; VC + 3.25 -
1
2

(1.5)(1.5) - 5 = 0 VC = 2.875 kN Ans.

a+ΣMC = 0; 3.25(4.5) -
1
2

(1.5)(1.5)(0.5) - 5(1.5) - MC = 0 MC = 6.56 kN # m Ans.

Also, referring to Fig. d,

S+
ΣFx = 0; ND = 0  Ans.

+ cΣFy = 0; VD + 3.25 - 5 = 0 VD = 1.75 kN Ans.

a+ΣMD = 0; 3.25(3) - MD MD = 9.75 kN # m Ans.

NC = 0
V C = 2.875 kN
MC = 6.56 kN # m
ND = 0
V D = 1.75 kN
MD = 9.75 kN # m

Ans:
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*7–8.

SOLUTION

a

a

Ans.a =
L
3

2PL aL

3
- ab = 0

M =
2P AL3 - a B

L - a
aL

3
b = 0+ ©M = 0;

Cy =
2P AL3 - a B

L - a

-P a 2L

3
- ab + Cy1L - a2 + Pa = 0+ ©MA = 0;

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.

L

A
B

C

a L/3

P P
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a =
L
3

Ans:
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7–9.

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

SOLUTION
a

Ans.

Ans.

a

Ans.MC = 6 kN # m
+©MC = 0; -MC + 8(0.75) = 0

VC = - 8 kN

+ c©Fy = 0; VC + 8 = 0

NC = -30 kN 

:+ ©Fx = 0; -NC - 30 = 0

+ c©Fy = 0; Ay = 8 kN

:+ ©Fx = 0; Ax = 30 kN

T = 30 kN

+©MA = 0; -T(0.6) + 8(2.25) = 0

0.75 m

C

P

A

B

0.5 m0.1 m

0.75 m 0.75 m
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NC = -30 kN  
V C = -8 kN 

 

MC = 6 kN # m

Ans:
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7–10.

SOLUTION
a

Ans.

Ans.

Ans.

a

Ans.MC = 0.400 kN # m
+©MC = 0; -MC + 0.533(0.75) = 0

VC = -0.533 kN

+ c©Fy = 0; VC - 0.533 = 0

NC = -2 kN

:+ ©Fx = 0; -NC - 2 = 0

+ c©Fy = 0; Ay = 0.533 kN

:+ ©Fx = 0; Ax = 2 kN

P = 0.533 kN

+©MA = 0; -2(0.6) + P(2.25) = 0

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.

0.75 m

C

P

A

B

0.5 m0.1 m

0.75 m 0.75 m
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 P = 0.533 kN

 

NC = -2  kN

 

VC = -0.533 kN
MC = 0.400  kN # m

Ans:
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7–11.

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

SOLUTION

With reference to Fig. a,

a

Use these result and referring to Fig. b,

Ans.

Ans.

a

Ans.

Also, by referring to Fig. c,

Ans.

Ans.

a

Ans.

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

MF = 660 N # m
664.92(1.5) - 300(1.5)(0.75) - MF = 0+©MF = 0;

VF = -215 N

VF + 664.92 - 300 = 0+ c©Fy = 0;

NF = 0©Fx = 0;:+

ME = 660 N # m
ME + 300(1.5)(0.75) - 664.92(1.5) = 0+©ME = 0;

VE = 215 N

664.92 - 300(1.5) - VE = 0+ c©Fy = 0;

NE = 470 N

NE - 470.17 = 0©Fx = 0;:+

Ay = 664.92 NAy + 664.92  sin 45° + 664.92 - 300(6) = 0+ c©Fy = 0;

Ax = 470.17 N664.92 cos 45° - Ax = 0©Fx = 0;:+
T = 664.92 NT(6) + T sin 45°(3) - 300(6)(3) = 0+©MA = 0;

D BA E F

1.5 m
300 N/m

45�

1.5 m 1.5 m 1.5 m

C
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NE = 470 N, V E = 215 N
ME = 660 N # m, NF = 0
V F = -215 N, MF = 660 N # m

Ans:
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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

Since ;

Ans.a = 0.366 L

2a2 + 2a L - L2 = 0

3a2 + (L - a)(L + 2a) - 3a (L + a) = 0

M = 0

+ ©M = 0; -M -
wa

2
aa

4
b -

w(La)

4
aa

2
+

L

6
-

a

6
b +

w
4

(L + a)aa

2
b = 0

Ay = By =
w
4

(L + a)

+ c ©Fy = 0; Ay + By -
w(L - a)

4
- wa -

w(L - a)

4
= 0

Ay = By

L

a

w
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a = 0.366 L

Ans:

623



7–13.

SOLUTION
Support reactions: FBD(a)

Moments Function:

a

Ans.a =
L

3

+©M = 0; 0 +
1
2

(w0)aL

2
b a 1

3
b aL

2
b -

1
4

w0 Laa

2
b = 0

Determine the distance a between the supports in terms of
the shaft’s length L so that the bending moment in the
symmetric shaft is zero at the shaft’s center. The intensity of
the distributed load at the center of the shaft is . The
supports are journal bearings.

w0

L

a

w0

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

a =
L

3

Ans:
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7–14.

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

A D B

C

1 m

600 N/m

900 N�m

1 m 1 m

4
3

5
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ND = -1350 N = -1.35 kN
V D = -600 N
MD = -300 N # m

Ans:

625

SOLUTION

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

a

a

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

Ans.

Ans.

a Ans.

The negative sign indicates that ND, VD, and MD act in the opposite sense to that
shown on the free-body diagram.

MD = -300 N # mMD + 600(1)(0.5) = 0+©MD = 0;

VD = -600 N-VD - 600(1) = 0+ c©Fy = 0;

ND = -1350 N = -1.35 kNND + 1350 = 0©Fx = 0;:+

Ax = 1350 NAx - 2250¢2
5
≤ = 0©Fx = 0;:+

Ay = 0600(3)(0.5) - 900 - Ay(2) = 0+©MB = 0;

FBC = 2250 NFBC¢4
5
≤(2) - 600(3)(1.5) - 900 = 0+©MA = 0;



Solution
Support Reactions. Referring to the FBD of the entire beam shown in Fig. a,

    a+ΣMA = 0;    By(6) -
1
2

(6)(6)(2) = 0    By = 6.00 kN

    S+  ΣFx = 0;	 Bx = 0

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

    S+  ΣFx = 0;	 NC = 0	 Ans.

    + cΣFy = 0;	 VC + 6.00 -
1
2

 (3)(3) = 0	 VC = -1.50 kN	 Ans.

    a+ΣMC = 0;  6.00(3) -
1
2

 (3)(3)(1) - MC = 0  MC = 13.5 kN # m	 Ans.

7–15.

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

3 m3 m
C

A B

6 kN/m

Ans:
NC = 0
VC = -1.50 kN
MC = 13.5 kN # m
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*7–16.

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

SOLUTION
Beam:

a

Segment AC:

Ans.

Ans.

a

Ans.MC = 1350 N # m = 1.35 kN # m

+ ©MC = 0; -800 (3) + 600 (1.5) + 150 (1) + MC = 0

VC = 50 N

+ c ©Fy = 0; 800 - 600 - 150 - VC = 0

:+ ©Fx = 0; NC = 0

:+ ©Fx = 0; Ax = 0

Ay = 800 N

+ ©MB = 0; 600 (2) + 1200 (3) - Ay (6) = 0

3 m 3 m

400 N/m

200 N/m

A
C

B
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NC = 0

V = 50 N

MC = 1.35 kN # m

Ans:
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7–17.

Determine the internal normal force, shear force, and
moment at points A and B in the column.

SOLUTION

Applying the equation of equilibrium to Fig. a gives

Ans.

Ans.

a

Ans.

and to Fig. b,

Ans.

Ans.

a

Ans.MB = 14.3 kN # m
3(1.5) + 8(0.4) + 6 sin 30°(2.9) - 6 cos 30°(0.4) - MB = 0+©MB = 0;

NB = 16.2 kNNB - 3 - 8 - 6 cos 30° = 0+ c©Fy = 0;

VB = 3 kNVB - 6 sin 30° = 0©Fx = 0;:+

MA = 3.82 kN # m
8(0.4) + 6 sin 30°(0.9) - 6 cos 30°(0.4) - MA = 0+©MA = 0;

NA = 13.2 kNNA - 6 cos 30° - 8 = 0+ c©Fy = 0;

VA = 3 kNVA - 6 sin 30° = 0©Fx = 0;:+

8 kN
6 kN

3 kN

A

B

0.4 m 0.4 m

1.5 m

0.9 m

2 m

30�
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V A = 3 kN, NA = 13.2 kN, MA = 3.82 kN # m
V B = 3 kN, NB = 16.2 kN, MB = 14.3 kN # m

Ans:
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7–18.

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

3 m 2 m

1.5 m

1 m

0.2 m 400 N

A
C

B

SOLUTION
Beam:

a

Segment AC:

Ans.

Ans.

a

Ans.MC = -144 N # m
+©MC = 0; MC + 96 (1.5) = 0

VC = -96 N

+ c©Fy = 0; -96 - VC = 0

NC = 400 N

:+ ©Fx = 0; NC - 400 = 0

Ay = 96 N

+©MB = 0; Ay (5)-400(1.2) = 0

Ax = 400 N

:+ ©Fx = 0; -Ax + 400 = 0

Ans:
NC = 400 N 
VC = -96 N 
MC = -144 N # m
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Ans:
NE = 720 N
VE = 1.12 kN
ME = -320 N # m
NF = 0
VF = -1.24 kN
MF = -1.41 kN # m

Solution
Support Reactions. Referring to the FBD of member BC shown in Fig. a,

    a+ΣMB = 0;    Cy(3) - 1200 a4
5
b(2) = 0    Cy = 640 N

    a+ΣMC = 0;    1200 a4
5
b(1) - By(3) = 0    By = 320 N

    S+  ΣFx = 0;	 1200 a3
5
b - Bx = 0	 Bx = 720 N

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

    S+  ΣFx = 0;	 720 - NE = 0	 NE = 720 N	 Ans.

    + cΣFy = 0;	 VE - 800 - 320 = 0	 VE = 1120 N = 1.12 kN	 Ans.

    a+ΣME = 0;	    -ME - 320(1) = 0       ME = -320 N # m	 Ans.

Referring to the left segment of member CD sectioned through F, Fig. c,

    S+  ΣFx = 0;                     NF = 0	 Ans.

      + cΣFy = 0;  -VF - 640 - 400(1.5) = 0  VF = -1240 N = -1.24 kN�Ans.

    a+ΣMF = 0;    MF + 400(1.5)(0.75) + 640(1.5) = 0

	 MF = -1410 N # m = -1.41 kN # m	 Ans.

7–19.

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

A

1 m

400 N/m
800 N 1200 N

2 m 1 m1.5 m 1.5 m

D
E FB C

54

3

1.5 m
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*7–20.

Determine the internal normal force, shear force, and
moment at points D and E in the overhang beam. Point D is
located just to the left of the roller support at B, where the
couple moment acts.

2 kN/m

5 kN

3 m 1.5 m 3
4

5

A
D B E

C

6 kN m

1.5 m

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,

a

Using this result and referring to Fig. c,
By = 15 kN

+ ©MA = 0; By (3)-2(3)(1.5)-6-
1
2

(2)(3)(4)-5a
3
5
b(6) = 0

Ans.

Ans.

a Ans.

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

Ans.

Ans.

a Ans.+ ©ME = 0; -ME -
1
2

(1)(1.5)(0.5)-5a3
5
b(1.5) = 0 ME = -4.875 kN # m

+ c ©Fy = 0; VE -
1
2

(1)(1.5)-5a3
5
b = 0 VE = 3.75 kN

:+ ©Fx = 0; 5a
4
5
b -NE = 0 NE = 4 kN

+ ©MD = 0; -MD - 6-
1
2

(2)(3)(1)-5a3
5
b(3) = 0 MD = -18 kN # m

+ c ©Fy = 0; VD + 15 -
1
2

(2)(3)-5a3
5
b = 0 VD = -9 kN

:+ ©Fx = 0; 5a4
5
b -ND = 0 ND = 4 kN

The negative sign indicates that VD, MD, and ME act in the opposite sense to that
shown on the free-body diagram.
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Ans:
ND = 4 kN 
VD = -9 kN
MD = -18 kN # m  
NE = 4 kN 
VE = 3.75 kN 
ME = -4.875 kN # m



7–21.

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

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

Ans.

Ans.

a

Ans.MC = -302 kN # m

-24.011.52 - 12.0142 - 40 sin 60°16.32 - MC = 0+ ©MC = 0;

VC = 70.6 kN

VC - 24.0 - 12.0 - 40 sin 60° = 0+ c ©Fy = 0;

-40 cos 60° NC = 0 NC = -20.0 kN:+ ©Fx = 0;

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

A
3 m 3 m

0.3 m

C
B

8 kN/m
40 kN

3 m

60°

-

Ans: 
�NC = -20.0 kN 
VC = 70.6 kN 
MC = -302 kN # m
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7–22.

SOLUTION

a

Since ,

Ans.
a

b
=

1
4

- a + b =
3
4

b

-
1
6b

(a - b) =
1
8

-
1
6b

(2a + b)(a - b) =
1
4

(2a + b)a1
2
b

VC = 0

+ c ©Fy = 0; -
w
6b

(2a + b)(a - b) -
w
4
aa +

b

2
b - VC = 0

:+ ©Fx = 0; Ax = 0

Ay =
w
6b

(2a + b)(a - b)

+ ©MB = 0; -
w
2

(2a + b) c 2
3

(2a + b) - (a + b) d + Ay (b) = 0

BCA

a b/2 b/2

w

a

A BC

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

Ans:
a
b
=

1
4
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7– . Determine the internal normal force, shear force,
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.

10 kN2 kN/m

D

B

E
C

A

1.5 m 1.5 m 1.5 m 1.5 m

23
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Solution
With reference to Fig. b,

S+
ΣFx = 0; Bx = 0

a+ΣMB = 0; Cy(3) - 10(1.5) = 0 Cy = 5 kN
a+ΣMC = 0; 10(1.5) - By(3) = 0 By = 5 kN

Using these results and referring to Fig. c,

S+
ΣFx = 0; ND = 0 Ans.

+ cΣFy = 0; VD - 2(1.5) - 5 = 0 VD = 8 kN Ans.

a+ΣMD = 0; -MD - 2(1.5)(0.75) - 5(1.5) = 0 MD = -9.75 kN Ans.

Also, by referring to Fig. d,

S+
ΣFx = 0; NE = 0 Ans.

+ cΣFy = 0; VE - 10 + 5 = 0 VE = 5 kN Ans.

a+ΣME = 0; 5(1.5) - ME = 0 ME = 7.5 kN # m Ans.

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

ND = 0, V D = 8 kN, MD = -9.75 kN,
NE = 0, V E = 5 kN, ME = 7.5 kN # m

Ans:
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*7–24.

Determine the internal normal force, shear force, and
moment at points E and F in the compound beam. Point F is
located just to the left of the 15-kN force and 
couple moment.

SOLUTION

With reference to Fig. b, we have 

a

a

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

a

With these results and referring to Fig. c,

Ans.

Ans.

a

Ans.

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

Ans.

Ans.

a Ans.

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

MF = 2.5 kN # m13.75(2) - 25 - MF = 0+©MF = 0;

VF = 1.25 kNVF - 15 + 13.75 = 0+ c©Fy = 0;

NF = 0©Fx = 0;:+

ME = 4.97 kN # m
ME + 3(2.25) - 3(2.25)(8.125) = 0+©ME = 0;

VE = -1.17 kN5.583 - 3(2.25) - VE = 0+ c©Fy = 0;

NE = 0©Fx = 0;:+

Ay = 5.583 kN3(6)(1.5) - 1.25(1.5) - Ay(4.5) = 0+©MB = 0;

Ax = 0©Fx = 0;:+

Cy = 1.25 kN15(2) - 25 - Cy(4) = 0+©MD = 0;

Dy = 13.75 kNDy(4) - 15(2) - 25 = 0+©MC = 0;

Cx = 0©Fx = 0;:+

25-kN # m
2 m

1.5 m2.25 m2.25 m
2 m

15 kN

25 kN�m

3 kN/m

A

E FC
D

B
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NE = 0
VE = -1.17 kN

ME = 4.97 kN # m
NF = 0

MF = 2.5 kN # m
VF = 1.25 kN

Ans:
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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).

a

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

Ans.

Ans.

a

Ans.

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

Ans.

Ans.

a

Ans.MD = 16.5 kN # m

8.485132 - 611.52 - MD = 0+ ©MD = 0;

VD + 8.485 - 6.00 = 0 VD = -2.49 kN+ c ©Fy = 0;

ND = 0:+ ©Fx = 0;

MC = 4.97 kN # m

MC - 3.515 cos 45°122 = 0+ ©MC = 0;

3.515 sin 45° - NC = 0 NC = 2.49 kNa+ ©Fy¿ = 0;

3.515 cos 45° - VC = 0 VC = 2.49 kNQ+  ©Fx¿ = 0;

:+ ©Fx = 0 Ax = 0

Ay + 8.485 - 12.0 = 0 Ay = 3.515 kN+ c ©Fy = 0;

By = 8.485 kN

By 16 + 6 cos 45°2 - 12.013 + 6 cos 45°2 = 0+ ©MA = 0;

2 kN/m

3 m 3 m

B
D

C

A

6 m

2 m

45˚

Ans:
�VC = 2.49 kN 
NC = 2.49 kN 
MC = 4.97 kN # m 
ND = 0 
VD = -2.49 kN 
MD = 16.5 kN # m
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Given:

M 200 N m�� c 4 m�

F 800 N� d 2 m�

a 2 m� e 2 m�

b 2 m�

Segment BC :

M� Cy d e�( )� 0� Cy
M

d e�
�

By� Cy� 0� By Cy�

Segment EC :

NE� 0� NE 0N� NE 0.00�

VE Cy� 0� VE Cy�� VE 50.00� N�

ME� M� Cy e� 0� ME Cy e M�� ME 100.00� N m��

Segment DB :

ND� 0� ND 0N� ND 0.00�

VD F� By� 0� VD F By�� VD 750.00 N�

MD� F b� By b c�( )� 0�

MD F� b By b c�( )�� MD 1300� N m�� Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
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NE = 0, V E = -50 N, ME = -100 N # m
ND = 0, V D = 750 N, MD = -1300 N # m

Ans:

7–26.  Determine the internal normal force, shear force, 
and moment at points E and D of the compound beam.

A D B E C

800 N

2 m 2 m 2 m 2 m

200 N  m

4 m

637

SOLUTION



7–27.

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 10-kN
concentrated load.

A
C D

B

1.5 m

6 kN/m
10 kN

1.5 m 1.5 m 1.5 m

a

a

Using these results and referring to Fig. c,

Ans.

Ans.

a Ans.

Also, by referring to Fig. d,

Ans.

Ans.

a Ans.+ ©MD = 0; 9(1.5)-MD = 0 MD = 13.5 kN # m

+ c ©Fy = 0; VD + 9-10 = 0 VD = 1 kN

:+ ©Fx = 0; ND = 0

+ ©MC = 0; MC + 3(1.5)(0.75) +
1
2

(3)(1.5)(1) - 10(1.5) = 0 MC = 9.375 kN # m

+ c ©Fy = 0; 10 -
1
2

(3)(1.5)-3(1.5)-VC = 0 VC = 3.25 kN

:+ ©Fx = 0; NC = 0

:+ ©Fx = 0 Ax = 0

+ ©MB = 0;
1
2

(6)(3)(5) + 10(1.5) - Ay(6) = 0 Ay = 10 kN

+ ©MA = 0; By(6)-10(4.5)-
1
2

(6)(3)(1) = 0 By = 9 kN

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

With reference to Fig. a,

wC

1.5
=

6
3

or wC = 3 kN>m

Ans:
NC = 0 
VC = 3.25 kN 
MC = 9.375 kN # m
ND = 0 
VD = 1 kN 
MD = 13.5 kN # m
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Solution
Support Reactions. Referring to the FBD of the entire assembly  shown in Fig. a,

    a+ΣMA = 0;    FBE (1) - 200(4) - 800 = 0      FBE = 1600 N

    S+  ΣFx = 0;	 Ax - 1600 = 0	 Ax = 1600 N

    + cΣFy = 0;	 Ay - 200 = 0	 Ay = 200 N

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

    S+  ΣFx = 0;        1600 + NC = 0	 NC = -1600 N = -1.60 kN	 Ans.

    + cΣFy = 0;       200 - VC = 0	 VC = 200 N	 Ans.

    a+ΣMA = 0;    MC - 200(1) = 0      MC = 200 N # m	 Ans.

*7–28.

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

A

C

E

D

B

1 m 1 m 2 m

1 m

800 N � m

200 N
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Ans:
NC = -1.60 kN
VC = 200 N
MC = 200 N # m



Ans:
VD = -4.50 kN
ND = -14.0 kN
MD = -13.5 kN # m

7–29.

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

1.5 m

1.5 m1.5 m

1.5 m

1.5 kN/m

2 kN/m A C

B

D

ESOLUTION
Member BC:

a

Member AB:

a

Segment DB:

Ans.

Ans.

a

Ans.MD = -1.88 kN # m

+ ©MD = 0; - MD - 1.25 (1.5) = 0

VD = 1.25 kN

+ c ©Fy = 0; VD - 1.25 = 0

ND = -2.25 kN

:+ ©Fx = 0; - ND - 2.25 = 0

By = 1.25 kN

+ ©MA = 0; 2.25 (3) - 3 (1) - By (3) = 0

Cx = 2.25 kN

:+ ©Fx = 0; 2.25 + Cx - 4.5 = 0

Bx = 2.25 kN

+ ©MC = 0; 4.5 (1.5) - Bx (3) = 0

Ans:
ND = -2.25 kN
VD = 1.25 kN
-1.88 kN # m
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7–30.

SOLUTION
Member BC:

a

Member AB:

a

Segment BE:

Ans.

Ans.

Ans.Mg = 1.6875 kN # m = 1.69 kN # m

+ ©Mg = 0; Mg - 2.25 (0.75) = 0

VE = 0

:+ ©Fx = 0; VE + 2.25 - 2.25 = 0

NE = 1.25 kN

+ c ©Fy = 0; 1.25 - NE = 0

By = 1.25 kN

+ ©MA = 0; 2.25 (3) - 3 (1) - By (3) = 0

Cx = 2.25 kN

:+ ©Fx = 0; 2.25 + Cx - 4.5 = 0

Bx = 2.25 kN

+ ©MC = 0; 4.5 (1.5) - Bx (3) = 0

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

1.5 m

1.5 m1.5 m

1.5 m

1.5 kN/m

2 kN/m A C

B

D

E

Ans:
NE = 1.25 kN
VE = 0
MB = 1.69 kN # m
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Ans:
VD = -4.50 kN
ND = -14.0 kN
MD = -13.5 kN # m

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

    a+ΣMA = 0;    FBC a3
5
b(4) - 6(7) = 0    FBC = 17.5 kN

    S+  ΣFx = 0;	 Ax - 17.5 a3
5
b + 6 = 0	 Ax = 4.50 kN

    + cΣFy = 0;	 Ay - 17.5 a4
5
b = 0	 Ay = 14.0 kN

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

    S+  ΣFx = 0;	 4.50 + VD = 0	 VD = -4.50 kN	 Ans.

    + cΣFy = 0;	 ND + 14.0 = 0	 ND = -14.0 kN	 Ans.

    a+ΣMD = 0;	 MD + 4.50(3) = 0	 MD = -13.5 kN # m	 Ans.

7–31.

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

A

D

E

C

B

6 kN

3 m

3 m

 

1 m

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

    a+ΣMC = 0;    FAB (1.5) - 900 - 600(4) = 0    FAB = 2200 N

    S+  ΣFx = 0;	 Cx - 2200 = 0	 Cx = 2200 N

    + cΣFy = 0;	 Cy - 600 = 0	 Cy = 600 N

Internal Loadings. Referring to the left segment of member AB sectioned through E, 
Fig. b,

    S+  ΣFx = 0;	 NE - 2200 = 0	 NE = 2200 N = 2.20 kN	Ans.

    + cΣFy = 0;	 VE = 0	 Ans.

    a+ΣME = 0;	 ME = 0	 Ans.

Referring to the left segment of member BC sectioned through D, Fig. c

    S+  ΣFx = 0;	 ND + 2200 = 0       ND = -2200 N = -2.20 kN	 Ans.

    + cΣFy = 0;	 600 - VD = 0         VD = 600 N	 Ans.

    a+ΣMD = 0;    MD - 600(2) = 0     MD = 1200 N # m = 1.20 kN # m	 Ans.

*7–32.

Determine the internal normal force, shear force, and 
moment acting at points D and E of the frame.

2 m

900 N  m

600 N

D

E

B

A

4 m
C

1.5 m

.    
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Ans:
NE = 2.20 kN
VE = 0
ME = 0
ND = -2.20 kN
VD = 600 N
MD = 1.20 kN # m



7–33.

Determine the normal force, shear force, and moment at a
section passing through point D. Take w = 150 N>m.

SOLUTION

a

Ans.

Ans.

a

Ans.MD = 1200 N # m = 1.20 kN # m

-600142 + 150142122 + MD = 0+ ©MD = 0;

VD = 0

600 - 150142 - VD = 0+ c ©Fy = 0;

ND = -800 N:+ ©Fx = 0;

Ay = 600 N

Ay - 150182 +
3
5
110002 = 0+ c ©Fy = 0;

Ax = 800 N

Ax -
4
5
110002 = 0:+ ©Fx = 0;

FBC = 1000 N

-150182142 +
3
5
FBC182 = 0+ ©MA = 0;

4 m

A
D

B

C

4 m

4 m

3 m

w
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ND = -800 N 

MD = 1.20 kN # m
V D = 0 

Ans:
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7–34.

SOLUTION
Assume maximum moment occurs at D;

a

a (O.K.!)

Ans.

w = 100 N/m

FBC = 666.7 N 6 1500 N

+©MA = 0;       - 800(4) + FBC (0.6)(8) = 0

w = 100 N/m

800 = 4w(2)

+©MD = 0; MD - 4w(2) = 0

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

w
800 N # m

4 m

A
D

B

C

4 m

4 m

3 m

w
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w = 100 N/m

Ans:
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Ans:
NE = -1.48 kN 
VE = 500 N 
ME = 1000 N # m

7–35.

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

uw = w0

SOLUTION

Resultants of distributed loading:

Ans.

Ans.

a

Ans.M = 0.0759 w0 r2

+ ©MO = 0; M - (0.0759 r w0)(r) = 0

N = 0.0759 w0 r

N = -r w0 c
1
2
a
p

4
b -

1
4

sin 90° d cos 45° + a
1
2

r w0 sin2 45°b sin 45°

+a©Fy = 0; -N - FRy cos 45° + FRx sin 45° = 0

V = 0.278 w0r

V = a1
2

r w0 sin2 45°b cos 45° + w0 a
1
2
p

4
-

1
4

sin 90°b sin 45°

Q+©Fx = 0; -V + FRx cos 45° + FRy sin 45° = 0

FRy =
L

u

0
w0 sin u(r du) sin u = rw0

L

u

0
sin2 u du = rw0 c

l
2
u -

1
4

sin 2u d

FRx =
L

u

0
w0 sin u(r du) cos u = rw0

L

u

0
sin ucos u du =

1
2

r w0 sin2 u

w = w0 sin u

θ
r

θw = w0 sin 

Ans:
V = 0.278 w0 r
N = 0.0759 w0 r 
M = 0.0759 w0 r 2
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*7–36.

SOLUTION
Resultants of distributed load:

Ans.

Ans.

a

Ans.M = -0.957 r2w0

+ ©MO = 0; -M - 0.957 r w0 (r) = 0

V = -0.907 rw0

+a©Fy¿ = 0; -V + 0.375 rw0 sin 30° - 1.2637 r w0 cos 30° = 0

N = -0.957 r w0

+b©Fx¿ = 0; N + 0.375 rw0 cos 30° + 1.2637 r w0 sin 30° = 0

FRy = r w0 c
1
2

(p)a120°
180°

b -
1
4

sin 240° d = 1.2637 r w0

FRx =
1
2 r w0 sin2 120° = 0.375 r w0

FRy = L
u

0
w0 sin u(r du) sin u = rw0 L

u

0
sin2 u du = rw0 c

1
2
u

1
4

sin 2u drw0 (sin u) 2
0

u

= r w0 (sin u)

FRx = L
u

0
w0 sin u(r du) cos u = rw0 L

u

0
sin u cos u =

1
2
rw0 sin2 u

θ

r

θw = w0 sin Solve Prob. 7–35 for u = 120°.
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Ans:
N = -0.957 r w0 
V = -0.907 rw0 
M = -0.957 r 2w0 



7–37.

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

2 m
1.5 m

250 N/m

300 N/m

4 m

A

C

D

E

B

SOLUTION
Member AB:

a

Member BC:

a

Segment DB:

Ans.

Ans.

a

Ans.MD = 500 N # m
+©MD = 0; -MD + 500 (1) = 0

VD = 0

+ c©Fy = 0; VD - 500 + 500 = 0

ND = 1.26 kN

:+ ©Fx = 0; -ND + 1258.33 = 0

Bx = 1258.33 N

+©MC = 0; - 500 (4) + 225 (0.5) + Bx (1.5) = 0

By = 500 N

+©MA = 0; By (4) - 1000 (2) = 0

Ans:
ND = 1.26 kN 
VD = 0 
MD = 500 N # m
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7–38.

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

2 m
1.5 m

250 N/m

300 N/m

4 m

A

C

D

E

B

SOLUTION
Member AB:

a

Member BC:

a

Segment EB:

Ans.

Ans.

a

Ans.ME = 1000 N # m

+ ©ME = 0;       - ME + 225 (0.5) + 1258.33 (1.5) - 500 (2) = 0

VE = 500 N

+ c ©Fy = 0; VE - 500 = 0

NE = - 1.48 kN

:+ ©Fx = 0; -NE - 1258.33 - 225 = 0

Bx = 1258.33 N

+ ©MC = 0; - 500 (4) + 225 (0.5) + Bx (1.5) = 0

By = 500 N

+ ©MA = 0; By (4) - 1000 (2) = 0

Ans:
NE = -1.48 kN 
VE = 500 N 
ME = 1000 N # m
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Ans:
NE = 1.25 kN
VE = 0
MB = 1.69 kN # m

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.

SOLUTION
Support Reactions: From FBD (a),

a

From FBD (b),

Internal Forces: This problem requires Summing moments about point H
of segment EH[FBD (c)], we have

a

Ans.d = 0.200 m

- 1.414 cos 45°10.22 = 0

1.001d + x2 - 1.414 sin 45°1x2+ ©MH = 0;

MH = 0.

FAC = FBC = F = 1.414 kN

2F sin 45° - 1.00 - 1.00 = 0+ c ©Fy = 0;

FAC cos 45° - FBC cos 45° = 0 FAC = FBC = F:+ ©Fx = 0;

FF + 1.00 - 2 = 0 FF = 1.00 kN+ c ©Fy = 0;

FF162 - 2132 = 0 FE = 1.00 kN+ ©ME = 0;

45° 45°

3 m 3 m

0.2 m
0.2 m

dd

E

A B

F

G

Ans:
d = 0.200 m
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Solution
Support Reactions. Not required

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

+ Q ΣFx = 0; NC - 200 sin (36.87° + 30°) = 0   NC = 183.92 N = 184 N� Ans.

+ aΣFy = 0;  -VC - 200 cos (36.87° + 30°)  VC = -78.56 N = -78.6 N� Ans.

a+ΣMC = 0;  200 a4
5
b(0.5 sin 30°) - 200 a3

5
b[0.5(1 - cos 30°)] + MC = 0

	 MC = -31.96 N # m = -32.0 N # m� Ans.

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

a +  ΣFx = 0;     NB - 200 sin (45° - 36.87°) = 0        NB = 28.28 N = 28.3 N� Ans.

+ bΣFy = 0;    -VB + 200 cos (45° - 36.87°) = 0  VB = 197.99 N = 198 N� Ans.

a+ΣMB = 0;  MB + 200 a4
5
b(0.5 sin 45°) - 200 a3

5
b[0.5(1 + cos 45°] = 0

	 MB = 45.86 N # m = 45.9 N # m	 Ans.

*7–40.

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

45�

30�

0.5 m

B

C

A

200 N

3

4
5
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Ans:
NC = 184 N
VC = -78.6 N
MC = -32.0 N # m
NB = 28.3 N
VB = 198 N
MB = 45.9 N # m
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Guesses

Cx 1 N� Cy 1 N� Bx 1 N�

Bz 1 N� Ay 1 N� Az 1 N�

Given

0

Ay

Az

�	
	
	


��
�
�


Bx

0

Bz

�	
	
	


��
�
�


�

Cx

Cy

0

�	
	
	


��
�
�


� F� 0�

e�

b c� d�

0

�
	
	



�
�
�



0

Ay

Az

�	
	
	


��
�
�


�

0

b c�

0

�
	
	



�
�
�



Bx

0

Bz

�	
	
	


��
�
�


��

0

0

a

�
	
	



�
�
�



Cx

Cy

0

�	
	
	


��
�
�


��

0

b c� d�

0

�
	
	



�
�
�



F��

0

0

M�

�
	
	



�
�
�



� 0�
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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.

0.75 m

0.2 m
0.2 m 1 m

A

3 kN m

C

z

x

B
D

F

y

0.6 m

Solution

Given:

M 3 kN m��

F
7

12�

5�

�
	
	



�
�
�



kN�

a 0.75 m�

b 0.2 m�

c 0.2 m�

d 0.6 m�

e 1 m�

V Dx = 116.00 kN, NDy = -65.60 kN, V Dz = 0.00,
MDx = 49.20, MDy = 87.00, MDz = 26.20



Ay

Az

Bx

Bz

Cx

Cy

�	
	
	
	
	
	
	
	


��
�
�
�
�
�
�
�


Find Ay Az� Bx� Bz� Cx� Cy�� ��

Ay

Az

Bx

Bz

Cx

Cy

�	
	
	
	
	
	
	
	


��
�
�
�
�
�
�
�


53.60�

87.00

109.00

82.00�

116.00�

65.60

�
	
	
	
	
	
	



�
�
�
�
�
�
�



kN�

Guesses

VDx 1 N� NDy 1 N�

VDz 1N� MDx 1 N m��

MDy 1 N m�� MDz 1 N m��

Given

Cx

Cy

0

�	
	
	


��
�
�


VDx

NDy

VDz

�	
	
	



��
�
�



� 0�

0

b�

a

�
	
	



�
�
�



Cx

Cy

0

�	
	
	


��
�
�


�

MDx

MDy

MDz

�	
	
	



��
�
�



�

0

0

M�

�
	
	



�
�
�



� 0�

VDx

NDy

VDz

MDx

MDy

MDz

�	
	
	
	
	
	
	
	


��
�
�
�
�
�
�
�


Find VDx NDy� VDz� MDx� MDy� MDz�� ��

VDx

NDy

VDz

�	
	
	



��
�
�



116.00

65.60�

0.00

�
	
	



�
�
�



kN�

MDx

MDy

MDz

�	
	
	



��
�
�



49.20

87.00

26.20

�
	
	



�
�
�



kN m��

Ans.

Ans.
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V Dx = 116.00 kN, NDy = -65.60 kN, V Dz = 0.00,
MDx = 49.20, MDy = 87.00, MDz = 26.20

Ans:



7– . 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 
and F2 = 5250i - 150j - 200k6 kN.

F1 = 5-80i + 200j - 300k6 kN

x

z

y

C

1.5 m

2 m

F1

F2

3 m

42

.
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Solution
ΣFR = 0; FC + F1 + F2 = 0

FC = 5 -170i - 50j + 500k6kN
Cx = -170 kN

 
Ans.

Cy = -50 kN Ans.

Cz = 500 kN Ans.

ΣMR = 0; MC + rC1 * F1 + rC2 * F2 = 0

MC + 3 i j k
3 2 0

-80 200 -300

3 + 3 i j k
0 2 0

250 -150 -200

3 = 0

MC = 51000i - 900j - 260k6kN # m

MCx = 1 MN # m Ans.

MCy = 900 kN # m Ans.

MCz = -260 kN # m Ans.

2m 

3m 

Cx = -170 kN
Cy = -50 kN 
Cz = 500 kN 
MCx = 1 MN # m 
MCy = 900 kN # m 
MCz = -260 kN # m 

Ans:
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Ans:
Nx = -500 N
Vy = 100 N
Vz = 900 N
Mx = 600 N # m
My = -900 N # m
Mz = 400 N # m

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

    ΣFx = 0;	 Nx + 300 + 200 = 0	 Nx = -500 N� Ans.

    ΣFy = 0;	 Vy - 100 = 0	 Vy = 100 N� Ans.

    ΣFz = 0;	 Vz - 500 - 400 = 0	 Vz = 900 N� Ans.

    ΣMx = 0;	 Mx - 400(1.5) = 0	 Mx = 600 N # m� Ans.

    ΣMy = 0;	 My + 500(1) + 400(1) = 0	 My = -900 N # m� Ans.

    ΣMz = 0	 Mz - 200(1.5) - 100(1) = 0	 Mz = 400 N # m� Ans.

The negative signs indicate that Nx and My act in the opposite sense to those shown 
in FBD.

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 F1 =  5200i - 100j - 400k6N  
and F2 = 5300i - 500k6  N.

x

z

y

B

A

1 m

1.5 m F1

F2

1 m

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

655



*7–44.

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  
F1 = 5100i - 200j - 300k6  N and F2 = 5100i + 500j6N.

x

z

y

B

A

1 m

1.5 m F1

F2

1 m

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

    ΣFx = 0;	 Nx + 100 + 100 = 0	 Nx = -200 N� Ans.

    ΣFy = 0;	 Vy + 500 - 200 = 0	 Vy = -300 N� Ans.

    ΣFz = 0;	 Vz - 300 = 0	 Vz = 300 N� Ans.

    ΣMx = 0;	 Mx - 300(1.5) = 0	 Mx = 450 N # m� Ans.

    ΣMy = 0;	 My + 300(1) = 0	 My = -300 N # m� Ans.

    ΣMz = 0;	 Mz + 500(1) - 100(1.5) - 200(1) = 0

	 Mz = -150 N # m� Ans.

The negative signs indicates that Nx, Vy, My and Mz act in the senses opposite to 
those shown in FBD.
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Ans:
Nx = -200 N
Vy = -300 N
Vz = 300 N
Mx = 450 N # m
My = -300 N # m
Mz = -150 N # m
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7–45.

SOLUTION

Ans.

a

Ans.

Ans.

a

Ans.M = 2 wax - 2 wa2 -
w
2
x2

+©M = 0; M + wx a
x

2
b - 2 wa (x - a) = 0

V = w (2a - x)

+ c©Fy = 0; - V + 2 wa - wx = 0

a 6 x … 2a

M = -  
w
2
x2

+©M = 0; M + wx ax
2
b = 0

V = -wx

+ c©Fy = 0; - V - wx = 0

0 … x 6 a

Draw the shear and moment diagrams for the beam.

A
B C

a a

w

Ans:�

0 … x 6 a: V = -wx, M = -
w
2

 x2

�a 6 x … 2a: V = w(2a - x) 

M = 2wax - 2wa2 -
w
2

 x2
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7–46.

SOLUTION
(a)

For 

Ans.

a Ans.

For 

Ans.

a Ans.

For  

Ans.

a Ans.

(b)

Set ,

For 

Ans.

c Ans.

For 

Ans.

c Ans.

For 

Ans.

c Ans.+ ©M = 0; M = 0

+ c ©Fy = 0; V = 0

16
3

m 6 x … 8 m

+ ©M = 0; M = 500 N # m

+ c ©Fy = 0; V = 0

8
3

m 6 x 6
16
3

m

+ ©M = 0; M = 0

+ c ©Fy = 0; V = 0

0 … x 6
8
3

m

L = 8 mM0 = 500 N # m

+ ©M = 0; M = 0

+ c ©Fy = 0; V = 0

2L

3
6 x … L

+ ©M = 0; M = M0

+ c ©Fy = 0; V = 0

L

3
6 x 6

2L

3

+ ©M = 0; M = 0

+ c ©Fy = 0; V = 0

0 … x …
L

3

Draw the shear and moment diagrams for the beam (a) in
terms of the parameters shown; (b) set 
L = 8 m.

M0 = 500 N # m,

L/3 L/3 L/3

M0 M0

Ans: 

0 … x 6
L
3

: V = 0, M = 0

L
3

6 x 6
2L
3

: V = 0, M = M0

2L
3

6 x … L: V = 0, M = 0

0 … x 6
8
3

 m: V = 0, M = 0

8
3

 m 6 x 6
16
3

 m: V = 0, M = 500 N # m

16
3

 m 6 x … 8 m: V = 0, M = 0
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7–47.

If the beam will fail when the maximum shear
force is or the maximum bending moment is

Determine the magnitude of the
largest couple moments it will support.

M0Mmax = 2 kN # m.
Vmax = 5 kN

L = 9 m,

SOLUTION
See solution to Prob. 7–48 a. 

Ans.Mmax = M0 = 2 kN # m

L/3 L/3 L/3

M0 M0

Ans:�
Mmax = 2 kN # m
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b

A

B

C

a

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
written for regions and of the beam. The free-body
diagram of the beam’s segment sectioned through an arbitrary point in these two
regions are shown in Figs. b and c.

Region 

(1)

a (2)

Region 

(3)

a (4)

The shear diagram in Fig. d is plotted using Eqs. (1) and (3), while the moment
diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of moment at B
is evaluated using either Eqs. (2) or (4) by substituting 

M ƒ x=b = -  
Pa

b
(b) = -Pa or M ƒ x=b = -P(a + b - b) = -Pa

x = b; i.e.,

M = -P(a + b - x)-M - P(a + b - x) = 0+©M = 0;

V = PV - P = 0©Fy = 0;

b 6 x … a + b,  Fig. c

M = -  
Pa

b
xM +

Pa

b
x = 0+©M = 0;

V = -  
Pa

b
-  
Pa

b
- V = 0+ c©Fy = 0;

0 … x 6 b, Fig. b

b 6 x … a + b0 … x 6 b
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7–49.

Draw the shear and moment diagrams for the overhang beam.

A
B

C

4 m 2 m

8 kN/m

SOLUTION
:

;

a ;

:

;

a ;

M = - 7.5x - 25

M + 101x - 2.52 - 2.5x = 0+ ©M = 0

V = - 7.5

2.5 - 10 - V = 0+ c ©Fy = 0

5 … x 6 10 m

M = 2.5x - x2

M + 2xa1
2

xb - 2.5x = 0+ ©M = 0

V = 2.5 - 2x

2.5 - 2x - V = 0+ c ©Fy = 0

0 … x 6 5 m
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7–50.

SOLUTION
:

Ans.

a

Ans.

:

Ans.

a

Ans.M = - 0.75 x2 + 3.75 x - 3 kN # m

+ ©M = 0; M +
1.5
2

(x - 2)2 - 0.75 x = 0

V = 3.75 - 1.5 x kN 

+ c ©Fy = 0; 0.75 - 1.5 (x - 2) - V = 0

2 m 6 x 6 4 m

M = 0.75 x kN # m

+ ©M = 0; M - 0.75x = 0

V = 0.75 kN

+ c ©Fy = 0; 0.75 - V = 0

0 … x … 2 m

Draw the shear and moment diagrams for the beam.

2 m

4 m

1.5 kN/m

A
B

C
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V = 0.75 kN
M = 0.75 x kN # m
V = 3.75 - 1.5 x kN
M = -0.75x2 + 3.75x - 3 kN # m

Ans:



SOLUTION
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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 = 2 m, b = 4 m.

A B

P

a b

663



7–51.  Continued
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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 6 2 m and 2 m 6 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 6 2 m, Fig. b,

+ cΣFy = 0;  20.0 - V = 0  V = 20.0 kN (1)

a+ΣM = 0;  M - 20.0x = 0  M = {20.0x} kN # m (2)

For region 2 m 6 x … 6 m, Fig. c,

+ cΣFy = 0;  V + 10.0 = 0  V = -10.0 kN (3)

a+ΣM = 0;  10.0(6 - x) - M = 0  M = {60.0 - 10.0x} kN # m (4)

The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3), while the moment 
diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of moment at 
x = 2 m can be evaluated using either Eqs. (2) or (4).



*7–52.

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

A

L

w

B E F C
D

L––3
L––3

L––3
LSOLUTION

Support Reactions: From FBD (b),

a

From FBD (a),

a

From FBD (c),

a

Shear and Moment Functions: For [FBD (d)],

Ans.

a

Ans.M =
w
18
17Lx - 9x22

M + wxax
2
b -

7wL
18
x = 0+ ©M = 0;

V =
w
18

 17L - 18x2

7wL
18

- wx - V = 0+ c ©Fy = 0;

0 ◊ x<L

By +
7wL
18

-
4wL

3
-

wL
6

= 0 By =
10wL

9
+ c ©Fy = 0;

4wL
3
aL

3
b -

wL
6
aL

3
b - Ay 1L2 = 0 Ay =

7wL
18

+ ©MB = 0;

Dy 1L2 +
wL
6
aL

3
b -

4wL
3
aL

3
b = 0 Dy =

7wL
18

+ ©MC = 0;

Ey +
wL
6

-
wL
3

= 0 Ey =
wL
6

+ c ©Fy = 0;

Fya
L
3
b -

wL
3
aL

6
b = 0 Fy =

wL
6

+ ©ME = 0;
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For [FBD (e)],

Ans.

a

Ans.

For [FBD (f)],

Ans.

Ans.

a
7wL

18
3L - x - w 3L - x

3L - x

2
- M = 0+ ©M = 0;

V =
w
18
147L - 18x2

V +
7wL
18

- w13L - x2 = 0+ c ©Fy = 0;

2L<x ◊ 3L

M =
w
18
127Lx - 20L2 - 9x22

M =
w
18
147Lx - 60L2- 9x2 2

M + wxax
2
b -

7wL
18

 x -
10wL

9
1x - L2 = 0+ ©M = 0;

V =
w
2
13L - 2x2

7wL
18

+
10wL

9
- wx - V = 0+ c ©Fy = 0;

L ◊ x<2L

7–52.  Continued
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Ans: 
For 0 … x 6 L

V =
w
18

 (7L - 18x)

M =
w
18

 (7Lx - 9x2)

For L 6 x 6 2L

V =
w
2

 (3L - 2x)

M =
w
18

 (27Lx - 20L2 - 9x2)

 For 2L 6 x … 3L

V =
w
18

 (47L - 18x)

M =
w
18

 (47Lx - 9x2 - 60L2)
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7–53.

SOLUTION

a

Mmax = 0.75(1.732) - 0.08333(1.732)3 = 0.866

M = 0.75 x - 0.08333 x3

+ ©M = 0; M + a1
2
b(0.5 x) (x) a1

3
xb - 0.75 x = 0

x = 1.732 m

V = 0 = 0.75 - 0.25x2

V = 0.75 - 0.25x2

+ c ©Fy = 0; 0.75 -
1
2

x (0.5x) - V = 0

Draw the shear and moment diagrams for the beam.

A B

3 m

1.5 kN/m
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x = 1.732 m
Mmax = 0.75(1.732) - 0.08333(1.732)3 = 0.866

Ans:



7–54.

SOLUTION
(a)

c

For 

Ans.

c

Ans.

For 

Ans.

c

M = Px - a
a

L
bPx - Px + Pa

+©M = 0; a1 -
a

L
bPx - P(x - a) - M = 0

V = - a
a

L
bP

+ c©Fy = 0; a1 -
a

L
bP - P - V = 0

a 6 x 6 L

M = a1 -
a

L
bPx

+©M = 0; a1 -
a

L
bPx - M = 0

:+ ©Fx = 0; A = 0

V = a1 -
a

L
bP

+ c©Fy = 0; a1 -
a

L
bP - V = 0

0 … x … a

:+ ©Fx = 0; Ax = 0

By = P - Ay = a a
L
bP

+ c©Fy = 0; Ay + By - P = 0

Ay = a1 -
a

L
bP

Ay = aL - a
L
bP

+©MB = 0; (Ay)(L) - P(L - a) = 0

Draw the shear and moment diagrams for the shaft (a) in
terms of the parameters shown; (b) set 

There is a thrust bearing at A and a journal
bearing at B.
L = 6 m.

a = 2 m,P = 9 kN,
P

a

A B

L
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Ans:

�0 … x 6 a: V = a1 -
a
L
bP 

M = a1 -
a
L
bPx 

a 6 x … L: V = -a a
L
bP 

M = Paa -
a
L

 xb
0 … x 6 2 m: V = 6 kN, M = {6x} kN # m 

2 m
# 6 x … 6 m:V = -3 kN 

M = {18 - 3x} kN # m

7–54.  Continued

(b)

Ans.

c

For 

Ans.

c

Ans.

For 

Ans.

c

Ans.M = 18 - 3x kN # m
+©M = 0; 6x - 9(x - 2) - M = 0

V = -3 kN

+ c©Fy = 0; 6 - 9 - V = 0

2 m 6 x … 6 m

M = 6x kN # m
+©M = 0; 6x - M = 0

V = 6 kN

+ c©Fy = 0; 6 - V = 0

0 … x … 2 m

+ c©Fy = 0; By = 3 kN

Ay = 6 kN

+©MB = 0; Ay (6) - 9(4) = 0

M = Paa -
a

L
xb
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7–55.

SOLUTION
Support Reactions: From FBD (a),

a

Shear and Moment Functions: For [FBD (b)],

Ans.

a Ans.

For [FBD (c)],

Ans.

a

Ans.M =
w
8
1-L2 + 5Lx - 4x22

3wL
8
1L - x2 - w1L - x2aL - x

2
b - M = 0+ ©M = 0;

V =
w
8
15L - 8x2

V +
3wL

8
- w1L - x2 = 0+ c ©Fy = 0;

L
2
<x ◊ L

M -
wL
8
1x2 = 0 M =

wL
8
x+ ©M = 0;

wL
8

- V = 0 V =
wL
8

+ c ©Fy = 0;

0 ◊ x<
L
2

Ay +
3wL

8
-

wL
2

= 0 Ay =
wL
8

+ c ©Fy = 0;

Cy 1L2 -
wL
2
a3L

4
b = 0 Cy =

3wL
8

+ ©MA = 0;

Draw the shear and moment diagrams for the beam.

C

w

A
B

L

L––2

Ans:�

V =
wL
8

M =
wL
8

 x

V =
w
8

 (5L - 8x)

M =
w
8

( -L2 + 5Lx - 4x2)
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*7–56.

Draw the shear and moment diagrams for the beam.

SOLUTION

Ans.

a

Ans.

Ans.

c

Ans.M = 20x - 370

+©M = 0; M + 20(11 - x) + 150 = 0

V = 20

+ c©Fy = 0; V - 20 = 0

8 6 x … 11

M = 133.75x - 20x2

+©M = 0; M + 40xax
2
b - 133.75x = 0

V = 133.75 - 40x

+ c©Fy = 0; 133.75 - 40x - V = 0

0 … x 6 8

40 kN/m
20 kN

150 kN m

A
B C

8 m 3 m
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Ans: 
For 0 … x 6 8 m
V = (133.75 - 40x) kN
M = (133.75x - 20x2) kN # m
For 8 m 6 x … 11 m
V = 20 kN
M = (20x - 370) kN # m
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SOLUTION

a a

L

P P
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7–57.  Draw the shear and moment diagrams for the beam 
(a) in terms of the parameters shown; (b) set P = 20 kN, 
a = 1.5 m, L = 6 m.

672



7–57.  Continued
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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 6 1.5 m, 1.5 6 x 6 4.5 m and 4.5 m 6 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 6 1.5 m, Fig. b

+ cΣFy = 0;  20.0 - V = 0  V = {20.0} kN (1)

a+ΣM = 0;  M - 20.0x = 0  M = {20.0x} kN # m (2)

For region 1.5 6 x 6 4.5 m, Fig. c

+ cΣFy = 0;  20.0 - 20 - V = 0  V = 0 (3)

a+ΣM = 0;  M + 20(x - 1.5) - 20.0x = 0  M = {30.0} kN # m (4)

For region 4.5 m 6 x … 6 m, Fig. d

+ cΣFy = 0;  V + 20.0 = 0  V = {-20.0} kN (5)

a+ΣM = 0;  20.0(6 - x) - M = 0  M = {120 - 20.0x} kN # m (6)

The shear diagram shown in Fig. e is plotted using Eqs. (1), (3) and (5), while the 
moment diagram shown in Fig. f is plotted using Eqs. (2), (4) and (6). The values 
of moment at x = 1.5 m and x = 4.5 m can be evaluated using Eqs. (2) and (6) 
respectively.



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),

a

From FBD (b),

Shear and Moment Functions: For 

Ans.

Ans.M =
w
4
A3Lx - 2x2 - L2 B

+ ©M = 0; 3wL

4
(x) - wxax

2
b -

wL2

4
- M =

wL2

4
=

0

V =
w
4

(3L - 4x)

+ c ©Fy = 0;
3wL

4
- wx - V = 0

0 … x … L [FBD (c)], 

+ c ©Fy = 0; Ay
wL

2
--

wL

4
= 0 Ay =

3wL

4

+ ©MC = 0;

a+ ©MA MA= 0;

wL

2
aL

4
b - By aL

2
b = 0 By =

wL

4

A
C

w

B

L
2

L
2

aL

4
bwL

2
aL

2
bwL

4
= 0MA  -    -  

c
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M =
w
4
A3Lx - 2x2 - L2 B

V =
w
4

(3L - 4x)

Ans:

674
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2 kN/m

6 kN m
2 m

A

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.

+ cΣFy = 0; V - 212 - x2 = 0 V = 54 - 2x6kN (1)

+ΣM = 0; -M - 212 - x2 c 1
2
12 - x2 d - 6 = 0 M = 5 -x2 + 4x - 106kN # m (2)

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

V � x=0 = 4 - 2102 = 4 kN

M � x=0 = 3 -0 + 4(0) - 104 = -10 kN # m

675

7–59.  Draw the shear and moment diagrams for the 
cantilever beam.

V = (4 - 2x) kN
M = (-x2 + 4x - 10) kN # m

Ans:



Solution
Support Reactions. Referring to the FBD of the entire beam shown in Fig. a,

    a+ΣMB = 0;    12(3)(1.5) +
1
2

(12)(3)(4) - Ay(6) = 0    Ay = 21.0 kN

    a+ΣMA = 0;    By(6) -
1
2

(12)(3)(2) - 12(3)(4.5) = 0    By = 33.0 kN

       S+    ΣFx = 0;	 Bx = 0

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

    +c  ΣFy = 0;    21.0 -
1
2

(4x)(x) - V = 0  V = 521.0 - 2x26  kN� Ans.

     a + ΣMO = 0    M + c 1
2

(4x)(x) d ax
3
b - 21.0x = 0

	 M = e21.0x -
2
3

x3 f  kN # m      Ans.

*7–60.

Draw the shear and moment diagrams for the beam.

3 m

6 m

12 kN/m

A B
C
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For region 3 m 6 x … 6 m, Fig. c

    +c  ΣFy = 0;       V + 33.0 - 12(6 - x) = 0    V = {39.0 - 12x} kN� Ans.

    a + ΣMO = 0    33.0 (6 - x) - [12(6 - x)] c 1
2

(6 - x) d - M = 0

	 M = 5 -6x2 + 39x - 186  kN # m         Ans.

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

7–60.  Continued
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Ans:
For 0 … x 6 3 m
V = 521.0 - 2x26  kN

M = e21.0x -
2
3

x3 f  kN # m

For 3 m 6 x … 6 m
V = 539.0 - 12x6  kN

M = 5 -6x2 + 39x - 186  kN # m

677



7–61.

SOLUTION
Support Reactions:

a

Shear and Moment Functions: For [FBD (a)],

Ans.

a Ans.

For 2 m<x  ◊  3 m [FBD (b)],

Ans.

a

Ans.M = -1.2x 2 + 5.2 x - 4.8 kN m#
0.4x - 2.41x - 22a x - 2

2
b - M = 0+ ©M = 0;

V = 5 - x6 kN

0.4 - 1x - 22 - V = 0+ c ©Fy = 0;

M - 0.4x = 0 M = 10.4x2 kN m#+ ©M = 0;

0.4 - V = 0 V = 0.4 kN+ c ©Fy = 0;

0 ◊ x<2 m

Ay - 2.4 + 2.00 = 0 Ay = 0.40 kN+ c ©Fy = 0;

Cy132 - 2.412.52 = 0 Cy = 2.00 kN+ ©MA = 0;

Draw the shear and moment diagrams for the beam.
CA

B

2 m

3 m

0.40 

0.40 

2.4 

0.4 

–2 

0.8 0.833 

2.4 kN/m

2.4

2.405.20
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V = 0.4 kN
M = {0.4x} kN # m
V = {5.20 - 2.40x} kN
M = {-1.2x2 + 5.2x - 4.8} kN # m

Ans:
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7–62.

Draw the shear and moment diagrams for the beam.

SOLUTION

Ans.Support Reactions: From FBD (a),

a

Shear and Moment Functions: For [FBD (b)],

Ans.

The maximum moment occurs when then

a

Ans.

Thus,

Mmax = 3.0013.4642 -
3.4643

12
= 6.93 kN # m

M = b3.00x -
x3

12
r kN # m

M + ¢x2

4
≤ ax

3
b - 3.00x = 0+ ©M = 0;

0 = 3.00 -
x2

4
x = 3.464 m

V = 0,

V = b3.00 -
x2

4
r kN

3.00 -
x2

4
- V = 0+ c ©Fy = 0;

0 … x … 6 m

9.00122 - Ay162 = 0 Ay = 3.00 kN+ ©MB = 0;

3 m

6 m

A

C

B

3 kN/m
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V = e3.00 -
x2

4
f  kN

M = e3.00x -
x3

12
f  kN # m

Ans:
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7–63.

SOLUTION
For ,

For ,

Note that when 

Ans.

Thus,

Ans.P =
4Mmax
L

Mmax =
P

L
aL

2
b aL -

L

2
b =

P

2
aL

2
b

x =
L

2

dMmax
dx

=
P

L
(L - 2x) = 0

Mmax = M1 = M2 =
Px

L
(L - x)

x = jM1 = M2

M2 = -  
Px

L
(L - j)

j 7 x

M1 =
Pj(L - x)
L

j 6 x

The beam will fail when the maximum internal moment is
Determine the position x of the concentrated force P

and its smallest magnitude that will cause failure.
Mmax.

L

x

P

Ans:�

x =
L
2

P =
4Mmax

L
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*7–64.

Draw the shear and moment diagrams for the beam.

SOLUTION
Support Reactions: From FBD (a),

a

Shear and Moment Functions: For [FBD (b)],

Ans.

The maximum moment occurs when then

a

Ans.

Thus,

Ans.= 0.0940wL2

Mmax =
w

12L
34L210.5275L2 - 3L10.5275L22 - 10.5275L234

M =
w

12L
14L2x - 3Lx2 - x32

M +
1
2
a w

2L
xbxax

3
b +

wx
2
ax

2
b -

wL
3
1x2 = 0+ ©M = 0;

0 = 4L2 - 6Lx - 3x2 x = 0.5275L

V = 0,

V =
w

12L
14L2 - 6Lx - 3x22

wL
3

-
w
2
x -

1
2
a w

2L
xbx - V = 0+ c ©Fy = 0;

0 … x … L

wL
4
aL

3
b +

wL
2
aL

2
b - Ay 1L2 = 0 Ay =

wL
3

+ ©MB = 0;

w

L

w––2

A B
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Ans:

V =
w

12L
 (4L2 - 6Lx - 3x2)

M =
w

12L
 (4L2x - 3Lx2 - x3 )

Mmax = 0.0940 wL2
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7–65.

SOLUTION
By similar triangles

Ans.

a Ans.+ ©M = 0; -M-
ght

2d
x2 ax

3
b = 0 M = -

ght

6d
x3

+ c ©Fy = 0; V -
ght

2d
x2 = 0 V =

ght

2d
x2

W = gV = ga1
2

yxtb = g c1
2
ah

d
xbxt d =

ght

2d
x2

y

x
=

h

d
y =

h

d
x

The cantilevered beam is made of material having a specific
weight Determine the shear and moment in the beam as
a function of x.

g.

h

d
x

t
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V =
ght

2d
 x2

M = -
ght

6d
 x3

Ans:
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7–66.

Determine the internal normal force, shear force, and
moment in the curved rod as a function of , where

.

SOLUTION

With reference to Fig. a,

a

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

Ans.

Ans.

a Ans.M =
pr

2
 (1 - cos u)

p

2
 3r (1 -  cos u)4 - M = 0+ ©M = 0;

N =
p

2
 cos u

p

2
 cos u - N = 0©Fy¿ = 0;

V =
p

2
 sin u

p

2
 sin u - V = 0©Fx¿ = 0;

By = p>2By(2r) - p(r) = 0+ ©MA = 0;

0° … u … 90°
u

P

r

u
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V =
P

2
 sin u

N =
p

2
 cos u

M =
pr

2
 (1 - cos u)

Ans:
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Ans:
N = P sin (u + f)
V = -P cos (u + f)
M = Pr[sin (u + f) - sin f]

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

+ aΣFy = 0;      N - P sin (u + f) = 0      N = P sin (u + f)� Ans.

+ QΣFx = 0;      P cos (u + f) + V = 0      V = -P cos (u + f)� Ans.

a  +ΣMO = 0;    P cos f(r sin u) - P sin f[r (1 - cos u)] - M = 0 

M = Pr(sin u cos f + cos u sin f - sin f)

Using the identity sin (u + f) = sin u cos f + cos u sin f,

	 M = Pr[sin (u + f) - sin f]	 Ans.

7–67.

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

P

r

u

f
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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 u.

SOLUTION

Ans.

Ans.

Ans.T = |P r (1 - sin u)|

T = -P r (1 - sin u)

©My = 0; T + P r (1 - cos (90° - u)) = 0

M = |P r cos u|

M = -P r cos u

©Mx = 0; M + P (r sin (90°- u)) = 0

©Fz = 0; V = |P|

90�

P

r

A

u
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Ans:
V = �P �
M = �P r cos u �
T = �P r (1 - sin u) �
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7–69.

Draw the shear and moment diagrams for the beam.

SOLUTION

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

(1)

a (2)

The shear and moment diagrams shown in Figs. c and d are plotted using Eqs. (1)
and (2), respectively. The location at which the shear is equal to zero can be
obtained by setting in Eq. (1).

The value of the moment at x = 0.630L is evaluated using Eq. (2).

M ƒ x= 0.630L =
w0

12L2 cL3(0.630L) - (0.630L)4 d = 0.0394w0L
2

x = 0.630L0 =
w0

12L2 aL3 - 4x3b

V = 0

M +
1
3

 ¢w0

L2x
2≤(x)¢x

4
≤ -

w0L

12
x = 0   M =

w0

12L2aL3x - x4b+ ©M = 0;

V =
w0

12L2aL3 - 4x3bw0L

12
-

1
3
aw0

L2x
2bx - V = 0+ c ©Fy = 0;

A B
C

w0

w

x

w0––
L2w �       x2

L––
2

L––
2
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7–70.

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

SOLUTION

w0

2w0

L/2 L/2

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

    a+ΣMA = 0;    By(4) - 800(1) - 600(3) - 1200 = 0    By = 950 N

    a+ΣMB = 0;    600(1) + 800(3) - 1200 - Ay(4) = 0    Ay = 450 N

       S+    ΣFx = 0;	 Ax = 0

7–71.

Draw the shear and moment diagrams for the beam.

1 m1 m1 m 1 m

800 N
600 N

A B

1200 N � m

Ans:
x = 1-

V = 450 N
M = 450 N # m
x = 3+

V = -950 N
M = 950 N # m
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Solution
Support Reactions. Referring to the FBD of the shaft shown in Fig. a,

 a+ΣMA = 0;  NB(1) + 300(0.5) - 1200(1)(0.5) - 600(1.5) = 0  NB = 1350 N

 a+ΣMB = 0;  1200(1)(0.5) + 300(1.5) - 600(0.5) - Ay(1) = 0    Ay = 750 N

     S+    ΣFx = 0;	 Ax = 0

*7–72.

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

0.5 m 0.5 m1 m

1200 N/m

A

300 N

600 N

B
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Ans:
x = 0.5+

V = 450 N
M = -150 N # m
x = 1.5-

V = -750 N
M = -300 N # m
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Solution
Support Reactions. Referring to the FBD of the beam shown in Fig. a

    a+ΣMA = 0;    NB(4) - 600(3) - 600(1) = 0    NB = 600 N

    a+ΣMB = 0;    600(1) + 600(3) - Ay(4) = 0      Ay = 600 N

       S+    ΣFx = 0                Ax = 0

7–73.

Draw the shear and moment diagrams for the beam.

1 m 2 m 1 m

600 N 600 N

A B

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:

a

Ay + 625a 3
5
b - 500 - 500 = 0 Ay = 625 N+ c ©Fy = 0;

FCa
3
5
b142 - 500122 - 500112 = 0 FC = 625 N+ ©MA = 0;

A B C
2 m

250 N/m

500 N

3 m

2 m

Ans:
x = 2+

V = -375 N
M = 750 N # m
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7–75.

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

SOLUTION
L

A B

w0
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Solution
Support Reactions. The FBD of the beam acted upon the equivalent loading (by 
superposition) is shown in Fig. a. Equilibrium gives

  a+ΣMA = 0;  MA +
1
2

 (3)(1.5)(0.5) -
1
2

 (3)(1.5)(2.5) = 0  MA = 4.50 kN # m

  + cΣFy = 0;                  Ay = 0

  S+ ΣFx = 0;                   Ax = 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

a+ΣMO = 0;    -M -
1
2

 (3)(1.5)(1) = 0    M = -2.25 kN # m

*7–76.

Draw the shear and moment diagrams for the beam.

3 m

3 kN/m

6 kN/m

A
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Ans:
x = 1.5
V = 2.25 kN
M = -2.25 kN # m
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7–77.

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,

    a+ΣMA = 0;    By(6) + 300 - 200(6)(3) - 600 = 0      By = 650 N

    a+ΣMB = 0;    200(6)(3) + 300 - 600 - Ay (6) = 0    Ay = 550 N

    S+ ΣFx = 0;	 Ax = 0

A B

200 N/m

6 m
600 N � m 300 N � m

Ans:
x = 2.75
V = 0
M = 1356 N # m
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7–78.  Draw the shear and moment diagrams for the beam.

40 kN/m

20 kN

150 kN · m

A
B

8 m 3 m

Solution
Support Reactions:

a+ΣMA = 0; By(8) - 320(4) - 20(11) - 150 = 0

By = 206.25 kN

+ cΣFy = 0; Ay + 206.25 - 320 - 20 = 0 Ay = 133.75 kN
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7–79.

Draw the shear and moment diagrams for the beam.

SOLUTION

2 m 1 m 2 m

8 kN

A B

15 kN/m
20 kN m

3 m

Ans:
x = 2+

V = -14.3
M = -8.6
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Solution
Support Reaction. Referring to the FBD of the beam shown in Fig. a,

    a+ΣMA = 0;    NB(6) - 15(2) - 20 - 10(2)(5) = 0    NB = 25.0 kN

    a+ΣMB = 0;    10(2)(1) + 15(4) - 20 - Ay(6) = 0      Ay = 10.0 kN

       S+    ΣFx = 0;                  Ax = 0

*7–80.

Draw the shear and moment diagrams for the beam.

2 m 1 m 1 m

15 kN

A B

10 kN/m

20 kN � m

2 m
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Ans:
x = 2-

V = 10.0 kN
M = 20.0 kN # m
x = 3+

V = -5.00 kN
M = 35.0 kN # m
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7–81.

SOLUTION
Support Reactions:

a

Ay =
w0L

3

+ c ©Fy = 0; Ay +
7w0L

6
- w0L -

w0L

2
= 0

By =
7w0L

6

+ ©MA = 0; By(L) - w0LaL2 b -
w0L

2
a4L

3
b = 0

Draw the shear and moment diagrams for the beam.

w0

A
B

LL
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6 kN
3 kN/m

6 m
1.5 m

A
B

7–82.

Draw the shear and moment diagrams for the overhang beam.

Ans.
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x = 1.76 m

Ans:

SOLUTION

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

Using this result,

M ƒ x=1.76 m = 3.73 kN # m

M ƒ x=1.76 m +
1
2

 (6 - 1.76)(1.76)a1.76
2
b +

1
4

 (1.76)(1.76) c2
3

 (1.76) d - 4.5(1.76) = 0+©M = 0;

x = 1.76 m4.5 -
1
2

 a1
2

 xbx -
1
2

(6 - x)(x) = 0 + c©Fy = 0;

V = 0,
0 … x 6 6 m



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

    a+ΣMA = 0;    MA - 2(3)(1.5) -
1
2

(4)(1.5)(3.5) = 0    MA = 19.5 kN # m

    + c  ΣFy = 0;    Ay - 2(3) -
1
2

(4)(1.5) = 0                Ay = 9.00 kN

7–83.

Draw the shear and moment diagrams for the beam.

3 m 1.5 m

2 kN/m

4 kN/m

A
B

Ans:
x = 3
V = 3.00 kN
M = -1.50 kN # m
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Solution
Support Reactions. Referring to the FBD of the simply supported beam shown in 
Fig. a,

    a+ΣMA = 0;    NC(6) - 3(6)(3) -
1
2

 (3)(3)(5) = 0    NC = 12.75 kN

    a+ΣMC = 0;  
1
2

(3)(3)(1) + 3(6)(3) - Ay(6) = 0         Ay = 9.75 kN

    S+ ΣFx = 0;	 Ax = 0

Shear And Moment Functions. Referring to the FBD of the left segment of the 
beam sectioned at a distance x within region BC (3 m 6 x … 6 m),

   + cΣFy = 0;  9.75 - 3x -
1
2

 (x - 3)(x - 3) - V = 0  V = e5.25 =
1
2

 x2 f
 

kN

 a+ΣMO = 0;  M +
1
2

(x - 3)(x - 3) c 1
3

(x - 3) d + 3x ax
2
b - 9.75x = 0

	 M = e -
1
6

 x3 + 5.25x + 4.50 f  kN # m 

Set V = 0, we obtain

    0 = 5.25 -
1
2

 x2    x = 110.5 m

The corresponding moment is

M = -
1
6
1110.523 + 5.25110.5 + 4.50 = 15.8 kN # m

*7–84.

Draw the shear and moment diagrams for the beam.

3 m 3 m

3 kN/m

6 kN/m

A
B

C
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Ans:
x = 210.5
V = 0
M = 15.8 kN # m
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Ans.

Ans.

m



7–85.

Draw the shear and moment diagrams for the beam. 9 kN/m 9 kN/m

A B

3 m 3 m

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

    a+ΣMA = 0;    NB(6) -
1
2

 (9)(3)(2) -
1
2

 (9)(3)(5) = 0    NB = 15.75 kN

    a+ΣMB = 0;  
1
2

 (9)(3)(1) +
1
2

 (9)(3)(4) - Ay(6) = 0        Ay = 11.25 kN

    S+ ΣFx = 0;	 Ax = 0

Shear And Moment Functions. Referring to the FBD of the left segment of the 
beam sectioned at a distance x within region  0 6 x … 3 m.

    + cΣFy = 0;    11.25 -
1
2

 (3x)(x) - V = 0    V = e11.25 -
3
2

 x2 f  kN

    a+ΣMO = 0;    M + c 1
2

 (3x)(x) d ax
3
b - 11.25x = 0 

M = e11.25x -
1
2

 x3 f  kN # m

Set V = 0;

0 = 11.25 -
3
2

x2  x = 27.5 m

The corresponding moment is

M = 11.25 (17.5) -
1
2

 (17.5)3 = 20.5 kN # m

The moment at x = 3 m is

M = 11.25(3) -
1
2

 (33) = 20.25 kN # m

Ans:
x = 3
V = -2.25 kN
M = 20.25 kN # m
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Given: MA 8 kN m�� F 15 kN� w 3� a 3 m� b 2 m�

c 2 m� d 2 m� e 2 m� f 4 m�

Guesses Ay 1 N� By 1 N� Cy 1 N�

Dy 1 N� Ey 1 N� Fy 1 N�
Given

Ay Cy� Dy� Fy� F� w f� 0� F b MA� Ay a b�( )� 0�

w� f
f
2

�	

��


Fy f� 0� MA F a� By a b�( )� 0�

By Cy� Dy� Ey� 0� By� c Dy d� Ey d e�( )� 0�

Ay

By

Cy

Dy

Ey

Fy

�	
	
	
	
	
	
	
	


��
�
�
�
�
�
�
�


Find Ay By� Cy� Dy� Ey� Fy�� ��

Ay

By

Cy

Dy

Ey

Fy

�	
	
	
	
	
	
	
	


��
�
�
�
�
�
�
�


4.40

10.60�

15.20

1.40

6.00�

6.00

�
	
	
	
	
	
	



�
�
�
�
�
�
�



kN�

x1 0 0.01a� a���

V1 x( ) Ay
1

kN
� M1 x( ) Ay x MA�� � 1

kN m�
�

x2 a 1.01a� a b����

V2 x( ) Ay F�� � 1
kN

� M2 x( ) Ay x MA� F x a�( )��� ��
1

kN m�
�

x3 a b� 1.01 a b�( )� a b� c����

V3 x( ) By
1

kN
� M3 x( ) By x a� b�( )

1
kN m�

�

x4 a b� c� 1.01 a b� c�( )� a b� c� d����

V4 x( ) By Cy�� � 1
kN

� M4 x( ) By x a� b�( ) Cy x a� b� c�( )��� ��
1

kN m�
�
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7–86.  The beam consists of three segments pin connected at 
B and E. Draw the shear and moment diagrams for the beam.

3 m 2 m 2 m 2 m 2 m 4 m

15 kN
3 kN/m

8 kN  m

A
B C D

E
F
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Solution

kN>m



x5 a b� c� d� 1.01 a b� c� d�( )� a b� c� d� e����

V5 x( ) Ey�
1

kN
� M5 x( ) Ey a b� c� d� e� x�( )

1
kN m�

�

x6 a b� c� d� e� 1.01 a b� c� d� e�( )� a b� c� d� e� f����

V6 x( ) Fy� w a b� c� d� e� f� x�( )��� ��
1

kN
�

M6 x( ) Fy a b� c� d� e� f� x�( ) w
a b� c� d� e� f� x�( )2

2
�

�
�
�

�
�
�

1
kN m�

�

0 2 4 6 8 10 12 14
15

10

5

0

5

10

Distance (m)

Fo
rc

e 
(k

N
)

V1 x1� �
V2 x2� �
V3 x3� �
V4 x4� �
V5 x5� �
V6 x6� �

x1 x2� x3� x4� x5� x6�
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7–86. Continued

704



0 2 4 6 8 10 12 14
30

20

10

0

10

20

30

Distance (m)

M
om

en
t (

kN
-m

)

M1 x1� �
M2 x2� �
M3 x3� �
M4 x4� �
M5 x5� �
M6 x6� �

x1 x2� x3� x4� x5� x6�
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Solution
Support Reactions. Referring to the FBD of member EF, Fig. c

    a+ΣME = 0;    NF(4) - 9(4)(2) = 0    NF = 18.0 kN

    a+ΣMF = 0;    9(4)(2) - Ey(4) = 0    Ey = 18.0 kN

Also, for member AB, Fig. a

    a+ΣMA = 0;    By(4.5) -
1
2

(9)(4.5)(3) = 0        By = 13.5 kN

    a+ΣMB = 0;  
1
2

 (9)(4.5)(1.5) - Ay(4.5) = 0    Ay = 6.75 kN

7–87.

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

4.5 m 2 m 2 m 2 m 4 m

9 kN/m

A
B

C D
E

F
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Finally, for member BCDE, Fig. b

    a+ΣMC = 0;   ND(2) + 13.5(2) - 9(6)(1) - 18(4) = 0    ND = 49.5 kN

    a+ΣMD = 0;  9(6)(1) + 13.5(4) - 18.0(2) - NC(2) = 0  NC = 36.0 kN

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

    +c  ΣFy = 0;    6.75 -
1
2

(2x)(x) - V = 0    V = 56.75 - x26  kN

    a+ΣMO = 0;   M + c 1
2

 (2x)(x) d  ax
3
b - 6.75x = 0

  M = e6.75x -
1
3

x3 f
 

kN # m

set V = 0, then

0 = 6.75 - x2  x = 26.75 m

The corresponding moment is

M = 6.75(26.75) -
1
3

 126.7523 = 11.69 kN # m = 11.7 kN # m

7–87.  Continued

Ans:
x = 6.5-

V = -31.5 kN
M = -45.0 kN # m
x = 8.5+

V = 36.0 kN
M = -54.0 kN # m
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*7–88.

Draw the shear and moment diagrams for the overhang
beam.

SOLUTION

A
B

3 m 3 m 2 m

4 kN/m

6 kN·m

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

    a+ΣMA = 0;    MA -
1
2

(6)(3)(1.5) - 3(3) = 0      MA = 22.5 kN # m

    + cΣFy = 0;      Ay -
1
2

(6)(3) - 3 = 0              Ay = 12.0 kN

    S+ ΣFx = 0            Ax = 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

    a+ΣMO = 0;    -M -
1
2

(6)(1.5)(0.5) - 3(1.5) = 0    M = -6.75 kN # m

7–89.

Draw the shear and moment diagrams for the beam.

1.5 m1.5 m

3 kN
6 kN/m

A B

Ans:
x = 1.5
V = 7.50 kN
M = -6.75 kN # m
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7–90.

Draw the shear and moment diagrams for the beam.

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

    a+ΣMA = 0;    MA -
1
2

 (6)(1.5)(0.5) -
1
2

(6)(1.5)(2.5) = 0 

                                   MA = 13.5 kN # m

    + c  ΣFy = 0;    Ay -
1
2

 (6)(1.5) -
1
2

(6)(1.5) = 0 

Ay = 9.00 kN

    S+ ΣFx = 0;                    Ax = 0

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

    a+ΣMO = 0;    -M -
1
2

(6)(1.5)(1) = 0    M = 4.50 kN # m

1.5 m

6 kN/m6 kN/m

1.5 m
A B

C

Ans:
x = 1.5
V = 4.50 kN
M = -4.50 kN # m
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Solution
Support Reactions. Referring to the FBD of the cantilivered beam shown in Fig. a,

    a+ΣMA = 0;    MA -
1
2

 (9)(3)(1) - 6 = 0    MA = 19.5 kN # m

    + c  ΣFy = 0;    Ay -
1
2

(9)(3) = 0                  Ay = 13.5 kN

    S+ ΣFx = 0;          Ax = 0

7–91.

Draw the shear and moment diagrams for the beam.

3 m

9 kN/m

6 kN � m

B
A

Ans:
x = 0
V = 13.5 kN
M = -9.5 kN # m
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*7–92.

Draw the shear and moment diagrams for the beam.

SOLUTION

18 kN�m

3 m

B
A C

3 m

2 kN/m 2 kN/m
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7–93.

Draw the shear and moment diagrams for the beam.
12 kN/m

A
B C

6 m 3 m

6 kN

Solution
Support Reactions. Referring to the FBD of the overhang beam shown in Fig. a,

    a+ΣMA = 0;    NB(6) -
1
2

(12)(6)(4) - 6(9) = 0    NB = 33.0 kN

    a+ΣMB = 0;  
1
2

(12)(6)(2) - 6(3) - Ay(6) = 0        Ay = 9.00 kN

    S+ ΣFx = 0;                Ax = 0

Shear And Moment Functions. Referring to the FBD of the left segment of the 
beam sectioned at a distance x, Fig. b 

    + cΣFy = 0;      9.00 -
1
2

(2x)(x) - V = 0    V = 59.00 - x26  kN

    a+ΣMO = 0;    M + c 1
2

(2x)(x) d ax
3
b - 9.00x = 0

M = e9.00x -
x3

3
f  kN # m

Set V = 0,
0 = 9.00 - x2    x = 3 

The corresponding moment is 

M = 9.00(3) -
33

3
= 18.0 kN # m

The moment at x = 6 m is

M = 9.00(6) -
63

3
= - 18.0 kN # m

Ans:
x = 3
V = 0
M = 18.0 kN # m
x = 6 -

V = -27.0 kN
M = -18.0 kN # m
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Given:

M1 10 kg�

M2 15 kg�

a 1 m�

b 3 m�

c 0.5 m�

d 2 m�

Guesses yB 1 m� TAB 1 N� TBC 1 N� TCD 1 N�

Given
a�

a2 yB
2�

�
	



�
�



TAB
b

b2 yB d�� �2�

�
�
�

�
�
�

TBC� 0�

yB

a2 yB
2�

�	
	


��
�


TAB
yB d�

b2 yB d�� �2�

��
��

��
��

TBC� M1 g� 0�

b�

b2 yB d�� �2�

�
�
�

�
�
�

TBC
c

c2 d2�

�
	



�
�



TCD� 0�

yB d�� ��

b2 yB d�� �2�

��
��

��
��

TBC
d

c2 d2�

�
	



�
�



TCD� M2 g� 0�

yB

TAB

TBC

TCD

�
	
	
	
	



�
�
�
�
�



Find yB TAB� TBC� TCD�� ��

TAB

TBC

TCD

�	
	
	



��
�
�



100.163

38.524

157.243

�
	
	



�
�
�



N�

Tmax max TAB TBC� TCD�� �� Tmax 157.2 N� yB 2.43 m� Ans.
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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.

3 m1 m
0.5 m

yB 2 m

A D

B
C

E F

Tmax 157.2 N�
yB 2.43 m�

Ans:

714

Solution



0.9 m 1.2 m

0.9 m

250 N

250 N

Ax = 210.112 kN

Ay = 314.763 kN

TBD = 390.935 kN

400 N

From FBD (a)

�

+ ΣMA = 0; TBD cos 59.04° (0.9) + TBD sin 59.04° (2.1) 
   – 250 (2.1) – 400 (0.9) = 0 

  TBD = 390.935 N = 390.9 N Ans.

+
→ ΣFx = 0; 390.935 cos 59.04° – Ax = 0

  Ax = 210.112 N

+↑ΣFy = 0; Ay + 390.935 sin 59.04° – 400 – 250 = 0

  Ay = 314.763 N

Joint A :

+
→ ΣFx = 0; TAC cos � – 210.112 = 0 (1)

+↑ΣFy = 0; –TAC sin � + 314.763 = 0 (2)

Solving Eqs. (1) and (2) yields :

� = 56.28°

TAC = 378.4 N  Ans.

Joint D :

+
→ ΣFx = 0; 390.935 cos 59.04° – TCD cos � = 0 (3)

+↑ΣFy = 0; 390.935 sin 59.04° – TCD sin � – 250 = 0 (4)

Solving Eqs. (3) and (4) yields :

� = 22.97°

TCD = 218.4 N  Ans.

Total length of the cable:

lT = 
1.5

sin 59.04°
 + 

1.2

cos 22.97°
 + 

0.9

cos 56.28°
 = 4.674 m Ans.
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P

A

B

C

D

0.6 m

0.9 m

250 N

1.5 m

1.2 m0.9 m

TBD = 390.9 N, TAC = 378.4 kN
TCD = 218.4 N, IT = 4.674 m

Ans:
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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



0.6 m

0.9 m

0.9 m 1.2 m

250 N

Ay = 288.394 N

Ax = 192.915 N

TAC = 346.969 N

� = 56.22°

359.966 N

�

+ ΣMA = 0; –TBD (cos 59.04°) (0.6) + TBD (sin 59.04°) (3) – 250 (2.1) – P (0.9) = 0

  TBD = 0.39754P + 231.899

+
→ ΣFx = 0; –Ax + TBD cos 59.04° = 0

+↑ΣFy = 0; Ay – P – 250 + TBD sin 59.04° = 0

Assume maximum tension is in cable BD,

  TBD = 375 N

  P = 359.966 N

  Ax = 192.915 N

  Ay = 288.394 N

Pin A :

  TAC = (192.915) + (288.394)2 2  = 346.969 N < 375 N OK

  � = tan–1 288.394

192.915

⎛
⎝⎜

⎞
⎠⎟

 = 56.22°

Joint C :

+
→ ΣFx = 0; TCD cos � – 346.969 cos 56.22° = 0

+↑ΣFy = 0; TCD sin � + 346.969 sin 56.22° – 359.966 = 0

  TCD = 205.766 N < 375 N OK

  � = 20.355°

Thus, P = 360 N  Ans.

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

P

A

B

C

D

0.6 m

0.9 m

250 N

1.5 m

1.2 m0.9 m

P = 360 N  

Ans:

716

*7–96. If each cable segment can support a maximum 
tension of 375 N, determine the largest load P that can be 
applied.

Solution



7–97.

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

4 m

1 m

2 m

600 N
D

C

B

A

xB

6 m

P

Ans:
xB = 5.39 m

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

    a+ΣMA = 0;    800(4) + 600(10) - FCDa
225

b(11) = 0

	 FCD = 935.08 N

    S+ ΣFx = 0;    800 + 600 - 935.08 a 225
b -  Ax = 0    Ax = 563.64 N

    + c  ΣFy = 0;    Ay - 935.08 a 125
b = 0     Ay = 418.18 N

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

    S+ ΣFx = 0;    FABa
xB2xB

2 + 16
b - 563.64 = 0

	 FABa
xB2xB

2 + 16
b = 563.64	 (1)

    + c  ΣFy = 0;    418.18 - FABa 42xB
2 + 16

b = 0

	 FABa 42xB
2 + 16

b = 418.18	 (2)

Divide Eq (1) by (2)

	             xB = 5.3913 m = 5.39 m	 Ans.
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Solution
Support Reactions. Referring to the FBD of the cable system sectioned through 
cable AB, Fig. a

    a+ΣMD = 0; 	 FAB = a 5241
b(11) - P(7) - 600(1) = 0

	
55241

FAB - 7P = 600	 (1)

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

    + c  ΣFy = 0;    FABa 4241
b - FBCa 225

b = 0    FBC =
225241

 FAB

       S+    ΣFx = 0;    P - FABa 5241
b - a225241

 FABba 125
b = 0  

	 FAB =
241

7
 P		 (2)

Substituting Eq. (2) into (1)

55241
 a241

7
Pb - 7P = 600

	                  P = 700 N	 Ans.

7–98.

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

4 m

1 m

2 m

600 N
D

C

B

A

xB

6 m

P

Ans:
P = 700 N
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Solution
Support Reactions. Referring to the FBD of the cable system sectioned through 
cable AB shown in Fig. a,

a+ΣME = 0;  500(3) + 800(9) + 500(15) - FABa
yB2y2
B + 9

b(15)

	 -  FABa
32y2

B + 9
b(yB + 1) = 0 

	 FABa
18yB + 32y2

B + 9
b = 16200	 (1)

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

a+ΣMC = 0;    500(6) + FABa
32y2

B + 9
b(4 - yB) - FABa

yB2y2
B + 9

b(6) = 0

	 FABa
9yB - 122y2

B + 9
b = 3000	 (2)

Divide Eq. (1) by (2)
			   yB = 2.216 m = 2.22 m	 Ans.

Substituting this result into Fig. (1)

FAB c
18(2.216) + 322.2162 + 9

d = 16200

FAB = 1408.93 N

7–99.

The cable supports the three loads shown. Determine the 
sags yB and yD of B and D. Take P1 = 800 N, P2 = 500 N. 1 m

3 m 6 m 6 m 3 m

A
E

B

C
D

yB yD
4 m

P2 P2

P1
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Method of joints. Perform the joint equilibrium analysis first for joint B and then 
joint C.

Joint B. Fig. c 

   S+    ΣFx = 0; 	 FBC cos 16.56° - 1408.93 cos 36.45° = 0
FBC = 1182.39 N

+ c  ΣFy = 0;    1408.93 sin 36.45 - 1182.39 sin 16.56° - 500 = 0	 (Check!)

Joint C. Fig. d 

   S+    ΣFx = 0;	 FCDa 62(4 - yD)2 + 36
b - 1182.39 cos 16.56° = 0

	
62(4 - yD)2 + 36

 FCD = 1133.33	 (3)

+ c  ΣFy = 0;	 FCDa
4 - yD2(4 - yD)2 + 36

b + 1182.39 sin 16.56° - 800 = 0

	
4 - yD2(4 - yD)2 + 36

 FCD = 462.96	 (4)

Divide Eq (4) by (3) 

	
4 - yD

6
= 0.4085    yD = 1.549 m = 1.55 m	 Ans.

7–99.  Continued

Ans:
yB = 2.22 m
yD = 1.55 m
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Ans:
yB = 2.22 m
yD = 1.55 m

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

a+ΣME = 0;	 600(3) + P1(9) - FBCa 6237
b(5) -  FBC a 1237

b(9) = 0

			       
39237

FBC - 9P1 = 1800	 (1)

Method of Joints. Perform the joint equilibrium analysis for joint B first, Fig. b,

    S+ ΣFx = 0;    FBCa 6237
b -  FABa 122

b = 0	 (2)

    + c  ΣFy = 0;     FABa 122
b -  FBCa 1237

b - 600 = 0	 (3)

Solving Eqs (2) and (3),

	 FBC = 120237 N    FAB = 72022 N

Substitute  the result of FBC into Fig. (1),

	 P1 = 320 N� Ans.

*7–100.

The cable supports the three loads shown. Determine the 
magnitude of P1 if P2 = 600 N and yB = 3 m. Also find sag yD. 1 m

3 m 6 m 6 m 3 m

A
E

B

C
D

yB yD
4 m

P2 P2

P1

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

721



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

   S+    ΣFx = 0;    FCDa 62(4 - yD)2 + 36
b - 11202372a 6237

b = 0

	
62(4 - yD)2 + 36

 FCD = 720	 (4)

+ c  ΣFy = 0;    FCDa
4 - yD2(4 - yD)2 + 36

b + 11202372a 1237
b - 320 = 0

	
4 - yD2(4 - yD)2 + 36

 FCD = 200	 (5)

Divide Eq (5) by (4) 

	             
4 - yD

6
=

5
18

    yD = 2.3333 m = 2.33 m                Ans.

7–100.  Continued
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Ans:
P1 = 320 N
yD = 2.33 m
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7–101.

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

SOLUTION

First, TAB will be obtained by considering the equilibrium of the free-body diagram
shown in Fig. a. Subsequently, the result of TAB will be used to analyze the
equilibrium of joint B followed by joint C. Referring to Fig. a, we have

a

Ans.

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

Solving,

Ans.

Using the result of and the geometry of the cable, yC is given by

Ans.

Using the results of yC, , and TBC and analyzing the equilibrium of joint C, Fig. c,
we have

Ans.

(Check!)281.85 sin 28.44° + 357.86 sin 46.17° - 40(9.81) = 0+ c©Fy = 0;

TCD = 357.86 N = 358 N

TCD cos 46.17° - 281.85 cos 28.44° = 0©Fx = 0;:+

u

yC = 3.083 m = 3.08 m

yC - 2

2
= tan u = 28.44°

u

TBC = 281.85 N = 282 N

u = 28.44°

413.05a4
5
b - 20(9.81) - TBC sin u = 0+ c©Fy = 0;

TBC cos u - 413.05a3
5
b = 0©Fx = 0;:+

TAB = 413.05 N = 413 N

40(9.81)(2) + 20(9.81)(4) - TABa3
5
b(1) - TABa4

5
b(4) = 0+©MD = 0;

2 m

1 m

1.5 m 2 m 2 m

B

E

F

C

D

A

yC
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TAB = 413 N
TBC = 282 N
yC = 3.08 m
TCD = 358 N

Ans:
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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 yC?

SOLUTION

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

a+ 

Ans.

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

Solving,

Using these results and analyzing the equilibrium of joint C,

Solving,

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

Ans.

Using the result of either or , the geometry of the cable gives

Ans.

or

Ans.yC = 3.03 m

yC - 1

2
=  tan f =  tan 45.45°

yC = 3.03 m

yC - 2

2
=  tan u =  tan  27.29°

fu

MF = 37.5 kg

TCD = 342.11 Nf = 45.45°

TCD  sin f + 270.05  sin  27.29° - 37.47(9.81) = 0+ c©Fy = 0;

TCD  cos f - 270.05  cos  27.29° = 0©Fx = 0;:+

TBC = 270.05 N

u = 27.29°

400a4
5
b - 20(9.81) - TBC  sin u = 0+ c©Fy = 0;

TBC  cos u - 400a3
5
b = 0©Fx = 0;:+

MF = 37.47 kg

MF(9.81)(2) + 20(9.81)(4) - 400a3
5
b(1) - 400a4

5
b(4) = 0©MD = 0;

2 m

1 m

1.5 m 2 m 2 m

B

E

F

C

D

A

yC
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Mp = 37.47 kg
Mp = 37.5 kg
yc = 3.03 m

Ans:
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7–103.

SOLUTION
Joint B:

(1)

Joint C:

(2)

(3)

Combining Eqs. (1) and (2):

(4)

Joint D:

(5)

From Eqs. (1) and (3):

From Eqs. (4) and (5): Ans.

Ans.

Ans.Tmax = TDE = 8.17 kN

TCD = 4.60 kN

TBC = 4.53 kN

TAB = 6.05 kN

P = 0.8 kN

yB = 3.53 m

3 yB P - 16 yB + 48 = 0

15 - 2 yB

2(yB - 3)2 + 9
TCD = 12

+ c©Fy = 0;
3

213
TDE -

yB - 3

2(yB - 3)2 + 9
TCD - 6 = 0

:+ ©Fx = 0;
2

213
TDE -

3

2(yB - 3)2 + 9
TCD = 0

3

2(yB - 3)2 + 9
TCD =

16
yB

(yB - 3)TBC = 3P

+ c©Fy = 0;
yB - 3

2(yB - 3)2 + 9
TCD - P = 0

:+ ©Fx = 0;
3

2(yB - 3)2 + 9
TCD - TBC = 0

yB TBC = 16

+ c©Fy = 0;
yB

2y2
B + 16

TAB - 4 = 0

:+ ©Fx = 0; TBC -
4

2y2
B + 16

TAB = 0

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

4 m 3 m 2 m6 m

4 kN P

6 kN

yB
3 m

A

B C

D

E

Ans:
yB = 3.53 m
P = 0.8 kN
Tmax = TDE = 8.17 kN
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*7–104. The bridge deck has a weight per unit length of
. It is supported on each side by a cable. Determine

the tension in each cable at the piers A and B.
80 kN>m A

B

1000 m

150 m
75 m
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Solution

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

the cable. Since the bridge deck is supported by two cables, w1x2 =
80
2

= 40 kN>m.

d2y

dx2 =
w1x2

FH
=

4011032
FH

Integrating,

dy

dx
=

4011032
FH

+ C1

Applying the boundary condition 
dy

dx
= 0 at x = 0 results in C1 = 0. Thus,

 
dy

dx
=

4011032
FH

x (1)

Integrating,

y =
2011032

FH
x2 + C2

Applying the boundary condition y = 0 at x = 0 results in C2 = 0. Thus,

y =
2011032

FH
x2

Applying two other boundary conditions y = 75 m at x = x0 and y = 150 m at x = 
–(1000 – x0),

75 =
2011032

FH
x0

2

150 =
2011032

FH
3 - 11000 - x02 42

Solving these equations

x0 = 414.21 m  FH = 45.7511062  N

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

dy

dx
=

4011032
45.7511062x = 0.8743110- 32x
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Thus, the angles the cables make with the horizontal at A and B are

uB = ` tan- 1ady

dx
`
xB

b ` = ` tan- 130.8743110- 32 1414.212 4 ` = 19.91°

uA = ` tan- 1ady

dx
�xA

b ` = ` tan- 150.8743110- 32 3 -(1000-414.21)4} ` = 27.12°

Thus,

TB =
FH

 cos uB
=

45.75(106)

 cos 19.91°
= 48.66(106) N = 48.7 MN Ans.

TA =
FH

 cos uA
=

45.75(106)

 cos 27.12°
= 51.40(106) N = 51.4 MN Ans.

7–104 (Continued)

Ans:

727

48.7 MN

 

51.4 MN 

TB =

TA =



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 caused
by the weight of the bridge deck.

w0

A

B

1000 m

150 m
75 m
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Solution

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

of the cable. Since the bridge deck is supported by two cables, w(x) =
w0

2
.

d2y

dx2 =
w0>2

FH
=

w0

2FH

Integrating,

dy

dx
=

w0

2FH
+ C1

Applying the boundary condition 
dy

dx
= 0 at x = 0 results in C1 = 0. Thus,

 
dy

dx
=

w0

2FH
x (1)

Integrating, 

y =
w0

4FH
x2 + C2

Applying the boundary condition y = 0 at x = 0 results in C2 = 0. Thus,

y =
w0

4FH
x2

Applying two other boundary conditions y = 75 m at x = x0 and y = 150 m at x = 
–(1000–x0),

75 =
w0

4FH
x2

150 =
w0

4FH
3 -(1000 - x0)

24

Solving these equations

x0 = 414.21m  FH = 571.91w0

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

dy

dx
=

w0

2(571.91w0)
x = 0.8743(10- 3)x
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By observation, the angle the cable makes with the horizontal at A(uA) is greater 
than that at B(uB). Thus, the cable tension at A is the greatest.

uA = `  tan - 1ady

dx
`
xA

b ` = `  tan- 150.8743110- 32 3 -(1000 - 414.21)4 6 ` = 27.12°

By setting TA = 50(106) N,

TA =
FH

 cos uA

50(106) =
571.91w0

 cos 27.12°

w0 = 77.82(103) N>m = 77.8 kN>m Ans.

7–105 (Continued)

w0 = 77.8 kN>m 

Ans:
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7–106.

The cable AB is subjected to a uniform loading of 200 N/m.
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
tension developed in the cable.

SOLUTION

Ans.

Ans.Tmax = 5.20 kN

Tmax =
FH

cos umax
=

2598
cos 60°

= 5196 N

umax = 60°

y = 138.5x2 + 577x2110-32 m

FH = 2598 N
dy

dx
= tan 60°;At x = 15 m,

y =
1
FH
1100x2 + FH tan 30°x2

C1 = FH tan 30°
dy

dx
= tan 30°;At x = 0,

C2 = 0y = 0;At x = 0,

dy

dx
=

1
FH
1200x + C12

y =
1
FH
1100x2 + C1x + C22

y =
1
FHL ¢L200 dx≤ dx

15 m
200 N/m

y

x
A

B

60°

30°
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y = (38.5x2 + 577x)(10- 3) m
Tmax = 5.20 kN

Ans:
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7–107.

SOLUTION
The Equation of The Cable:

(1)

(2)

Boundary Conditions:

at then from Eq. (1) 

at then from Eq. (2) 

Thus, (3)

at then from Eq. (3)

and

at and the maximum tension occurs when 

The maximum tension in the cable is

Ans.Tmax =
FH

cos umax
=

1 267 265.47
cos 12.61°

= 1 298 579.01 N = 1.30 MN

umax = 12.61°

tan umax =
dy

dx
 `
x=100 m

= 0.4735110-3211002 + tan 10°

u = umax .x = 100 mu = umax

= 0.4735110-32x + tan 10°

=
600

1 267 265.47
x + tan 10°

dy

dx
=

w0

FH
x + tan 10°

20 =
600
2FH
110022 + tan 10°11002 FH = 1 267 265.47 N

x = 100 m,y = 20 m

y =
w0

2FH
x2 + tan 10°x

tan 10° =
1
FH
1C12 C1 = FH tan 10°x = 0,

dy

dx
= tan 10°

0 =
1
FH
1C22 C2 = 0x = 0,y = 0

dy

dx
=

1
FH
1w0x + C12

=
1
FH
¢w0

2
x2 + C1x + C2≤

y =
1
FHL11w1x2dx2 dx

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

20 m

100 m

600 N/m

y

A

B10°
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Tmax = 1.30 MN

Ans:
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*7– Determine the maximum uniform distributed
loading N/m that the cable can support if it is capable of
sustaining a maximum tension of 60 kN.

w0

60 m

7 m

w0

10

.

8.
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Solution
The Equation of The Cable:

y =
1

FH L(1w(x)dx)dx

 =
1

FH
aw0

2
x2 + C1x + C2b  [1]

 
dy

dx
=

1
FH

(w0x + C1) [2]

Boundary Conditions:

y = 0 at x = 0, then from Eq.[1] 0 =
1

FH
(C2)C2 = 0

dy

dx
= 0 at x = 0, then from Eq.[2] 0 =

1
FH

(C1)C1 = 0

Thus,

 y =
w0

2FH
x2 [3]

 
dy

dx
=

w0

FH
x [4]

y = 7 m at x = 30 m, then from Eq.[3] 7 =
w0

2FH
(302)FH =

450
7

w0

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

 tan u max =
dy

dx
`
x=30 m

=
w0

450
7

w0

x = 0.01556(30) = 0.4667

u max = 25.02°

The maximum tension in the cable is

T max =
FH

 cos u max 

60 =

450
7

w0

 cos 25.02°

 w0 = 0.846 kN>m  Ans.

w0 = 0.846 kN>m  
Ans:
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7–109.

If the pipe has a mass per unit length of 1500 kg 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, . Using Eq. 7–12,
we can write

Applying the boundary condition at x = 0, results in c1= 0.

Applying the boundary condition y = 0 at x = 0 results in c2 = 0. Thus,

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

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

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

Thus,

Tmax =
FH

 cos umax
=

551.8(103)

 cos 21.80°
= 594.32(103) N = 594 kN

umax = tan- 1 a
dy

dx
`
15 m
b =  tan-1 [0.02667(15)] = 21.80°

dy

dx
= 0.02667x

FH = 551.81(103) N3 =
7.3575(103)

FH
(15)2

y =
7.3575(103)

FH
x2

dy

dx
= 0

 =
1

FH
a

14.715(103)

2
x2 + c1x + c2b

 y =
1

FHL
a
L

w0dxbdx

w(x) = w0 = 1500(9.81) = 14.715(103) N>m

> 30 m

3 m
A B

Ans:
Tmax = 594  kN

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

733



7–110.

If the pipe has a mass per unit length of 1500 kg m,
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, . Using Eq. 7–12,
we can write

Applying the boundary condition at x = 0, results in c1= 0.

Applying the boundary condition y = 0 at x = 0 results in c2 = 0. Thus,

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

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

The minimum tension occurs at the lowest point of the cable, where . Thus,

Tmin = FH = 551.81(103) N = 552 kN

u = 0°

dy

dx
= 0.02667x

FH = 551.81(103) N3 =
7.3575(103)

FH
(15)2

y =
7.3575(103)

FH
x2

dy

dx
= 0

 =
1

FH
a

14.715(103)

2
x2 + c1x + c2b

 y =
1

FHL
a
L

w0dxbdx

w(x) = w0 = 1500(9.81) = 14.715(103) N>m

> 30 m

3 m
A B

Ans:
Tmin = 552  kN
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4.5 m

7.5 – x

3 m

Use the equations of Example 7.12.

y = 
w

FH

0

2
x2

4.5 = 
12

2 FH

x2

3 = 
12

2 FH

(7.5 – x)2

12

2 (4.5)
x2 = 

12

2 (3)
(7.5 – x)2

x2 = 1.5 (56.26 – 15x + x2)

0.5x2 – 22.5x + 84.375 = 0

Choose root < 7.5 m

x = 4.1288 m

FH = 
w

y
0

2
x2 = 

12

2 (4.5)
 (4.1288)2 = 22.729 kN

At B :

y = 
w

FH

0

2
x2 = 

12

2 (22.729)
x2

dy

dx
 = tan �B = 0.52796 x |x = 4.1288 = 2.180

�B = 65.36°

TB = 
FH

Bcos �
 = 

22.729

cos 65.36°
 = 54.52 kN Ans.

At A :

y = 
w

FH

0

2
x2 = 

12

2 (22.729)
x2

dy

dx
 = tan �A = 0.52796 x |x = (7.5 – 4.1288) = 1.780

�A = 60.67°

TA = 
FH

Acos �
 = 

22.729

cos 60.67°
 = 46.40 kN Ans.
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A

w0

B

7.5 m

3 m

4.5 m

TB = 54.52 kN
TA = 46.40 kN

Ans:

735

7–111. The cable supports the uniform distributed load of 
w0 = 12 kN/m. Determine the tension in the cable at each 
support A and B.

Solution



*7–112.

SOLUTION
The Equation of The Cable:

[1]

[2]

Boundary Conditions:

at , then from Eq.[1] 

at , then from Eq.[2] 

Thus,

[3]

[4]

, at then from Eq.[3] 

at and the maximum tension occurs when . From

Eq.[4] 

Thus,

The maximum tension in the cable is

Ans.h = 7.09 m

10 =
18.125
h (0.6)

1

20.0256h2 + 1

Tmax =
FH

cos umax

cos umax =
1

20.0256h2 + 1

tan umax =
dy

dx
2
x-12.5m

=
w0

18.125
h w0

x = 0.0128h(12.5) = 0.160h

u = umaxx = 12.5 mu = umax

h =
w0

2FH
(12.52) FH =

78.125
h

w0x = 12.5 m,y = h

dy

dx
=

w0

FH
x

y =
w0

2FH
x2

0 =
1
FH

(C1) C1 = 0x = 0
dy

dx
= 0

0 =
1
FH

(C2) C2 = 0x = 0y = 0

dy

dx
=

1
FH

(w0x + C1)

=
1
FH
¢

w0

2
x2 + C1x + C2≤

y =
1
FHL

(
L

w(x)dx)dx

The cable will break when the maximum tension reaches
Determine the minimum sag h if it supports

the uniform distributed load of w = 600 N>m.
Tmax = 10 kN.

h

25 m

600 N/m
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Ans:
h = 7.09 m

736



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,

Applying the boundary condition at x = 0 results in C1 = 0.

Applying the boundary condition y = 0 at x = 0, we have

Thus,

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

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

and

Ans.

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

Thus,

Ans.Tmax =
FH

  cos umax
=

51.876(103)

  cos 30.50°
= 60.207(103) N = 60.2 kN

umax = tan-1ady
dx
`
x = 12 m

b = tan-1 c0.5890 sina p
24

 (12)b d = 30.50°

 = 4.5a1 -  cos  
p

24
xb  m

 y =
2304(103)

p 
2(51.876)(103)

c1 -  cos  
p

24
x d

 = 0.5890 sin 
p

24
x

 
dy

dx
=

96(103)

p(51.876)(103)
 sin 
p

24
x

FH = 51.876(103) N

4.5 =
2304(103)

p2FH
c1 -  cos  

p

24
 (12) d

y =
2304(103)

p2FH
c1 -  cos  

p

24
x d

C2 =
2304(103)

p2FH

0 = -
24
p
c 96(103)

pFH
  cos 0° d + C2

 
dy

dx
= 0

y = -  
24
p

 c96(103)

pFH
  cos  

p

24
x d + C1x + C2

y =
1
FHL

 24
p
c4(103) d   sin  

p

24
x + C1

y =
1
FHL aL4  cos  

p

24
* dxbdx

y =
1
FHL aLw(x)dxbdx

12 m

4.5 m

4 kN/m

y

x

B

A

––
24w � 4 cos      xp
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y = 4.5a1 - cos  
p

24
 x b  m

Tmax = 60.2 kN

Ans:

737



7–114. If the horizontal towing force is T = 20 kN and the
chain has a mass per unit length of , determine the
maximum sag h. Neglect the buoyancy effect of the water
on the chain. The boats are stationary.

15 kg>m 40 m

hT T
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Solution
As shown in Fig. a, the origin of the x, y coordinates system is set at the lowest point 
of the chain. Here, FH = T = 2011032N and

w1s2 = 1519.812N/m = 147.15 N/m.

d2y

dx2 =
147.15

20(103)A1 + ady

dx
b

2

= 7.3575(10- 3)A1 + ady

dx
b

2

Set u =
dy

dx
, then 

du
dx

=
d2y

dx2. Thus,

du21 + u2
= 7.3575(10- 3)dx

Integrating,

 ln 1u + 21 + u22 = 7.3575(10- 3)x + C1

Applying the boundary condition u =
dy

dx
= 0 at x = 0 results in C1 = 0. Thus,

 ln 1u + 21 + u22 = 7.3575(10- 3)x

u + 21 + u2 = e7.3575(10 - 3)x

dy

dx
= u =

e7.3575(10 - 3)x - e - 7.3575(10 - 3)x

2

Since sin h x =
ex - e - x

2
, then

dy

dx
=  sin h 7.3575(10- 3)x

Integrating,

y = 135.92 cos h 7.3575(10- 3)x + C2

Applying the boundary equation y = 0 at x = 0 results in C2 = –135.92. Thus,

y = 135.923  cos h 7.3575(10- 3)x - 14
Applying the boundary equation y = h at x = 20 m,

 h = 135.923cos h 7.3575(10- 3)1202 - 14 = 1.47 m Ans.

h = 1.47 m

Ans:

738
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60 m

h

CA

B

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 h 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.

FA = 11.1

 

kN
FC = 11.1 kN

.  h = 23 5 m

Ans:

739

Solution
Given:

L = 80 m

d = 60 m

w = 0.5 kN/m

Guesses FH = 10 kN h = 1 m

Given h =
FH
w
# acos h a w

FH
# d
2
b - 1b L

2
=
FH
w
# sin h a w

FH
# d
2
b

a h
FH
b = Find 1h, FH2  FA = FH    FC = FH   aFA

FC
b = a11.1

11.1
b  kN Ans.

 h = 23.5 m Ans.



The cable has a mass of 0.5 and is 25 m long.
Determine the vertical and horizontal components of force
it exerts on the top of the tower.

kg>m,

SOLUTION

Performing the integration yields:

(1)

At ; . Hence 

(2)

Applying boundary conditions at ; to Eq.(1) and using the result
yields . Hence

(3)

At ; . From Eq.(3)

By trial and error 

At point A, From Eq.(2)

Ans.

Ans.(FH)A = FH = 73.9 N

(Fv )A = FH tan uA = 73.94 tan 65.90° = 165 N

tan uA =
dy

dx
2
s = 25 m

=
4.905(25)

73.94
+ tan 30° uA = 65.90°

s = 25 m

FH = 73.94 N

15 =
FH

4.905
b sin h- 1 c

1
FH

(4.905(25) + tan 30°)R - sin h- 1(tan 30°) r

s = 25 mx = 15 m

x =
FH

4.905
b sin h- 1 c

1
F H

(4.905s+FH tan 30°) d - sin h- 1(tan 30°)r

C2 = - sin h- 1(tan 30°)C1 = FH tan 30°
s = 0x = 0

dy

dx
=

4.905s

FH
+ tan 30°

C1 = FH tan 30°
dy

dx
= tan 30°s = 0

=
1

FH
(4.905s + C1)

=
1

FHL
w0 ds

x =
FH

4.905
 b sin h- 1 c

1
FH

(4.905s + C1) d + C2 r

x =

L

ds

b 1 +
1

F2
H

(w0 ds)2 r
1
2

30B

A

15 m

From Eq. 7 14–
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Ans:
(Fv)A = 165  N 

)A = 73.9  N

740

dy

dx

dy

dx

FH

FH(



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.

At 

when 

Ans.
h

L
= 0.141

0.1547 L
2h

= 0.5493

 h =
FH
w0

 e 1

C1 - tanh2a w0L

2FH
b

- 1 u = 0.1547¢FH
w0
≤

 h =
FH
w0

 Bcosh ¢ w0

FH
 x≤ - 1R

y = hx =
L

2
,

w0L

2FH
=  tanh-110.52 = 0.5493

tanh¢w0L

2FH
≤ =

1
2

2FH  sinh¢w0L

2FH
≤ = FH  cosh ¢w0L

2FH
≤

w012s2 = FH  cosh ¢w0L

2FH
≤

Tmax =
FH

cos umax

cos umax =
1

 coshaw0L

2FH
b

dy

dx
`
max

= tan umax =   sinh¢w0L

2FH
≤

x =
L

2
,

 y =
FH
w0

 Bcosh ¢ w0

FH
 x≤ - 1R

 s =
FH
w0

  sinh ¢ w0

FH
 x≤

–
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h

L
= 0.141

Ans:

741



7 1 .– 18

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

Total weight = 4.00 MN
Tmax = 2.01 MN

Ans:

742

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 = 50 m d = 15 m Tmin = 200 kN

Tmin = FH FH = Tmin FH = 200 kN

From Example 7.13:

s =
FH
w0

 sin h aw0 x

FH
b

Guess w0  1  kN>m
Given

L
2

=
FH
w0

 sin h aw0

FH
 
d
2
b w0 = Find (w0) w0 = 79.93 kN>m

Total weight = w0 L              Total weight =  4 .00 MN

 

Ans.

tan1umax2 =
w0

FH
 
L
2
umax = a tan

£w0 aL2 b
FH

§
umax = 84.284°

Then,

Tmax =
FH

cos1umax2 Tmax = 2.01 MN Ans.

=



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

Substituting into

Using Eq. (3) in Example 7.12,

We get QEDy =
4h

L2x2

FH =  
w0L

2

8h

 =  
w0x

2

2FH

 =
FH

w0
  B  1 +

w2
0x

2

2F2
H

+ Á - 1R

 y =
FH

w0
 B  cosh ¢

w0

FH
x≤ - 1R

 cosh x = 1 +
x2

2!
+ Á
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Ans:

744

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:

g = 30 N>m d = 25 m L = 26 m

Guess    FH = 1000 N

Given   
L
2

- c FH
g

 sin h c g
FH

 ad
2
b d d = 0 FH = Find1FH2 FH = 770 N

    h =
FH
g

 acos h a1
2

 
g

FH
 db - 1b h = 3.104 m

 

Ans.

h = 3.104 m
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Ans:

745

7 1 .– 21 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.

L = 10.39 m 

Solution
Given :

g = 2 N>m d = 10 m h = 1.2 m

From Eq. (5) of Example 7.13 :

h =
FH
g

 
£ a
g

2
 
d
FH
b

2

2
§

FH =
1
8

 g 
d2

h
      FH = 20.83 N

From Eq. (3) of Example 7.13 :

L
2

=
FH
g

  sin h c g
FH

 ad
2
b d L = 2 

FH
g

  sin h a1
2

 g 
d
FH
b L = 10.39 m Ans.



7–122.

The cable is suspended between the supports 
and . If the cable can sustain a maximum tension of

and the maximum sag is , determine the
maximum distance between the supports

SOLUTION

The origin of the x, y coordinate system is set at the lowest point of the cable. Here
Using Eq. (4) of Example 7.13,

Applying the boundary equation m at we have

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

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

(3)

Solving Eqs. (2) and (3) yields

Ans.

FH = 1205.7 N

L = 16.8 m

1500 = FH cosh¢49.05L

FH
≤

Tmax =
FH

cos umax

 cos umax =
1

A1 +  sinh2 ¢
49.05L

FH
≤

=
1

  cosh ¢ 49.05L

FH
≤

 tan umax = sinh ¢49.05L

FH
≤

3 =
FH

98.1
  B  cosh ¢ 49.05L

FH
≤ - 1R

x =
L

2
,y = 3

y =
FH

98.1
  B  cosh ¢98.1x

FH
≤ - 1R

y =
FH

w0
  B  cosh ¢

w0

FH
x≤ - 1R

w0 = 10(9.81) N>m = 98.1 N>m.

L
3 m1.5 kN

B
A10 kg m

A B

L

3 m

Thus,
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L = 16.8 m
Ans:

746



No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.
© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.  

BA

50 m

30 30

747

7–123. A cable having a weight per unit length of 0.1 kN/m 
is suspended between supports A and B. Determine the 
equation of the catenary curve of the cable and the cable’s 
length.

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s) = 0.1 kN/m.

d y

dx

2

2
 = 

0.1

FH

 = 1 +
2

dy

dx

⎛
⎝⎜

⎞
⎠⎟

If we set u = 
dy

dx
, then 

du

dx
 = 

d y

dx

2

2
. Substituting these two values into the equation,

du

u1 + 2
 = 

0.1

FH

dx

Integrating,

ln (u + 1 + 2u ) = 
0.1

FH

x + C1

Applying the boundary condition u = 
dy

dx
 = 0 at x = 0 results in C1 = 0. Thus,

ln(u + 1 + 2u ) = 
0.1

FH

x

u + 1 + 2u  = e FH
x0.1

dy

dx
 = u = 

e eF FH H
x x0.1 0.1

–

2

–

Since sinh x = 
e ex x–

2

–

, then

dy

dx
 = sinh

0.1

FH

x (1)

Applying the boundary equation 
dy

dx
 = tan 30° at x = 25 m,

tan 30° = sinh
0.1

(25)
FH

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

FH = 4.5512 kN

Substituting this result into Eq. (1),

dy

dx
 = sinh[(0.0219722)x] (2)

SOLUTION



Integrating,

y = 45.512 cosh[(0.0219722)x] + C2

Applying the boundary equation y = 0 at x = 0 results in C2 = –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

+
→ ΣFx = 0; T cos � – 4.5512 = 0

+↑ΣFy = 0; T sin � – 0.1s = 0

Eliminating T,

dy

dx
 = tan � = 0.0219722 (3)

Equating Eqs. (2) and (3),

(0.0219722)s = sinh[(0.0219722)x]

s = 45.512 [(0.0219722)x] m

Thus, the length of the cable is

L = 2{45.512 sinh[(0.0219722) (25)]}
= 52.553 m Ans.
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y = 45.512 {cosh[(0.0219722)x]-1} m
L = 52.553 m

7–123 (Continued)

25 m 25 m

FH = 4.5512 kN

Ans:

748




