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1-1. The floor of a heavy storage warehouse building is
made of 6-in.-thick stone concrete. If the floor is a slab
having a length of 15 ft and width of 10 ft, determine the
resultant force caused by the dead load and the live load.

From Table 1-3

DL = [12Ib/ft?-in.(6 in.)] (15 ft)(10 ft) = 10,800 Ib

From Table 1-4

LL = (250 Ib/ft2)(15 ft)(10 ft) = 37,500 Ib

Total Load

F =483001b = 483k Ans.

1-2. The floor of the office building is made of 4-in.-thick
lightweight concrete. If the office floor is a slab having a
length of 20 ft and width of 15 ft, determine the resultant
force caused by the dead load and the live load.

From Table 1-3

DL = [81b/ft2-in. (4 in.)] (20 ft)(15 ft) = 9600 Ib

From Table 1-4

LL = (50 Ib/ft%)(20 ft)(15 ft) = 15,000 1b

Total Load
F =24,6001b = 24.6k Ans.
1-3. The T-beam is made from concrete having a specific ‘ 40 in. |

weight of 150 1b/ft3. Determine the dead load per foot length
of beam. Neglect the weight of the steel reinforcement.

w = (150 Ib/ft3) [(40 in.)(8 in.) + (18in.) (10in.)] (1i4ﬁ;z)

w = 521 1b/ft Ans.
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*1-4. The “New Jersey” barrier is commonly used during
highway construction. Determine its weight per foot of
length if it is made from plain stone concrete. 4 in.\‘

1 1
Cross-sectional area = 6(24) + (5) (24 +17.1950)(12) + (§>(4 +7.1950)(5.9620) 750

12in. 55°
6 in.i

= 364.54 in?
Use Table 1-2.

. 1 £
w = 144 Ib/ft3 (364.54 in?)

144 in?

“\24 in.
—

) = 365 Ib/ft Ans.

+5975in—o 2| fo—r-5475 0
?‘79‘!01&7“
75° 25-9620 :a
2T
550

1 ol
17.1950:4 ' 8-40%57n Gin

(F —
r Z4 .
2 ¢ i

W =8.4025 in

1-5. The floor of a light storage warehouse is made of
150-mm-thick lightweight plain concrete. If the floor is a
slab having a length of 7 m and width of 3 m, determine the
resultant force caused by the dead load and the live load.

From Table 1-3

DL = [0.015 kN/m2. mm (150 mm)] (7 m) (3 m) = 47.25kN

From Table 1-4

LL = (6.00kN/m?) (7m) (3m) = 126 kN

Total Load

F = 126 kN + 4725kN = 173 kN Ans.
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1-6. The prestressed concrete girder is made from plain
stone concrete and four %—in. cold form steel reinforcing

rods. Determine the dead weight of the girder per foot of its Sin.
length. .
6 1in.
1 3)\? - :
Area of concrete = 48(6) + 4 5(14 + 8)(4)| — 4(m) 3) = 462.23 in 20
3\ ]
Area of steel = 4(1T)(§) =1.767 in? 6in.|
From Table 1-2, 8 in;

w = (144 1b/1t%)(462.23 inz)(l—ﬁz> + 492 1b/ft3(1.767 inz)( 112 )
' 144 in2 : 144 illz

= 468 Ib/ft Ans.

1-7. The wall is 2.5 m high and consists of 51 mm X 102 mm
studs plastered on one side. On the other side is 13 mm
fiberboard, and 102 mm clay brick. Determine the average
load in kN/m of length of wall that the wall exerts on the floor.

Use Table 1-3.

For studs

Weight = 0.57 kN/m2 (2.5 m) = 1.425kN/m

For fiberboard

Weight = 0.04 kN/m? (2.5 m) = 0.1 kN/m

For clay brick

Weight = 1.87 kN/m? (2.5 m) = 4.675kN/m

Total weight = 6.20 kKN/m Ans.
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*1-8. A building wall consists of exterior stud walls with
brick veneer and 13 mm fiberboard on one side. If the wall
is 4 m high, determine the load in kN/m that it exerts on the
floor.

For stud wall with brick veneer.

w = (2.30 kN/m?)(4 m) = 9.20 kN/m

For Fiber board

w = (0.04 kN/m?)(4 m) = 0.16 kN/m

Total weight = 9.2 + 0.16 = 9.36 kKN/m Ans.

1-9. The interior wall of a building is made from 2 X 4
wood studs, plastered on two sides. If the wall is 12 ft high,
determine the load in 1b/ft of length of wall that it exerts on
the floor.

From Table 1-3
w = (20 Ib/ft3)(12 ft) = 240 1b/ft Ans.

1-10. The second floor of a light manufacturing building is
constructed from a 5-in.-thick stone concrete slab with an
added 4-in. cinder concrete fill as shown. If the suspended
ceiling of the first floor consists of metal lath and gypsum
plaster, determine the dead load for design in pounds per
square foot of floor area.

{— 4 in. cinder fill

e 9:‘:-‘%.{* 5 in. concrete slab

— ceiling

From Table 1-3,

5-in. concrete slab = (12)(5) = 60.0
4-in. cinder fill = (9)4) = 36.0
metal lath & plaster = 10.0
Total dead load = 106.0 Ib/ft? Ans.
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1-11. A four-story office building has interior columns
spaced 30 ft apart in two perpendicular directions. If the
flat-roof live loading is estimated to be 30 Ib/ft?, determine
the reduced live load supported by a typical interior column
located at ground level.

Floor load:
L, = 50 pst
A, = (30)(30) = 900 ft> > 400 ft?

15
L=1L1[025+———
’ VKLLAT)
L= 50[025 + 22| = 25 psf
' \/4(900)

25
% reduction = 0 50% > 40% (OK)

F, = 3[(25 psf)(30 ft)(30 ft)] + 30 psf(30 ft)(30 ft) = 94.5k Ans.

*1-12. A two-story light storage warehouse has interior
columns that are spaced 12 ft apart in two perpendicular
directions. If the live loading on the roof is estimated to be
25 1b/ft?, determine the reduced live load supported by
a typical interior column at (a) the ground-floor level, and
(b) the second-floor level.

A, = (12)(12) = 144 f2
Fj, = (25)(144) = 36001b = 3.6 k
Since A, = 4(144) f2 > 400 ft2

15

V (4)(144)

(a) For ground floor column

L = 12.5(0.25 + ) =109.375 Ib/ft?

L =109psf > 05L, = 625pst OK

F, = (109.375)(144) = 15.75 k

F=F,+ Fp=1575k + 36k = 19.4k Ans.
(b) For second floor column

F=F, =360k Ans.
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1-13. The office building has interior columns spaced 5 m
apart in perpendicular directions. Determine the reduced
live load supported by a typical interior column located on
the first floor under the offices.

From Table 1-4
L, =240 kN/m?
A; = (5m)(5m) = 25m?

K, =4
4.57
L=1L1L1025+ —F—=
’ % KLLAT)
4.57
L = 2.40]0.25 +
( V 4(25))
L = 1.70 kN/m? Ans.

1.70kN/m? > 04 L, = 0.96kN/m?> OK

1-14. A two-story hotel has interior columns for the
rooms that are spaced 6 m apart in two perpendicular
directions. Determine the reduced live load supported by a
typical interior column on the first floor under the public
rooms.

Table 14
L, = 479 kN/m?
Ay = (6m)(6m) = 36 m?

K, =4
4.57
L=L[025+ —=—
’ \/KLLAT)
4.57
L =479(0.25 +
( \/4(36))
L = 3.02 kN/m? Ans.

3.02kN/m? > 0.4 L, = 1.916 kN/m> OK
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1-15. Wind blows on the side of a fully enclosed hospital
located on open flat terrain in Arizona. Determine the
external pressure acting over the windward wall, which has
a height of 30 ft. The roof is flat.

V = 120 mi/h
K, =10
K, =10

g, = 0.00256 KszrKdV2
= 0.00256 K, (1.0)(1.0)(120)?2
= 3686 K,

From Table 1-5,

z K 2 q,
0-15 0.85 31.33
20 0.90 33.18
25 0.94 34.65
30 0.98 36.13
Thus,

pP=49GC, -q,(GC))
= ¢ (0.85)(0.8) — 36.13 (+0.18)

= 0.68¢ ¥ 6.503
Po_1s = 0.68(31.33) F6.503 = 14.8 psf or 27.8 psf Ans.
Dyo = 0.68(33.18) ¥6.503 = 16.1 psf or 29.1 pst Ans.
Dys = 0.68(34.65) F6.503 = 17.1 psf or 30.1 pst Ans.
D3y = 0.68(36.13) ¥ 6.503 = 18.1 psf or 31.1 pst Ans.

*]1-16. Wind blows on the side of the fully enclosed
hospital located on open flat terrain in Arizona. Determine
the external pressure acting on the leeward wall, which has
a length of 200 ft and a height of 30 ft.

V = 120 mi/h
K, =10
K, =10

q;, = 0.00256 K _K_K,V?

= 0.00256 K_(1.0)(1.0)(120)>
= 36.86 K,




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

1-16. Continued

From Table 1-5,forz = h
q, = 36.86(0.98)

301ft, K, = 0.98
36.13

From the text

L, 200
B " 200 1 so that Cp =-05

P =qGC,—q,(GC,)
36.13(0.85)(—0.5) — 36.13(+0.18)
—21.9 psf or — 8.85 psf Ans.

p

p

1-17. A closed storage building is located on open flat
terrain in central Ohio. If the side wall of the building is
20 ft high, determine the external wind pressure acting on
the windward and leeward walls. Each wall is 60 ft long.
Assume the roof is essentially flat.

V = 105 mi/h
K,=10
K, =10

q = 000256 K _K_K,V>
0.00256 K_(1.0)(1.0) (105)?
2822 K,

From Table 1-5

z K, q.
0-15 0.85 23.99
20 0.90 25.40

Thus, for windward wall

p = 4GC,-q,(GC,)
9(0.85)(0.8) — 25.40(+0.18)

= 0.68 ¢ F4.572
DPo_15 = 0.68(23.99) F4.572 = 11.7 pst or 20.9 psf Ans.
Dy = 0.68(25.40) F4.572 = 12.7 pst or 21.8 pst Ans.

Leeward wall

L 60

360 1sothath =-05

p =4 GC,—q,(GC,)
25.40(0.85)(—0.5) — 25.40 (+0.18)

—15.4 psf or —6.22 psf Ans.

p

p
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1-18. The light metal storage building is on open flat
terrain in central Oklahoma. If the side wall of the building
is 14 ft high, what are the two values of the external wind
pressure acting on this wall when the wind blows on the
back of the building? The roof is essentially flat and the
building is fully enclosed.

V = 105 mi/h
K, =10
K, =10

q, = 0.00256 K K K V*
= 0.00256 K, (1.0)(1.0)(105)?
=2822K,
From Table 1-5
For0 = z = 151tK, = 0.85
Thus,
q, = 28.22(0.85) = 23.99
p = qGC, — q,(GC,)
(23.99)(0.85)(0.7) — (23.99)(+ 0.18)
—9.96 psfor p = —18.6 pst Ans.

ST
Il Il

1-19. Determine the resultant force acting perpendicular
to the face of the billboard and through its center if it is
located in Michigan on open flat terrain. The sign is rigid
and has a width of 12 m and a height of 3 m. Its top side is
15 m from the ground.

q, = 0.613 K K_K,V? ?4

Sincez = h = 15mKZ = 1.09

K, =10
K, =10
V =47m/s
q, = 0.613(1.09)(1.0)(1.0)(47)?

= 1476.0 N/m?
B/sz13.27111—4,s/h=13*5=02

From Table 1-6

C; =180
F = g, GC A,
= (1476.0)(0.85)(1.80)(12)(3) = 81.3kN Ans.
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*1-20. A hospital located in central Illinois has a flat roof.
Determine the snow load in kN/m? that is required to
design the roof.

py = 0.7 CchIng
py; = 0.7(0.8)(1.0)(1.20)(0.96)
= 0.6451 kN/m?
Also
p; = Ip, = (1.20)(0.96) = 1.152 kN/m?
use

py = 115 kN/m? Ans.

1-21. The school building has a flat roof. It is located in an
open area where the ground snow load is 0.68 kN/m?2
Determine the snow load that is required to design the roof.

pp= 0.7 CCC,ISpg
pr= 0.7(0.8)(1.0)(1.20)(0.68)
= 0.457 kN/m?

Also
pr=pp= Ing = (1.20)(0.68) = 0.816 kN/m?
use

py = 0816 kN/m? Ans.

1-22. The hospital is located in an open area and has a
flat roof and the ground snow load is 30 1b/ft2. Determine
the design snow load for the roof.

Since p,, = 30 Ib/ft2 > 20 Ib/ft? then
pp = I;p, = 1.20(30) = 36 Ib/ft* Ans.

10
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2-1. The steel framework is used to support the
reinforced stone concrete slab that is used for an office. The
slab is 200 mm thick. Sketch the loading that acts along
members BE and FED. Take a =2 m, b = 5 m. Hint: See
Tables 1-2 and 1-4.

b 5
Beam BE. Since p = m = 2.5, the concrete slab will behave as a one way slab.

Thus, the tributary area for this beam is rectangular shown in Fig. ¢ and the intensity
of the uniform distributed load is

200 mm thick reinforced stone concrete slab:
(23.6 kN/m3)(0.2 m)(2m) = 9.44 kN/m

480 kN/m

Live load for office: (2.40 kN/m?)(2 m) = 1424 KN/m

Ans.

Due to symmetry the vertical reaction at B and E are
B, =E, = (14.24 kN/m)(5)/2 = 35.6 kN

The loading diagram for beam BE is shown in Fig. b.

Beam FED. The only load this beam supports is the vertical reaction of beam BE
at E which is E, = 35.6 kN. The loading diagram for this beam is shown in Fig. c.

/424 /é/‘)/m

’ R Y

£

(lm 5,3:55:@0,4/\/ (b) E.J:.?S"-éam

—%—

Im

) 57 =35.60kN

11
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2-2. Solve Prob.2-1 witha =3 m,b =4 m.

b 4
Beam BE. Since p = 3 < 2,the concrete slab will behave as a two way slab. Thus,

the tributary area for this beam is the hexagonal area shown in Fig. a and the
maximum intensity of the distributed load is

200 mm thick reinforced stone concrete slab: (23.6 kN/m?3)(0.2 m)(3 m)
= 14.16 kN/m

. , 720 kN/m
Live load for office: (2.40 kN/m?)(3 m) = W Ans.
. m

Due to symmetry, the vertical reactions at B and E are

2 %(2136kN/n0(L51n) + (21.36 kN/m)(1 m)

B,=E, = 5

= 26.70 kN

The loading diagram for Beam BE is shown in Fig. b.

Beam FED. The loadings that are supported by this beam are the vertical reaction
of beam BE at E whichis E|, = 26.70 kN and the triangular distributed load of which
its tributary area is the triangular area shown in Fig. a. Its maximum intensity is

200 mm thick reinforced stone concrete slab: (23.6 kN/m3)(0.2 m)(1.5 m)
= 7.08 kN/m

. . 3.60 kN/m
Live load for office: (2.40 kN/m?)(1.5 m) =~ 1063 KN/m KNJ Ans.
. m

2126 knjm

The loading diagram for Beam FED is shown in Fig. c.

U5”I Im | [.5m

el

57:25.70/6/\/ (b) E7=Zé-7o A

E‘y =26.70 kN
10-68 kfm 10-68 Knm

I

r’rs5m

D

b=4m
(a) (<)

12
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2-3. The floor system used in a school classroom consists
of a 4-in. reinforced stone concrete slab. Sketch the loading
that acts along the joist BF and side girder ABCDE. Set
a =10 ft, b = 30 ft. Hint: See Tables 1-2 and 1-4.

b 30ft
ist BF. Si —-—=—
Joist Since 2 10

Thus, the tributary area for this joist is the rectangular area shown in Fig. a and the

= 3, the concrete slab will behave as a one way slab.

intensity of the uniform distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ft3)(ﬁ ft)(lO ft) = 0.5 k/ft

. 0.4 k/ft
Live load for classroom: (0.04 k/ft?)(10 ft) = Ans.

0.9 k/ft

Due to symmetry, the vertical reactions at B and F are
B, =F, = (09 k/ft)(30 ft)/2 = 135k Ans.

The loading diagram for joist BF is shown in Fig. b.

Girder ABCDE. The loads that act on this girder are the vertical reactions of the
joists at B, C,and D, which are B, = C, = D, = 13.5 k. The loading diagram for
this girder is shown in Fig. c.

azroft | /oft | swft | roft |
F
T S o
| I . 5
bof] || (I . -,
i I = ‘
o e
. il L
A c D _&E

RIS L TR N SR IO
¥ L]

13
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*2-4, Solve Prob.2-3 witha = 10 ft,b = 15 ft.

15 f
Joist BF. Since % = ﬁ = 1.5 <2, the concrete slab will behave as a two way

slab. Thus, the tributary area for the joist is the hexagonal area as shown

in Fig. a and the maximum intensity of the distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ft3)(E ft)(lO ft) = 0.5k/ft

Live load for cl :(0.04 k/ft2)(10 ft _ Y/t Al
ive load for classroom: (0.04 k/ft%)( ) = 09K/t ns.
Due to symmetry, the vertical reactions at B and G are
1
2{5 (0.9 k/ft)(5 ft)} + (0.9 k/ft)(5 ft)
B,=F,= =450k Ans.

2

The loading diagram for beam BF is shown in Fig. b.

Girder ABCDE. The loadings that are supported by this girder are the vertical
reactions of the joist at B, C and D which are B, = C, = D = 4.50 k and the
triangular distributed load shown in Fig. a. Its maximum intensity is

4 in thick reinforced stone concrete slab:
p 07 Ky
(0.15 k/ft3)(E ft)(S ft) = 0.25 k/ft

0.20 kft 8 ' F
Live load for classroom: (0.04 k/ft2)(5 ft) = — Ans.

0.45 K/ft

154t T

The loading diagram for the girder ABCDE is shown in Fig. c. 5

3-3%4-50 k. (b) Fy =450k

[ /oft | /oft | foft | Q=roft |
450Kk 450k g0k
5{t ; : i 045kl | 045 Kfte | 045Kl 045 Kige
i .
5ft | ‘ '
D . P A ¢

Yok VN oft Vot | oft | SFV 5] 5FE V51 |
«) '

14
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2-5. Solve Prob.2-3 with a = 7.5 ft,b = 20 ft.

20 ft

Beam BF. Since — = —__ = 2.7 > 2, the concrete slab will behave as a one way

a 75ft

slab. Thus, the tributary area for this beam is a rectangle shown in Fig. a and the

intensity of the distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ft3)(ﬁ ft)(7.5 ft) = 0.375 k/ft

Live load from classroom: (0.04 k/ft?)(7.5 ft)

Due to symmetry, the vertical reactions at B and F are

_ (0675 K/f)(20 f1)

B, =F, 5

, =675k

The loading diagram for beam BF is shown in Fig. b.

Beam ABCD. The loading diagram for this beam is shown in Fig. c.

Q=754 754 754t | 75f

0300 k/ft
©0.675 k/ft

b=20ft

Ans.

Ans.

O675 Kft

R R PR LS AT A R I

IAAARAANT

15
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2-6. The frame is used to support a 2-in.-thick plywood
floor of a residential dwelling. Sketch the loading that acts
along members BG and ABCD. Set a = 5 ft,b = 15 ft. Hint:
See Tables 1-2 and 1-4.

b 15ft
Beam BG. Since PR 3, the plywood platform will behave as a one way

slab. Thus, the tributary area for this beam is rectangular as shown in Fig. a and the

intensity of the uniform distributed load is
. . 1b 2
2 in thick plywood platform: (36 §> (E ft)(Sft) = 30 Ib/ft
t

Line load for residential dwell '(401b)5ft - 2001k A
e load 1or resiaential aweller: ftz ( ) - 230 lb/ft ns-

Due to symmetry, the vertical reactions at B and G are

230 Ib/ft)(15 ft
B =G =¢=1725 Ans.
y y 2
The loading diagram for beam BG is shown in Fig. a.

Beam ABCD. The loads that act on this beam are the vertical reactions of beams
BG and CF at B and C which are B, = C, = 1725 Ib.The loading diagram is shown
in Fig. c.

230 1bf

g G

/15 Ft 61 ey
. =725 1
5(7-/72.5/5 (b) 7

/72546 /7254

16
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2-7. Solve Prob.2-6, with a = 8 ft,b = 8 ft.

b 8 ft
Beam BG. Since — = Py 1 <2, the plywood platform will behave as a two

way slab. Thus, the tributary area for this beam is the shaded square area shown in

Fig. a and the maximum intensity of the distributed load is

2
2 in thick plywood platform: (36 1b/ft3) (E in)(8 ft) = 481b/ft

Live load fi idential dwelling: (40 Ib/ft)(8 fi —M A
ive load for residential dwelling: ( /t)(8 ft) = 368 10/ft ns.
Due to symmetry, the vertical reactions at B and G are
1
) (368 1b/ft) (8 ft)
B, =G, =—=7361b Ans.

7 2
The loading diagram for the beam BG is shown in Fig. b

Beam ABCD. The loadings that are supported by this beam are the vertical
reactions of beams BG and CF at B and C which are By = Cy = 736 b and the

distributed load which is the triangular area shown in Fig. a. Its maximum intensity is 368/ b /!
%
2
2 in thick plywood platform: (36 Ib/ft®) (Tft) (4ft) = 241b/ft N\ \
. . . . 5 160 Ib/ft /
Live load for residential dwelling: (40 Ib/ft)(4 Ib/ft) = ———— Ans. f P

184 Ib/ft G
B g

The loading diagram for beam ABCD is shown in Fig. c.

; 44t ‘Hté 730 1
= = 3
a /36 b (b) 7 %4

S At it A 4] 4

41t
4t

17
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*2-8. Solve Prob.2-6,witha = 9 ft,b = 15 ft.

Beam BG. Since é = @
a 9 ft

= 1.67 <2, the plywood platform will behave as a

two way slab. Thus, the tributary area for this beam is the octagonal area shown in

Fig. a and the maximum intensity of the distributed load is

2
2 in thick plywood platform: (36 1b/ ft3)(§ in)(9 ft) 54 1b/ft

360 Ib/ft

Live load for residential dwelling: (40 1b/ft*)(9 ft) = m

Due to symmetry, the vertical reactions at B and G are

2 %(414 Tb/£0)(4.5 ft)} L (414 1b/f)(6 o)

B, =G, = 5 = 2173.51b

The loading diagram for beam BG is shown in Fig. b.

Ans.

Beam ABCD. The loading that is supported by this beam are the vertical
reactions of beams BG and CF at B and C which is By = Cy = 2173.5 1b and the

triangular distributed load shown in Fig. a. Its maximum intensity is

2
2 in thick plywood platform: (36 b/ ft3)(E ft>(4.5 ft)y = 27 Ib/ft

180 Ib/ft

Live load for residential dwelling: (40 1b/ft?)(4.5 ft) = W

The loading diagram for beam ABCD is shown in Fig. c.

La: 9t 9t 74

ale

454t
bft
458t

Ans.

L

414 Iofp¢

N \L\ N

G

| 45K oft 4-5/t|
327=2/7;.5/é (b) 47=z/73.515

2735 /b

207 Ib/te

2173.5 1h

4.5F\ 4.5
()
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2-9. The steel framework is used to support the 4-in. C
reinforced stone concrete slab that carries a uniform live 3
loading of 500 Ib/ft>. Sketch the loading that acts along

members BE and FED. Set b = 10 ft, a = 7.5 ft. Hint: See Re
Table 1-2. ) / =~

3
<

b 10
Beam BE. Since 4 = 75 < 2, the concrete slab will behave as a two way slab.

Thus, the tributary area for this beam is the octagonal area shown in Fig. a and the

E>/
\/

maximum intensity of the distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ ft3)<ﬁ ft)(7.5 ft) = 0.375 k/ft

3.75 k/fit

2R Ans.
4125 k/ft s

Floor Live Load: (0.5 k/ft?)(7.5 ft) =
Due to symmetry, the vertical reactions at B and E are

2 %(4.125 k/ft)(3.75 ft)} + (4125 k/ft)(2.5 ft)

B, = E, = ) = 12.89k

The loading diagram for this beam is shown in Fig. b.

Beam FED. The loadings that are supported by this beam are the vertical reaction
of beam BE at E which is £, = 12.89 k and the triangular distributed load shown in
Fig. a. Its maximum intensity is

4
4 in thick reinforced stone concrete slab: (0.15 k/ ft3)<§ ft)(3.75 fty = 0.1875 k/ft

Floor live load: (0.5 k/ft*)(3.75 ft) = %ﬁ/ff: Ans. 4/‘85 k/ft
The loading diagram for this beam is shown in Fig. c. IR
E
3754t |25h| 375K ] e
C 2.54t| 3.75 ft
= 50
Byz/z.a? K Ey=/2'89 K
=754 (b)
'{“‘o : 375 ]P.t
BLAAE.
3 375t
75ft
A
b=/0ft

()
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2-10. Solve Prob.2-9,with b = 12 ft,a = 4 ft.

b 12
Beam BE. Since . = T = 3> 2, the concrete slab will behave as a one way

slab. Thus, the tributary area for this beam is the rectangular area shown in Fig. a and
the intensity of the distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ft2)<ﬁ ft>(4 ft) = 0.20 k/ft

2.00 k/ft

Floor Live load: (0.5 k/ft>)(4 ft) = 220 K/

Ans.

Due to symmetry, the vertical reactions at B and E are

_ (220K/f(12 ft)

B, =E, 5

8 =132k

The loading diagram of this beam is shown in Fig. b.

Beam FED. The only load this beam supports is the vertical reaction of beam
BE at E which is Ey =132k Ans.

The loading diagram is shown in Fig. c.

A=41¢
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2-11. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If
indeterminate, specify the degree of indeterminacy. The
supports or connections are to be assumed as stated.

}'a A\ |
\ 7°\ 0

(a)

(b)

(e)
(@) r=5 3n=3(1) <5
Indeterminate to 2°.
(b) Parallel reactions
Unstable.
(¢) r=3 3n =3(1) <3
Statically determinate.
(d r=6 3n =32) <6

Statically determinate.

(e) Concurrent reactions
Unstable.

Ans.

Ans.

Ans.

Ans.

Ans.

a)
G—T ﬁl‘
b)
/P Ar A
]
<)
4)
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*2-12. Classify each of the frames as statically determinate
or indeterminate. If indeterminate, specify the degree of
indeterminacy. All internal joints are fixed connected.

A\
(a)
: i
(b)
;\—/a
(c)
[Q
JE O NN
(d)

(a) Statically indeterminate to 5°.
(b) Statically indeterminate to 22°.
(c) Statically indeterminate to 12°.

(d) Statically indeterminate to 9°.

b)

o

2é-l2 =2

21 =12 17/

Ans.
Ans.
Ans.
Ans.
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2-13. Classify each of the structures as statically
determinate, statically indeterminate, stable, or unstable.
If indeterminate, specify the degree of indeterminacy.
The supports or connections are to be assumed as stated.

(a) r=26 3n =3(2) =6
Statically determinate.

(b) r=10 3n=3@3) < 10

Statically indeterminate to 1°.

(c) r=4 3n =3(1) < 4
Statically determinate to 1°.

<

Ans.

Ans.

Ans.

|
roller L ‘i;‘
| 3
fixed F*
(@)
:5_(
& 2 [ s
fixed pin pin fixed I~
(b)
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2-14. Classify each of the structures as statically
determinate, statically indeterminate, stable, or unstable. If
indeterminate, specify the degree of indeterminacy. The
supports or connections are to be assumed as stated.

(a) r=>5 3n =32) =6

rocker
r <3n
Unstable.
(a)
®) r=9 3n =33) =9
r=3n
. : 4
Stable and statically determinate. [ D] D) |
roller pin  roller pin fixed“3|
(c) r=28 3n =3(2) =6
r—-3n=8-6=2 (b)
Stable and statically indeterminate to the
second degree.
fixed 7 pin
fixed Ll fixed
(©)
5\

@)

—

(b)

~A (c)

24




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

determinate, statically indeterminate, or unstable. If

2-15. Classify each of the structures as statically ?j]
indeterminate, specify the degree of indeterminacy.

(@) r=>5 3n=32) =6

r < 3n
Unstable. é I
) r=10 31 =33)=9%andr —3n =10 -9 =1 (a)
Stable and statically indeterminate to first degree. J
(c) Since the rocker on the horizontal member can not resist a horizontal ﬂ - {5\5 (CH |
force component, the structure is unstable.
(b)
A
'L_* v v g L
g
T (©
B — )
¥
(@)
A A
N

(¢)
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*2-16. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If
indeterminate, specify the degree of indeterminacy.

(a)

(b)

(©)

(d)

r==6 3n =3(1) =3
r—3n=6-3=3

Stable and statically indeterminate to the third degree.

r=4 3n = 3(1) =3
r—3n=4-3=1

Stable and statically indeterminate to the first degree.

r=3 3n =3(1) =3 r=3n

Stable and statically determinate.

r==6 3n =32) =6 r=3n

Stable and statically determinate.

(®)

(b)

(©)

(d)

(o)

)

(A

26
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2-17. Classify each of the structures as statically
determinate, statically indeterminate, stable, or unstable. If
indeterminate, specify the degree of indeterminacy. Y

(a)
(a) r=2 3n =3(1) =3 r<3n

Unstable.

(b) r=12 3n =32) =6 r>3n

r—3n=12-6=6

Stable and statically indeterminate to the sixth degree.

(b)
(c) r=6 3n =32) =6
r = 3n
Stable and statically determinate. N g
(d) Unstable since the lines of action of the reactive force components are ©
concurrent.
/& ~
[ ] T~
(d)

(@)

™~

N/

! |
k)
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20 kN

2-18. Determine the reactions on the beam. Neglect the 26 kN
thickness of the beam. 13/,
5
12 ﬂ\/‘ |5
C+XM, =0,  By(15) — 20(6) — 20(12) — 26 = |(15) = 0 A | | =
13 6 m———f——6m———3 m—
B, = 48.0kN Ans.
12
+T1>F, =0 Ay +480 =20 =20 — 2(26) = 0
<lber
ZO0KN Jlee /
A, =16.0kN Ans. l | 3
¥ ¥s
+ 5 Ax
_)EFxIO; Axf E 26 =0 ] éen e Ry
A, = 10.0kN Ans.
2-19. Determine the reactions on the beam. 3kt

C+DM,=0; —60(12) — 600 + Fpcos 60°(24) = 0

Fy = 11000k = 110k ans. AT (\'

600 k - ft

s,

— > F,=0; A, = 110.00sin60° = 0
A, = 953k Ans.

| 121t | 121t

2024)+ £03024) = 6.0 kc

+ 13 F, =0; A, = 11000 cos 60° ~ 60 = 0
A, = 5.00k Ans. R

y 7

Ac 1 \ Goo k7t jﬁ\
b 3
A 12t 12/t ]E 5

#*2-20. Determine the reactions on the beam.

C+dM, =0,  Fp(26)-52(13) - 39(%)(26) =0 241t
Fp = 390k Ans.
12 12 12
+ = 0; - - | == + | —= V) =
T Fy=o0; Ay-13 69 (13)52 (13)(39 0) =0
A, = 48.0k Ans.
+ 5 5 5
- > F, =0 —A, + (E)” + <E>52 - (E)”'O =0
A, = 200k Ans.
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2-21. Determine the reactions at the supports A and B of
the compound beam. Assume there is a pin at C.

Equations of Equilibrium: First consider the FBD of segment AC in Fig.a. N, and
C, can be determined directly by writing the moment equations of equilibrium
about C and A respectively.

CH+D Mc=0; 4(6)(3) — Na(6) =0 N, = 12kN Ans.
C+OM,=0; Cy6) —4(6)3)=0 C, =12kN Ans.
Then,

ESF =0, 0-C,=0 C,=0

Using the FBD of segment CB, Fig. b,

5SF =0. 0+ B, =0 B =0 Ans.
+1>F, =0, B,-12-18=0 B, =30kN Ans.
C+HOMp=0; 12(4) +182) —Mp=0 Mp=84kN-m Ans.

4(6) kN
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2-22. Determine the reactions at the supports A, B, D, 8k
and F. 2K/t

C E

L4 ft4L4ftji

'.i-_n‘B D s
B i o 4
21t

]

Equations of Equilibrium: First consider the FBD of segment EF in Fig. a. N and 8 k
Ey can be determined directly by writing the moment equations of equilibrium

about E and F respectively.

C+DMp =0, Np—(8) —84) =0 Np=400k

Ans.
|
C+>Mp =0, 84)—E,(8) =0 E, =400k '
_ | 4 44
¥

LSF =0 E, =0
Consider the FBD of segment CDE, Fig. b, Ca' )
5SF =0 C,-0=0 C, =0

C+SMc =0, Np(4) —400(6) =0 Np = 600k Ans.

C+3SMp =0; C,4)—400(22) =0 C, =200k

Now consider the FBD of segment ABC, Fig. c. (@ N f)-é-o
C+SIM, = 0. Np(8) + 2.0012) — 2(12)(6) = 0 Ny = 150k Ans. 4f | Rft
Np
C+SMy = 0; 2(12)(2) + 2.00(4) — A,(8) =0 A, = 7.00k Ans.
N (b)
= >F, =0, A,—0=0 A, =0 Ans.

2(12)k

pr———— e ———

Ae ¥ 160

| e# 2| #¢
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2-23. The compound beam is pin supported at C and 8k 12 k
supported by a roller at A and B. There is a hinge (pin) at

D. Determine the reactions at the supports. Neglect the l 15k - ft VAR
thickness of the beam. A D B4~ 3 C

AT LT

4k 4ft 2 ft

Equations of Equilibrium: Consider the FBD of segment AD, Fig. a.
L SF, =0, D,—4sn30° =0 D, = 200 k

C+SMp = 0; 8(2) +4c0s30°(12) = No(6) = 0 N,= 959k  Ans.

C+3SMy = 0;  D,(6) + 4cos30°(6) — 8(4) = 0 D, = 1.869k

Now consider the FBD of segment DBC shown in Fig. b,

3
i>EFX =0, C, — 200- 12(5) =0 C,= 920k Ans.
§+2Mc =0, 1.869(24) + 15 + 12( >(8) Ng(16) = 0
Np = 854 k Ans.
Q+EMB =0, 1.869(8) + 15 — 12( )(8) - C,(16) = 0

C, =293k Ans.

8k pf/-aeek

— : >C)<
o0 et [T Q2 H 00 i f
4k Ny Dy )
(@) T ®)
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*2-24. Determine the reactions on the beam. The support
at B can be assumed to be a roller.

Equations of Equilibrium:

C+SM, = 0; Np24) - 2(12)(6) - %(2)(12)(16) =0 Nz = 140k Ans.

Q+2MB = 0 %(2)(12)(8) + 2(12)(18)-A,(24) = 0 A

LSF =0 A =0

2k/ft
\ Y
jalilry B
1 12 ft 12 ft
y = 220k Ans.
Ans.
202)k  FE@)IDK
T
A;(_ ; Y H \\\“~=1
A
6pt | 10ft 8ft

2-25. Determine the reactions at the smooth support C
and pinned support A. Assume the connection at B is fixed
connected.

C+DM, = 0 C, (10 + 6sin 60°) — 480(3) = 0

C,=94761b = 9481b
L SF, =0, A, - 9476sin30° = 0
A, = 4741b

+13F, = 0; A, + 9476c0s30° — 480 = 0

A, = 3981b

80 Ib /ft

§3o° 10 ft

B

6 ft

Ans.

Ans.

Ans.
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2-26. Determine the reactions at the truss supports
A and B.The distributed loading is caused by wind.

‘ 48 ft 48 ft |

C+>M, = 0; B,(9%) + (%)20.8(72) - (%)20.8(10)

—(2)31.2(24) - (%)31.2(10) =0

13
B, = 5117kN = 5.12kN Ans.
12 12
+ = 0 ~ 5117 + (= 208 — (= )312 =
T>SF, =0 A, — 5117 (13)208 <13>312 0
A, = 147kN Ans.
+ 5 5
=0, —B,+ |5 )312 + (208 =
— >F, =0, -B, (13)312 (13)208 0
B, = 20.0kN Ans.

&

+ 984 + 24 ]
24 ¢ ¢ 1t
A 8y
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2-27. The compound beam is fixed at A and supported by
a rocker at B and C. There are hinges pins at D and E.

Determine the reactions at the supports.

Equations of Equilibrium: From FBD(a),

C+3IMp=0; C(6)=0 C,=0

+1>F,

LESF =0 E =0

Il
=
o
|
o
Il
o
&
Il
=

From FBD (b),

C+3Mp=0;, By4) —152) = 0

B, = 7.50kN

+1>F, =0, D, + 750—15 = 0

D, = 750kN
—=>F, =0, D, =0

From FBD (c),
C+HDMu= 0, M,y —750(6) =0

M, = 450kN-m

T2,

LESF =0 A =0

0; A,—750=0 A, =750kN

15 kN
A D l B E
Q) /3\ 0) gkc
6m ‘Zlelem‘ 6m ‘
Ex
Ans. :
6”’ L 4
E; (a) C%
15 kN %J-GE-\Q
Ans. ? R
K }_E‘ )
i) J
2m ' Zm | 2m]
D. 8
[N 4
2.50
Ans. Dlas.ﬁlq
R

Dx=0
Ans. Aﬁ—(‘-%l:?—
om

Ans. ©)
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*2-28. Determine the reactions at the supports A and B.

s A 3 k/ft 10k
The floor decks CD, DE, EF, and FG transmit their loads 3 bt g
to the girder on smooth supports. Assume A is a roller and C D E ‘ F ‘G
Bisapin. L 1 1L 1 1L

I
A ” B
41t 4ft—f— 4 ft—f—4 1t
Consider the entire system.
C+XMp = 0;  10(1) + 12(10) — A, (8) = 0
S@E20K o g |
A, = 1625k =163k Ans. Tox
e
5SF =0, B, =0 Ans. .
- e I I I
+1YF, =0, 1625-12-10+B,= 0 { . ——
L 8,
B, =575k Ans. | 476 T agt 401 4A
Jk, 4
2-29. Determine the reactions at the supports A and B of 4kN/m
the compound beam. There is a pin at C.
Ab B
- C B
[
Member AC: |
C+DXMc = 0;-A,(6) +12(2) = 0 6m 45m

A, = 400kN Ans.
+1>3F, =0, C,+400-12=0

C, = 8.00kN
LESF =0 ¢, =0
Member CB:
C+DMp=0;—Mg + 8.00(4.5) +9(3) =0

Mg = 63.0kN-m Ans.
+1>3F, =0, B,-8-9=0

B, = 17.0kN Ans.
LESF =0 B, =0 Ans.
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2-30. Determine the reactions at the supports A and B of 2 kN/m

the compound beam. There is a pin at C. /m

‘ 6m 4m

Member AC:

C+XEMc=0; —A,(6) + 6(2) = 0; A, = 2.00kN Ans.
L SF =0 C,=0

+1>F, = 0 200 -6 + C, = 0 C, = 400kN

Member BC:

+1>F, = 0 —-400 -8 + B, = 0; B, = 120kN Ans.
5 SF=0; 0-B, =0 B, =0 Ans.
C+XMp =0, —Mp + 82) + 400(4) = 0; My = 32.0kN-m Ans.
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2-31. The beam is subjected to the two concentrated loads P 2P
as shown. Assuming that the foundation exerts a linearly ‘ L L L ‘
varying load distribution on its bottom, determine the load | 3 v 3y 3 |
intensities w; and w, for equilibrium (a) in terms of the
parameters shown; (b) set P =500 1b, L =12 ft.

T

Equations of Equilibrium: The load intensity w, can be determined directly by
summing moments about point A.

C+3IM, =0 P(%) - wlL(%) =0

2P
W= Ans.
1 2P 2P
+T2Fy=0; E(WZ_T)L+T(L)_3P:0
4P
w, = (T) Ans.
If P=5001b and L =12 ft,
2(500)
W= T T 83.3 Ib/ft Ans.
4(500)
Wa= T T 167 Ib/ft Ans.
2
L g L 1 L
v b A
[t i
-  —
"5 wee
Tt
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*2-32 The cantilever footing is used to support a wall near 20000 1b

its edge A so that it causes a uniform soil pressure under the

footing. Determine the uniform distribution loads, w, and ﬂ 025 ft 8000 Ib
wp, measured in Ib/ft at pads A and B, necessary to support

the wall forces of 8000 1b and 20 000 Ib.

C+3M, =0, —8000(10.5) + wg (3)(10.5) + 20 000(0.75) = 0

wg = 2190.5 Ib/ft = 2.19 k/ft Ans.
+T3F, = 0;  2190.5(3) — 28000 + wy (2) =0 26,008 1b §ooslb
| ' sft
wy = 10.7 k/ft Ans. eas ft
L $A7 10.5 Bt
) (N7 re wuﬁ;—"fft

2-33. Determine the horizontal and vertical components
of reaction acting at the supports A and C.

Equations of Equilibrium: Referring to the FBDs of segments AB and BC
respectively shown in Fig. a,

C+>XM, =0, B,(8) + B,(6) —50(4) = 0 (1)
C+3Mc = 0. B, (3) -~ B,(4) +302) = 0 ) . by By
| BX’ 3m
By 2
4m 30kN< \\ "
Zm
> 50 kil & —
4m Cy
™
Ax. (a)
n
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2-33. Continued

Solving,

B, = 6.667TkN B, = 20.0kN

Segment AB,
5 >F,=0; 50-200—-A, =0 A, =300kN Ans.
+13F, =0, 6667—-A, =0 A, =667kN Ans.
Segment BC,
5 >F, =0, C,+200-30=0 C,— 10.0kN Ans.
+1YF, =0, C,-6667=0 Cy=667kN Ans.
2-34. Determine the reactions at the smooth support A 150 Ib/ft
and the pin support B. The joint at C is fixed connected.
=
B
10 ft

Equations of Equilibrium: Referring to the FBD in Fig. a.
C+DMp=0; N,ycos60°(10) — N 4sin 60°(5) — 150(10)(5) = 0

N, =11196.151b = 112k Ans.
5 SF, =0, B, - 11196.15sin 60° = 0

B, =9696.151b = 9.70 k Ans.
+1 > F,=0; 11196.15 cos 60° - 150(10) — B, = 0 Ans.

B, = 4098.081b = 4.10 k

150C10) Ib
5Lt 54t
AP P ——

(&)
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2-35. Determine the reactions at the supports A and B.

30 ft

L

48 ft 48 1t
700 1b/ft at 52 ft = 36,400 Ib or 36.4 k
500 1b/ft at 30 ft = 15,000 Ib or 15.0 k
48 20
C+OM,=0; 96(B,) —24<§>(36.4) - 40(5)(36.4) - 15(15) =0
By, =16.58k = 16.6k Ans. YK
20 s
5 SF,=0; 15+ _-(364)-A, = 0; A, =290k Ans. ol
52 v %
+1TSF, =0, A, +B §364—0' A, =170k A 1
E y =% y y_52( ')_ ’ y : DS 15! B’
15K 1
19’ :
. '
Ax gt ——vpe— 48 —"*
Ay
*2-36. Determine the horizontal and vertical components 0K 40 kN
of reaction at the supports A and B. Assume the joints at C 20 kN N
and D are fixed connections. l l
| 12 kN/m
T C D
4m

B e - ——
\
C+IMp=0; 20(14) + 30(8) + 84(3.5) — A,(8) = 0 6m §m |
A, = 101.75kN = 102 kN Ans.
isz:(); B, -84 =0 20K4
L
B, = 84.0kN Ans. x

+1>F,=0; 101.75-20 — 30 — 40 — B, = 0

B, = 11.8kN Ans.
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2-37. Determine the horizontal and vertical components

200 N/m

force at pins A and C of the two-member frame.

3m
Free Body Diagram: The solution for this problem will be simplified if one realizes
that member BCis a two force member. c
Equations of Equilibrium: ]:‘D

C+SM,=0; Fyecos45 (3) — 600 (1.5) =0

Fpe = 42426 N

+1SF, =0, A, + 42426 cos 45° - 600 = 0

A, = 300N Ans.
LSF, =0 42426sin45°— A, = 0 Ans.
A, =300N
For pin C,
C, = Fpcsin45° = 42426 sin 45° = 300 N Ans.
C, = Fpccos 45° = 424.26 cos 45° = 300 N Ans.
200(3)= 600N
A 1T Vo :
< 2)
Ayl foc””
" r5m r5m

3m |
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2-38. The wall crane supports a load of 700 Ib. Determine
the horizontal and vertical components of reaction at the
pins A and D. Also, what is the force in the cable at the
winch W?

Pulley E:

+1SF, = 0; 2T-700 = 0
T = 3501b

Member ABC:

C+SM,y =0, Tppsind5 (4) — 350sin 60°(4) — 700(8) = 0

Tep = 24091b

+T2Fy = 0, A, + 2409 sin 45° — 350 sin 60° — 700 = 0

A, =7001b

y

5 EFx =0 A, — 2409 cos 45° — 350 cos 60° + 350 — 350 = 0

A, =188k

AtD

D, = 2409 cos45° = 1703.11b = 1.70k
D, = 2409sin45° = 1.70k

|

~

Ans.

Ans.

Ans.

Ans.

Ans.

4 ft i
C
E
700 Ib
T
E
7001}
4:%\ 3Solb 2901}
—— 35—
An 0® 4 H J
7001b
3SolL
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2-39. Determine the resultant forces at pins B and C on 5 ft 2 ft——‘
member ABC of the four-member frame.
150 Ib /£t
°) ) o
4 A B C
C+XMp = 0; Fep(7) - 5Fpe() = 0
4
Fpr = 15311b = 153k Ans.
Fep = 3501b Ans. L E@, D N
2t 5ft |
]
5“ :;f‘
*2-40. Determine the reactions at the supports is A and w

D. Assume A is fixed and B and C and D are pins.

Member BC:

C+>Mp = 0; C,(L5L) - (1.5wL)(%) =0
C, = 075wL

+13F, = 0; B,— L5wL + 0.75wL = 0

B, = 075wl

Member CD:

C+DMp=0;
LSF =0 D=0
+1>F, =0, D,—075wL =0

D, = 075wL

w o - y 4
B
L
ol A+
‘ 1.5L ‘
5wl
: &
By =— 015l —spe 0.5 L —»
1 -
B,
Ans.
Ans.
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*2-40. Continued

Member BC:

5SF =0 B,—0=0 B, =0

Member AB:

5 SF, =0 wL— A, = 0 Ans.
A, =wL Ans.

+13F, =0, A, -075wL =0
A, = 0.75wL Ans.

My = — Ans.

_.-C’

2-41. Determine the horizontal and vertical reactions at

400 Ib 400 1b

the connections A and C of the gable frame. Assume that A, 600 1o 0016
B, and C are pin connections. The purlin loads such as D 800 1b \ E s F . 8001b
and E are applied perpendicular to the center line of each B G
girder. > ft
10 ft
1201b/ft 2 4 c
6 6 ft— 6 6 ft—]
Member AB:

C+3 My = 0;  B,(15) + By(12) — (1200)(5) - 600 (%)(16) ~ 600 (%)(12.5)

—400( )(12) 400< )(15)—0

B.(15) + By(lz) = 18,946.154 (1)
Member BC:

C+3Me = 0, — (B)(15) + By(12) + (600)( )(6) + 600( )(12 5)

+ 400( )(12) + 400( )(15)

B.(15) — B,(12) = 12.946.15 )

.2k
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2-41. Continued
Solving Egs. (1) and (2),

B, = 1063.08 b, B, = 250.01b

Member AB:
+ 5
— > F, = 0 —A, + 1200 + 1000 EVAS 1063.08 = 0
A, = 5221b Ans.
12
+T2Fy = 0 A, — 800 — 1OOO<E) + 250 = 0
A, = 14731b = 147k Ans.
Member BC:
+ 5
— >F, = 0 —-C, — 1000 'E} + 1063.08 = 0
C, = 6781b Ans.
12
+T2Fy = 0 C, — 800 — 1OOO(E> +250.0 =0
C, = 19731b = 197k Ans.
2-42. Determine the horizontal and vertical components 50 kN 40 kKN
of reaction at A, C, and D. Assume the frame is pin ‘«I.Sm m #1_5 m»‘
connected at A, C, and D, and there is a fixed-connected 15kN/m
joint at B. T .
B .
|
4m nEE
pu
6m l—
Member CD:
A ~
C+DMp = 0, —Cy(6) +90(3) =0 A |
|
C, = 45.0kN Ans.
|
+ 4 D
= >F, =0, D, +45-90 = 0 ——alake—
D, = 45.0kN Ans. Do dpen -
";ﬁ‘. 2:0m |I.5m ] z
+1SF, =0; D,~C, =0 (1) pEep2eny ’—‘L_C_J_‘
X ==
Member ABC: ‘l ‘Lm
4_'“ . i
— 0 _ _ — C? 5m
C+XM, = 0 Cy(5) + 45.0(4) — 50(1.5) — 40(3.5) = 0 =
Ay o
C, = 7.00kN Ans. 13m
X L
¢ D—T-.J
%
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2-42. Continued

+1>F, =0 A, +7.00 - 50 - 40 = 0
A, = 83.0kN

L3F, =0 A, - 450 = 0
A, = 450kN

From Eq. (1).

D, = 7.00kN

y

Ans.

Ans.

Ans.

2-43. Determine the horizontal and vertical components
at A, B, and C. Assume the frame is pin connected at these
points. The joints at D and E are fixed connected.

C+XM, = 0, —18ft(B,) + 16ft(B,) = 0

18 ft

C+SMc = 0; 15k (5ft) + 9 £t (56.92 k (cos 18.43%)) + 13 ft (56.92 k (sin 18.43°))

—16ft (B,) — 18ft(B,) = 0
Solving Eq.1 & 2
B, = 2484k

B, = 2208k

y

ESF, =0, A, —2484k =0
A, = 2484k

+1>F, =0, A —2208k =0

A, = 2208k

Y

L3 F, =0, C,— 15k — sin (18.43°) (56.92k) + 24.84 k
C, = 816k

+T>F, = 0; Cy + 2208k — cos (18.43°)(56.92k) = 0

Cy =319k

Ans.

Ans.

Ans.

(1

@

LSk/ft 10 ft
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*2-44. Determine the reactions at the supports A and B.

10 kN/m
The joints C and D are fixed connected.

EERRREER

C+SM, = 0; gFB(4.5) + %Fg(z) - 30(15) = 0

Fg = 9375kN = 9.38kN

3m 1.5 m—
4
+1SF, =0, A, + =(9375) — 30 = 0
5 /10(3):3;” s
. Sm y /-5 5~
A, = 225kN Ans. -
+ 3 4m ————
= >F, =0, A, — 5(9.375) =0 7
2m
A, = 5.63kN Ans. Ap—ity ——-L—-

y
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3-1. Classify each of the following trusses as statically
determinate, statically indeterminate, or unstable. If
indeterminate, state its degree.

a) b=8, r=3,j=6
b+r=2j
11 <12
Unstable. Ans.

(a) (b)
b) b=7,r=4,j=5
b+r=2j
11 > 10
Statically indeterminate to 1°. Ans.

Q) b=13,r=3j=8
b+r=2j
16 = 16
Statically determinate. Ans. ()

d b=21,r=3,j=12
b+r=2j
24 =24
Statically determinate. Ans.

3-2. Classify each of the following trusses as stable, unstable, AN 9
statically determinate, or statically indeterminate. If indeterminate,
state its degree.

(@ r=3 4 \ \
b=15 —
j=9 (a)

3415 =9() -

Statically determinate. Ans. ?;é
(b) r=3 /

3411 =702

Statically determinate. Ans.

3 9
(c) r=3
Cir)=12 \\

D
N

3+ 12 < 8(2)
15 < 16

Unstable. Ans.
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3-3. Classify each of the following trusses as statically
determinate, indeterminate, or unstable. If indeterminate,
state its degree.

(@)

a) By inspection, the truss is internally and externally stable. Here, b =11,
r=3andj=6.Since b+r > 2jand (b +r) —2j=14—12 =2, the truss is
statically indeterminate to the second degree.

b) By inspection, the truss is internally and externally stable. Here, b =11,
r=4andj=7.Since b+r > 2jand (b +r)—2j=15—-14 = 1, the truss is
statically indeterminate to the first degree.

c) By inspection, the truss is internally and externally stable. Here, b =12,
r=3andj=7.Since b+r > 2jand (b +r) —2j=15—14=1, the truss is
statically indeterminate to the first degree.

/ |.| H \‘\
A =cy

(b)

*3-4.  Classify each of the following trusses as statically
determinate, statically indeterminate, or unstable. If
indeterminate, state its degree.

a) Hereb=10,r=3andj=7.Since b +r < 2j,the truss is unstable.

b) Here b =20,r=3 andj=12.Since b +r < 2j, the truss is unstable.

c) By inspection, the truss is internally and externally stable. Here, b =8, (c)
r=4andj= 6.Since b + r =2j, the truss is statically determinate.

d) By inspection, the truss is unstable externally since the line of action
of all the support reactions are parallel.
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3-5. A sign is subjected to a wind loading that exerts
horizontal forces of 300 1b on joints B and C of one of the
side supporting trusses. Determine the force in each
member of the truss and state if the members are in tension
or compression.

Joint C: Fig a.

5
5 SF, =0, 300 - Fep (E) =0 Fep=7801b(C)

12
+1 > F,=0; 780 <E> — Feg=0 Fcp=7201b(T)
Joint D: Fig. b.
+/2Fx:0a FDB:O

+NDF, =0, Fpg—780=0 Fpg=7801b(C)

Joint B: Fig. c.

5 EFX = 0; 300 + Fggsin45.24° — Fp,cos45° =0

+ 1Y F,=0; 720 — Fgpcos45.24° — Fp, sin45° = 0

Solving

Fyr = 296.991b = 2971b (T)  Fgy = 722.491b (T) = 7221b (T)

¥

300 Ib C

1
\ p=7801b

(b)

Ans.

Ans.

Ans.
Ans.

Ans.

=720 lb
NE
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3-6. Determine the force in each member of the truss.
Indicate if the members are in tension or compression.
Assume all members are pin connected.

Support Reactions. Referring to the FBD of the entire truss, Fig. a
C+HIMp=0; 2(8) +2(16) — Ay(24) =0 A, =20k

LE3F, =0, A, =0

Method of Joint. ‘
~—— 8 ft 8 ft 8 ft ‘-‘
Joint A: Fig. b,
1
+I3F, =0, 20— Fuy (—) =0 Fuy = 4472k (C) = 447k (C) Ans.
5
2
EF, =0, Fup - 4.472(5) =0 F,p =400k (T) Ans.
Joint B: Fig. c,
E3F, =0, Fpe—400=0 Fpe =400k (T) Ans.
+13F =0, Fzy=0 Ans.
Joint H: Fig. d,
+13F, =0, Fyesin33.13° - 2sin63.43° =0 Fpye = 2236k (C) = 2.24k (C) Ans.

5 EFX =0; 4.472 — 2co0s63.43° — 2236 cos 53.13° — Fy =0
Fyg = 2236k (C) = 224k (C) Ans.

Joint F: Fig. e,

EF =0 Fig=0 Ans.
+13F, =0, Fpr—15=0 Fpg=15k(C) Ans.
Joint G: Fig. f,
" 2 2
ENF, =0, 2236 i) Fgp = i) 0 Fgr =2236k(C) =224k (C) Ans.
1 1
+13F, =0; 2236 —) + 2.236<—) —2—-Fge=0 Fge=0 Ans.
5 5
Joint E: Fig. g,
2 2
HE3F. =0, 2236 (—) - FEC(—) =0 Fpe=2236k(T) =224k (T) Ans.
V5 5
1 1
'S F, =0, Fgp= 2.236(—) - 2.236(—) -15=0 Fgp=35k(C) Ans.
2 y ED 5 \/g ED
Joint D: Fig. h,
EF =0, Fpe =0 Ans.
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3-6. Continued

1.5k
2K ,,4
LK

Y
-5k
A oy
/ff 400k Fy
<€ > —X
2 FB(. }-;_6’
| Fe
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3-7. Determine the force in each member of the truss.
State whether the members are in tension or compression.

Set P = 8 kN.

Method of Joints: In this case, the support reactions are not required for
determining the member forces.

Joint D:
+13F, =0
L3 F, =0
Joint C:
+13F, =0
i) EF’C =0
Joint B:
+13F, =0
LEXF, =0
Thus,
Joint E:
+13F, =0
5 SF,=0;

Fpesin60° — 8 =0

Fpe = 9.238kN (T) = 9.24 kN (T) Ans.
Fpr — 9.238 cos 60° = 0
Fpr = 4.619kN (C) = 4.62kN (C) Ans.
Fepsin 60° — 9.328 sin 60° = 0
Fep = 9.238 kN (C) = 9.24 kN (C) Ans.
2(9.238 cos 60°) — Fep =0
Fep = 9238 kN (T) = 9.24 kN (T) Ans.
FBE Sin 600 - FBA Si]fl60O =0
Fpp = Fga = F
9.238 — 2Fcos 60° =
F = 9238 kN
Fprp = 924kN (C) Fpyu = 924kN (T) Ans.
E, —2(9.238sin60°) =0 E, =16.0kN
Fpyq + 9.238 cos 60° — 9.238 cos 60° — 4.619 = 0
FEA = 462 kN (C) Ans.

Note: The support reactions A and A can be determined by analyzing Joint A
using the results obtained above.

4 m 4—‘
B, @
69" 60°
0(\41; ¥y ——\9D
4m 4m
P
t
Foc
6077\ > x
e
o
£
(4] C . x
60’ é0
Fee Foc=9.238 kN
8 Fs=9238 K

—X

Foe
o
’U.
fae 5220 ko Fp 9238kl
60° 6o0°
X
Fea Bor =4-6/9 kAl
g
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4m4—‘
C

*3-8. If the maximum force that any member can support
is 8 kN in tension and 6 kN in compression, determine the B
maximum force P that can be supported at joint D.

60° E 60°
A oY\—‘— ) D
4m 4m
 /
P
Method of Joints: In this case, the support reactions are not required for ¥
determining the member forces. Be
Joint D:
+T2Fy=0; Fpcsin60° — P =0 Fpc = 1.1547P (T) 60'7\| P %
+ 55
S5 YF,=0; Fpg— 1.1547P cos 60° = Fpr = 057735P (C)
p
Joint C:
+13F, =0, Fcpsin60° — 1.1547P sin 60° = 0 Y
Fep = 1.1547P (C)
Fes c X
X S F,=0; 2(1.1547Pcos60° — Fcp =0 Fep = 1.1547P (T) - 6o 60*
Joint B: A Foc=l1547 p
+13F, =0, Fpesin60° — Fppsin60° =0 Fpp = Fpy=F
L2
X SF, =0; 11547P —2Fcos60° =0 F = 1.1547P
Thus, Fgr = 1.1547P (C)  Fp, = 1.1547P (T) 8. =/-_/’;5Z/;
2 Jeo
Joint E: Fae
Foa
X SMF,=0; Fgy+ 1.1547P cos 60° — 1.1547P cos 60° — 0.57735P = 0
Fr4 = 0.57735P (C) 547p y
Y,
e By #1547
From the above analysis, the maximum compression and tension in the truss , )
members is 1.1547P. For this case, compression controls which requires é0 A 160 —x
11547P = 6 2 |5 Aeosmsr
P =520kN Ans.
i
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3-9. Determine the force in each member of the truss.

State if the members are in tension or compression.

Reactions:

B, =900k, D,=0, D,=100k

Joint A:
FISF, = 0; %(FAF) —2=0
Fap = 3333k = 333k (T)
ENF =0, —Fup+ 2(3.333) =0
Fap = 2667k = 267k (C)
Joint B:
+13F, =0, 900~ (Fgr) =0
Fgr = 9.00k (C)
ESF, =0, 2667 — Fge =0
Fpe = 2667k = 2.67k (C)
Joint F:
+TYF, =0; —%(FFC) — 4 - %(3.333) +9=0
Fre = 5.00k (T)
E3F =0, —Fpp — 2(3.333) + %(5.00) =0
Fpp = 1333k = 133k (C)
Joint C:
+13F, =0, —Fep+ %(5.00) =0
Fep = 3.00k (C)
EFE =0, Fep+ (2667) — %(5.00) =0
Fep = 1333k = 1.33k (T)
Joint D:

3
+1T>F, =0 _g(FDE)+ 1=0
Fpr = 1.667k = 1.67k (C)

4
S SF, =0 5(1.667) — 1333 =0 (Check)

4k 4k
F YE
T QN
9 ft 2k
o b
/0N e (o
A = B C
ﬁfi 30°
12 ft ——f—— 12 ft ———— 12 ft —
4k 4K
Ans. 2k
AN,
Ans. |
sz ft izft et | %
&y
Yak
Ans. . 35;
AT B O
Ans.
he
2-66] & %
) Re
Ans. 9.0k
Ans. r
4K
F e %
T
.
$233k gox
Ans.
50K ¥F¢¢
3
Ans. 2667k < F X
e '+
3 d
Ans. 1-233 L4 "
1ok
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3-10. Determine the force in each member of the truss.
State if the members are in tension or comprehension.

Reactions:
A, =165k, E, =200k, E, =435k
Joint E:
+1 > F, =0; —(Fgp)sin21.80° + 435 =0
3x<
Fgp = 1171k = 11.7k (C) Ans. 2« '
L NF, =0, —Fgp—2+ 1171 cos 21.80° = 0 2l
Fpp = 8875k (T) Ans.
. | T
Joint D: [repe T uofe T ot T soft |
A £,
1Y F =0, Fpp=0 Ans. ¥
E N F, =0, —Fpc+8875=0
FDC = 8.875k (T) Ans. 5;
2
E o‘_n
Joint A: Fep
— (- : o _ 43;
+1 3 F, =0; —Faysin50.19° + 1.65 = 0
Fuy = 2148k = 2.15k (C) Ans. {
5 SF, =0; Fup— 2148 (cos 50.19°) = 0 Be e
—-X
Fup = 1375k (T) Ans. 21 eersx
. ¢
Joint B:
fn
+TYF,=0; Fpy=0 Ans. 5049° X
A
HSF =0 Fpe —1375=0 Fas
1.5«
FBC = 1375 k (T) AHS.
_ &
Joint F: Ry
+ isz =0; Fpc cos46.40° — 3 cos21.80° =0 135k 1% R, -
[
Fre = 4039k = 4.04k (C) Ans.
+NDF, =0, Fpg+ 3sin21.80° + 4.039 sin 46.40° — 11.71 = 0
Frg = 7671k = 7.67k (C) Ans.
Joint G:
+ /'EFy =0; Fgccos21.80° —3¢c0s21.80° =0 Fge =3.00k(C) Ans.
+NYF, =0; Fgy +3sin21.80° — 3sin21.80° — 7.671 = 0;
Foy = 1671k = 7.67k (C) Ans.
Joint C:
+13F, = 0; Fepsin50.19° — 3.00 — 4.039 sin 21.80° = 0
Fey = 5.858k = 5.86k (T) Ans.

5 S F, =0; —4.039 cos 21.80° — 5.858 cos 51.9° — 1.375 + 8.875 = 0 (Check)
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3-11. Determine the force in each member of the truss.
State if the members are in tension or compression. Assume
all members are pin connected.

5kN 5kN 5kN 5N 5N §and
Joint D:
3 NT D
+13SF, =0, Fgp (§> —5=0; Fgp=833kN(T) Ans. ot
Foe
4
LE3F, =0,  Fep-— $(833) = 0; 2
_ R
Fep = 6.67kN (C Ans. ve
cp © S
Joint C:
HEF, =0,  Fye— 667 =0 JodT &
Fyc = 6.67kN (C) Ans. Fee
+ 1 F,=0;  Fep—5=0; F LT K
Fcp = 5kN (T) Ans. LT
Joint G:
JoiNT G
E3F, =0, Fgr—20=0;  Fgp=20kN(T) Ans. = s
+13F, =0 15— Fg4=0; Fgs=15kN (T) Ans. 2o o 3
(5
Joint A: Fea
+TYF, =0; 15 — F 4p (sin 56.3°) = 0;
Fur = 18.0kN (C) Ans. Jorur A
ESF, =0, —Fap — 180(cos 56.3°) + 20 = 0; S
3
Fap = 10.0kN (C) Ans. i
20 kil Fae
Joint B:
4
LE3F, =0 —FBE<E> +10.0 — 6.67 = 0; JoINT B
Fpe = 417kN (C) Ans. ™ e
3 3
+TYF, =0; Frp—5-— 4.17(5) =0; lowsd 2 L7 ki
FFB = 750 kN (T) AIIS. EK'J
Joint F: Jowur F
3 -_
+1SF, =0, 18(sin56.3°) — 7.5 — Fpgl =) = 0;
T E y (Sln ) FE(S) Zo sl
Frp = 12.5kN (T) Ans. 3
“ FFE
1B g5y
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*#3-12. Determine the force in each member of the truss.
State if the members are in tension or compression. Assume
all members are pin connected. AG = GF=FE=ED.

Reactions:

A, =0, A, = 16.0kN

Joint A:
+13F, =0 16 — 4 — F 4 sin 26.565° =

Fac = 26.83 kN = 26.8 kN (C) Ans.
EF, =0,  —26.83c0s26.565° + F 5 =0
FAB = 240 kN (T) Ans.
Joint G:
+NDF, =0 —8¢0526.565° + Fgp =0 4 g
Fup = 7.155 kN = 7.16 kN (C) Ans. , ‘f:‘;x
8
+ 7SF, = 0; 2683 — Fgp — 85in26.56° = 0 *
lé.0m
Fgr = 2336 kKN = 233 kN (C) Ans.
Joint B: k] Sk
/*
+1SF, =0;  Fpgpsin53.13° — 7.155sin 63.43° = 0 ’
20 - %56 Fer
Fgr = 8.00kN (T) Ans. %
26-834M F
5 S F, =0;  Fpe — 240 + 7.155 cos 63.43° + 8.00 cos 53.13° = 0 §8

FBC 16.0 kN (T) Ans.

Due to symmetrical loading and geometry:

FCD = FAB = 24.0 kN (T) Ans.
FEF = FGF = 233 kN (C) Ans.
FDE = FAG = 26.8 kN (C) Ans.
FEC = FGB = 7.16 kKN (C) Ans.
FCF = FBF = 8.00 kN (T) Ans.
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3-13. Determine the force in each member of the truss
and state if the members are in tension or compression.

Support Reactions:
C+ DMp=0; 46)+509) —E,(3 =0 E,=230kN

+1 X F, =0, 230-4-5-D,=0 D,=140kN

L3 F =0 D, =0

Method of Joints:
Joint D:
5
+ 1 3SF, =0 F (7)—14.020
E y DE ﬁs 4

Fpr = 1633 kN (C) = 163 kN (C)

+ 3
LSF, =0 16.33<—) — Fpe=0
) V34 e

Joint E:
+ 3 3
S>SF. =0, Fga (—) - 16.33(—) =0
) V10 V34
Fp4 = 8.854kN (C) = 8.85 kN (C) Ans.
t
+13F, =0, 230 1633(5 ) 8854( ! ) Frc =0
= N . - . — - . p— - EC —
! V34 V10 Be » K
Fpe = 620 kN (C) Ans. « > —K
By
Joint C: 3_15
+ 1S F, =0 620 — Fepsinds® =0 B Ty=igeol
Fcop = 8768 kN (T) = 8.77 kN (T) Ans.
N -0 o _ ¥
S 3 F,=0; 840 — 8768 cos45° — Fcp =0 |
Fee
Fep = 220kN (T) Ans. Foe 1633 kil
Fea 5
Joint B: ~JT /3
$ X
L SF, =0, 220 - Fpycos45° =0 G
Fga = 3.111 kN (T) = 3.11 kN (T) Ans. T
=
+1>F, =0, Fpr—4-3111sin45° =0
FBF = 620 kN (C) Ans. -lf
Joint F:
F =840 KW
+1 SF,=0; 8768sin45° — 620 = 0 (Check!) — = »>— X

L SF, =0, 8768c0s45° — Fry =0

FFA = 6.20 kN (T) Ans.
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3-14. Determine the force in each member of the roof 8 kN
truss. State if the members are in tension or compression.

Reactions:
A, =160kN, A, =0, F,=16.0kN

Joint A:
+T Y F,=0; —F,ksin16.26° — 4 + 16 = 0 ‘476@4m:24m—,‘
Fux = 42.86 kN = 42.9 kN (C) Ans.
L3 F, =0, Fap— 4286c0s16.26° =0 Bew
Fup = 41.14kN = 41.1 kN (T) Ans. o
A
Joint K: 1 T 'i _‘l: JT
_ . . "4», NIEEZRAEZBELZBEZNIE .
+NDF, =0, —4c0s16.26° + Fypcos 16.26° = 0 Ap /6.0 ko fetbor
FKB = 4.00 kN (C) AllS.
+ /7> F, =0, 4286 + 4.00sin 16.26° — 4.00 sin 16.26° — Fy; = 0 y
Fy; = 42.86 kKN = 42.9kN (C) Ans. g
Joint B: i
s 3
. A e
+1>F,=0; Fpsin3026° —4 =0 16.26°
Fyy = 7.938 kKN = 7.94 kN (T) Ans. 60k
LN F, =0, Fpe + 7.938 cos 30.26° — 41.14 = 0
Fpe = 3429 kN = 343 kN (T) Ans. o
4kA
Joint J: b 7‘,'/ "
=5 EFX =0; —Fj;cos16.26° — 7.939 sin 59.74° + 42.86 cos 16.26° = 0 p Fy
F,; = 3571kN = 35.7kN (C) Ans. el
Feo

+1SF, =0;  Fjc + 42.865in16.26° — 7.939 cos 59.74° — 4 — 35.71 sin 16.26° = 0

F;c = 6.00kN (C) Ans.
Joint C:
+1>F,=0; F¢rsin4l.19° — 6.00 = 0
Fep = 9.111kN = 9.11 kN (T) Ans.

B3 F, =0;  Fep+ 9.111cos41.19° — 3429 = 0
Fep = 27.4kN (T) Ans.

Due to symmetrical loading and geometry

FIH = 357 kN (C) AIIS.

Fyp = 6.00 kN (C) Ans.

FHG =429 kN (C) AllS. *

Frp = 343 kN (T) Ans. .

Fip = 9.11kN (T) Ans. Fex
Frg = 42.9KkN (C) Ans. 34.290 : “;" —
Fgr = 400 kN (C) Ans. “

FFE = 411 kN (T) Ans.
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3-15.

Determine the force in each member of the roof

truss. State if the members are in tension or compression.
Assume all members are pin connected.

Joint A:

3
—5 Fan + 15kN =0
Fa = 25kN (C)

4
Fap = 20kN (T)

3 3 3

4
_7FHG:0

4 4
—(25kN) — - F,

Fye = 833kN (C)

4 4
3 3
5 (16.67kN) + < (1667kN) — Fge = 0

The other members are determined from symmetry.

Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

G
T
3m
H F |
N |
/ 31m
B c iD B35
10 kN 10 kN 10 kN
—4m l 4m l 4m 4m—
JOIHT AI
Fas-
o=
e
15 KN
JoinT B-
...Fau
l®
TOKRL
Jo:NT H
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*3-16. Determine the force in each member of the truss.
State if the members are in tension or compression.

Joint E:
+12F, =0, Fpa= Fgc

L F =0, 231 —2Fg,sin30°=0

Fr, = 231 kN (C) Ans.
Fge = 2.31kN (T) Ans.
Joint A:
B SF =0, 231 —2315sin30° — Fupc0s30° + Fypcos45° = 0 bt E
+1 EFy =0, 2-—231cos30°+ Fypsind5° — Fypsin30° =0 2.3
Fap = 2.24kN (T) Ans. 438
Fu = 3.16 kN (C) Ans. R Fee
Joint B:
5 F =0, Fge=316kN(C) Ans.

+1F, = 0;  2(3.16)sin30° — Fyp = 0
Fzp = 3.16 kN (C) Ans.

Joint D:

Fpc = 224 kN (T) Ans.

Jold‘r B

FBD

e So®
A6 K F;e
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3-17. Determine the force in each member of the roof truss. F
State if the members are in tension or compression. Assume
Bis a pin and C is a roller support.

AES T p

Support Reactions. Referring to the FBD of the entire truss, Fig. a, | ym B ¢ 5
m

C+DYMc=0; 2(4)—-22)— N2 =0 Np=2.00kN \
Method of joint. 2kN 2kN

Joint A: Fig. b,
+13F,=0; Fu6sin30°—=2=0 Fu5=4.00kN(T) Ans.
E3F, =0, 400c0os30° — Fup =0 Fup=3464kN (C) = 3.46 kN (C) Ans.

Joint G: Fig. c,
+7>F, =0, Fgr—400=0 Fgp=400kN (T) Ans.
+'\2Fy =0, F3=0 Ans.

Joint B: Fig. d,
+TDF, =0, 2— Fppsin60° =0 Fpp = 2309kN (C) = 231 kN (C) Ans.
EXF, =0; 3464 — 2309 cos 60° — Fge =0 Fpe = 2309 kN (C) — 231 kN (C)  Ams.

Due to symmetry,
Fpg = F46 = 4.00kN (T) Fpc = Fup = 346 kN (C) Ans.
Frr = Fgp = 4.00kN (T) Fge =Fs=0 Ans.
Fep = Fgr = 231 kN (C)

Fag
Al
Fae
A Ca 1
4y ~m 2L r Zm J'k/\) ,Zkf\l
25 Na Cy 2 (b)
()
7
R0
\ Tor

fuz3e64 B Fec

Ny=2.0 kN
()
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3-18. Determine the force in members GF, FC,and CD of
the bridge truss. State if the members are in tension of
compression. Assume all members are pin connected.

B| C
szo fit ( 40 ft 40 ft l 40 ft—|
15k 10k
Q+EMF =0; —Fpc(30) +875(40) =0
FDC = 117 k (T) AHS.
8
C+ODM-=0; —FFC(i)(45) +8.75(80) =0
) V73
Frg = 16.6k (C) Ans.
3 3
+1 F,=0; 8.75—16.6(7)-FFC(7):0
20 V73 5
FFC = 486 k (T) AHS.
3-19. Determine the force in members JK, JN, and CD.
State if the members are in tension of compression. Identify
all the zero-force members.
~— 20 ft 30 ft 20 ft 4"
Y \
2k 2k
Reactions:
A, =0, A, =20k, F, =20k
Q+2M, =0, Fcp(20) +2(15) —2(35) =0 . % %: c
FCD =2.00k (T) Ans. he 2o AQS %D&
— 0 _ Zoft | 3o/t v 2oft
+TE F,=0; J,=0 Ay-zok ék 2k 6=l-az
LE3F. =0, —J,+200=0; J, =200k
Joint J: A
N+D F,=0; —F;ysin23.39° + 25in29.74° = 0 204t
i
FJN = 250 k (T) Ans.
+/‘2 F,=0; Fj;xcos29.74° — 2.50 cos 23.39°
Frx = 4.03k (C) Ans.
Members KN, NL,MB,BL, CL,10,0H,GE, EH, HD
are zero force members. Ans.
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*3-20. Determine the force in members GF, FC, and CD
of the cantilever truss. State if the members are in tension of
compression. Assume all members are pin connected.

B C D

‘.72 m ‘ 2m 1 2m 4
C+DIMc =0; 12KkN (cos 26.57°) (4 m) + 12 kN (cos 26.57°)(2m)

—12 kN (sin 26.57°) (1 m) — Fgp sin 26.57° (4m) = 0

Fgr = 33.0kN (T) Ans.
C+DM,=0; —12kN (2236 m) + Frc(4m) = 0

Frc = 6.71kN (T) Ans.
C+DMp=0; 12kN (2236 m) + 12kN (2)(2236m) — Fcp(2m) = 0

Fep = 402kN (C) Ans. 2N

3-21. The Howe truss is subjected to the loading shown.
Determine the forces in members GF, CD, and GC. State if
the members are in tension or compression. Assume all
members are pin connected.

C+SMg=0; Fep3) — 9.5(4) +52) +2(4) =0
Fep = 6.67kN (T)

C+SMp=0; -9502) +2(2) + g(1.5) Fgr =0
Fgr = 125kN (C)

Joint C:
FGC = 0
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3-22. Determine the force in members BG, HG, and BC
of the truss and state if the members are in tension or

compression. ]

I c

6 kN 7kN 4 kN

C+3Mp=0; 6(9) +7(6) +4(3) — A, (12) =0 A, = 9.00kN

EFF =0 A, =0

Method of Sections:
C+SMg=0; Fye(45) +6(3) — 96) =0
FBC = 8.00 kN (T) Ans.
C+3 M =0, FHG(\}g)@ - 9(3) = 0
Fye = 10.1kN (C) Ans.
s 1.5 _ _
C+DMp =0, FBG(\/E>(6) +9(3) — 6(6) =0
Fy = 1.80 kN (T) Ans.

3-23. Determine the force in members GF, CF, and CD of 1.5 kN

the roof truss and indicate if the members are in tension or
compression.

C+3My=0;, E,(4) —2(08) - 15250) =0 E,=13375kN

Method of Sections:
C+DMc=0; 133752) — Fgr(1.5) =0

FGF =1.78 kN(T) Ans.

C+DMp=0; 13375(1) — FCD(%)(l) =0

Fep = 223kN (C) Ans.
1.5
C+M¥M.=0 F (7)(1)20 Fep=0 Ans.
2 E CF \/3% CF
15 KN C
e
2k 170 SO
oBm
{Sm
Ax
..-L—- < T % ;
+m | Far LF‘ 5';7:"35/5W
"y "t ZOE l
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*3-24. Determine the force in members GF, FB, and BC 600 Ib
of the Fink truss and state if the members are in tension or
compression.

Support Reactions: Due to symmetry. D, = A,. ool
00! S00ib
+T2Fy=0; 2A, — 800 — 600 — 800 =0 A, =11001b 8gots
L3 F =0 A, =0 An
Method of Sections: &
: voft T rofe | st
C+> My =0; Fgpsin30°(10) + 800(10 — 10 cos® 30°) — 1100(10) = 0 A} D;
Fsr = 18001b (C) = 1.80 k (C) Ans.
C+D M, =0; Fppsin60°(10) — 800(10 cos? 30°) = 0
Frp = 692.821b (T) = 693 1b (T) Ans. I5tan0ft,
C+> Mp=0; Fpe(15tan30°) + 800(15 — 10 cos® 30°) — 1100(15) = 0 -
Fge = 12124316 (T) = 1.21 k (T) Ans. 70 f¢ | o
Ayliao te
3-25. Determine the force in members /H, ID, and CD of 10m,5@2m
the truss. State if the members are in tension or compression.
Assume all members are pin connected. 3kN 3kN 3kN 3kN

=
[—
~
0 g [ —
Q %)~
as)
—
[
&
z

Toce co\
o
$ 8 o

Sm
Referring to the FBD of the right segment of the truss sectioned
through a-a, Fig. a,
3kl 3Kk [5KN

C+DMp=0; Fu(2) —32) —154) =0

F;y = 6.00 kN (T) Ans.

1

C+X Mp=0; 3(2) +3(4) - Fm(\@)(@ =0 Fip

F;p = 4243 kN (T) = 4.24 kN (T) Ans.  Jm

1
C+DM;=0; Fep (7)(6) —3(2) —3(4) —15(06)=0
V5 v
Fep = 10.06 kN = 10.1 kN (C) Ans. Fp @1)
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3-26. Determine the force in members JI, IC, and CD of
the truss. State if the members are in tension or compression.
Assume all members are pin connected.

Consider the FBD of the right segment of the truss
sectioned through a-a, Fig. a,

C+X Me=0; Fu(3)—302) —3(4) — 1.5(6) =0

Fy; = 9.00 kN (T) Ans. Fpp
C+HD Mp=0; 3(6) +3(4) +3(2) — Fic(6) =0

Fye = 6.00kN (C) Ans.
C+X M, =0; Fep (\2)(6) —1.5(6) = 3(4) —3(2) =0

Fep = 10.06 kN (C) = 10.1 kN (C) Ans.

3 kN
|z |

15 kN

3-27. Determine the forces in members KJ, CD, and CJ of
the truss. State if the members are in tension or compression.

Entire truss:

SkN

{

30 kN
15 kN 15 kN 20 kN

=

“%31@1m3m

ENF =0 A, =0 6@3m=18m
C+3SMy=0; —15(3) — 15(6) — 30(9) — 20(12) — 10(15) — 5(18) + G,(18) = 0
G, = 49.17kN Skn  1SkN 1Smi 30MN 2orw ok SM
I~ 3m 3am 3m | am Am
+T2Fy:0; Ay—5—15—15—30—20—10—5-‘:—49.167:0 Ak ¥ 5 - - L
_ = 3 koo
A, = 5083 kN S ][;d DQE Z
Ay : &y
Section:
C+SMc=0; 153) + 5(6) — 50.83(6) + Fgs(2) = 0 o e 1o
/
_ L3m Im 3m
Fy; = 115kN (C) Ans. . .
o)
C+3SM,y=0; —153) — 15(6) + Fc;sin33.69° (9) = 0 z'“! =
50-83 xw
FC./ = 27.0kN (T) Ans.
C+SIM; =0, —5083(9) + 5(9) + 15(6) + 15(3) + Fepcos 18.43° (3) = 0
FCD = 975 kN (T) AIIS.
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*3-28. Determine the forces in all the members of the
complex truss. State if the members are in tension or
compression. Hint: Substitute member AD with one placed
between E and C.

S; = 8"+ x(S)

Fge = 8'gc + (%) Spc = 0
747.9 + x(0.526) = 0

x = 1421.86

Thus:

Far = Sar + (%) Sar

= 137321 + (1421.86)(—1.41)

= —646.31b
F,r = 6461b (C) Ans.
In a similar manner:
F,p = 580 1b(C) Ans.
FEB = 820 lb(T) AllS.
Fpe = 5801b(C) Ans.
Frr = 4731b(C) Ans.
FCF = 580 lb(T) Ans.
Fep = 1593 1b(C) Ans.
Frp = 1166 1b(C) Ans.
Fp, = 1428 1b(T) Ans.
€
boa
b ,.E Lot
F roor 14 0)
D T F b
I T YT
n! 4
— 5
B.utn i
A )
~ Y57 toet 1200 %(e) ¢
# A w4
A [ mss'ml £4853°(n
B ma* \1/
L B
! b —"“ L' —~ S i —Corr.z‘s

E
@~ 600 Ib
30° 30°
> 12 ft
C
A 7
T ¥
L5 45°

B
— 6 ft —~— 6 ft —
€
1.at4{Q) ) aq'{ca
F AD
N A
{ :
ady)] \
HI, I 1-us ig)
‘ 4
! ’
| 1.4 (7)
o (4
A
T ey °
8
L f‘orccs
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3-29. Determine the forces in all the members of the
lattice (complex) truss. State if the members are in tension
or compression. Hint: Substitute member JE by one placed

between K and F.

S,‘ = S’,’ + X (S,)

Fxrp =15+ 1(x) = 0; x=-15
Thus:
Fi =0 Ans.
Fai6 = 1.50k (C) Ans.
Fgp = 0.707 k (T) Ans.
Fg, = 0500k (C) Ans.
Fgr = 0.707k (C) Ans.
F;; = 0.707 k (T) Ans.
F;x = 0500k (C) Ans.
Fix = 0707k (C) Ans.
Fip = 0.707 k (T) Ans.
Fpr =212k (T) Ans.
Fpe = 1.00k (C) Ans.
Frc = 0.707 k (T) Ans.
Fry = 212k (T) Ans.
Fxy = 0707 k (T) Ans.
Fr; =150k (C) Ans.
Fry = 212k (T) Ans.
Fep=0 Ans.
Fpr = 0.500k (C) Ans.
Ferp = 0707k (C) Ans.
Fyr = 0.707 k (T) Ans.
Fir =150k (C) Ans.
L K JT
d i
==
3 E-L
hzo !
‘L 3 : '2' - 1.'4
Ayirsy t i D, =0.54

e

07 (¢)

J.«&T-m/i\t ) W#A t

i

Q"Q '
b o.‘lo@/‘”'u" 0-797{)-’”("’ o

b o i ) t
P b
L7 forees
4
L Lty 4 J
tegtey M 8EL pagry) 0
143 1 Lt
s M| o o.;{q )
I 4 F E
1560 1688 Loliyg) 2354 e3546) 0.5
L NS N
O T4 lb_ [XT) c ° Tb
13 x e
S, fw-lsf.

K J
G 3) 70)——
Q,
/ 12f
E
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3-30. Determine the force in each member and state if the 4 kN 4 kN
members are in tension or compression.
Im 1m 1m—
YE YD
1m
F 2 o
C
2m
Reactions:
A, =0, A,=400kN, B, =400kN
Joint A: Ap B
ENF =0 Fup=0 Ans.
+T> F, =0, 400 - Fap=0; Fup=4.00kN (C) Ans.
Joint F: IR
N+ F,=0; 4.00sin45° — Fppsin18.43° = 0 Lim | gm Im
H .
i i
Frp = 8.944 kN = 8.94 kN (T) Ans.
+7S5 F, = 0; 4.00cos 45° + 8.94 cos 1843° — Fry = 0 N
Frp = 11313 kN = 11.3 kN (C) Ans.
Due to symmetrical loading and geometry
=0
Fpc = 400kN (C) Ferp = 8.94kN (T) Ans. A
Fgr = 0 Fep=113kN(C Ans.
BE cp © At =4.0kN eau-aw
Joint E:
=5 EFx =0; —Fgp + 8.944 cos26.56° + 11.31 cos 45° = 0
FED = 16.0 kN (C) Ans. sF T E,
+ 1 3 F, =0, —4— 89445in26.56° + 11.31 sin 45° = 0 (Check) 56317
A
4.0 1
/‘f«
% &E 1843°
Fep
F
4o
4-0 kN
|
4 ka
57
£ o
45" 6-57°
8944 &n
/13w o
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3-31. Determine the force in all the members of the E
complex truss. State if the members are in tension or
compression.

4 kN

30° 30° D

The member forces S;' and S; for each member of the reduced simple truss
can be determined using method of joints by referring to Fig. a and b,
respectively. Using the forces of the replacing member DF,

Spr = S'pr + XSpr
0 = —2 + X(1.7320)

x = 1.1547
member S/ (kN) S; (kN) XS; (kN) S; (kN)
EF 2.3094 -1 —1.1547 1.15 (T)
ED —2.3094 -1 —1.1547 3.46 (C)
BA 0 1 1.1547 1.15 (T)
BC 0 1 1.1547 1.15 (T)
AD 5.6569 —1.2247 —1.4142 424 (T)
AF 1.1547 0.3660 0.4226 1.58 (T)
CF 0 —1.2247 —1.4142 1.41 (C)
CD —5.1547 0.3660 0.4226 473 (C)
BE 0 1 1.1547 1.15 (T)
E 4 kN
> 3
[}
n30°’m
° L r
45 45°
&em
4‘ k’i, 30 30 .
A c A
Gm
5155 ki 5155 kN
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*3-32. Determine the force developed in each member of
the space truss and state if the members are in tension or
compression. The crate has a weight of 150 1b.

r r —1i + 2j + 2sin 60°k
cAa = f'ca
V8
= —0354 Fcai + 0.707 Fcaj + 0612 Feak

Fep = —0.354 Feyi + 0.707 Fegj + 0.612 Fegk

Fep = —Fepj
w = —150k

EF)’ = 0, 07O7FCA + 0707FCB - FCD =0

> F,=0; 0.612Fc4 + 0.612Fc — 150 = 0

Solving:
Feq = Fep = 12251b = 1221b (C)
Fep = 1731b (T)
Fpa = Fpai
Fgp = Fppcos60°i + Fpp sin 60° k
Fcp = 122.5 (—0.354i — 0.707j — 0.612 k)
= —43.3i — 86.6) — 75.0k
> F =0; Fpa+ Fppcos60° — 433 =0
> F, =0 Fgpsin60° — 75 =0
Solving:
Fgp = 86.61b (T)
Fga=0
F e = 122.5(0.354F 4ci — 0.707F 4¢j — 0.612F 4ck)
2 F, =0, Fpacos30° — 0.612(122.5) = 0

Ans.
Ans.

Ans.
Ans.

Ans.

<D

©
X - h|

Fac =

Fs 150

122,54

AT
x

g

X Fan

Fnc- 122,5 b

< — Az
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3-33. Determine the force in each member of the space z
truss and state if the members are in tension or compression.
Hint: The support reaction at E acts along member EB.
Why?

6 kN

Method of Joints: In this case, the support reactions are not required for
determining the member forces.

Joint A:
5
zFx=0; FAB(\/@)—6=0
F,p = 6462 kN (T) = 6.46 kN (T) Ans.
3 3 k
DF =0 FAC(g) _FAD(g) =0 Fac = Fap (1]
4 4 2
EFy = O; FAC <§> + FAD(E) - 6462(\/?9) =0
FAC + FAD = 300 [2]

Solving Egs. [1] and [2] yields
Fuc = Fap = 1.50kN (C) Ans.

Joint B:

3 3
EFX =0, Fpe (\/ﬁ) - FBD(?) =0 Fge = Fpp (1] Fé‘

5 5 5 30
F' = 0, FBC (7) + FBD(i) - 6462(7) = ’..ém 5
2F /38 38 V29 £ "

Fgc + Fgp = 7.397 (2] R 26462 kn
Solving Egs. [1] and [2] yields x
Fpe = Fgp = 3.699 kN (C) = 3.70 kN (C) Ans.
>F,=0; 2{3.699 (L)} + 6.462(i) — Fpp =0
V38 V29
Fgr = 480 kN (T) Ans.

Note: The support reactions at supports C and D can be determined by analyzing
joints C and D, respectively using the results oriented above.
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3-34. Determine the force in each member of the space
truss and state if the members are in tension or compression.
The truss is supported by ball-and-socket joints at C, D, E,
and G. Note: Although this truss is indeterminate to the first
degree, a solution is possible due to symmetry of geometry
and loading.

V5 V5

FBC + FBD = 2.683 kN

> (Mgg), = 0; Fpe(2) +

Due to symmetry: Fgc = Fgp = 1.342 = 1.34 kN (C)

Joint A:

Fan2) — 5 (3)@) = 0

N

Ans.

4
QF =0 FAB_§(3):O
6
Fap = 24kN (C) Ans. 3, g
L§ Gx
— 0 _ E;
EFX_Ov FAG_FAE T/ \F”
! ~
3 3 c c N
X F =0 g(@‘%FAE—WFAG:O * P L F
Fac ,
Fag = Fap = 1.0LKN (T) Ans. < Ty
Joint B:
3 F, =0 L(1 342) + 1r —L(l 342) e = 0
x — Y \6 . 3 BE \/5 B 3 BG —
2 2 2 2 ¢
> F,=0; %(1.342) - gFBE + %(1.342) - gFBG =0 Fag o
2 ’ Fae \
SF, =0 FFoe + 3Fac —24 =0 ) T : y
frg
FBG = 180 kN (T) Ans.
FBE = 180 kN (T) Ans.
§
(Banad k| 2HKN
P o
342 3
] ml %) g
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3-35. Determine the force in members FE and ED of the
space truss and state if the members are in tension or
compression. The truss is supported by a ball-and-socket
joint at C and short links at A and B.

Joint F: Fp, Frp, and Fp- are lying in the same plane and x'axis is
normal to that plane. Thus

>MF.=0; Fpgcosf =0, Fpp=0 Ans.

Joint E: Fp, Fy, and F, are lying in the same plane and x'axis is
normal to that plane. Thus

EFX/ =0; Fgpcosh = 0; Fgp =0 Ans.

Fes

*3-36. Determine the force in members GD, GE, and FD
of the space truss and state if the members are in tension or
compression.

Joint G:

2 3 12
= - i+ j+
Fep = Fep ( 1253" T 12533 T 1253 k)

4 3 12
FGF = FGF <7i - 7j + 7k>

13 13713 .
2 3 12 /

_ B . -
For=F GE( 253 sl T sk
2 4 2
= (- — — | + ) = = ) =
2E =0 FGD(12.53) FGF(13) FGE<12.53) 0
3 3 3
> F,=0; Fep (—12_ 53) + Fgr (E) - Fgr (—12_ 53) +200 =0 .
12 12 12 ool
S~
= () — ) + =) = i =
2E=0 Fap (12.53) Far (13) Far (12.53) 500 =0 x I
Fav FQE FaF
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3-36. Continued 2'
Solving, 1711k
Fop = —1571b = 157 Ib (T) Ans. F
£ y/
Fop = 1811b (C) »
;7 Re %
Fsr = 5051b (C) Ans. ® 3

Joint F:

Orient the x', y’, z'axes as shown.

>Fy, =0, Fpp=0 Ans.

3-37. Determine the force in each member of the space
truss. Indicate if the members are in tension or compression.

Joint A:
SFE =0 0.577F 45 = 0
> F, =0 —4 + Fup+ 0571 Fup =0
SF, =0 —Fac— 0577 F =0 \&
FAC:FAE:() Ans. x
Fap = 4kN (T) Ans. . .
Joint B: F/
AB
A
S =0; —Rp(cos 45°) + 0.707Fgg = 0 e
T ox
F
TN AE
SF, = 0; —4 + Ry(sin 45°) = 0 Pl g,
S'F. = 0; 2+ Fgp — 0.707 Fgr = 0 £
Ry = Fgp = 5.66 kN (T) Ans.
FBD = 2 kN (C) Ans.
Joint D:
SF =0; Fpp =0 Ans.
>F,=0; Fpe =0 Ans.
FDE
Joint C: b
EFX = 0, FCE =0 Ans. FOL FﬂE 1
X
2
| y
o
¢ Fee
¢y x
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3-38. Determine the force in members BE, DF,and BC of
the space truss and state if the members are in tension or
compression.

Method of Joints: In this case, the support reactions are not required for

2 kN
determining the member forces.
Joint C:
€
. ° F ”,1
>F, =0 Fepsin60° —2 =0 Fep = 2309 kN (T) (=
1
i -
>F =0 2.309 cos 60° — Fpe = 0 Fr P <
Fpe = 1.154kN (C) = 1.15kN (C) Ans. B 3
: I : o
Joint D: Since Fp, Fpy; and F; lie within the same plane and F,; is out of e ¥
this plane, then Fp, . = 0. 2
1
F, =0 FDF(i) — 2.309 cos 60° = 0
> V13
Fpr = 416 kN (C) Ans.
Joint R:

FBE = 4.16 kKN (T) Ans.
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3-39. Determine the force in members CD, ED, and CF
of the space truss and state if the members are in tension or
compression.

Method of Joints: In this case, the support reactions are not required for
determining the member forces.

6 4"’
Joint C: Since F ), Fp - and 2 kN force lie within the same plane and F - is out !
of this plane, then |
£ G
Fep =0 Ans. AT
>F =0 Fep sin60° — 2 =0 ﬁ/ﬁo ?
y
Fep = 2.309kN (T) = 2.31 kN (T) Ans. 2
> Fx =0, 2.309 cos 60° — Fze = 0 Fpe = 1.154 kN (C)
&

Joint D: Since F -, 'y, and Fjy - lie within the same plane and Fj, is out of this
plane, then Fp, = 0.

1
F, = 0; F (—) — 2309 cos 60° =
) P\V13

3
>F,=0; 4.163(\/6) —Fep=0

FED = 3.46 kN (T) Ans.
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4-1. Determine the internal normal force, shear force, and 6 kN
bending moment in the beam at points C and D. Assume 20kN-m
the support at A is a pin and B is a roller. )
° o |
A C D B 1/
Im—-~1m ‘ 2m 2m
Entire beam:
+ 6 kN
_)EFx:O; Ax:O i 20 kN-mM
Ao :)
C+3M,=0; B,(6) =20 — 6(2) =0 S ==
B, =5333 kN Moo By
+T > F, =0 A, +5333-6=0
A, =0.6667 kN
Segment AC: ° He
' 4"’ Ne
Ve
+ I~
— > F,=0; Ne=0 Ans. 0-6667 kN
+1 3 F,=0; 0.6667 — Ve =0
Ve =0.667 kN Ans.
C+DMe=0; M¢ = 0.6667(1) =0 , uy o 3)am..,
/3 4-(—
Mc=0.667 kN-m Ans. lrﬁzm
5.333 kal
Segment DB:
+
_,pr:(); Np=0 Ans.
+1 3 F,=0; Vp+5333 =0
Vp=-533 kN Ans.
C+DMp=0; —Mp+53332)—20=0
Mp=-933 kKN-m Ans.
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4-2. Determine the internal normal force, shear force, and
bending moment in the beam at points C and D. Assume
the support at B is a roller. Point D is located just to the

right of the 10—k load.

Entire Beam:

Q+2MA:0;

+1 > F, =0

S S F =0

Segment AC:

i)EF)FO;

+1 > F, =0

C+DYMc=0;

Segment DB:

i)EFxZO;

+1 > F, =0

C+DMp=0;

B, (30) + 25 — 25 — 10(20) = 0
B, = 6.667k

A, +6.667 — 10 =0
A, =3333k

~Ve+3333=0
Ve=333k

M — 25 —3.333(10) = 0

M =583k-ft
ND =0
Vp+6.6667 =0
Vp=—667k

—Mp + 25 + 6.667(10) = 0
Mp=917k-ft

25 k-ft

10k
Sk-ft

|]4_

(r

. . 1)

‘C ‘D B
10 ft ——~~——10 ft————10 ft 1
‘Ck
25z .‘f l Z5A'/{
}
AX o A 5
2o ft o041
A
¢ &4
25 k. ft M
Ay
Ans. 10ft ve
3333k
Ans.
A 25kt
Mp
Ans. M )
{707t
0667 %
Ans.
Ans.
Ans.
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4-3. The boom DF of the jib crane and the column DE D
have a uniform weight of 50 Ib/ft. If the hoist and load weigh *B A ¢ |F
300 Ib, determine the internal normal force, shear force, and F ; o 3t
bending moment in the crane at points A, B, and C. St t t t
[}
300 1b
7 ft
A
) E
Equations of Equilibrium: For point A
LS. =0 NA=0 Ans. soca)e 501
A
N =
+1 SF,=0; V4—150 =300 =0 * X
V4 =4501b Ans. rafl ¢
2001b
C+DM,=0; -M 4 — 150(1.5) —300(3)=0
M, = —11251b-ft = —1.125 kip - ft Ans.
Negative sign indicates that M, acts in the opposite direction to that shown on Son=5501b
FBD. I .
Ny <& ﬁ?
LA
Equations of Equilibrium: For point B 7 S5t l
+ 3001b
<~ >F. =0 Nz=0 Ans.
+1 > F, =0 Vg —550-300=0
Vp=28501b Ans. 50(13) =650 Ib
C+HOMp=0; —Mp — 550(5.5) —300(11) =0 L 2 _'.
My = —63251b-ft = —6.325 kip - ft Ans. | i
Y| o5/t | 6.5ft
Negative sign indicates that M acts in the opposite direction to that shown on FBD. Joolb
Vc
Equations of Equilibrium: For point C Me N;
c
+
<—EFX=O; Ve=0 Ans.
+1 > F,=0; —N¢c—250—-650—300=0
N¢ = —12001b = —1.20 kip Ans.
C+D Mc=0; —M — 650(6.5) — 300(13) = 0
Mc = —81251b-ft = —8.125 kip - ft Ans.

Negative sign indicate that N~ and M act in the opposite direction to that shown
on FBD.
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*4-4, Determine the internal normal force, shear force,
and bending moment at point D.Take w = 150 N/m.

C+HDM,=0; —150(8)(4) + % Fpc(8) =0
FBC = 1000 N
+ 4
- > F, =0 A, — 5(1000) =0
A, =800N
3
+1 > F, =0 A, —150(8) + g(1000) =0
A, =600 N
+
— > F, =0 Np=—800N
+1 > F, =0 600 — 150(4) = Vp =0
VD = 0
C+>Mp=0; —600(4) + 150(4)(2) + Mp =0

Mp=1200N-m =120 kN-m

150()N 150(4)N

i 'z :

'

Ax —

T

3

00N

F

Foc

300N — 'lh N
oy

4m 4 m
c|
)

Ans.

Ans.

Ans.
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4-5. The beam AB will fail if the maximum internal w
moment at D reaches 800 N-m or the normal force in
member BC becomes 1500 N. Determine the largest load w A
it can support. : D.
i 4m 4m
Assume maximum moment occurs at D;
8
C+SMp=0; MD—TW(4)+4W(2)=0
800 =8 w
w =100 N/m
C+ EMA =0; —800(4) + Tc(0.6)(8) =0
Tpc =666.7N < 1500 N (0.K!)
w =100 N/m Ans.
{ur
—-F--n .
. DA
T lvp
2
goo N
Al m A
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4-6. Determine the internal normal force, shear force, and
bending moment in the beam at points C and D. Assume
the support at A is a roller and B is a pin.

Support Reactions.

G +2MB =0; %(4)(6)(2) -A,(3)=0 A,=8kN

Internal Loadings. Referring to the FBD of the left segment
sectioned through point C, Fig. b,

4 kN /m|

= .

4
C A D
~—1.5m ~—15m 1.5m e

BYfa’
1.5 m—»‘j.‘-

Referring to the FBD of the entire beam in Fig. a,

of the beam

i>§:FX=O; Nc=0 Ans.

1
+T > F, =0 -5 1)(AL5) —Ve=0 Ve=—075 kN Ans.

1

C+HDMe=0; Mc + 5(1)(1.5)(0.5) =0 Me=—-0375 kN-m  Ans.
Referring to the FBD of the left segment of the beam sectioned through point D,
Fig. c,
+
— > F,=0; Np=0 Ans.

: S(1)(L5) kN

-0 - _ — — Sm
+1 EFy—O, 8—2(3)(4.5) Vp=0 Vp=125kN Ans. ( 05
1
C+DMp=0; Mp + 5(3)(—4.5)(1.5) —-8(1.5)=0
Mp= 1875 KN-m Ans.

L@)(6) kil

-—
-
-
-
—
—

E .

/”—‘
— |
|

|

{

Bx.

3m Im| Zm

&

(@)

“

(34 -5)kN

i (
"1

3 knfm

Mp
Ny

A

85




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-7. Determine the internal normal force, shear force, and
bending moment at point C. Assume the reactions at the
supports A and B are vertical.

LSF =0 Ne=0

+I>F,=0; Ve+05+15-375=0
Ve=175 kN

C+XMc=0; Mc+0.5(1) + 1.5(1.5) — 3.75(3) = 0

Me=850 kN-m

1.5kN/m

| 3m \ 6m \

4ShN a4 Sk

Ans.
4.5 m L l 32

9m
Ans. 3.7S AN S 264n
2 AN
skn Ck 0-cer knro
- - - — __A\, o0.ShN,
Ans. | o F /13“4. ™
) ) Np
b v m
3,75 bk vn

0532157 §(0583)(3) =0-5kM
25kitm | P /N 0.853 kolfm,
Ne

375 Y

1"Sm (.5 |

*4-8. Determine the internal normal force, shear force,
and bending moment at point D. Assume the reactions at
the supports A and B are vertical.

LSF =0 Np=0

+1 > F, =0 375-3-2-Vp=0
Vp=-125 kN

C+>Mp=0; Mp+2(2) +3(3) — 3.75(6) = 0

Mp=9.50 kN-m

1.5kN/m

0.5kN/m

} 6m | 3m }
Ans. 4.5MN  4.5%N
4.5 w [ l KL
I
Ans.
3,75 kN e 5ol
24N
Sk § %.L67 A»JIM
Ans. - - /— F — -—~\l/0.fh'~1/~\
I 3w 2w\‘
Np
A
3,75 ke v,
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4-9. Determine the internal normal force, shear force, and 5kN
bending moment in the beam at point C. The support at A is 3 kN/m
aroller and B is pinned.
A A
/. O
A c B
—1m— 2m 2m |

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

C+DM,=0; B, (4) +5(1) —3(4)(2) = 0 B, =475 kN
LESF =0 B, =0

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

LSF =0 Ne=0 Ans.
+1 > F,=0; Ve+475-3(2) =0 Ve= 125 kN Ans.
C+>EMc=0; 475(2) = 3(2)(1) = Mc=0 Mc=350 kN-m  Ans.

5k 3¢4) kn 3G2) kN
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4-10. Determine the internal normal force, shear force, and
bending moment at point C. Assume the reactions at the
supports A and B are vertical.

Support Reactions:

C+HDM,=0; B,(20) — 6(10) — 1.8(23) = 0
B, =5.07 kip

+T > F, =0 A, +507-6-18=0

A, =273 kip

Equations of Equilibrium: For point C

LS. =0 Ne=0
P DF, =0 273 - 360 Ve=0

Ve = —0.870 kip
C+3Me=0; M +3.60(6) —2.73(12) = 0

Me=112kip - ft

Negative sign indicates that V- acts in the opposite direction to that shown on FBD.

Ans.

Ans.

Ans.

03(12) 3.6 Kip

400 b /ft
300 Ib/ft \l\L\'\
= |
A B
28— |
0:3(20):6 kip $0.4)9) 18 Kip
I. 1 “‘1
A | Il J
/oft T 7of€ a8 efel
A 2
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4-11. Determine the internal normal force, shear force,
and bending moment at points D and E. Assume the
reactions at the supports A and B are vertical.

Support Reactions:

C+HDM,=0; B, (20) — 6(10) — 1.8(23) =0
B, = 5.07 kip

+T > F, =0 Ay +507-6-18=0
A, =273kip

Equations of Equilibrium: For point D

LSF =0 Np=0
+1 > F, =0 273-18-V,=0

Vp = 0.930 kip
C+3Mp=0; Mp +1.8(3) —2.73(6) = 0

Mp=11.0kip-ft

Equations of Equilibrium: For point E

ESF =0 Ng=0
1 SF, =0, Vp—045=0

V= 0.450 kip
C+IMp=0,  —My—04515)=0

My = — 0.675 kip - ft

Negative sign indicates that M acts in the opposite direction to that shown on FBD.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

300 Ib /ft

400 Ib /ft

1y

|

-

121t 81t

eV

9 ft——

0320 +b Kp £co4)9)18Kp

4

Ay

)
35¢ ¢fe
by

i
/0ft T ‘oft

03G) <18 kip

F(02X48)<045Kip
Mg Yo
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*4-12. Determine the shear and moment throughout the
beam as a function of x.

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

P
C+SM,=0; Ny (L)— Pa=0 Nnga

Pb
C+ D Mp=0; Pb— A, (L)=0 A=
LSF =0 A, =0

:&_

Internal Loading: For 0 = x <a,refer to the FBD of the left segment of the beam

in Fig. b.

Pb Pb
+ F.=0: _ = = = —
P2rR=00 57 -Vv=0 V="

Pb Pb
Q+2MO:O; M—TXZO M=Tx

For a <x = L, refer to the FBD of the right segment of the beam in Fig. c.

P P
+T2Fy:(); V+T:O V:*Ta

P
C+ SMy=0; Ta(L—x)—M:O

P
M= (Lx)

Ans.
Ans.
AFO M
) (b
Ans. X vV
Ay=Lb
Ans. U -
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4-13. Determine the shear and moment in the floor girder
as a function of x. Assume the support at A is a pin and B is
aroller.

Support Reactions: Referring to the FBD of the entire beam in Fig. a.

C+XM,=0; B,(4)—41)-63)=0
B, =550kN

C+3SMp=0; 6(1)+4(3)— A, 4)=0
A, =450 kN

LESF =0, A=0

Internal Loadings: For 0 =x <1 m, Referring to the FBD of the left segment of

the beam in Fig. b,

+1 Y F,=0; 450-V=0  V=450kN Ans.

C+DMp=0;, M~ 450x=0

M = {450x} kN-m Ans.

For 1 m <x <3 m, referring to the FBD of the left segment of the beam in Fig. c,

+1T>F,=0; 450-4-V=0
V =0.500 kN Ans.

C+HDMp=0, M+4(x-1)—-450x=0
M ={05x+4} kN-m Ans.

For3m < x = 4 m,referring to the FBD of the right segment of the beam in Fig. d,

+T>F,=0;, V+55=0 V=-550kN Ans.

C+3SMy=0; 550(4—x)—M=0

M = {-5.50x +22} kN-m Ans.
4K 6 kN
Ax
i
Im zm | 1m

Im XA
A0 p 4 M
«)
x 1Y
A}=4'50/</\/
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4-14. Determine the shear and moment throughout the

beam as a function of x.

|

:&_

i
5

Support Reactions: Referring to the FBD of the entire beam in Fig. a
& EFX =0 =0
M
C+XM, =0 Mp—Ng(L)=0 By=TO
Mo
C+HDMp=0; Mo— A, (L)=0 Ay=T
Internal Loadings: For 0= x <a,refer to the FBD of the left segment of the beam
is Fig. b.
MO MO
+T2Fy=0; T—VZO V:T Ans.
M, M
C+DM,=0; M — x=0 M=—Y9 Ans.
L L
For a <x = L, refer to the FBD of the right segment of the beam in Fig. ¢
Mo Mo
+ =0; -—= =— .
T>F, =0 V=0 V=— Ans
M,
C+HDIM,=0; -M - L(L—x):O Ans.
m=—Moq, A
= I ( _x) ns.
a b

A

(a)
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4-15.

Reaction at A:
> S =0;
C+ D Mp=0
0=x<2m
+1>F, =0
C+HDM=0;

2m<x<4m

Segment:
+1>F, =0
C+HDM=0;

Idm<x=8m
+1 > F, =0
C+HIM=0;

s

A, =0

Determine the shear and moment throughout the
beam as a function of x.

A, (8) —7(6) +12=0; A, =375 kN

375 -V =0

3.75x — M = 0;

-V+375-7=0;

V =375 kN
M =3.75x kN
V=-325

-M +375x —7(x —2)=0;

375-7-V =0

M= —-325x + 14

V =-325 kN

=375x+7(x—2)— 12+ M =0;

M =26 —3.25x

7 kN
12kN-m
=] \
AP ) QB
2m 2m 4m |
T ol
12 1l
N A = z.lz..i "4g___
ns. T
Ay By
m
Ans. I __.Itv )M
Ans. 3.5
M
A
Yy
3.7€
Ans. '
2 ‘Lu‘” 124 A,
- N
Ans. 4‘ JAL\;S m
1
3.75
Ans.
Ans.
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*4-16. Determine the shear and moment throughout the ) 8 kN/m
et 1T
A
..I‘L. ‘ QB
X
"7 3m l 3m }

Support Reactions. Referring to the FBD of the entire beam in Fig. a,
1
CHEM4=0; B, (6) ~8(3)(43) ~ 5(8)3)(2) =0

B, =22kN

CH+SMp =0 8315 + 5 BGNA) — A,(6) =0
A, =14kN

LSF=0 A=0

Internal Loadings: For 0 = x <3 m, refer to the FBD of the left segment of the
beam in Fig. b,

1
+T > F, =0 14*5<§x)va=0

v ={-1.33x2+ 14} kN Ans.

C+DMp=0, M +l(§x)(x)(£> —14x=0
2\3 3
M = {-0.444 x>+ 14 x} kKN -m Ans.

For 3 m <x = 6 m, refer to the FBD of the right segment of the beam in Fig. ¢
+TYF,=0; V+22-86-x)=0

v ={-8x+26} kN Ans.

C+S My =0; 22(6—x)—8(6—x)(6;x)—M=0

M ={—-4x*+26x — 12} kN'm Ans.

@D g3y k)

PPl bbb B |
- 1

-
Pras H
- A 1

> |}---

I‘ 2am 25m /lb‘m‘l

ATJ’ (a) BSL
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4-17. Determine the shear and moment throughout the
beam as a function of x.

Internal Loadings. For 0 =x =1 m, referring to the FBD of the left segment of the
beam in Fig. a,

+T>F, =0, -V-4=0 V =-4 kN Ans.
C+DMp=0;, M+ 4x=0 M = {—4x} kN-m Ans.
For 1 m <x <2 m, referring to the FBD of the left segment of the beam in Fig. b,

+T3F, =0, —-4-8-V=0 V ={-12} kN'm Ans.

C+DMp=0; M+8(x—1)+4x=0
M={-12x +8} kN-m Ans.

For 2 m <x =3 m, referring to the FBD of the left segment of the beam in Fig. c,

+T>F, =0, -4-8-8-V=0 V ={-20} kN Ans.

C+DMp=0, M+4x+8(x—1)+8x—-2)=0
M={-20x +24} kN-m Ans.

kN

8 kN 8 kN
4 kN L l
|
xX—
| 1m | Im | 1m—

SKN

8kN

)¢
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4-18. Determine the shear and moment throughout the

beam as functions of x.

Support Reactions: As shown on FBD.

Shear and Moment Functions:

ForO0=x<6ft

+1SF,=0; 300-2x—V =0

V = {300 - 2x} k

X
2
M = {—x*+30.0x — 216} k-ft

C+d My, =0; M+216+2x( )—30.0x:0

For 6 ft <x =10 ft

+

—>F,=0;, V-8=0 V=800k
CHDMya=0; —M—-8(10-x)—40=0

M = {8.00x — 120} k-ft

10k 8k
2k/ft
‘ ‘ ) l 40 k-ft
i)
7x*>
6 ft 4 ft
«6)I20k 10K 8K
20 kit 11 1 Jokft
===
Jom e T IR T 4R
Ans
lzx. v
ek } l
Ans (‘t \ ,') M
0k £ %
Ans.
8k
T é‘i *
Vt /70-X
Ans.
veK)
MCES)
o, .00 | xcy —2 fE 10 Xy
o é 4 -, 40’0
%0
~21b
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4-19. Determine the shear and moment throughout the

beam as functions of x.

Support Reactions: As shown on FBD.

Shear and moment Functions:
ForO=x<4ft
+T2Fy:O; -250-V =0 V =-2501b

C+>Mya=0; M+250x=0 M ={-250x}1b-ft

For 4 ft <x <10 ft

+12F,=0; —250+700 - 150(x —4) =V =0

V = {1050 — 150x} Ib

C+SMy,=0; M +150(x — 4)(%_4) +250x — 700(x — 4) = 0

M = {— 75x* + 1050x — 4000}1b - ft

For10 ft<x =14 ft
+T2Fy=0; V —-250=0 V =2501b

CH+3IMys=0; —M —250(14 — x) =0
M = {250x — 3500}1b - ft

A\
I ’\
. -4

M0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

I

250 1b 250 1b
l 150 1b/ft l
| A\ |
A9 g
FXH
| 4ft 6 ft 41t |
Sow  EYI0ON 25y

M —

¢t |3
Toelb

1501

15pCx-4)
~_ XC-.
cTYY
i

s

700 1b

250lb
L
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*4-20. Determine the shear and moment in the beam as
functions of x.

Support Reactions: As shown on FBD.

Shear and Moment Functions:

For0=x<L/2
3w,L 0
IS =0 T x -V =0 V:WT(3L—4x)
Tw,L>  3w,L x)
+ > Myy=0; - + —|+M=
G E Na=0; 24 4 X WOX(2 0
Wo
M =—2(—12x*+ 18Lx — 7L?)
24
For L/2<x=L

IS F, =0, V- % {ZZ (L—x)} (L—x) =0

V= %(L—x)2

ﬂz% (L—x)}(L—x)(L;x) =0

M =22 (L-x)?
BT

—-M —

CH+HDMy,=0;

Wo
B — E
] ‘
L L
2 2 !
wat
= b
g cnvensbeneens
szjé :r T“‘l\,
¢ )
—
Ans.
ubx
Tua”
=, v
Ans. CI 1)"‘
Ll *
4—
4 $(¥adien
i,}'-a-x);-E.‘!_~
M(T -
Ans. e l
Ans.
M
t — x
Tl
=
-4
24
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200 Ib/ft

4-21. Determine the shear and moment in the beam as a

function of x.
1200 Ib - ft B

10 ft

800 Ib

Internal Loadings: Referring to the FBD of the left segment of the beam
in Fig. a, 200
/O_X.—
1(200 "f
n -0 800 — ~( 2 vy =
13F, =0 800 2( o x)(x) V=0 - M
V = {—10x*— 800}Ib Ans. C 5
1200 x 1200 lb'}’t > v
C+>M, = 0; M + E(Wx)(x)(g) + 800x + 1200 = 0 X /I
M = {-3.33x%— 800x — 1200} b - ft Ans. 8
00 Ib

()

4-22 Determine the shear and moment throughout the 8 kN/m

tapered beam as a function of x.

2 PR T,

A
+ 1/8 8 8
— >F,=0; 36 5 (9x)(x) 9(8 9x>x V=0 51l
4 2 .
V=36 - —x" —8x + —x ] : l <,
9 9 le® ( i =
Kl 9
V = 0.444x> — 8x + 36 ol &
3b kN
1(8 2 8 8 x
+ =0; + - = x|+ | 8—— =)= + M=
C+DM =0; 108 5 (9x)(x)(3x) 9(8 9x)(x)<2) 36x + M =0
e 4

M:—108—%x3—4x2+%x3+36x T
o (= L | "

Ans. TS |
v
3N

M = 0.148x> — 4x* + 36x — 108
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4-23. Draw the shear and moment diagrams for the beam.

500 Ib 500 1b 300 1b
! b4
r |
Al ? e ’ | E
b= = C : \ D

\
|
4t 6t

6 ft——4 ft—

v (ib)

jut.29

L

1 4 2% “X(‘H’)

-3851
M(»LL'H) @9:,7

3

b

L )

\v{z+00

*4-24. Draw the shear and moment diagrams for the
beam.

2P 2P oxp Et 4

.%.L =5

L ) ] " )
T2 T2 1T 4% 2 147]
4‘:" 4 Kr'IJ

V(Kip)

-4
M(kip-fe)
2424
6 6

100




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-25. Draw the shear and moment diagrams for the beam.

el
T 2m !
Vo = —489kN Ans.
Mo = —20kN-m Ans.
18 k! V)
'/*\0.1.4 Kd-m
36 , ) ) 2o KN- m )
e zm ] 3.‘ M’J _°'°’53 ._c_z_.c....._’*.,z_.z.n/ ///r/ x
' — {189 0 g e el
0.0133 ¢l 4 ___,14 -4.89
77 ; : x
-..;:EWBIL//Q', .(/ "//
4 B .
0417 ~_ \j\ -
~da0
4-26. Draw the shear and moment diagrams of the beam. 10k 08 k/1t 8k
A c B
—6 ft— 121 121 |6 1t—
Vimax = —10.1 k Ans.
Mo = —60 k- ft Ans.
Vin
t fo.} s
it Tmn 7
b S 8 e i N *
l .
‘-. ! } P18 25" w
T 1 1{xf0
2. 4K
376
| 2 7 X
il -t
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4-27. Draw the shear and moment diagrams for the 400 1b/ft
beam. 600 Ib-ft
A A 3
A B
Yoo ib/Ft —
oo 1.5t ( L [ ] [
Iz%o 1b 3ue 1b 15 ft
v ()
Mo [ .
l‘ | , [
e - — 'mo’—-—\‘\ll\” ’
=304y
Mnde) 59
boo I ’ ' , ! I )
Y4
*4-28. Draw the shear and moment diagrams for the M, M,
beam (a) in terms of the parameters shown; (b) set M, = ; y .
500N m, L =8m. ﬁ - ., |
L L/3 \ L/3 \ L/3 |

L X
(a) For 0 = x = — °_|=Pm
3 0 v
+T > F,=0; V=0
C+SM=0; M=0
2L 5 0
For — < x < T o—éé':pm
DL__’_.‘V

Ans.

Ans.

Ans.

Ans.

Ans.
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4-28. Continued

(b) SetMy=500N-m, L =8m
2 S00NM  S00M-m
8§  o—==5" 0 —
For 0 = x < zm J v olﬂ.'in\ 2.6 N‘h\‘l)
V(W)
+1 SF, =0 V=0 Ans. l
0 f———————x
C+3SM =0, M =0 Ans, = ZZZ'M | ,
0 X
g 16 1, Sookm
For —m < x < —m o—r_‘=€=’l5"‘
3 3 o x v
+T3F, =0, V=0 Ans.
C+DM = 0; M = 500N-m Ans.
16 My 8
For 3 m < x = 8m (f ll
0
+1>F, =0, V=0 Ans.
C+DXM =0; M =0 Ans.
4-29. Draw the shear and moment diagrams for the beam. 1.5 kN/m
Support Reactions: _‘L_ B _JI_Q
C+dM,=0;, C,(3)—15125)=0 C,=125kN 2m ;3
m
+1 >F,=0; A,—15+125=0 A, =0250kN ] ¢‘)M
lo.zs oY
Shear and Moment Functions: For 0 = x <2 m [FBD (a)], (@)
+T > F, =0, 0250-V =0 V =0250kN Ans. 1.5 (r=2) kN
Im [__l
C+DM = 0; M—-0250x = 0 M = (0250x) kN-m Ans. - jl‘)w
0.25 kN A4
)
For2m < x =3 m [FBD (b)].
V(kN)
+T3F, =0, 025-15(x-2)-V =10 0.25
I\ZJW e
V = (3.25 - 1.50x) kN Ans. \I
2 0.521 ias
C+XM = 0; —025x + 15(x +2) ) tM=0 M (NM) 03
M = (—0.750x> + 3.25x — 3.00) kKN -m Ans.
x(m)
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4-30. Draw the shear and bending-moment diagrams for
the beam.

Support Reactions:

C+DMp = 0; 1000(10) — 200 — Ay(200=0 A, =4901b

Shear and Moment Functions: For 0 = x <20 ft [FBD (a)].
+1 > F, =0, 490-50x—V = 0

V = {490 — 50.0x} Ib
C+3SM =0, M+ 50x(§> — 490x = 0

M = (490x — 25.0x%) Ib-ft

For 20 ft < x = 30 ft [FBD (b)],

+T>F, =0, V=0

C+DM = 0; —200-M =0 M = —2001b-ft

50 Ib /ft

200 Ib-ft

)
0. B C

Ans.

Ans.

Ans.

Ans.

20 ft 10 ft —

50

[ X
490 r v

y },1: ) 20

V(ib)
90
9.80
x

’ =510

M (b0
2401

(b)
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4-31. Draw the shear and moment diagrams for the beam.

Support Reactions: From FBD(a),

wL (3L 3wl
Q+EMA = 0; Cy(L) _7<T> =0 Cy = T
SE, = 0 Ay+3WTL_(W7L) —0 4, ="t

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

wlL wL

+ F. =0 — — = = —
T>F, =0 g V=0 V==

L L
CHIM = 0 M —"0(x) = 0 M = "2 ()

L

F0r5<x = L [FBD (¢)],

3wL

+T>F, =0 V +T—W(L—x):0
V=%(5L—8x)

3wL
8

C+SMy = 0; (L—x)—w(L—x)(L;x)—M=0

M = %(—L2 + S5Lx — 4x?)

v
wL
g = i
L
z g’\]
2wt
M 8
12 gwl”
e
+—t X
0 L 5 i
Z 8L

AQ 1C
L
2
L
o
-—-—*.
2L ”LL
1 5
A ~
T () “F
Ans v
r Ty
Ans 7 I
WL
45
W (=X}
Lo
Z poadenaag
\/‘: L |
) MC'f l
L=-X
3wt
G5
Ans.
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the

C+3M4 =0, —5000(10) — 150 + B, (20) = 0
B, = 25001b

LESF =0 A,

+1 >F, =0, A, = 5000+ 2500 = 0
A, = 25001b

tsoug ¢ o i—‘-'wm
i !

For0 = x = 20ft

+1 > F, = 0; 2500 —250x =V = 0

V. = 250(10 — x)

C+SM = 0, —2500(x) + 150 + 250x(£> +M=0

M = 25(100x — 5x* — 6)

250 Ib /ft
( M
A =4
1501b-ft1 0 1t 11501b~ft
5000
Ax —L'I———_ __—-l)!SOLHt
LSOW;T f
" By
*—W—J
704
fSourft ; == 1‘; 1SoLb-{
2,500W 2,500

YW ’
2500 b\ 10w ’
Ans. ol - <

Ans. m{W-ft) 2,350
. 7
0-0602 - K, /-“J/ // 4 Lo.osmn
:0 © K 1
-0 O =) 450
4-33. Draw the shear and moment diagrams for the beam. 20 kN
40 kN/m
0 =x<8

+1 EFy = 0; 13375 —40x =V

wr)
|
B
8m 3m 150 kN-m
-0
_ $orym 20kN
V = 13375 — 40x Ans. ,
TERRRN ‘)!SOM-'\
1 t
C+SM =0, M + 40x(f) —133.75x = 0 s s ’
2 m 3m
M = 133.75x — 20x? Ans.
(kN ‘ ' ’
8<x = 11 = B
— I Ly *
+1 3 F, = 0; V=20 =0 ”""ﬂ\‘]-m.al
V =20 Ans.
mipwyy | |
233.b l l
C+SIM = 0; M + 2011 — x) + 150 = 0 omﬁ'
M = 20x — 370 Ans. g "\g;fj"”
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4-34. Draw the shear and moment diagrams for the beam. 200 Ib /ft

IENERNEEEEN

1
E]]

V max = £1200 1b Ans.
Jourh,  Beetb g Book g
M . = 6400 1b - ft Ans. ! 1
Ilkw ik lboo 1
viw
[0 t—
/ /'l’;]‘m"" %
gy UL 7 /
U et
M)
oo tAoo Yseo
i / /- /‘77( i N M
. 14 {
| '!
4-35. Draw the shear and moment diagrams for the beam. 200 Ib /ft

12001b-ft

30 ft
v
800 Ib
Vimax = —3.80k Ans.
M pax = —552 k- ft Ans.
v (L)
Lee tb _ 1 ] T ¥
. it too ] r

T
130 ( ’4‘/’/' L l ) 55200 Wt M (k)
bt !
300 1b Swoth .
“lee ‘ l ’ [ -

~55%0
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*4-36. Draw the shear and moment diagrams of the
beam. Assume the support at B is a pin and A is a roller.

Vinax = 850 1b

Mo = —2.81 K- ft

100 Ib /ft

Y

800 1b - ft

4 ft— 16 ft |

Ans.

Bo0ib-jt 100 Ibjht
T 1 1

Ans. {

41t 76 ¢
850 1b 7501,
v(ib)
’ 850
[\‘ i «

| e S

M(1b-pt)
28128
-t +— A=A
’800'—"'—/

4-37. Draw the shear and moment diagrams for the beam. 8 kN/m
Assume the support at B is a pin.

Y ¥ Y Y Y

A :{1

1.5m l 6m

Vi = 245 kN Ans. 8 bty

M = 34.5kN-m

Ans I.Sm tm
30.5 k) 235 ad
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4-38. Draw the shear and moment diagrams for each of 50 kN 4
. 0 kN

the three members of the frame. Assume the frame is pin 15 5 15

connected at A, C,and D and there is fixed joint at B. = m m o

15kN/m
S0 kd A0EN II;E
J s | 2=m Lnsm |
4spa { ; : <
ol B e - ‘4 5En]
VIOEN. !
tikH i 6m
v3eH ’1‘;"
3
% HSEN
L 168 Nopn ] D
Ml Bl
A ‘{b’ = {D.”e,é','a‘vg-é?.”e" &
ye 2w
o L ISKN/M
bm
® 4-—-—*‘. ugk N "
LSRN e
45 KN
\
TN
¥ {ed
n.

~ies
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4-39. Draw the shear and moment diagrams for each 0.8 k /ft
member of the frame. Assume the support at A is a pin and
D is aroller. B | | c
0.6 k /ft
16 ft
D

| 201t |
Vmax = —11.8k Ans.
M = —87.6k-ft Ans.
o8 kht 416K
768:4L SEE p s |
g K .
W T ~ SEN ~11-8%
sbefn—| l6st l S ek Brerft
9.60x Tegxft |
184k

476k
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*4-40. Draw the shear and moment diagrams for each
member of the frame. Assume A is a rocker, and D is

pinned.

2(8) k

T

o . el e e e e g

4k

= .
A

4-ft

x

A)A=/4-4I7 K

144k

3K

3K

157t

5563 K

o- 7924t

41t

154t

N

721 ’I’/'b-ak

~3K,

15 Pt

4k
2 k/ft
B . . . . . C
'F N~—3«
— 8 ft — 4 ft —

15 ft

1. M
TELEE B n G aE paea 5

520kft 513 kpt
~K 450 k-ft

C 450k ft

T2t
0.79%k

4t
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4-41. Draw the shear and moment diagrams for each . 6k 6k 1k
member of the frame. Assume the frame is pin connected at
B, C,and D and A is fixed. 81t 81t 81t
Y Y
0.8 k /ft L o
B C
15 ft
A D

Shear  dra 20 17)

moment .(ﬁgym_/ﬂ
48 k-ft

————

4-42. Draw the shear and moment diagrams for each 20k
member of the frame. Assume A is fixed, the joint at B is a NS
pin, and support C is a roller. 05K/t B 4
= |
1€
8 ft
Viax = 200k Ans.
My = —144k-ft Ans. A
| 6 ft 6 ft
20k
R
/6'0 K4 oy
T L )
o 6-r0 < 6/t ] G/t .
ok
6.0k 6.0k S6oxft
160K "
ssepy | [BF Sy
200k
axft
éox 200K | - 144 £ ft
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4-43. Draw the shear and moment diagrams for each 4k /ft
member of the frame. Assume the frame is pin connected at
A,and C s aroller. B
15k = |
1
4 ft
10k >
4 ft
| 10 ft
h ragr K 40
Shear 0’/009 a7 4/601(‘[{ o 1» .
=D (= =
T e
15 K /0 36k
« lgr” 4

l5-rh‘

4

10¥

41

+ 'r—zs x
4_ K
*4-44, Draw the shear and moment diagrams for each 1.5 k/ft
member of the frame. Assume the frame is roller supported
at A and pin supported at C. A
! — 10 ft
[5(10) kK
L 5ft 5ft
) 1
4_'th E “ —
B :
A T —— i E )IZ‘ Kft T 6 ff
58f . }‘ Ng=8-70<
; 421
~6.30k Jt e d — 2 £
bft
oft
12 koft f
6t G-z I |
oft
-2k
C
. - Cy - 6.30k

113




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-45. Draw the shear and moment diagrams for each ISKN  jokN
member of the frame. The members are pin connected at A,
B,and C. ;‘PZm 2m<rk2ma
Support Reactions:
C+DM, =0, —15(2) — 10(4) + B,(6) =0
B, = 11.667 kN
+1 EFy =0, A, —25+ 11667 =0
A, = 133kN
Cﬁ-EML. =0; 12(2) — By (6)=0
B, = 4kN
+7>F, =0, 4-12 + Cy =0
C, = 8kN
sk . o)
P PENE 2 LN
A TN P P
Ay By
I L
P —— “P
L‘N [IN]
Vi) Viwy

3.3
[
L X
-n.) lam 240, — /// x
L1 4 e
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4-46. Draw the shear and moment diagrams for each
member of the frame.

—3m—f2m--2m——3 m#

C+Mp =0; 10(2.5) + 5(3) + 10(5) + 5(7) — A,(10) = 0

A, = 125kN
+ 4
— >F,=0; —10 5 +D,=0

D, = 8kN

3

+T > F, =0, 125 7571075710(§> +D, =0

D, = 135kN

Sk
RSk
375/:3-& =
750/ | 2m
1375 kmm
/
/ /
s
750 xa
10-0kN
7508
2 Sokal
—450kn
75081,
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4-47. Draw the shear and moment diagrams for each 300 Ib/ft
member of the frame. Assume the joint at A is a pin and
support Cis a roller. The joint at B is fixed. The wind load is
transferred to the members at the girts and purlins from the f
. C 351t
simply supported wall and roof segments.
f
30° 351t
) {
500 1b/ft—{| B3
| —
—> 7 ft
—>
Support Reactions: L >
— . — — — 3 o o | —
C+DM, = 0; —3.5(7) — 1.75(14) — (4.20)(sin 30°)(7 cos 30°) ]
—— 7 ft
—4.20(sin 30°)(14 + 3.5) + (21) = 0 —
s A
C, = 5133kN 1 -
5 >F,=0; 175+ 35+ 175+ 420sin30° — 5.133 — A, = 0
A, = 3.967kN
+1 > F, =0, A, — 420 cos30° =0
A, = 3.64kN
7!
ET
/i
Be:
15 K sk 15K Los K ik Losk = A
ke 1 7 2 Z ! L 1 1
c Y oap Bt fs 1 Ay
1433 K Iz.su K
ERTR Seak
v ! vio
(A%
-18 Y x ‘ I //J/ 1’4
: ) L5
M leH) | M (b
‘ ‘15, Bl
W R —_ |
: ' / i // /_J P w
I

116




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-48. Draw the shear and moment diagrams for each 250 Ib/ft
member of the frame. The joints at A, B and C are pin
connected.

250 1b/1¢

2] e i S

oft

750 13

Booomfe 1901

¥ ~48010
o4

6k
4-49. Draw the shear and moment diagrams for each of

the three members of the frame. Assume the frame is pin | 81t 81t 81t ‘
connected at B, C and D and A is fixed.

0.8 k/ft B
L
qorih ]
1K 15 ft
Vo
f m (13 £ 3
ll LY K ‘I (& g
Mo 13 4 B
Viy
: - - x 5 | i
| [ ez
W Ae .
M (e-h)
b
3
[/ R
(3 " ®”C
Yy
Dl ¥
ML
o{ t
<D
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4-50. Draw the moment diagrams for the beam using the 600 1b 600 1b 600 1b
method of superposition. The beam is cantilevered from A.
L AL AL )
‘A ‘1200 Ib-t
I 3 ft 3 ft | 3 ft |

MCk4t)

W
&
172
S
)‘_[\.N
SYs
~

. 3 6 9
| f +— x(ft)
reob—" 3
120 K- ft
18ok-ft 0ek
3t
Mk-ft) +
-

0-bK

i & 9
360 / 3.60 k'Ja‘t 0.6k

6ft

6
0 g ¢ 7 ok
: ! x(ft)
5.40 k-ft 0.6k
540 L 9/t |
| !
_I_
MCkft) 0.6 k
0 3 ¢ 7
~/:20 ' ' ! = ]

[2okft 20 k-t
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4-51. Draw the moment diagrams for the beam using the 80 Ib/ft
method of superposition. l l l l
()]
121t L o |
golb
R e j
’d
My 124 ——’1-7——12)4
" {AH 5001k —‘i
600 1b
I
M(“):
(b
SO (wf
T TTT L 1] .
- ~ =
3 ziff
12201b,
— 23040
.+_.
Mx)
(o-ft)
"’A< 12 ff
] 0 :
) 24,
12§ —p— 12ft > ﬁ;é
“Dlo 660 b. -7200
*4-52. Draw the moment diagrams for the beam using the 250 Ib /ft
method of superposition. Consider the beam to be
cantilevered from end A. 1501b-ft 150 1b - ft

‘l_&rayﬂ } <A_,§_z_4 Bﬂ)

fsa bt | N LR l . l
2500 1b 2500 b
"
) . M (L4)
T 11 | |
y : —
/] + W
~Seoss +

/QI M) 1 o000

: - T
/J zs,wltt_ ‘

+

H(1h)

)
o u.h ~I50 M / . "

[N . Y
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4-53. Draw the moment diagrams for the beam using the 250 Ib/ft
method of superposition. Consider the beam to be simply
supported at A and B as shown. 150 Ib-ft ‘ 150 Ib- ft
C your o ),
‘ 20 ft |
% il HUle-f)
Ié l ] '; 125%
L i B
i
2500 2500 l )
(o 1b.H ; - M k)
T T
/) o [ L *
7.5 + 7.5 . l//MV
ls_ut)-& HIb-FH +
A= 5
| 1 : :
75 75 15,
4-54. Draw the moment diagrams for the beam using 4KN/m 30 kN
the method of superposition. Consider the beam to be
cantilevered from the pin support at A. §\0 kN'm
A c
| 8m ‘ 4m
30 ki
4-kN [m
~Ir 80 kN-m|
LY
-~ A 7
J  ém 4m
M(kN-m)
8 12
2 : — X(m)
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4-54. Continued

568 kN-m MCKN-m)
7’ i 568

Em

8m M(kN-m)

L
)
—
b 2
80 kN'm 80 kNm ) 8; 1 =
4
30k M CkN-m
2 m 1
— 2 it = xcm)
304N |
360 kN-m 360
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4-55. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be
cantilevered from the rocker at B.

-/28

2
}— Xx(m)

—/20
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*4-56. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be

cantilevered from end C.

S0 kN

4 knfm 256 %m
, A
8m am 3 KN

JRM

284-knNm

4m (71K
7/ kN

M(KN-m)

o
— x.(m)

0
N
8 A

80
—x(m)

MC ka-m)
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4-57. Draw the moment diagrams for the beam using the
method of superposition. Consider the beam to be simply

supported at A and B as shown.

200 Ib /ft

100 lb~ft(4

100 Ib-ft
5
=0

20 ft

20¢ 1/t
LSkl 2el 100 1b-ft
M ib-f¢)
2o Rt
200014 " 200014 19220
} —X(f¢)
200 1
2000 1§ + 2000 1b
—_— ) ¢
-100 X0
100 1b-ft
(% '
5016 + 5l-o I
100 164 | }—x{ft)
) | ~00

%

501

S0k
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5-1. Determine the tension in each segment of the cable
and the cable’s total length.

7 ft
Equations of Equilibrium: Applying method of joints, we have
Joint B:
H3F =0 4 ) _
i x ’ FBC cosf — FBA(i =0 [1]
V65
7 .
+13F, =0; FBA(\/(%) — Fpesinf — 50 =0 2] #
Joint C: Foa
+ [
L 2F =0 Fepcosg — Fpecos =0 [3] 7l;
s @
+13F, =0; Fpesin® + Fepsing — 100 = 0 [4] he
' 2
Geometry: 20t
sinf = B cosf = B %
Vy? + 25 Vy? + 25 P
34
3+
sind>=—y cosqb:; Fac
Vy*+ 6y + 18 Vy? + 6y + 18 P
Substitute the above results into Egs. [1], [2], [3] and [4] and solve. We have ¢ x )
FBC = 46.71b FBA = 83.01b FCD = 88.11b Ans.
y = 2.679ft 100 Ib
The total length of the cable is
34t
1= V7 + 8+ V52 + 2679 + V32 + (2679 + 3) =y
= 202 ft Ans. 4

3t
5 ' 5ft W *
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5-2. Cable ABCD supports the loading shown. Determine
the maximum tension in the cable and the sag of point B.

Referring to the FBD in Fig. a,
4

C+X M, =0 TCD(\/E

V7

Tep = 6.414 kN = 6.41 kN(Max)
Joint C: Referring to the FBD in Fig. b,

o 1
LR =0 6.414<—) — Thecos =0

V17
4
+13F, =0; 6.414(—) — 6 — Tyesing =0
2 y \/ﬁ
Solving,
Tpe = 1.571kN = 1.57kN (<T¢p)
0 = 8.130°

Joint B: Referring to the FBD in Fig. c,

EDF =00 1571¢0s8.130° — T y5cos b = 0

+T>F,=0; Tupsing + 1.571sin8.130° — 4 = 0

Solving,
T,p = 4.086 kN = 4.09 kN (<Tcp)
¢ = 67.62°

Then, from the geometry,
VB

“— = tan ¢;

1 yg = 1 tan 67.62°

=2429m =243 m

Tep=6-414 kn)

)(4) + TCD(L)(Z) -6(4)-4(1)=0

D
VB 2m
EM C
B
1m 3m 0.5m~—

4 kN 6 kN

Ans.
4k ()

Ans.
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5-3. Determine the tension in each cable segment and the
distance y,.

7m
Joint B: Referring to the FBD in Fig. a, 2m
+ EF =0: ( 5 ) 4 _
= T Tpe\ /=)~ Tas\ —=)=0
V29 V65
+13F, =0 T<7)T<2>2—0
=0; A\, — | ~ I\ —— )+ =
' V65 V29
Solving,
Tap = 2986 kN = 2.99 kN Tpe = 1.596 kN = 1.60 kN Ans.
Joint C:  Referring to the FBD in Fig. b,
+ EF =0: 5 _
- x > Tcpcosh — 1.596(7 =0
V29
2
+1YF =0 T sin6+1.596<7)74=0
25 < V29
Solving,
Tep = 3716 KN = 3.72 kN Ans.
0 = 66.50°
From the geometry,
yp +3tan 6 =9
yp =9 — 3tan 66.50° = 2.10 m Ans. (a)

[

Tec=1596 kN

% :ﬁ &
c X
Y
4k
(b)
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*5-4. The cable supports the loading shown. Determine the

distance xp the force at point B acts from A. Set P = 40 Ib.

At B
HDF=0;
+1YF, =0
AtC
HDYF =0
+T2Fy =0

Solving Egs. (1) & (2)

XB—3

40 BT Tye =0
- AB BC —
V% + 25 V(xg — 3)*+ 64
5 8
TA - T C = O
Vg +25 0 Ng-32+6d
13xp — 15
fTBC = 200
Vi(xg — 3)? + 64
-3
T N S S S T
5 Vixg — 3)* + 64 V13 we
8 2 30 e
O ST b
30 -2
B T =102 2)

Vi(xg —3)* + 64

13x5 — 15 200
30 — 2xp 102

xg = 4.36 ft Ans.
5-5. The cable supports the loading shown. Determine the
magnitude of the horizontal force P so that x5 = 6 ft.
5ft
AtB
+ EF — () 6 3 -
- * > P - T 45 — Tpe =
Vel /73
5 8 8 ft
+13F, =0; Tap — Tpc =0
25 TRV
63
5P — 7TBC =0 (1) z*ft b
73 - e
AtC
+ EF =0 4( 3 3 _
g x ’ — 30) + T Tl TC =0
5 vz vz
8 2 3
+ F, =0 ———Tcp— -(30) =0
12F =0 — Lo == Ten = 560)
18
ﬁTBC 102 (2)
Solving Egs. (1) & (2)
63 _ 5P
18 102
P =7141b Ans.
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5-6. Determine the forces P, and P, needed to hold the
cable in the position shown, i.e., so segment CD remains
horizontal. Also find the maximum loading in the cable.

Method of Joints:
Joint B: 4

4 SF -0 FBC(\%) - FAB<%) -0 [1]

+13F =0; FAB(;;-)—FBC(\}E) -5=0 2]

Solving Egs. [1] and [2] yields

Fpe=1031kN
Joint C: e 7
> F =0 - _
— 20 =0 Fep — 10.31( ) =0 Fgp=10.00kN
V17

1
+13F =0; 10'31<\/ﬁ) — P, =0 P, =250kN Ans.
Joint D:
+ EF =0 ( 4 ) .
g X ’ F - 10 - [1]

PP\\V/22.25

25

+T2Fy:0§ FDE( TZZS)_PZ:O [2]

Solving Egs. [1] and [2] yields

P, = 6.25kN Ans.
Fpr = 11.79kN
Thus, the maximum tension in the cable is

Foum = Fag = 125kN Ans.
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5-7. The cable is subjected to the uniform loading. If the

y
slope of the cable at point O is zero, determine the equation
of the curve and the force in the cable at O and B.
B/@:“ T
8 ft
] -
500 1b /ft

From Eq. 5-9. 151t 15t

_ha_ 8
YT T asyp”
y = 0.0356x2 Auns.
From Eq.5-8
7, = = e 2009 s = 703k A

o= =" =0~ . =1. ns.
From Eq. 5-10.
Tp = Trax = V(Fu)* + (w,L)* = V(7031.25)> + [(500)(15)]?

=10280.51b = 10.3k Ans.
Also, from Eq.5-11
L\? 15 \?2
Tg=Tha = WoLy[1 + ) = 500(15),/1 + @ =10280.51b = 10.3k  Ans.
*5-8. The cable supports the uniform load of wy = 600 1b/ft. -
Determine the tension in the cable at each support A and B. B;
TA
15 ft
10 ft

w,

= e 2
Yo R,
600 ,
15—72FHx
600

10 = -——(25 — x)?
0 2FH(S X)
600 , 600

215" " 200®

x? = 1.5(625 — 50x + x?)
0.5x% — 75x + 93750 = 0

Choose root < 25 ft

x = 13.76 ft

w 600
Fo, = -2 = ——(13.76)% = 1
' 2yx 2(15)( 3.76) 3788 1b
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5-8. Continued

At B:
W, 2= 600 2
YT F, Y T 2(3788)
dy
—— = tan 6z = 0.15838 x = 2.180
dx x=13.76
g = 65.36°
Fy 3788
Ty = = = 90851b = 9.09 ki Ans.
B cos g  cos 65.36° P ns
At A:
W, 5, 600
YT R T 23788)"
dy
—— =tanf, = 0.15838 x = 1.780
dx x=(25-13.76)
0 4=60.67°
Fy 3788
T, = = = 773416 = 7.73 ki Ans.
A7 cosd A cos 60.67° P ns
5-9. Determine the maximum and minimum tension in the y
cable.
i 10m 10 m i
AS ;B f
2m
11 —
\ A A A A y A A y
16 kN/m

The minimum tension in the cable occurs when § = 0°. Thus, T,;, = Fgy.
With w, = 16 kN/m, L =10 m and 2 =2 m,

w,L? (16 kN/m)(10 m)*
2h 2(2m)

Toin = Fyg = = 400 kN Ans.

And
Tinax = Vi + (w,L)?
= V400> + [16(10)]
= 430.81 kN
= 431 kN Ans.
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5-10. Determine the maximum uniform loading w,
measured in Ib/ft, that the cable can support if it is capable
of sustaining a maximum tension of 3000 Ib before it will
break.

50 ft |

Atx=0, y=0 R YRYETE N
Cl = Cz =0 Son
w 2
Y=o,
At x =25 ft, y=06ft Fy = 5208w
dy w
— = tanf,x = =X
dx max : FH x=25ft
Omax = tan"1(0.48) = 25.64°
F
T = ——— = 3000
COS O max
Fy = 27051b
w = 51.91b/ft Ans.
5-11. The cable is subjected to a uniform loading of 50 ft

w = 250 Ib/ft. Determine the maximum and minimum
tension in the cable.

w,L?  250(50)°

Fy = = =130211
A7 8h 8(6) 302116
L 250(50) )
_ -1 Yo a1 _ o
Omax = tan (2 F ) tan (2(13 021) 25.64
F
Thax = 4 = 13021 = 14.4 kip

cos g cos 25.64°
The minimum tension occurs at 6 = 0°

Toin = Fr = 13.0kip

Ans.

Ans.
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*5-12. The cable shown is subjected to the uniform load w,.
Determine the ratio between the rise /4 and the span L that
will result in using the minimum amount of material for the
cable.

From Eq. 5-9,
h  , 4h ,
YT T
(3)
dy _sh
dx sz
From Eq. 5-8,
L 2
o W0<5) 3 w,L?
A on 8h

Since Fy = T(dfx), then

. WuLz(ﬁ)
~ 8h \dx

Let o0w be the allowable normal stress for the cable. Then

T
Z = Oallow
T
=A
T allow
dV = Ads
T
dv = ds
Tallow

The volume of material is

2 [ 2 [P w, L[ (ds)
V= / T ds = / WoL (ds) }
Tallow Jo Taiow Jo  8h L dx

2 dx? +dy?  [dx® + dy? dy\?
ds” _ dx y:{" y}dx:[u(l)}zx
dx dx dx?

[l ()
a 0 4h0_allaw dx g
1
oo 15457
= 1+ 64| — ) |dx
4haallow 0 L4

_ oL’ [é N Lhz} _ Wl {é N E(ﬁ)}
; 4h0;\ll()w 2 3L - 8 Tallow h 3\L

Require,

av _ woﬁ{_g 16}
dh 8a-allow

+—=1=0
W 3L

h=0433L

%
i ds O h
ax
. X
}= L]
L7 /s

Ans.
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5-13. The trusses are pin connected and suspended from D E}
the parabolic cable. Determine the maximum force in the be:\\\ //iq
cable when the structure is subjected to the loading shown. 14 ft \\ ,,,&”‘/
6 ft kU
16 ft /
1A T /A N\C
3 F G H B 3
| v5k V4k |
—4 @12 ft = 48 ft—+—4 @ 12 ft = 48 ft—

Entire structure:

o £
NS -
Q+EMC =0; 4(36) + 5(72) + Fy(36) — Fyu(36) — (A, + Dy(96) =0 o
fo L
(A, + D)) = 525 (1) o, :
CIE AR k
Section ABD: Y R LYY Y Ry Py e
Q+2MB =0; Fp(14) — (A, + Dy)(48) + 5(24) =0 Py

P

Using Eq. (1): \E"F
Fyy = 9.42857 k 5:" /RUN "
j 8..

From Eq. 5-8: =il
2Fyh 2(9.42857)(14 Ay Bk By
Wy =0 = ( 2)( )=0.11458k/ft
L 48 3y c
?
From Eq. 5-11: E f
l< A
T L1+ (L)z 0.11458(48), /1 + { 48 T 109k A 36t
ax — W, - = u. < = . ns.
max o 2h 2(14 (| ’ /]
“ v | JINNANZIN
[ I
2y Jese b 3efc |
5k 4x
Ai CJ

5-14. Determine the maximum and minimum tension in
the parabolic cable and the force in each of the hangers. The
girder is subjected to the uniform load and is pin connected
at B.

Member BC:

£ 2F =0 B, =0

Member AB:

HYF=0; A, =0

FBD 1:

C+D M, =0 Fy(1) — B,(10) — 20(5) = 0
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5-14. Continued T T
FBD 2: “"‘F’S"""T . I B,
A A |
C+DMc =0 —Fy(9) — B,(30) + 60(15) = 0 A By
b/
Solving,
& Y
B, =0, Fy=Fyu,=100k Ans. Fadd
N p—
Max cable force occurs at E, where slope is the maximum. ! "‘ITK )
o’
From Eq. 5-8. |

_ 2Fyh _ 2(100)(9)

FZ ?11
_ 5005
w, 12 30 = 2k/ft ‘7 57

From Eq. 5-11, q )
_ LY oo 1+ (2OF le'

Foy = wan = 2(30),[1 + < : (9)) .

]
Fonax = 117k Ans. 1/ »
Each hanger carries 5 ft of w,,. I T e

s 1 4
T = Qk/f)5 ) = 10k Ans. —l | l e
| s ‘
Y
By 2)

5-15. Draw the shear and moment diagrams for the pin-
connected girders AB and BC. The cable has a parabolic
shape.

C+SMy=0; T(5) + T(10) + T(15) + T(20) + T(25)

+ T(30) + T(35) + C,(40) —80(20) = 0

Set T'=10 k (See solution to Prob. 5-14)

C, =5k
+1>F, =0 7(10) +5-80 + A, =0
A, =5k
Moy = 625k ft Ans.
- J §
S'TLV ‘sTs Es'gs'zs"jiﬁl ,!E.Us c s 55 s
A R VY N N N S T ‘
N o ey T
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#5-16. The cable will break when the maximum tension 100 m
reaches T = 5000 kN. Determine the maximum &
uniform distributed load w required to develop this
maximum tension. 12m
Y y y
w
With T}, = 80(10°) kN, L =50 m and 4 = 12 m,
L\2
Tmax = Woly |1 + (ﬁ)
502
8000 = w,(50)| /1 + ( =
w01+ (5
w, = 69.24 kN/m = 69.2 kN/m Ans.
5-17. The cable is subjected to a uniform loading of \ 100 m
w = 60 kN/m. Determine the maximum and minimum 4
tension in cable.
12m
Y y
w

The minimum tension in cable occurs when 6 = 0°. Thus, T, = Fy-

w,L? _ (60 kN/m)(50 m)?

Toin=Fy = 7 2(12 m) = 6250 kN
=6.25 MN Ans.
And,
Tiax = VFp + (w,L)?
= V6250° + [60(50)
= 0932.71 kN
= 6.93 MN Ans.

136




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

5-18. The cable AB is subjected to a uniform loading of y B d1
200 N/m. If the weight of the cable is neglected and the T

slope angles at points A and B are 30° and 60°, respectively, 60"/
determine the curve that defines the cable shape and the

maximum tension developed in the cable. /

e
A 30°
Here the boundary conditions are different from those in the text. i ————————— R
Integrate Eq.5-2,
T'sin = 200x + C; | 5m |200N/m

Divide by by Eq. 54, and use Eq.5-3

dy 1
—= = —(200x +
Ix FH( 00x + Cy)

1
y = F—H(m()x2 + Cix + G)

Atx =0, y=0; G =0

d
Atx =0, dl = tan 30° C, = Fytan30°
X

1
y = F—(100x2 + Fy tan 30°x)
H

dy _ L(200x + Fy tan 30°)
d.X FH "

dy
Atx = 15m, d = tan 60°; Fy = 2598 N

X
y = (38.5x% + 577x)(10 ") m Ans.
Omax = 600°
Fy 2598
Tax = = = 5196 N
M Cos Oy €OS 60°

Tax = 520 kN Ans.
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5-19. The beams AB and BC are supported by the cable
that has a parabolic shape. Determine the tension in the cable
at points D, F, and FE, and the force in each of the equally
spaced hangers.

£ DE=0; B,=0 (Member BC)
CHYMu=0; Fp(12) = Fp(9) = By(8) = 3(4) =0
3Fp — B(8) =12 (1)
5 2E=0 A, =0 (Member AB)
C+D Mc=0; —Fp(12) + Fp(9) — By(8) + 5(6) =0
—3Fp — B,(8) = =30 (2)
Soving Egs. (1) and (2),
B, = 1.125kN, Frp =7.0kN Ans.
From Eq. 5-8.
2Fyh 2(7)(3
Wy = —1- = ( )2( ) _ 065625 kN/m
L 8
From Eq. 5-11,
W W
= +(=) =o0. N
Tmax = Woly/1 (2h> 0.65625(8), /1 (2(3))
Thwax = Tp = Tp = 8.75kN Ans.
Load on each hanger,
T = 0.65625(2) = 1.3125kN = 1.31 kN Ans.

/

3kN

2m

Ag

2mi2m2mi2mli2m

T v 1

L1

.T‘ln I Ya

Ay 3kw

LENEN
i i
1 Ym j Y

l“f 2kl

By

Im
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*5-20. Draw the shear and moment diagrams for beams
AB and BC.The cable has a parabolic shape.

Member ABC:
C+D M, =0 T(2) + T(4) + T(6) + T(8) + T(10)

+ T(12) + T(14) + C,(16) — 3(4) — 5(10) = 0

Set T'=1.3125 kN (See solution to Prob 5-19).
C, = —0.71875 kN

+T2Fy =0 7(1.3125) — 8 — 0.71875 + A, = 0
A, = —0.46875 kN
My = 3056 kN -m

U (i )
| L%

/"\
‘ 6.1%e //‘ ;

Y/

'TTQZ/ NN
1’ ~ca% -3.918 -9y
i

Ans.

i
l//// e
o / endrs
I/ / M’x e /

5-21. The tied three-hinged arch is subjected to the
loading shown. Determine the components of reaction at
A and C and the tension in the cable.

Entire arch:

5 2FE=0; A, =0

C+3IM,=0; C,(55) — 15(0.5) — 10(4.5) = 0

Cy, = 9.545kN = 9.55kN

+1>F, =0 9.545 =15 -10+ A, =0

A, =1545kN = 15.5kN

Section AB:
Q+EMB =0; —15452.5) + T(2) +152) =0

T = 432kN

Ans.

2 m ~1m—

i +m T ] &
05m

5 nj,m

B
T Zm
8

Zsm ?

154G el
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5-22. Determine the resultant forces at the pins A, B, and
C of the three-hinged arched roof truss.

Member AB:
C+DM, =0 B.(5) + By(8) — 2(3) — 3(4) —4(5) =0
Member BC: T 5,
C+DMc=0; —B.(5) + By(7) +5(2) + 4(5) =0 o ?
Soving, ~ A
3m U 3m
B, = 0.533k, B, = 6.7467 k n
Member AB:
L YE=0 A, = 67467k
+13F, =0 A, —9+0533=0
A, = 8467k
Member BC:
5 2F=0; C, = 67467k
+1 3 F, =0 C, — 9+0533=0
C, = 9.533k
Fp = V(0.533)% + (6.7467)* = 6.77k Ans.
F, = \V(6.7467)* + (8.467)> = 10.8k Ans.
Fe = V(6.7467)* + (9.533)% = 11.7k Ans.
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5-23. The three-hinged spandrel arch is subjected to the 8 kN 8 kN

. . . . 6 kN 6 kN
loading shown. Determine the internal moment in the arch

int D 4kN 4kN 3kN 3kN
atpont D. 2m|2m|2m 2m|2m|2m

B/

Y

Y

Member AB:
C+DM, =0 B(5) + B,(8) — 8(2) — 8(4) — 4(6) = 0
B, + 1.6B, = 144

Member CB:
C+DMc =0, B(,)(8) — B,(5) + 6(2) + 6(4) +3(6) = 0
—-B, + 1.6B, = —10.8 (2)

Soving Egs. (1) and (2) yields:

B, = 1.125kN
B, = 12.6 kN
Segment BD:
C+DMp=0; —Mp + 12.6(2) + 1.125(5) — 8(1) — 4(3) = 0 .
Mp = 10.825kN-m = 10.8 kKN-m Ans. 7
5m i
I Cx
| K I L
FZm T 2m |l 2mi 2m
°r
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*5-24. The tied three-hinged arch is subjected to the
loading shown. Determine the components of reaction at A
and C, and the tension in the rod

|
! ‘ 8 ft 10 ft 10 fJ
Entire arch: 6ft 6ft '
C+DM, =0 —4(6) — 3(12) — 5(30) + C,(40) =0 3K
4K Sk

C, =525k Ans.
+TYF, =0; A, +525-4-3-5=0 -

A, =675k Ans. , I l
+ -0 Ax
N EFX =0 A, =0 Ans.

G| 6f] 187t 1of
<
Section BC: Ay ¢
C+> Mz =0 —5(10) — T(15) + 5.25(20) = 0 o Sk
1
T =367k Ans. By
8y sttt
1__7‘
201t
525Kk

5-25. The bridge is constructed as a three-hinged trussed 60K 50k 20k 40k 40 k

arch. Determine the horizontal and vertical components of
reaction at the hinges (pins) at A, B, and C. The dashed
member DE is intended to carry no force.

Member AB:
C+>X M, = 0;

Member BC:
C+DMc=0;

B,(90) + B,(120) — 20(90) — 20(90) — 60(30) = 0

9B, + 12B, = 480

~B,(90) + B,(120) + 40(30) + 40(60) = 0
~9B, + 12B, = —360

Soving Egs. (1) and (2) yields:

B, = 46.67k = 46.7k B, =5.00k

© it Dy

cOKk 20k 20K

30 £t 30 £t 30 ft 30 £t 30 ft 30 £t 30 ft 30 £t~

M

)

Ax

| oy

N

Yot

Ans.

J L
I

|
| 3oft | 3eft| 3oft| 305t

142




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

5-25. Continued

Member AB: B¢ 40K 4ok
L 2FE=0; A, — 4667 = 0 | J, l
A, =467k Ans. ‘; | 7 |
+13F, =0 A, — 60 — 20 — 20 + 5.00 = 0
A, =950k Ans. gt
Member BC:
K XFE=0; —C, + 46.67 = 0 J B
C,=46.7k Ans. - JTJJ M{" e
+13F =0 C, —5.00—40-40=0
C, =85k Ans.
5-26. Determine the design heights &, h,, and &5 of the 60K 501 20k 40k 40k
bottom cord of the truss so the three-hinged trussed arch )

responds as a funicular arch.

y = —Cx?

—100 = —C(120)*
C = 0.0069444
Thus,

y = —0.0069444x>

yi = —0.0069444(90 ft)>

—56.25 ft

—25.00 ft

¥, = —0.0069444(60 ft)2

y3 = —0.0069444(30 ft)2

—6.25 ft

hy =100 ft — 56.25 ft = 43.75 ft
h, = 100 ft — 25.00 ft = 75.00 ft
h; = 100 ft — 6.25 ft = 93.75ft

¢

Jadp

Ans.
Ans.
Ans.

Soft oft Judk o0 sk
e SR
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5-27. Determine the horizontal and vertical components 4k
of reaction at A, B, and C of the three-hinged arch. Assume

A, B, and C are pin connected.
T 2 ft
5f
Member AB: | t” \

C+HDM, =0 B.(5) + B,(11) — 4(4) = 0

Member BC: st e on | 5'f tﬁ.,
C+XEMc =0, =B(10) + By(15) + 3(8) = 0
Soving, " 8,
B, = 0216k, B, =272k Ans. N 7 T 8,
Member AB: ﬁ, ,'.l 70 ,
L 2E=0; A, — 27243 =0
A, =272k Ans.
+1 X F, =0 A, — 4+ 0216216 = 0
A, =378k Ans.
Member BC:
L 2E=0; C,+27243-3=0
C,=0276k Ans.
+H1 3R =0; C, — 0216216 = 0
C, =0216k Ans.
*5-28. The three-hinged spandrel arch is subjected to the 20 KN /m
uniform load of 20 kN/m. Determine the internal moment l l l l l l l l l l l l

in the arch at point D.

Member AB:
C+DM, =0 B\(5) + B,(8) — 160(4) = 0
Member BC:
C+DMc =0, —B,(5) + By(8) + 160(4) = 0
Solving,
B,= 128 kN, B, =0
Segment DB:
C+HDMp=0; 128(2) — 100(2.5) — Mp =0
Mp = 6.00 kN -m Ans.
ot toox
jzeiN
Ho m
LA %
25|28
™| m
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5-29. The arch structure is subjected to the loading B 2 k/ft

shown. Determine the horizontal and vertical components T 1 1 1 1 1 1 1 1
of reaction at A and D, and the tension in the rod AD. 3 lft ﬂ({ 2 C \E
+

. LLE

D,

20K
5 2FE=0; ~A, +3k=0; A, =3k Ans. ‘
C+DM, =0 -3k (3ft) — 10k (12ft) + D,(16ft) = 0
D, = 8.06 k Ans.
+1>F, =0 A, — 10k + 806k = 0
A, =194k Ans. f ; .
————— . k- .
C+> Mg =0 8.06k (8ft) — 10k (4 ft) — T4p(6ft) = 0 “J ¥
b 12 f—fd frda—

Tip = 4.08 k Ans. l ! I

Dy =8.00 K

145




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-1. Draw the influence lines for (a) the moment at C,

(b) the reaction at B, and (c) the shear at C. Assume A is

pinned and B is a roller. Solve this problem using the basic 0 -~ |
method of Sec. 6-1. A \C 1IsB

‘ 10 ft | 10ft—— 10 ft
() M

2z 30
2 — x.(ft)

1.5

— X (ft)
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6-2. Solve Prob. 6-1 using the Miiller-Breslau principle.

} 10 ft | 10 ft 10 ft

(&) M

20 30
- | — x(ft)
/0
-5
(b) 5%
]
|
— | ! — X {ft)
o 70 20 30

I\ZIO _3'0 xX (‘J[’.t )

-05 -0:5
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6-3. Draw the influence lines for (a) the vertical reaction
at A, (b) the moment at A, and (c) the shear at B. Assume
the support at A is fixed. Solve this problem using the basic
method of Sec. 6-1. ; 0

St

(A) Ay

(b) M,

| x{fe)

0 — ()
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*6—4. Solve Prob. 6-3 using the Miiller-Breslau principle.

(A)

| x{fe)

0 — X ()
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6-5. Draw the influence lines for (a) the vertical reaction o

at B, (b) the shear just to the right of the rocker at A, and _Ef‘ Y X B
(c) the moment at C. Solve this problem using the basic C

method of Sec. 6-1. ‘ 6 ft i 6 ft 6 ft -

@ By

: — X (f¢)
8

. : +— X (ft)
8

() Me

— X(ft)
8

150




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-6. Solve Prob. 6-5 using Miiller-Breslau’s principle. ! -

(@)

| xX({t)

I
05
~ 1 /iz p: X (ft)
©) Me
=
- N X
A /2 /8
-3
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6-7. Draw the influence line for (a) the moment at B,
(b) the shear at C, and (c) the vertical reaction at B. Solve
this problem using the basic method of Sec. 6-1. Hint: The I
. . . .\
support at A resists only a horizontal force and a bending y \ 6 5
moment. C
~—4m 4 m 4m

(a) M,

g ' + — x(m)

| — X(m)

<) By

X(m)
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*6-8. Solve Prob. 6-7 using the Miiller-Breslau principle. ﬁ

N

~—4m 4m ‘ 4m

(a) M,

9 | J X (m)

<) By

X(m)
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6-9. Draw the influence line for (a) the vertical reaction at »
A, (b) the shear at B, and (c) the moment at B. Assume A is N
fixed. Solve this problem using the basic method of Sec. 6-1.

2m ‘ 1m

(@)
A}L

' | —X(m)

| X
1 3 m )

(¢) My
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6-10. Solve Prob. 6-9 using the Miiller-Breslau principle.

@)

B 2N

&

|
| | X(m)
9 / 2 3
by Vb
/ !

' XC
0 ' 3 m)
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6-11. Draw the influence lines for (a) the vertical reaction . |
at A, (b) the shear at C, and (c) the moment at C. Solve this &a £X B )
problem using the basic method of Sec. 6-1. c

I 6 ft i 6 ft =~—3 ft ~— 3 ft—

@ Ay
2
|
Iz /8

(b) V.

: | Xt
0 6 12 15 /8

6 12 /5 /8
4 1
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*6-12. Solve Prob. 6-11 using Miiller-Breslau’s principle. - -9 ‘
B _EXB

\ 6 ft ! 6 ft ! 3ft—r

)
C
3ft—

@) Aq

t—xCft)

Q
.
Z &S

|

(b) V.

|
| : X ()
0 6 12 15 (8 f
(
) M,
6 2 /8
g | )

157




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-13. Draw the influence lines for (a) the vertical reaction
at A, (b) the vertical reaction at B, (c) the shear just to the
right of the support at A, and (d) the moment at C. Assume
the support at A is a pin and B is a roller. Solve this problem
using the basic method of Sec. 6-1.

@) Ay

I5

__— X |

AlE B

2m 2 m 2m 2 m

o
Nt—f—~

() By

-05 /‘

©)

B
+

05

—xm)
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o
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6-14. Solve Prob. 6-13 using the Miiller-Breslau principle. -
Al B

2m ‘ 2m 2m 2m

@) Ay

©

05

\I 6| (/Yl)

o 3 4 i — ~
-0-5

(b) by

) 1.5

9 " ! xcm)
.-0,5/‘ é é

I

5] xXm)
AN

-05

4
|
|
4
|
|
<

0 z

) Me

o
—2x(m)
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6-15. The beam is subjected to a uniform dead load of } 6m | 6m |
1.2 kN/m and a single live load of 40 kN. Determine (a) the — =
maximum moment created by these loads at C, and (b) the A ' B
. .- . . . C
maximum positive shear at C. Assume A is a pin. and B is
aroller.
40 kN
a”) e
0 — x(m)
em 1Zm
1
(M¢) maxy = 40kN (3m) + 1.2 kN/m(E)(u m)(3m) = 141.6 kN-m Ans.
©)
VC

(V) max = 40(%) +12 kN/mK%>(—%)(6) + %(%)(6)} = 20kN Ans.
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#*6-16. The beam supports a uniform dead load of
500 N/m and a single live concentrated force of 3000 N.
Determine (a) the maximum positive moment at C, and (b)
the maximum positive shear at C. Assume the support at A |
isaroller and B is a pin.

A \

} Im 3m }

Referring to the influence line for the moment at C shown in Fig. a, the maximum

positive moment at C is

(M) max (+) = 0.75(3000) + B(4 - 0)(0.75)}(500)

=3000N'm = 3kN-m

Ans.

Referring to the influence line for the moment at C in Fig. b, the maximum positive

shear at C is

(Vo) max () = 0.75(3000) + %(1 —0)(— 0.25)}(500) + B(4 - 1)(0.75)}(500)

= 2750 N = 2.75 kN

Ans.

075

@)

+ -0.25

b)
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6-17. A uniform live load of 300 Ib/ft and a single live
concentrated force of 1500 Ib are to be placed on the beam.

The beam has a weight of 150 Ib/ft. Determine (a) the
maximum vertical reaction at support B, and (b) the

maximum negative moment at point B. Assume the support
at A is a pin and B is a roller.

10 ft

Referring to the influence line for the vertical reaction at B shown in Fig. a, the
maximum reaction that is

(By) max (+) = 1.5(1500) + B(ao - 0)(1.5)}(300 + 150)

=123751b = 124k Ans.

Referring to the influence line for the moment at B shown in Fig. b, the maximum
negative moment is

(Mg) max () = —10(1500) + %(30 — 20)(—10) |(300 + 150)

= =375001b-ft = —37.5k-ft Ans.

20 ft

=1

X )

o

20 30

(a)

(b)

/0
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6-18. The beam supports a uniform dead load of 0.4 k/ft, |
a live load of 1.5 k/ft, and a single live concentrated force of

8 k. Determine (a) the maximum positive moment at C, |iE 3
and (b) the maximum positive vertical reaction at B. B C A
Assume A is a roller and B is a pin. 10 ft —~— 10 ft 156t

Referring to the influence line for the moment at C shown in Fig. a, the maximum
positive moment is

(MO masc = 56 + | 300 = 005) [1.5) + | S0 - 05) |09

+ B(ss - 20)(—7.5)}(0.4)

1125k - ft Ans.

Referring to the influence line for the vertical reaction at B shown in Fig. b, the
maximum positive reaction is

(B = 1) + | 300~ 00 |15) + [ 220 - v 0

+ B@s - 20)(—0.75)}(0.4)

= 2475k Ans.

| 35
3 ; xX(t)

9.(¢9)

-075
(b)
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6-19. The beam is used to support a dead load of 0.6 k/ft,
a live load of 2 k/ft and a concentrated live load of 8 k. 1 T B
Determine (a) the maximum positive (upward) reaction C
at A, (b) the maximum positive moment at C, and (c) the

. .. . . 10 ft 10 ft 10 ft Sft
maximum positive shear just to the right of the support | M | u

at A. Assume the support at A is a pin and B is a roller.

Ay

I5
|
Referring to the influence line for the vertical reaction at A shown ! ) 15
in Fig. a, the maximum positive vertical reaction is Fo) 1 1 U | .7((706 )
d 20 0 025
(A) = 1.5(8) + {1(30 -0 5)}(2)
y) max (+) . 2 . CA‘)
1 1
+ [5(30 - O)(l.S)}(O.6) + {5(35 - 30)(*0.25)}(0.6)
=701k Ans.
Referring to the influence line for the moment at C shown in Fig. b, the maximum
positive moment is
1 1
(M) max (+) = 5(8) + {5(30 - 10)(5)}(2) + {5(10 - 0)(—5)}(0-6)
1 1
+ [5(30 - 10)(5)}(0.6) + [5(35 - 30)(—2.5)}(0.6)
= 151 k-ft Ans.
Referring to the influence line for shear just to the right of A ¢
shown in Fig. ¢, the maximum positive shear is 5
1
(Va)max ) = 1(8) + [5(10 - 0)(0~5)}(2) l
3
1 5 f d X(t)
+]560 - 100 |2) 0 20 3N
£ X0 - 0006 + [0 - 1001 |06 -5 b e
500 = 0)(05) |(0:6) + | 5( )(1) |(0.6) ®)
(1
+ 5(35 - 30)(—0.25)}(0.6)

=401k Ans.

Vyt

0v 35
\I l '\IL x (}/‘f)

0 10 20 30 5
«)
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*6-20. The compound beam is subjected to a uniform
dead load of 1.5 kN/m and a single live load of 10 kN.
Determine (a) the maximum negative moment created by
these loads at A, and (b) the maximum positive shear at B.
Assume A is a fixed support, B is a pin, and C is a roller.

(M) = 155 )15)5) + 1005

—106 kN +m

Vi = 15(3 )Ja0/0) + 100)

= 17.5kN

Ans.

Ans.

N =
i

~—— 5m 10 m |
M
s i
6\1/‘
-5
] T k)
o} 5 5

6-21. Where should a single 500-1b live load be placed on
the beam so it causes the largest moment at D? What is this
moment? Assume the support at A is fixed, B is pinned, and
Cis aroller.

Atpoint B: (Mp) max = 500(—8) = —40001b-ft = —4 k- ft

Ans.

20 ft
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6-22. Where should the beam ABC be loaded with a
300 Ib/ft uniform distributed live load so it causes (a) the

largest moment at point A and (b) the largest shear at D? pA B ¢
Calculate the values of the moment and shear. Assume the
support at A is fixed, B is pinned and C is a roller. e D
”1“ —8ft 8 ft— 20 ft
! ! 36’
; , 8 I(', R %
-8 s t
1 . e
(2) (M) mox = 5(36)(~16)(03) = ~86.4 k- Ans. l 7 / /M
“ X
1 g e 3’
®) (Vp)max = [(1)(8) + 5(1)(20)}(0.3) =540k Ans.
6-23. The beam is used to support a dead load of 800 N/m,
alive load of 4 kN/m, and a concentrated live load of 20 kN. _ SN A 3
Determine (a) the maximum positive (upward) reaction A BX C B E D
at B, (b) the maximum positive moment at C, and (c) the
maximum negative shear at C. Assume B and D are pins. L 4dm——4m 1 4m 4m H‘
Referring to the influence line for the vertical reaction at B, the maximum positive B,#
reaction is )y
1 1
(B)) max (1) = 1.5(20) + {5(16 - O)(l.S)}(4) + {5(16 - 0)(1.5)}(0.8) i -5
= 87.6 kN Ans. + 1! ! —xcm)
0 4 8 2 16
Referring to the influence line for the moment at C shown in Fig. b, the maximum (a>
positive moment is
1 1 MC.
(MO max(y = 220) + | (8 = 0)2) |4) + | 58 ~ 0)(2) |(038)
2
1
+ {5(16 = 8)(—2)}(0.8) |
1z %
. : +———x(m)
=720kN-m Ans. - 3 W
b <
Referring to the influence line for the shear at C shown in, the maximum negative ( )
shear is
1 \/c
(V&) max (- = —0.5(20) + {5(4 - 0)(—05)}(4)
05
1 1
+ {—(16 - 8)(—0.5)}(4) + {—(4 - 0)(—0.5)}(0.8) I\. 7z /e
2 2 5 } i' —X(m)
1 1 \/
+ {5(8 - 4)(0.5)}(0.8) + {5(16 - 8)(—0.5)}(0.8) -05 o 5
= —236kN Ans. (e)

166




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*6-24. The beam is used to support a dead load of
400 Ib/ft, a live load of 2 k/ft, and a concentrated live load of

8 k. Determine (a) the maximum positive vertical reaction at
A, (b) the maximum positive shear just to the right of the

support at A, and (c) the maximum negative moment at C.
Assume A is a roller, C is fixed, and B is pinned.

Referring to the influence line for the vertical reaction at A shown in
Fig. a, the maximum positive reaction is

(A)) max () = 2(8) + B(zo - 0)7(2)}(2 +04) =640k Ans.

Referring to the influence line for the shear just to the right to the support
at A shown in Fig. b, the maximum positive shear is

Va) max = 1(8) + B(lo - 0)(1)}(2 + 0.4)

+ B(zo - 10)(1)}(2 +0.4)

=320k Ans.

Referring to the influence line for the moment at C shown in Fig. ¢, the
maximum negative moment is

(M) max (- = —15(8) + {%(35 - 10)(—15)}(2) + [%(10 - 0)(15)}(0.4)

+ B@s - 10)(—15)}(04)

= —540k-ft Ans.

|
iz g D
A m B Ch
10 ft l 10 ft — 15 ft
Ay
2
|
/] /0: ZIO 4‘5 xt)
(a)
Vit
o 10 20 3?5 xH)
(b)

15
\ 20 $
{ A—X(ft)
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6-25. The beam is used to support a dead load of 500 1b/ft,
a live load of 2 k/ft, and a concentrated live load of 8 k.
Determine (a) the maximum positive (upward) reaction

at A, (b) the maximum positive moment at E, and (c) the A Z = I ¥

maximum positive shear just to the right of the support E/ B C D
at C. Assume A and C are rollers and D is a pin.
5ft ‘ 5ft ‘ 5ft l Sft——
Referring to the influence line for the vertical reaction at A shown in Fig. a, the
maximum positive vertical reaction is
1
(Ay) max (1 = 1(8) + [5(10 - 0)(1)}(2 + 0.5) =205k Ans.
Referring to the influence line for the moment at £ shown in Fig. b, the maximum
positive moment is
1

(ME) max(+) = 2.5(8) + {5(10 - 0)(2.5)}(2 + 0.5)

=5125k-ft Ans.
Referring to the influence line for the shear just to the right of support C, shown in
Fig. ¢, the maximum positive shear is

1
(V) maxry = 1(8) + {5(15 - 0)®) }(2 +0.5)
1
+ {5(20 - 15)(1)}(2 + 0.5)

=33.0k Ans.

A} Me

| 2.5

X{Gt)

X(ft)
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6-26. A uniform live load of 1.8 kN/m and a single

——

concentrated live force of 4 kN are placed on the floor beams. ﬂ
Determine (a) the maximum positive shear in panel BC of A
the girder and (b) the maximum moment in the girder at G. J4 15‘

Referring to the influence line for the shear in panel BC shown in Fig. a, the
maximum positive shear is

(V) max ) = 1(4) + Ba - 0.5)(1)}(1.8) +[(25 — 1)(1)](1.8) = 7.15kN  Ans.

Referring to the influence line for the moment at G Fig. b, the maximum negative
moment is

(MG) max () = —1.75(4)[%(1 - 0.5)(—0.25)}(1.8)

+ {%(2.5 — 1)[-025 + (—1.75)]}(1.8)

= —981 kN-m Ans.

Ve MCT

T i i i
1A B |G C D E F
kO.S m— J«O.S mJ»O.S mJ«O.S mJ

025m0.25m
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6-27. A uniform live load of 2.8 kN/m and a single L I

concentrated live force of 20 kN are placed on the floor %LLI%
beams. If the beams also support a uniform dead load of =

700 N/m, determine (a) the maximum positive shear in A B ‘G C D L =r
panel BC of thg girder and (b) the maximum positive l1.5m | 15m 15m 15 ma‘
moment in the girder at G. 0.75m0.75 m
Referring to the influence line for the shear in panel BC as shown in Fig. a, the
maximum position shear is
1
(VBe) max (1) = 0.6(20) + [5(7.5 - 1.875)(0.6)}(2.8)
1 1
+ 5(1.875 - 0)(=0.2) {(0.7) + 5(7.5 — 1.875)(0.6) |(0.7)
= 17.8 kN Ans.
Referring to the influence line for the moment at G shown in Fig. b, the maximum
positive moment is
1
(M) max (+) = 1.35(20){5(1.5 - 0)(1.05)}(2.8 + 0.7)
+ B(S — 1.5)(1.05 + 1.35)}(2.8 + 0.7)
1
+ {5(7.5 - 3)(1.35)}(2.8 + 0.7)
=46.7kN-m Ans.
Vsc Mq
06 I35
0'4_ 105 0'7
5 2% | |~
l l l | !
0 1 i 1 T xam ) ﬁ' } ‘ ; } X(m
o) S 6 e 73 ol 15 3 45 & 75
1875 (b

170




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*6-28. A uniform live load of 2 k/ft and a single
concentrated live force of 6 k are placed on the floor beams.

If the beams also support a uniform dead load of 350 Ib/ft, il: j‘

N T

determine (a) the maximum positive shear in panel CD of

the girder and (b) the maximum negative moment in the A

girder at D. Assume the support at C is a roller and E is a B

pin. e 3ff—

Referring to the influence line for the shear in panel CD shown in Fig. a, the
maximum positive shear is

(Ven) max() = 1(6) + Bm - 0)(1)}(2 +0.35) + B(u - 6)(0.5)}(2 +0.35)

=16.575k = 16.6 k Ans.

Referring to the influence line for the moment at D shown in Fig. b, the maximum
negative moment is

Moty = =36) + |56 = 0-3) @) + | 36 - 0= |039)

+ B(u - 6)(1.5)}(0.35)

= —37575k-ft = —37.6k-ft Ans.

Veo

05

' A\: X(ft)

(&)

C

3 ft — 3ft————3ft —

[\

-

b)

1
2

Xt )
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6-29. Draw the influence line for (a) the shear in panel L

BC of the girder, and (b) the moment at D.

Voc

0-8
2 !
l | |
1) 1 { 1 ] \—x(m )
2 4+ & 8
6-30. A uniform live load of 250 Ib/ft and a single ‘ )
concentrated live force of 1.5 k are to be placed on the floor 151t ‘ 1ot 101t 151t
beams. Determine (a) the maximum positive shear in panel I= I ]
AB, and (b) the maximum moment at D. Assume only Vit P = IA LB = Lc r Pt
vertical reaction occur at the supports. G D H
51t >t 51t
1
(V AB) max = 5(50 — 18.33)(0.5)(0.250) + 0.5(1.5) = 2.73k Ans.
1 1 1
(Mp) max = 5(3.75)(15) + 5(3.75 + 7.5)(10) + 5(7.5 + 6.25)(10) x
1
+ 5(6.25)(15)}(0.250) + 7.5(1.5)
= 61.25k-ft Ans.
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6-31. A uniform live load of 0.6 k/ft and a single ™ 15 ft 15 it
concentrated live force of 5 k are to be placed on the top
beams. Determine (a) the maximum positive shear in panel I ]
BC of the girder, and (b) the maximum positive moment at D :ICE L L 'jﬁ
C. Assume the support at B is a roller and at D a pin. N C/. [ N

1
a) (VBC) max = 5(0.5) + 5(0.5)(30)(0.6) =7k Ans.

1

b) (M¢)max = 7.5(5) + 0.6{<5)(30)(7.5)} =105k ft Ans.

Me

v —= X
-2.6 ’”'5' 35

*6—32. Draw the influence line for the moment at Fin the ’4;2 m 2m 2m 4m
girder. Determine the maximum positive live moment in 1 .
the girder at F if a single concentrated live force of 8 kN A = o W) i o
moves across the top floor beams. Assume the supports for L |_| y ;
all members can only exert either upward or downward & = .> =y
forces on the members. i i
(Mp) max = 1.333(8) = 10.7kN -m Ans.

Me

1:333
0.e62r7\;
l .

" 2m Ym bm fom x
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6-33. A uniform live load of 4 k/ft and a single concentrated

live force of 20 k are placed on the floor beams. If the beams

also support a uniform dead load of 700 Ib/ft, determine

(a) the maximum negative shear in panel DE of the girder
and (b) the maximum negative moment in the girder at C.

By referring to the influence line for the shear in panel DE shown in Fig. a, the
maximum negative shear is

(VoE) max () = (=1)(20) + [(6 — 0) (=D)](4 + 0.7)

+ B(S —~ 6)(—1)}(4 +0.7)

= =529k Ans.

By referring to the influence line for the moment at C shown in Fig. b, the maximum
negative moment is

1

(M) max () = —4(20) + {5(4 - 0)(—4)}(4 +0.7)

= —118 k- ft Ans.

Q
1)
-5
1I—+
™

(@)
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6-34. A uniform live load of 0.2 k/ft and a single
concentrated live force of 4 k are placed on the floor beams.
Determine (a) the maximum positive shear in panel DE of
the girder, and (b) the maximum positive moment at H.

L 6ft k6t 61t L 61t
| | 6k

EE r T T
N
B

1
CDH g nF

Referring to the influence line for the shear in panel DE shown in Fig. a, the
maximum positive shear is

(VDE) max (+) 0'6667(4) * {%(18 B O)(0.6667):|(0.2)
{1
+ |56 - 18)(0.6667)}(0-2)

=507k Ans.

Referring to the influence line for the moment at H shown in Fig. b, the maximum
positive moment is

(M) mcr = 30 + [ 304 = 190) [ 02)

+ [(30 — 24)(3)](0.2) + B(% - 30)(3)}(0.2)

192 k- ft Ans.

0-667 0.b67
0,332 0.333 >—
I él /.l?/ /8 \ XGC(—)
1 lr y | | ( 1 ]
ol 6 iz /8 z'q-s'o.sexﬂ) ° | 4 30 36
=3
-6
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6-35. Draw the influence line for the shear in panel CD of 81t 8 ft 8 ft 8 ft 8ft — =
the girder. Determine the maximum negative live shear in
panel CD due to a uniform live load of 500 Ib/ft acting on f
the top beams. L L = L L
AT B i c =D

(VCD) max(—) — 500(%)(32)(_075) = -6k Ans.

*6-36. A uniform live load of 6.5 kN/m and a single f I I I )
concentrated live force of 15 kN are placed on the floor L L L 1L J
beams. If the beams also support a uniform dead load of

600 N/m, determine (a) the maximum positive shear in ‘A BB ¢ D =l
panel CD of the girder and (b) the maximum positive ‘ Am 1 Am | 4m | Am 1
moment in the girder at D.
Referring to the influence line for the shear in panel CD shown in Fig. a, the
maximum positive shear is
1
(V) max () = (0.3333)(15) + {5(4 - O)(0.3333)}(6.5 + 0.6)
1
+ {5(16 - 10)(0.3333)}(6.5 + 0.6)
1
+ 5(10 — 4)(—0.3333) |(0.6)
= 16.2kN Ans.
Referring to the influence line for the moment at D shown in Fig. b, the maximum
positive moment is
1
(M p) max (+) = 2.6667(15) + [5(16 - 4)(2.6667)}(6.5 + 0.6)
1
+ {5(4 - O)(*1.3333)}(0.6)
= 152kN-m Ans.
V h
(a4
267
0333 0-333 33
\I 8 A. X(m) ! 1 G
1 1 ] X(m
? 4\M° e ° /4 8 = & )
~0.333 -133

(a) (b)
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6-37. A uniform live load of 1.75 kN/m and a single
concentrated live force of 8 kN are placed on the floor beams.
If the beams also support a uniform dead load of 250 N/m,
determine (a) the maximum negative shear in panel BC of the 5
girder and (b) the maximum positive moment at B. A C

3m 15 m«kLS m—
I

D

=

By referring to the influence line for the shear in panel BC shown in Fig. a, the
maximum negative shear is

(VBC) max () — _06667(8)

+ [%(4.5 - 0)(—0.6667)}(1.75 + 0.25)

1
+ {5(6 - 4.5)(0.6667)}(0.25)

= —8.21kN Ans.

By referring to the influence line for the moment at B shown in Fig. b, the maximum
positive moment is

(Mp) max(+) = 1(8) + B(4.5 - 0)(1)}(1.75 + 0.25)

+ B(6 - 4.5)(—1)}(0-25)

= 123kN-m Ans.

Mg

40

-0-667

(a) (b)
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6-38. Draw the influence line for the force in (a) member
KJ and (b) member CJ.

g

g

2
{o88]

5
{00880} [o80]

S
{28800} |§§a|

ove|
6 ft

B C D E F _
»Péftapﬂtﬂpﬂtﬂpéﬁa 6 ft —

0-417
0208
6 2 /8 Zf 30 3¢
v B 24 30 36 0 I T ——xFO)

X
6 | - -025

-05 -0

—l

6-39. Draw the influence line for the force in (a) member J1, L K J 1 H

(b) member /E, and (c) member EF.
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*6-40. Draw the influence line for the force in member K/J.

o e' 16 24— 32 4o
} : Ji ; F—— A (ft)
=033
-0,4¢ , T —0.667 5

6-41. Draw the influence line for the force in member JE.

Fe

6-42. Draw the influence line for the force in member CD.

fer
2 m
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6-43. Draw the influence line for the force in member JK.

Pk

0 ;|c 4 6 & 10 12
' : | | i f— xX(m)
-0-667 = 0667
-/33 =133
~2

*6—44. Draw the influence line for the force in member DK.

6-45. Draw the influence line for the force in (a) member EH
and (b) member JE.

AL ) & KA RN
el Ll bt
‘«4 m-—+~4 m—~4 m—~4 m—~4 m—-4 m»‘
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6-46. Draw the influence line for the force in member J1.

3m
& 4 e 2 Kn ) 2 b
e B C D E F G
n ‘ ‘
I 4 8 12 6 20 28 4 m—~~4 m—4 m—+4 m—+4 m—~-4 m—
A
o 1 H |
0444 ' H 2.
-0-889 1333 H oo
“118
6-47. Draw the influence line for the force in member AL. L K H

b

*6—48. Draw the influence line for the force in member
BC of the Warren truss. Indicate numerical values for the
peaks. All members have the same length.

6-49. Draw the influence line for the force in member BF
of the Warren truss. Indicate numerical values for the peaks.
All members have the same length.

for
0385
N o w0
20’ WV
-0.385
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6-50. Draw the influence line for the force in member FE
of the Warren truss. Indicate numerical values for the peaks.
All members have the same length.

20 ft—e 20 ft——e20 ft—]

6-51. Draw the influence line for the force in member CL. I g

o

025 2314

- 0.375 -0.256

*6-52. Draw the influence line for the force in member DL.

9 18 |
o | { 1 1
— x (%
| | [ 21 %6 45 5% 7<)
=024
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6-53. Draw the influence line for the force in member CD.

075
L f=— x(ft)

| o
1
ol g 18 21 36 45 57

6 @9 ft =541t

6-54. Draw the influence line for the force in member CD.

6-55. Draw the influence line for the force in member KJ.

Frs

Sm Z'In)

*6-56. Draw the influence line for the force in member
GD, then determine the maximum force (tension or
compression) that can be developed in this member due to
a uniform live load of 3 kN/m that acts on the bridge deck
along the bottom cord of the truss.

Referring to the influence line for the member force of number GD, the maximum

tensile and compressive force is

(F6p) max (+) = B(lz - 6.857)(0.751)}(3) = 5.79 kKN(T) (Max.)

(Fop) min () = [%(6.857 - 0)(—0.300)}(3) = —3.09kN (C)

Ans.

b

0.75¢
6857
(4 ‘j ?\ \
I I T T
9 12
150 9300

xX{m)
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6-57. Draw the influence line for the force in member
CD, and then determine the maximum force (tension or
compression) that can be developed in this member due to
a uniform live load of 800 Ib/ft which acts along the bottom
cord of the truss.

Referring to the influence line for the force of member CD, the maximum tensile
force is

(Fep) max (+) = {%(40 - 0)(0.75)}(0.8) =120k (T) Ans.

foo

025

6-58. Draw the influence line for the force in member
CF, and then determine the maximum force (tension or
compression) that can be developed in this member due to
a uniform live load of 800 Ib/ft which is transmitted to the
truss along the bottom cord.

Referring to the influence line for the force in member CF, the maximum tensile
and compressive force are

(Fer) max(s) = B(26.67 - O)(O.7071)}(O.8) = 754k (T) Ans.

(Fer) max (- = B(m - 26.67)(—0.3536)}(0.8) EP

= —1.89k = 1.89k (C)

0554
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6-59. Determine the maximum live moment at point C on

the single girder caused by the moving dolly that has a mass

of 2 Mg and a mass center at G. Assume A is a roller. ! HA £
C
Sm } Sm
(M) max = 14.715(2.5) + 4.905(1.5) = 441 kN-m Ans.
19-62 kN 1915 kN
. Mc 1 lvsosx.l
T T
ost1s | 25 A
/ // Sm lbm " I5m %
s kd 405K 25 b

*6—-60. Determine the maximum live moment in the
suspended rail at point B if the rail supports the load of

2.5 k on the trolley.

Check maximum positive moment:

h 3
—=—; h=15ft
3 6

(Mp) max = 1.667(3) + (0.833)(1.5) = 625k - ft

Check maximum negative moment:

h 4
5% h =251t
(M3p) max = 1.667(—4) + (0.833)(=2.5) = =8.75k - ft Ans.
)6k K 0.833 K 1.6b7 K Ms
Ms b} o833 K
3 Jo.\
! h

T |N x | &
-4 b -4 -4

3,

185




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

6-61. Determine the maximum positive shear at point B
if the rail supports the load of 2.5 k on the trolley.

The position for maximum positive shear is shown. 215k
h  0.667
—=——-— h=041667
5 8’
(VB)max = 1.667(0.667) + 0.833(0.41667) = 1.46 k Ans.
-6k K 0.833 K L6bIK, 1 0.833K
st

wall . os
25K \[’( \«.I I‘\ {[ %

6-62. Determine the maximum positive moment at the
splice C on the side girder caused by the moving load which
travels along the center of the bridge.

The maximum positive moment at point C occurs when the moving loads are
at the position shown in Fig. a.

(M) max(+) = 4(4) + 2(2) = 20.0kN-m Ans.

Me 4N 2 kN
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6-63. Determine the maximum moment at C caused by 2400 1b
the moving load.

- 15 ft | 151t OT

The vertical reactions of the wheels on the girder are as shown in Fig. a. The
maximum positive moment at point C occurs when the moving loads are at the
position shown in Fig. b.

(M) max (+) = 7.5(1600) + 6(800) = 16800 Ib - ft
= 16.8k-ft Ans.

2400 lb M, 800l 16001b
3ft

/4 75

ale

AL 5 | — X(fe)
8001b 1600 Ib 12 15 20

(a)

(b)

*6-64. Draw the influence line for the force in member /H 32k 32k
of the bridge truss. Determine the maximum force (tension
or compression) that can be developed in this member
due to a 72-k truck having the wheel loads shown. Assume
the truck can travel in either direction along the center of the
deck, so that half its load is transferred to each of the two
side trusses. Also assume the members are pin-connected at
the gusset plates.

(Fri) max = 0.75(4) + 16(0.7) + 16(1.2) = 33.4k (C) Ans.
qu FI”
I ; oo ("‘l 16K 16K
ot — . X 's' 2"
N | "
| -1 -0.5 _"iz ot
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6-65. Determine the maximum positive moment at

8 kN
6 kN
point C on the single girder caused by the moving load. 4kN

] 1y

Move the 8-kN force 2 m to the right of C. The change in moment is

AM = 8(—2—>(2 m) + 6( )(2) + 4(25)(2) =2kN-m

Since AM is positive, we must investigate further. Next move the 6 kN force 1.5 m to
the right of C, the change in moment is

AM = 8(—2—)(1 5) + 6(—2—)(1 5) + 4(2 )(1 5) = —75kN-m

Since AM is negative, the case where the 6 kN force is at C will generate the
maximum positive moment, Fig. a.

(M) max(+) = 1.75(4) + 6(2.5) + 8(1.5) = 34.0kN-m Ans.

4K\ okl kA
J5m| zm

Me
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6-66. The cart has a weight of 2500 1b and a center of 1.5ft 1ft
gravity at G. Determine the maximum positive moment
created in the side girder at C as it crosses the bridge.
Assume the car can travel in either direction along the

center of the deck, so that halfits load is transferred to each T
of the two side girders. Tl

e T ’?T/P
| 8 ft 8 ft |

The vertical reaction of wheels on the girder are indicated in Fig. a. The maximum
positive moment at point C occurs when the moving loads are in the positions
shown in Fig. b. Due to the symmetry of the influence line about C, the maximum
positive moment for both directions are the same.

(M) max (+) = 4(750) + 2.75(500) = 4375 Ib-ft = 4.375k - ft Ans.

1250 Ib 750Ib  5001b
Trave( v The /c/t 25

|
500/b 7501

254t]
travel 1o -A(uv;ét

Me

Ift

500 Ib 750 1b
(@) ¥

275
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6-67. Draw the influence line for the force in member BC
of the bridge truss. Determine the maximum force (tension
or compression) that can be developed in the member
due to a 5-k truck having the wheel loads shown. Assume
the truck can travel in either direction along the center of the
deck, so that half the load shown is transferred to each of
the two side trusses. Also assume the members are pin
connected at the gusset plates.

~3(1) + 2(0.867)

(FBc) max = 5 =237k (T)

fac Fac

Ans.

20 8o’ |

; 1
//// . ” !/"N

*6-68. Draw the influence line for the force in member /C
of the bridge truss. Determine the maximum force (tension
or compression) that can be developed in the member
due to a 5-k truck having the wheel loads shown. Assume
the truck can travel in either direction along the center of
the deck, so that half the load shown is transferred to each
of the two side trusses. Also assume the members are pin
connected at the gusset plates.

3(0.833) + 2(0.667)
2

(FIC)max = =192k (T)

Fre Flc
0.833

20’ ////\\

Ans.

W 40’ 8o’ x W
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6-69. The truck has a mass of 4 Mg and mass center at Gy,
and the trailer has a mass of 1 Mg and mass center at G,.
Determine the absolute maximum live moment developed
in the bridge.

15m'1—5Fn'"\j EZQA

—-0.75m:

- i \ 8 m
Loading Resultant Location
— 9810(0) +39240(3)
e 49 050 -
One possible placement on bridge is shown in FBD (1), 810N
9810 49050 N
From the segment (2): |397-'1° N
M o = 27 284(4.45) — 26 160(2.25) = 62.6 kN-m :5 “4_. P £ :
-Sm Sm-- o.);ﬁ'—
Another possible placement on bridge is shown in Fig. (3), 260N
1oN  13090N
From the segment (4): Ao
M .x = 20386.41(3.325) = 67.8 kN -m Ans.
¢ L
9810 050 49050 N
130%0 2660 13080 N | 26160 N
0.45m %I0N 0.615m
1.5m| /N, 1-35 l !
ot
Hm dm Ym Ym l
21765.94 () 272%4-0b 203 SIN (3) 20306.41 N
13080 26/60 26160
! 2.25m ] Mrmex I 30325 m
ot} e ( |
b o - - X m |
27284.06 \ 20386.4)
(2) (4
6-70. Determine the absolute maximum live moment
in the bridge in Problem 6-69 if the trailer is removed.
8m

Placement is shown in FBD (1). Using segment (2):
M. = 17780.625(3.625) = 64.5kN-m Ans.

39240N, 26160M

(
BosoN 75.26'60Al
1.5m
: 5 ) me( I _ 3.625m
im - 4m v
' 17780.625 A 17780.625N
21459.315N
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6-71. Determine the absolute maximum live shear

4 m
and absolute maximum moment in the jib beam AB
due to the 10-kN loading. The end constraints require f 5
0lm=x=39m. i % B
10 kN

Abs. max. shear occurs when 0.1 = x = 39m
Vimax = 10 kN Ans. L1
Abs. max. moment occurs when x = 3.9 m
M = —10(3.9) = —39kN-m Ans.
#6-72. Determine the maximum live moment at C caused 4 k6 k
by the moving loads. 2k l 12 K

= : [

e - —
Lzo e 30 ft !3 ft 4 ft 3 ft

The worst case is

(M¢) max = 2(102) + 4(12.0) + 6(10.4) + 2(9.2) = 149k - ft

Ans.
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6-73. Determine the absolute maximum moment in the 15k
girder bridge due to the truck loading shown. The load is 0k |5
applied directly to the girder. 3k
— I I
20 ft B
8 ft 4'ft
_ 15(20) + 7(28) + 3(32
- 15(20) 3(5) (32 _ 6014t ‘ 80 ft |

C+ DMpax =0, My + 10(20) — 18.175(41.543) = 0

M pax = 555k - fit Ans.

(; /fﬁ: 5K

!
ok SHLse 1 s I
rb«m_}iﬂ(] ":4»11 Y 1 11 ) M-"
P SrsHRT zage |
] * 1878 &
I 40/t | 4o/t ]
18-17s k /6 825«

6-74. Determine the absolute maximum shear in the beam
due to the loading shown.

The maximum shear occurs when the moving loads are positioned either with the
40 kN force just to the right of the support at A, Fig. a, or with the 20 kN force just to 40 kld 25k ZOKN
of the support it B, Fig. b. Referring to Fig. a, 4m 5 G-5m

<

C+ D Mp=0; 40(12) + 25(8) + 20(6.5) — A,(12) = 0

;{
]
A, = 67.5kN T

Referring to Fig. b,

Ay by
C + XM, =0; B,(12) — 20(12) — 25(10.5) — 40(6.5) = 0 (@)

B, = 63.54kN 4ol 254 20kN
Therefore, the absolute maximum shear occurs for the case in Fig. a, 6-5m 4m 5m
Vars = A, = 67.5kN Ans. 4 h
max 'k |
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6-75. Determine the absolute maximum moment in the
beam due to the loading shown.

Referring to Fig. a, the location of F for the moving load is

+l Fp= X F;  Fr=40 +25+20 = 85kN

C + Frx = D Mg —85x = —25(4) — 20(5.5)

x = 24706 m

Assuming that the absolute maximum moment occurs under 40 kN force, Fig. b.

C+ My =0; 20(1.7353) + 25(3.2353) + 40(7.2353) — A,(12) = 0

A, = 33.75kN

Referring to Fig. c,

C+ DMg=0; Mg — 33.754.7647) = 0

Mg = 160.81 kN -m

Assuming that the absolute moment occurs under 25 kN force, Fig. d.
C+ XM, =0; By12) — 40(2.7647) — 25(6.7647) — 20(8.2647) = 0

B, = 37.083 kN

Referring to Fig. e,

C+ dSMg=0; 37.083(5.2353) — 20(1.5) — M5 =0
Mg = 164.14kN-m = 164 kN -m (Abs. Max.)
07647m F,_, 25 KN
<4706m_ 40k 20 kN

R-J647 m

(@)

1:5294m
25K 20 kN

y

4okl
[-.2353m.

L/

i (b)

cm ém

4. 7647M
A?J =33-75 kN
25kN 20 kA
\ fion
e)

[ 5.2353m ]
By=37083 kN
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*6-76. Determine the absolute maximum shear in the
bridge girder due to the loading shown.

By inspection the maximum shear occurs when the moving loads are position with 6 K 10k
the 10 k force just to the left of the support at B, Fig. b.
C+DM,u=0; B,(30) — 6(22) — 10(30) =0 3
[
|
B, =144k

Therefore, the absolute maximum shear is 22 ﬁ N 8 ff
Vars = B, = 144Kk Ans,

s : A}

6-77. Determine the absolute maximum moment in the
bridge girder due to the loading shown.

Referring to Fig. a, the location of Fj, for the moving load is

+ | Fr=YFy; ~Fr=-6-10 Fr =16k

C+ Frx= D Mg —16x = —10(8) x =51t

By observation, the absolute maximum moment occurs under the 10-k force, Fig. b, ¥ \'& N
C+ SM,=0; B,30) —6@85) ~10(165) =0 B, =720k <F 8t
Referring to Fig. c, (&>
C+ DMg=0; 720(13.5) — Mg =0 Mg =972 k-ft (Abs. Max.)  Ans. F&

6k 10K
10k | 854 |5# 15f¢

V.
Mg, % L
c i /'
, )
/3.5ft 'I_ A? /5 ft ) /5 B}
© Bk
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6-78. Determine the absolute maximum moment in the 10k .
girder due to the loading shown. 14k
TH =
3t 22 ft ‘ ‘
Referring to Fig. a, the location of F, for the moving load is
+ | Fr=3F,; Fr=10+8+3 +4 =25k 'k
X1
C + Frx= D Mg —25x = —8(3) — 3(5) — 4(7) i
- 10k Y8k 3k 4k
x = 2.68 ft. )
| | | 3fe | 2ft] 2t
Assuming that the absolute maximum moment occurs under 10 k load, Fig. b,
Y
C+ DMp=0; 4(6.84) + 3(8.84) + 8(10.84) + 10(13.84) — A,(25) =0
A, = 1116k ¢ Ca’)
Referring to Fig. c,
C+ DMg=0; Mg — 11.16(11.16) = 0
e —o32ft
Mg = 12455k - ft 8k
Assuming that the absolute maximum moment occurs under the 8-k force, Fig. d, 3 Ok 3K dhpoft
1345t %
C+ DMp=0; 4(8.34) + 3(10.34) + 8(12.34) + 10(15.34) — A,(25) =0
b)
Ay = 12,66 k %
Referring to Fig. e, 12:5ft 1251t
A £y
C+ DMg=0; Mg + 10(3) — 12.66(12.66) = 0 'a’ ¢
Mg = 13028k - ft = 130 k - ft (Abs. Max.) Ans.

1176 fe

AT .76 k
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6-79. Determine the absolute maximum shear in the beam 6k
due to the loading shown.

SH3M3M | 30t

The maximum shear occurs when the moving loads are positioned either with the
3-k force just to the right of the support at A, Fig. a, or with the 4 k force just to the
left of the support at B. Referring to Fig. a

C+ DMp=0; 4(19) + 2(22) + 6(25) + 3(30) — A(30) =0
A, =120k

Referring to Fig. b

C+DM,u=0 By(30) — 3(19) — 6(24) — 2(27) — 4(30) = 0

B, =125k
Therefore, the absolute maximum shear occurs for the case in Fig. b

Vabs = B, = 125k Ans.

max

3k 6k zk4k 3K 6k 2k4k
sk 194t 19 £t 5t IR

S5

& S

*6-80. Determine the absolute maximum moment in the 6k
bridge due to the loading shown. 3k | 2k4k

ST3ft3ft | 30 ft

Referring to Fig. a, the location of the F, for the moving loads is

+lFr=>F; Fr=3+6+2+4+15k

C + Frr = SM¢ —15x = —6(5) — 2(8) — 4(11)

x = 6ft
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*6—80. Continued

Assuming that the absolute maximum moment occurs under the 6 k force, Fig. b,
C+ DMp=0; 4(95) +2(12.5) + 6(15.5) + 3(20.5) — A,(30) = 0

A, =725k

Referring to Fig. c,

C+ SMg=0; Mg+3(5) —72514.5) = 0

Mg =90.1k-ft Ans.

Assuming that the absolute maximum moment occurs under the 2 k force, Fig. d,
C+>XM,u=0; By30) —3(8) — 6(13) — 2(16) — 4(19) = 0

B, =7.00k

Referring to Fig. e,

C+ SMg=0; 7.00(14) — 4(3) — Ms =0

Mg = 86.0 k - ft (Abs. Max.)

Fe
7z |
,‘ ¢
3k ekVzk 4k
sft | 3ft B}t

@)
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6-81. The trolley rolls at C and D along the bottom and
top flange of beam AB. Determine the absolute maximum
moment developed in the beam if the load supported by the
trolley is 2 k. Assume the support at A is a pin and at B a
roller.

Referring to the FBD of the trolley in Fig. a,

C+ XMc=0; Np(1) —2(15) = 0 Np = 3.00k
A "
C+ >Mp=0; Nc(1) = 2(0.5) =0 Nc =1.00k (&
Referring to Fig. b, the location of Fj I 7ct O‘Sf
+{ Fr= > Fy; Fr=3.00— 1.00 = 2.00k{
C+ Frx= 2 Mg —2.00(x) = —3.00(1) (a)
x=15ft 2K

The absolute maximium moment occurs under the 3.00 k force, Fig. c.

C+ SM,=0; B,(20) + 1.00(8.75) — 3.00(9.75) = 0 0
A
B, = 1025k (é_l/\[pzs.ook
Referring to Fig. d, '
| f+
C+ SMg=0; 1.025(10.25) — Mg = 0
Mg = 10.5 k - ft (Abs. Max.) Ans.
N =/ OO0k
(b)
300k
Mé
© /0254
Vs
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7-1. Determine (approximately) the force in each
member of the truss. Assume the diagonals can support
either a tensile or a compressive force.

Support Reactions. Referring to Fig. a,
Q+EMA =0; Cy(6) —40(3) —20(06)=0 C,=40kN

C+3Mc=0; 40(3) +50(6) — A(6) =0 A, =T0kN
L SF =00 4,=0

Method of Sections. It is required that Fzr = F 4 = Fy. Referring to Fig. b,

+T2Fy =0; 70—-50—2F;sin45° =0 F; =14.14kN

Therefore,
Q+EMA =0; Fgr(3) — 1414 cos45°(3) =0 Fgr = 10.0kN (C) Ans.

C+EMF =0; Fyp(3) —14.14 cos45°3) =0 F,5 = 10.0kN (T) Ans.

Also, Fgp = Fcp = F,. Referring to Fig. c,

+1SIF, =0; 40 —20 — 2F,sind5° =0 F, = 1414kN

Therefore,

Fyp = 141kN(T) Fcp = 141kN (C) Ans.

C+DMe=0; 14.14c0s45°(3) — Fpp(3) =0  Fpg = 10.0kN (C) Ans.
C+DMp=0; 14.14c0s45°(3) — Fpe(3) =0  Fpe = 10.0kN (T) Ans.
Method of Joints.

Joint A: Referring to Fig. d,

+1F, =0; 70 — 14.14 sin45° — F4r =0 F4p = 60.0kN (C) Ans.

Joint B: Referring to Fig. e,

+1SIF, = 0; 14.14 sin45° + 14.14 sin45° — Fpp = 0 Fgp = 20.0kN (C) Ans.

Joint C:

+13F, =0, 40— 1414 s5in45° — Fcp =0 Fep = 30.0kN (C) Ans.
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7-1. Contiuned 7{,

fee =14 M KNIF,

far Fig=/4-14-4N
RE= /4 @:/4.;4%] foe Fp=/4+14 kN
A,c:o J 45°
AN ” - g ’
A’ 565/0'0/(/\} 49 il

Af?okﬂ
() (e)

7-2. Solve Prob. 7-1 assuming that the diagonals cannot
support a compressive force.

Support Reactions. Referring to Fig. a, 50 k)\) 40 [q\] . kN
C+X M, =0, Cy6) — 403) —20(6) =0  C, = 40kN

C+3Mc=0; 403) +50(6) — A(6) =0 A, =T0kN

L SF =0 A, =0 Az

Method of Sections. It is required that

Fap=Fep =0 Ans. A% @) C%
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7-2. Continued

Referring to Fig. b,

+1 3 F, =0; 70 — 50 — Fpp sin45° = 0 Fpp = 2828 kN (T) = 283kN (T) Auns.

C+ My =0; Fpp(3) — 2828 cosd5°3) =0 Fpp = 20.0kN (C)

CHDOMp=0 Fup(3)=0 Fup=0

Referring to Fig. c,

+1F, = 0; 40 — 20 — Fpp sind5° = 0 Fpp = 2828 kN (T) = 28.3 kN (T)

C+SMc=0; 2828 cos45°(3) — Fpp(3) =0 Fpr = 20.0kN (C)

C+DXMp =0, —Fpc(3)=0 Fpc=0

Method of Joints.

Joint A: Referring to Fig. d,

+1SF, =0, 70— Fap =0 Fup=70.0kN (C)

Joint B: Referring to Fig. e,

+1SIF, = 0; 2828 sin45° + 2828 sin45° — Fpyp = 0

Joint C: Referring to Fig. f,

+T>F, =0, 40—~ Fcp=0 Fep=40.0kN (C)

45° 45°
<= > X
fis=0 “ fo=O

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

50kN

e D
45°
l 53:0 3m
F=0
V=20kN *
fac <
Cg, =40 kN
<)

EF EcEZO
Ax’o (/N 40"
g8 > x
A Fg=0
A'bl"’70k/‘1
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7-3. Determine (approximately) the force in each member
of the truss. Assume the diagonals can support either a tensile
or a compressive force.

VPanel =833k

Assume Vp,, is carried equally by F and F 45, S0

8.33
2
——— =589k (T
0s 45° (T)
8.33
2 5.89k (C)
osd5° 7

Fap — 5 — 5.89 cos45° = 0;

—F 4 + 18.33 — 5.89 sin45° = 0;

_FHG + 5.89 cos45° = 0, FHG =417k (C)

VPanel = 16671{

Fup =
Fu6 =
Joint A:
i>2FX =0
+13F, =0
Joint H:
EXF, =0
Fge =
Fpr =
Joint G:
iEFx =0
+T2Fy =0

1.667
5 = LI8K(O)
1.667

# = 1.18%k (T)

417 + 5.89 cos45° — 1.18 cos45° — Fgr =0
—10 + Fgp + 5.89 sin45° + 1.18 sin45° = 0

FAH = 14.

Ans.

Ans.

16k (C)

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

20'

Ax=5k . __{/’:ﬁ:* F

18.33K

10K

®

& hg
5.89k
[4.16K

JoK, ok

20' 8

18.33K
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7-3. Continued

Joint B:
=5 EFX =0; Fpc+ 1.18 cos45° — 9.17 — 5.89 cos45°

Vpanel = 21.667 — 10 = 11.667 k

11.667
Fre=———— =825k (T
ke cos 45° (T)
11.567
Fprp=———=825k (C
bF = (©)
Joint D:

LN F, =0, Fep=825cosd5® =583k (T)
+T>F, =0; 21667 — 825 sin45° — Frp =0
Joint E:

HF, =0, 5+ Fpp — 825 cos45° =

Frp = 0833k (C)
Joint C:

+1SF, =0, —Fpc+ 825 sin45° — 1.18 sin45° = 0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

tox
Fee

Ry 2 D -7 4
o
Fec, ‘/’%‘l

;

1

M2

Vnuu, e
-~ \‘» !
I‘CD I

D.,.- . ber x

gasx (feo
B
Feo ®
21.667
10K

Fee
,457"‘* 5k
825¢ & li5.83 K

*7-4. Solve Prob. 7-3 assuming that the diagonals cannot
support a compressive force.

Vpanel = 8.33k
FAG = 0
8.33
Fyp = = 11.785 = 11.8k
B sin 45°
Joint A:

EF, =0, Fup=>5k(T)

Ans.
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7-4. Continued

+1> F,=0; Fuy=183k(C)

Joint H:

E 3 F, =0, 11785 cos45° — Fyg =0

VPanel = 1.667k
FGC =0

1.667

Fpp=———— =236k (T
BE ™ §in 45° (T)

Joint B:
5 EFX =0; Fpc + 236 cos45° — 11.785 cos45° —5=0

+13F, =0, — Fgp+ 11785 sin45° + 2.36 sin45° =0
FGB =10k (C)

Joint G:
EXF, =0, Fgr=833k(C)

VPanel = 11.667 k

FDF:()

11.667
Fpe = =165k (T
EC ™ sin45° 6.5k (T)

Joint D:
i) 2}7V = 0, FCD =0
+1YF, =0, Fgp=217k(C)

Joint E:
ENF, =0, Fpr+5 — 165 cosd5° =0

Joint F:
+1YF, =0, Fpc— 10 —2.36 sin45° =0

Frc = 11.7k (C)

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

, 10K
1
N F;‘G
WAL
o
Eﬁ VPanel =833k
4,=5K °
"""‘—I = FAQ
18.33k
Eﬂl 10K
| o
5K 5°
@ FAB 4s° FHG
11-375 K
18.33k 18.33k
lok lok
H g R
Ao
20' s;
£
5"1 | &GF
200 a BC
18.33K
. 10K
@8
16785k
2.36 x 8.33k Fg,,:
- 45-51445‘ Fe ®
ok
10K
P
l Fec
F
Panel OF
JN
E
ke 2.k k
o Feo @
@ 10K
F.
A 7 Sl
21667 k 165k 191,067

10K
8.33k
= 6.667K
736k F @
Fc
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7-5. Determine (approximately) the force in each member
of the truss. Assume the diagonals can support either a tensile
or a compressive force.

Support Reactions. Referring to, Fig. a

LE3F, =0, A, -2=0 A, =2k

C+DYM,=0; D,(24) + 2(6) — 7(24) — 14(16) — 14(8) =0 D, =205k
C+DMp =0; 14(8) + 14(16) + 7(24) +2(6) — A, (24) =0 A, =215k
Method of Sections. It is required that Fzy = F 45 = F;. Referring to Fig. b,
+13F, =0, 215 - 7 — 2F1(%) =0 F,=1208k

Therefore,

Fpy =121k (T) Fuc =121k (C) Ans.
CH+DMy =0; Fap6) +2(6) — 12.08(%)(6) =0 Fup=7667k(T)="767k(T) Ans.
C+DM,4=0; Fgu(6) — 12.08(%)(6) =0 Fgy =9.667k(C) =9.67k(C) Ans.
Itis required that Fog = Fgr = F,. Referring to Fig. c,

+1SF,=0; 215 - 7 — 14 - 2F2@) =0 F,=04167k

Tk

206




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-5. Continued

Tk 4 Kk 7K
<k
K ~
6t A
A2k
pp=21.5k (©) ) Hyosk
Therefore,
Fcg = 0417k (T) Fpp = 0417k (C) Ans.

C+SMp=0; Frg6) — 0.4167(%)(6) +78) — 21.58) =0

Frg = 19.67k (C) = 19.7k (C) Ans.
C+SMg=0; Fpe(6) +7(8) +2(6) — 21.5(8) — 0.4167(§>(6) =0

Fye = 1767k (T) = 17.7k (T) Ans.

Itis required that Fcr = Fpp = F5. Referring to Fig. d

+1>3F, =0, 205 -7 — 2F3(§> =0 Fy=1125k

Therefore,

C+IMp=0; 2(6) + 11.25(%)(6) — Fpp(6) =0 Fgr=110k(C)  Ans.

C+DMp =0; 11.25(0.8)(6) — Fcp(6) =0 Fep = 9.00k (T) Ans.
Method of Joints.
Joint A: Referring to Fig. e,
3
+TEF}, =0, 215 — 12.08(5) — Fuy=0 Fug=1425k(C) Ans.

Joint B: Referring to Fig. f,
3 3
+1>F, =0 12.08(5) - 0.4167(5) — Fpg =0 Fgg=700k(C) Ans.

Joint C:  Referring Fig. g,

+13F, =0 11.25(%) + 0.4167(%) — Fep =0 Fep=700k(C) Oﬂ)
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7-5. Continued

Joint D: Referring to Fig. A,

+T>F, =0, 205 - 11.25(%) — Fpp=0

FDE = 13.75k Ans.

¥

7-6. Solve Prob. 7-5 assuming that the diagonals cannot 7k 14k 14k 7k
support a compressive force.

Support Reactions. Referring to Fig. a,

LE3F, =0, A, —2=0 A, =2k
C+>M,=0; Dy24) +2(6) — 7(24) — 14(16) — 148) =0 D, =205k

C+3Mp=0; 148) + 14(16) + 7(24) + 2(6) — A,24) =0 A, =215k

Method of Sections. It is required that
Fac=Fpr=Fpr=0 Ans.

Referring to Fig. b,

+I3F, =0, 215 -7 - FBHG) =0 Fpy=2417k(T) = 242k (T) Ans.

Q+EMA =0, Fgu(6) — 24.17(%)(6) =0 Fgy =1933k(C) =193k (C)
Ans.

C+SMy=0; 2(6) — Fup(6) =0 Fup =200k (C) Ans.
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7-6. Continued

Referring to Fig. c

+1SF, =0, 215 — 7 — 14 — FCG(%) =0 Fee=08333k(T) = 0.833k (T) Ans.

C+SMy=0; Frg(6) +7(8) — 21.5(8) — 0.8333@)(6) =0
Fre = 200k (C) Ans.
C+3 Mg =0; Fpe(6) +7(8) +2(6) — 21.58) =0 Fye = 17.33k (T) = 17.3k (T) Ans.

Referring to Fig. d,

+T3F, =0, 205 -7 — FCE(%) =0 Fcop=225k(T) Ans.
4

C+YMp=0; 2(6) + 22.5(5)(6) — Fpp(6) =0 Fgp=20.0kN (C) Ans.

C+HDMp=0; —Fep(6) =0 Fep=0 Ans.

Method of Joints.

Joint A: Referring to Fig. e,
+T3F, =0, 215 — Fuay =0 Fuy =215k (C) Ans.
Joint B: Referring to Fig. f,
+1 EFy =0; 24.17(%) — Fp =0 Fps =145k (C) Ans.

Joint C: Referring to Fig. g,

3 3
+13F, =0 0.8333(5) + 22.5(§> — Fep=0 Fcp =140k (C) Ans.
Joint D: Referring to Fig. &,
+T13F, =0, 205 — Fpp=0 Fpg=205k(C) Ans.
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7-6. Continued

Tk /4K
8ft
F
7 6[ i
bt =\ l
z SEFO
% o5k
A =2k 2 B
=2l
MK )

Tk
Fee E 5 K
5:62 ‘;' ot
AN P
Dy-205K
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7-7. Determine (approximately) the force in each member of the truss. | 2m | 2m
Assume the diagonals can support either a tensile or compressive force. ‘ F D
1.5m
C
4 kN

Assume Fgp = Fge

+13F, =0 2FEC(£) —4=0

25
Frc = 3.333kN = 333 kN (T) Ans.
Fpp = 3.333kN = 3.33kN (C) Ans.

C+SMc=0; Fgp(l.5) — (%)(3.333)(1.5) =0

FED = 267 kN (T) AHS.
E 3 F, =0, Fpe=267kN(C) Ans.
Joint C:
1.5
+13F,=0; Fep+ 3'333(E> - 4=0
Fep = 2.00kN (T) Ans.

Assume Frp = F g

+13F, =0 2FFB(§) -8 -4=0

25
Fry = 10.0kN (T) Ans.
F,r = 10.0kN (C) Ans.

C+SMp=0; Frg(15) — 10.0(%)(1.5) - 42)=0

FFE = 13.3 kN (T) Ans.
E 3 F, =0, Fup=133kN(C) Ans.
Joint B:
+13F, =0, F +100(2) - 3333(L2) — =0 é'/li
y T TEET 2 25 - o5 100
Ax ¥
Fgr = 4.00kN (T) Ans. T
BE A 13-33k4
Joint A:
| N 15\
+1>F,=0; Fur — 100 23 =0
Far = 6.00kN (T) Ans.
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*#7-8. Solve Prob. 7-7 assuming that the diagonals cannot
support a compressive force.

Assume Fgp =20

1.5

Fre = 6.667kN = 6.67 kN (T)

Q+EMC:O; FED:O

2
LENF, =0, Fpe — 6.667(E) =0

Fpe = 533kN (C)

Joint D:
From Inspection:
FCD =0
Assume Fur=0
1.5

C+HDMp=0; Frg(l5) — 4(2) =0
Fpp = 5.333kN = 5.33kN (T)

2
ENF, =0, Fap — 5333 — 20.0(5) =0

Joint B:

+T>F, =0, — Fpp — 8+20.0<£) =0

Fgr = 4.00kN (T)
Joint A:

+T2Fy:0, FAF:0

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

2m ‘
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7-9. Determine (approximately) the force in each member
of the truss. Assume the diagonals can support both tensile J
and compressive forces.

A ™

1.5 k

15 ft

Method of Sections. It is required that Fr = Fpg = F;. Referring to Fig. a,

L3 F, =0, 2Fsind5° — 2 — 1.5=0 F, =2475k

Therefore,

Fep = 248k (T) Fpg = 248k (C) Ans.
C+SMp =0; 1.5(15) + 2475 cos45° (15) — Fpg(15) = 0
Frg = 325k (C) Ans.

C+DIMp=0; 1515) + 2475 cos45°(15) — Fep(15) =0

FCD =325k (T) Ans.

Itis required that F s = F 4c = F,. Referring to Fig. b,

LEF, =0, 2F,sind5° — 2 — 2 - 1.5=0 F,=38%9k

Therefore,

FBG = 3.89k (T) FAC =389k (C) Ans.

C+S Mg = 0; 1.5(30) + 2(15) + 3.889 cos45°(15) — Fpe(15) = 0
FBC =775k (T) Ans.

C+SMc=0; 1.5030) + 2(15) + 3.889 cos45° (15) — F6(15) = 0

FAG = 775 k (C) Ans.
Method of Joints.

Joint E: Referring to Fig. c,

E N F, =0, Fppcosd5s® — 1.5=0 Fgp=2121k(C) =212k (C) Ans.

+TYF, =0, 2121 sin45° — Fpp =0 Fpp =150k (T) Ans.
Joint F: Referring to Fig. d,
5 EFX =0; 2.475sin45° — 2.121 cosd45° — Fpr =0

FDF = 0.250k (C) Ans.
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7-9. Continued

Joint G: Referring to Fig. e, E I 5 K.
)
N > F,=0; 3.889sin45° — 2.475 cos45° — Feg =0 45' X‘
Feg = 1.00k (C) Ans.
Joint A: Referring to Fig. f, ‘,; I
e

HF, =0, Faz — 3.889 cosd5° =0

Fap =275k Ans. CC )

Bz

FE'F-.-Z'/QI K.

for

Fq:’,_:'e'4'75k
frg=3.25K

(4)

t

(b) -
Frn3 25 fg=2475 K fe=775 K |

F 45 1
45°

45°
X 45
2 NG >—
45° “ A fre
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7-10. Determine (approximately) the force in each member
of the truss. Assume the diagonals DG and AC cannot
support a compressive force.

Method of Sections. It is required that

FDG:FAC:O Ans.

Referring to Fig. a,

5 S F, =0, Fepsinds® — 15 — 2=0 Fep = 4950k (T) = 495k (T) Ans.

C+DMp=0; 1.5(15) — Fcp(15) =0 Fep = 1.50k (T) Ans.

C+SMp=0; 1.5(15) + 4.950 cos45°(15) — Fr(15) = 0

FFG =500k (C) Ans.

Referring to Fig. b,

5 SF, =0; Fygsind5® — 2 — 2-15=0 Fyg=7778k(T) = 7.78 k (T)

Ans.

Q+EMG =0; 1.5(30) + 2(15) — Fpc(15) =0 Fpc =5.00k (T) Ans.
C+EMC =0; 1.5(30) + 2(15) + 7.778 cos45° — F,5(15) =0

F i =105k (C) Ans.
Method of Joints.
Joint E: Referring to Fig. c,
5 EFX =0; Fgpcosd45® — 15=0 Fgr=2121k(C) =212k (C) Ans.
+T2Fy =0; 2.121sin45° — Fpp =0 Fpr =150k (T) Ans.

Joint F: Referring to Fig. d,

5 SF, =0; 4950 sin45° — 2121 cos45° — Fpr =0 Fpp =200k (C) Ans.

Joint G: Referring to Fig. e,
LN F, =0, 7778 sin45° — Feg =0 Feg = 550k (C) Ans.
Joint A: Referring to Fig. f,

i)EFx:(); Fag=0 Ans.

K
of < 15 k
15 ft
2k
15 ft
2k
15 ft
/5f
4 — |.S k
/ 5/t
 — > S PN ¢
N AP
5N/
EF F;ﬁz
F
e o
=35k
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7-10. Continued

/it %

|5k
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7-11. Determine (approximately) the force in each | 1.5m |
member of the truss. Assume the diagonals can support
either a tensile or compressive force.

E
—

Method of Sections. It is required that Fcp = Fpp = F;. Referring to Fig. a,
3
LE3F. =0, 8 — 2F1(§) =0 F,=6.667kN

Therefore,

Fep = 6.6TKN(C) Fpr = 6.67kN (T) Ans.

4
Q+EME =0; Fcp(1.5) — 6.667(5)(1.5) =0 Fcp=5333kN(C) =533kN(C)
Ans.

C+SMp=0; Fpp(l5) — 6.667(%)(1.5) =0 Fgr=>5333kN(T) = 5.33kN (T)

Ans. 15m _l
Bk E D
Itis required that Fzr = F 4 = F, Referring to Fig. b,
+ _ 0o 3) _ _ N 5
—>2Fx—0, 8+10—2F2§ =0 F,=150kN 4 34
3
E
Therefore, F e 6"
L ()]
=
4
+ > Mp=0; Fpc(l5) — 150( - J(1.5) — 8(2) =0
C+3 My pe(15) (5)< ) — 80 (@
Fpe = 22.67kN (C) = 22.7kN (C) Ans.
Q+2Mc =0; Fur(1.5) — 15.0(%)(1.5) - 82)=0
Far = 22.67kN (T) = 22.7kN (T) Ans.
Method of Joints.
Joint D: Referring to Fig. c,
3
ENF, =0, Fpr — 6.667(5) =0 Fpg=400kN (C) Ans.
Joint C: Referring to Fig. d,
% EFX =0, Fcp+ 6.667(%) - 15.0(%) =0 Fcrp =500kN (C) Ans.
Joint B: Referring to Fig. e,
3
L3 F, =0 15.0(5) — F,p = 9.00kN (T) Ans.
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*7-12. Determine (approximately) the force in each
member of the truss. Assume the diagonals cannot support
a compressive force.

Method of Sections. It is required that
Fcg=Fpr =0

Referring to Fig. a,

5

3
5E3F, =0, 8 - FDF(f) =0 Fpp=1333kN(T) = 133kN (T)

Ans.

Ans.

C+3SMp=0; Fep(l.5) — 13.33(%)(1.5) =0 Fcp=10.67kN (C) = 10.7kN (C)

Q+EMD = 0, FEF(15) =0 FEFZO

Referring to Fig. b,
3

LE3F, =0, 8+ 10 — FAC<7) =0 Fue = 30.0kN(T)

5

C+SMc=0; Fpapr(15) — 8(2) =0 Fup = 10.67kN (T)

C+3SMp=0; Fye(15) — 30.0(%)(1.5) - 82) =0

Fpc = 34.67kN (C) = 34.7kN (C)
Method of Joints.

Joint E: Referring to Fig. c,

ENF, =0, 8 — Fpp=0 Fpg=8.00kN (C)

Joint C: Referring to Fig. d,

LEF, =0, Fep - 30.0@) =0 Fcp=18.0kN (C)

Joint B: Referring to Fig. e,

ENF, =0, Fa=0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

E
8 KN =——>

‘ 1.5m ‘
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7-12. Continued
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7-13. Determine (approximately) the internal moments 3 kN/m

at joints A and B of the frame. l l l l l l l l l l l l l l

Il
L

The frame can be simplified to that shown in Fig. a, referring to Fig. b, — 6m i 8m ‘ 6m —
C+DIM, =0, My — 72(0.6) — 3(0.6)(03) =0 M, =48kN-m  Ans.

Referring to Fig. c,

C+DMp=0; Mp—9.6(0.8) — 3(1.4)(0.1) + 7.2(0.6) = 0

Mp = 378kN-m Ans.

3 ki 3 kA)/n:» 3 kijm
A i-lr Yyl
J-——'

T gm eam I 76m
0.6m 48 0 / 0-8m “0bm
bm, 0:8m 06m

::J
@
§
%7

3(4-8) kN 2(64) kl

—————— -TTTTT

'
N I}

AN

221




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-14. Determine (approximately) the internal moments 400 1b /ft

at joints F and D of the frame. Fl l l l l l l l l l l l l l l lD

A 5 .
C+3Mp =0, My — 06(0.75) — 2.4(1.5) =0 | 15 ft | 20 £t |
My = 4.05k-ft .
C+3Mp=0, — Mp+081)+322) =0
Mp=720k-ft Ane,
04(12)=4.8 K
400 1b/#t 04(15)20.6% T ;]
M e’ ort 4k
] C‘\‘E Me
a , '
' g g v,;ﬁcto-?s Ft
> b, 0-4(/6)% 6-4 K
RpvLes/d ¥, 4 .
. L L e
lsjt_‘{‘ /2}{' J]/Idv /6 ft ) }“2 r“wlm—_"‘_—v”———‘“_———"—:
I.5ft 24t g .
- : 4 0.4(2)=0.8
8ft ! 8ft P /gi,(
32k T)MD
14t
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SkN/m

7-15. Determine (approximately) the internal moment at
A caused by the vertical loading.
E D

C
The frame can be simplified to that shown in Fig. a, Referring to Fig. b,
C+DM, =0, M, — 5(0.8)(04) — 16(0.8) — 9(0.8)(0.4) — 28.8(0.8) = 0
M, =4032kN-m = 40.3kN-m Ans.
SR e R e
I 8 m
5(6:4) kn
o r.’""—'——' ————— -l
508kl 4 ¥ 1
N
2 o4mM-/6kn > >
3:.2m" 3.2m

0-8m 9(64) kN
1 1 Al 90 7T 1
: X \L 0‘4"" r jr_l_l

‘ ‘ 28-8 kN '
1 - —
I— . E 3.zm I 3.2m I

U | &-4m } Lﬁ:o’s 28-8 knl 288 kN

(@) Jk/__r M, )
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*#7-16. Determine (approximately) the internal moments

at A and B caused by the vertical loading.

3 kN/m

RN,

skN/m | ||F K 5skN/m
The frame can be simplified to that shown in Fig. a. The reactions of the l 1 1 l 1 1 l 1
3 kN/m and 5 kN/m uniform distributed loads are shown in Fig. b and ¢ H I J E
respectively. Referring to Fig. d, D
C+> M, =0, M, — 3(0.8)(0.4) — 9.6(0.8) — 5(0.8)(0.4) — 16(0.8) = 0 AL e ﬂf‘* f “““““ e D
M, =2304kN-m = 23.0kN-m Ans. —§m e $m——t—§m—
Referring to Fig. e,
C+DIMp = 0; 9.60(0.8) — 9.60(0.8) + 5(0.8)(0.4) + 16(0.8) — Mp = 0
Mp =144 KN -m Ans.
0-Hm 08m 0-8m 0.8m 3(6-4) ka
6-4m U) __64nm ;I' 6.4m (
T 7
41 }
. N
| 3em | 3em
960/ 1 9.60 kN
5 £ N ~
N soem 33016)
o.4m 960 o om
? ' —9-60kN
9.60 kN
YY Vv
+ 5 b b £
5(0-8) kN |
hp i~ 508) k
( 6kN I6 kN

JZn

/b kN

I
i

©)
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7-17. Determine (approximately) the internal moments 0.5 k /ft
at joints I and L. Also, what is the internal moment at joint l l l l l l l l l l l l l l l l
H caused by member HG? S =
1.5k /ft 1.5k/ft
plees! waes
G F
Joint I:
+>M,; =0; M; —1.0(1) —402) =0
C+2M; =0; I ) (2) Al 8l dl b
M =9.00k-ft Ans. Lzo fit ! 40 ft ! 30 ftJ
Joint L:
Q+EML =0; M; — 6.03) — 1.5(1.5) =0
M; = 2025k-ft Ans.
Joint H:
C+HDIMy =0, My —3001) —1202) =0
My =270k ft Ans.
5(R4)=/2. 1.5(16)=24.0 K
0.5(16)=8.0 K 0-5R4#)=/2.0K
r""_——"" W W e SN e e ""_"'-“
! ’ . 1
1 1 : $ -
% 7 ]
n p
05B)7I5KR "2 ft T 12t 15(2)=30K\ "8t 7 8t
~t176.0K 6.0K 120k 12.0 K
== m;
¢
A% (( Vh 1§
I.5ft
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7-18. Determine (approximately) the support actions at
A, B, and C of the frame.

A, =0 B, =0
A, =12k B, =16k
M, =162k-ft  Mpg=9k-ft

0.6k
'Io.sx-ﬁf( 1@@ l
3K 24k

144K
" b ] o' h
22K 72K
3Kk
’?“ 4.05 k-Ft
U:z.:s k-t
9%
A =0
WM, =162kt
A =12k

M =72k-ft

400 1b /ft

FERRRRRRRRRRRRRNS

1200 Ib/ft

Y

D
A C
‘ 15 ft 20 ft |
Ans.
Ans.
Ans.
4.3k 1.8K
o' 6' ] l ' i l
? ~~.._~:—~m—1 15 K-H( ] 075’ 0I5 1
24K 2.4k 9k

4K 3.2k

3k Y4k

4oskck(, i 1) 72kt
skt | |

9k

WM =9k ft
B =16k

7.2k-ft (, ‘

1.2k

llll

4k

U
M =72k 1t
C,=4k
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7-19. Determine (approximately) the support reactions 12kN D C
at A and B of the portal frame. Assume the supports are
(a) pinned, and (b) fixed.

For printed base, referring to Fig. a and b,

C+dM, =0, E(6) + E,(2) — 12(6) = 0 (1)

C+XMp=0; E\(6) — E(6) =0 2

Solving Egs. (1) and (2) yield
E, = 18.0kN E, = 6.00 kN

Referring to Fig. a,

E3F, =0; 12 -600 - A, =0 A, = 6.00 kN Ans.

Il
o
LS

+1>F, =0 180 — A, = 18.0kN Ans.

Referring to Fig. b,

L3 F, =0 6.00 — B, =0 B, = 6.00kN Ans.

+1>F, =0 B, — 180 =0 B, = 18.0kN Ans.
For the fixed base, referring to Fig. ¢ and d,

C+HDMe =0 F.(3) + Fy(2) — 12(3) = 0 1)

C+X Mg =0; Fy2) — F«(3) =0 2)

Solving Eqgs (1) and (2) yields,
F, =9.00 kN F, = 6.00kN

Referring to Fig. c,

L3 F, =0 12 - 600 — E, =0 E, = 6.00kN

+1>F, =0 9.00 — E,

I
(e
&

= 9.00 kN
Referring to Fig. d,

L3 F, =0 6.00 — G, =0 G, = 6.00kN

+1>F, =0 G, —9.00=0 G, = 9.00kN
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7-19. Continued

Eof

2m
Referring to Fig. e,
LSF, =0 600 — A, =0 A, = 6.00 kN Ans. Ex
+13F, =0 9.00 — A, =0 A, = 9.00kN Ans.
C+XM, =0 M, - 6.00(3) =0 M, =180kN-m Ans. bm

Referring to Fig. f,

L3 F, =0 600 — B, =0 B, = 6.00 kN Ans.
+1>F, =0 B, —9.00 =0 B, = 9.00kN Ans. J

o B
C+HDMp=0; Mg — 6.003) =0 Mg = 18.0kN-m Ans.

(¢ )

Zm
/2 kN 73

3m FI(T

) Ex

m am
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*7-20. Determine (approximately) the internal moment
and shear at the ends of each member of the portal frame.
Assume the supports at A and D are partially fixed, such
that an inflection point is located at 4/3 from the bottom of

each column.

2h
C+HDMp=0; G(b) - P(?
2h
:P —
6= #(3)
2Ph
+T2Fy:0; Ey=§=0
2Ph
Ey=73,
P(h Ph
My,=M,=~—|=-]=""-
A b 2(3) 6
P(2h Ph
MB—MC—5<?)—7
Member BC:
2Ph
Veg=Vp="2
B C 3p

Members AB and CD:

)-o

VA:VB:VC:Vng
e
F—p =y
2h
3
i E
2
Y
GH E?

No

Y >

Ans.

Ans.

Ans.

Ans.
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7-21. Draw (approximately) the moment diagram for 74 | L5ft
member ACE of the portal constructed with a rigid member
EG and knee braces CF and DH. Assume that all points of 0"
connection are pins. Also determine the force in the knee H
brace CF. 2 o
= D -
Inflection points are at A and B.
From FBD (1):
C+XMp=10; A/(10) —500(7.5) =0; A, =3751b
B @
From FBD (2):
C+DMp=0; 250(7.5) — Fep(sin45°)(1.5) = 0;  Fep = 1.77k(T) _
.
LE3F, =0 —250 + 1767.8(sin45°) + 500 — E, = 0 / k \
E, = 1500 1b
e :
s001by | E 250 1b 4—g—
15" ber £
8
T 15 kbt 1
bl
l )
2501b A
2) R
375 Ib
*#7-22. Solve Prob. 7-21 if the supports at A and B are _ | 151t
fixed instead of pinned. .
(O @G
H
Inflection points are as mid-points of columns D
C+DM; =0; J,(10) — 500(3.5) = 0; Jy,=1751b
+1YF, =0, —1,+175=0; I,=1751b
C+DMp=0; 250(4.5) — Fep(sin45°)(1.5) = 0;  Fep = 1.06 k(T) Bf
X D F,=0; 500+ 1060.66(sin 45°) — 250 — E, = 0;
E, =100k
%
E, é .
Y 750 -~ l6
Ryer ol =
s of P 5
' a
7 o R 3 -
). - . 25°|b -ty —
250 lb o— 501g= 250lb ‘-1} N =2\
J Y
M(Ibft) =750
pe J
]
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7-23. Determine (approximately) the force in each truss ‘ 8 ft | 8 ft |
member of the portal frame. Also find the reactions at the 2k G_‘__ ‘ __‘_ F
fixed column supports A and B. Assume all members of the E}; :55551
truss to be pin connected at their ends.
6 ft
SN - Yass
1k ——>IE:—Z—_1 T —
C D E
12 ft
S .+ i
R SR R s T e R
Assume that the horizontal reactive force component at fixed supports A and B are equal.
Thus
2 +1
A, =B, = T 1.50 k Ans.

Also, the points of inflection H and 7 are at 6 ft above A and B respectively. Referring to
Fig. a,

C+XM;=0; Hy(6) - 1(6) —2(12) =0  H, = 1875k
+13F, =0, 1,-1875=0 I,=1875k

Referring to Fig. b,

LE3F, =0, H,-150=0 H,=150k
+1>F, =0, 1875-A4,=0 A, = 1875k Ans.
C+>Mu =0, My—1506)=0 M,=9.00k-ft Ans.

Referring to Fig. c,

LE3F, =0, 150-B,=0 B, =150k
+1>F, =0, B,—-1875=0 B, = 1875k Ans.
C+HDMp=0; Mp—1506)=0 Mp=9.00k-ft Ans.

Using the method of sections, Fig. d,

+13F, =0 FDGG) -1875=0 Fpg = 3125k (C) Ans.
C+D Mg =0; Fep(6) + 1(6) — 1.50(12) = 0 Fep =2.00k (C) Ans.
C+DMp =0; Frg(6) — 2(6) + 1.5(6) + 1.875(8) = 0 Frc = 1.00k (C) Ans.
Using the method of Joints, Fig. e,

+13F, =0 FDF@) - 3.125(%) =0 Fpr = 3125k (T) Ans.

4 4
5 3F, =0 3.125<§) + 3.125(§> —200 - Fpp =0 Fpr=300k(C) Ans.
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7-23. Continued

2 K
bt

6ft

/6 ft
(@)

- Acl 50K
\JMA)c

¥y

(b)

a f

be=3-125k
5 5 5
3 >
F x
< X
Fp=2ook [P K

*7-24. Solve Prob. 7-23 if the supports at A and B are
pinned instead of fixed.

Assume that the horizontal reactive force component at pinal supports
A and B are equal. Thus,

-2 sk

A=B, ="

Referring to Fig. a,
C+HDMp=0; Ay(16) —1(12) —2(18) =0 A, =3.00k

+12F, =0, B,-300=0 B, =300k

Ans.
=Y 51
. TR R
Ans.
Ans.
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7-24. Continued

Using the method of sections and referring to Fig. b,

3
+1YF, =0 FDG(g) -3.00=0 Fpg =500k (C) Ans.

C+SMp=0; Fgr(6) — 2(6) — 1.5(12) +3(8) =0  Fgp =100k (C) Auns.

C+X Mg =0; Fep(6) + 1(6) — 1.50(18) = 0 Fep =350k (T)  Ans.

Using the method of joints, Fig. c,

3 3

+13F, =0 FDF(E) - s.oo(g) =0 Fpr =500k (T) Ans.

53 F, =0 5.00(%) + 5.00(%) —350 — Fpp =0 Fpz =450k (C) Ans.

r 3

oft
[ Kk

124t

Ax’/’ﬁOk

/6ft

(a)

>
ﬁ{ﬁ\

fpe=5-00K For
3 A
r 2]
< X
ED‘-‘-&EDK o Foe
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7-25. Draw (approximately) the moment diagram for ‘ 2m—~2m ‘
column AGF of the portal. Assume all truss members and F LD
. . 4 kN —>
the columns to be pin connected at their ends. Also T
determine the force in all the truss members. E 1.5m
8 kN ——> 2, oo c
Sm
B
—'I%J;ﬂud§§ SA_Sa e osved _ng e ST
Assume that the horizontal force components at pin supports A and B are equal. R —
Thus,
4+8

A, =B, = 7 = 6.00 kN

Referring to Fig. a,

C+dM, =0, By(4) —8(5) —4(6.5) =0 B, =165kN

+1YF, =0, 165-A4,=0 A, =165kN

Using the method of sections, Fig. b,

+1>F, =0 FEG@) —165=0 Fg;=215kN(T) Ans.
C+DMs =0; Fgp(1.5) — 4(1.5) — 6.00(5) = 0 Fpgr = 24.0kN (C) Ans.

C+3 Mg =0; 8(1.5) + 165(2) — 6(65) — Feg(1.5) =0 Feg = 400kN (C) Ans.

L . 4

I5m \ ' T
8 kN [ Bm

— B KN

Em sm

&6-00/«’ Be=6.00 kN w/‘wé-ookﬁ

T am 2 A:;=/é,5 knl
(&) ¢ (b)
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7-25. Continued

Using the method of joints, Fig. c,

3 3
+1IYF, =0 FCE(g) - 27.5(5) =0 Fcp=215kN(C) Ans.
+ 4 4
SYF, =0; 24-275 5)° 27.5 3 + Fpg =0 Fpgp=200kN(T) Ans.
xCm)
4K 240KkA .
,'5m 5 27;5 k/‘}
2
8 kN R : 3 30‘0 5
% 4-.00 kN
5m
EF 524"0 /<A/
—X
7 | 3
+ % s Q M(kN.m) =
fz5=275 Kl cE 6:00 k
N (d,
) /65 KN )
7-26. Draw (approximately) the moment diagram for om - om
column AGF of the portal. Assume all the members of the 4 KN F —}‘: — _ D
truss to be pin connected at their ends. The columns are P & T
fixed at A and B. Also determine the force in all the truss E 1.5m
members. 2
8 kN —>| ||e= C
Assume that the horizontal force components at fixed supports A and B are equal.
Thus, Sm
4 +
A, =B, = 2 L 6.00 kN
Also, the points of inflection H and [ are 2.5 m above A and B, respectively.
Referring to Fig. a,
B
Al

L]

T
e AR

C+3M; =0, H,4) —825) —44) =0  H,=900kN ’

&

+1YF, =0, 1,-900=0 I, = 9.00 kN

SUE A s PSR e e,
B 'S B
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7-26. Continued

Referring to Fig. b,

H3F, =0, H,-600=0 H, = 600kN

+T>F,=0; 900-A,=0 A, = 9.00kN

C+SM,=0; My —60025) =0 M, =150kN-m

Using the method of sections, Fig. d,

+13F, =0 FEG@) -9.00=0 Frc = 150kN(T)  Ans.
C+HDMp=0; 8(L5) + 9.00(2) — 6.00(4) — Fee(1.5) =0

Feg = 4.00kN (C) Ans.
C+d Mg =0, Fgp(l5) — 4(1.5) — 6(25) =0 Fpr = 140kN (C) Ans.

4

[-5m

8 ki

A:bm
He Ts
4m
Hv/} (@) Lf
i —r—H] I S
25m] 2:5mM
A =6.00 kN \
By == 46.00 knl
£ 1My Me

-
7 3|3
4
fee
@)
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7-26. Continued

Using the method of joints, Fig. e,

+1YF, =0; FCE@) - 15.0(%) =0 Fep = 150kN (C)  Ans.
+ 4 4
S5 XF, =0, Fpg+140 - 150 5 - 15.0 5 =0

FDE = 100 kN (T) AHS.

o ok X(m)

/'5m 'y 4 /5'0k', -6'5
4k, = 4—.ool<IJ

/50 T
Z-5m
- 2.5
Z5m
— |

ookl T I5-0KA-m M CkR-m) i
‘# 9.00 KN
€2

-/5.0

7-27. Determine (approximately) the force in each truss
member of the portal frame. Also find the reactions at the
fixed column supports A and B. Assume all members of the 12 kN

truss to be pin connected at their ends.
8kN

Assume that the horizontal force components at fixed supports A and B are equal.
Thus,

12+ 8
A, =B, = = 10.0 kN Ans.
Also, the points of inflection J and K are 3 m above A and B respectively. Referring A
to Fig. a,

C+I M =0; J,(6)—83) —12(5 =0 J, = 140kN

+13F, =0, K, - 140=0 K, =140kN

—3m——3m—
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7-27. Continued

Referring to Fig. b,

LE3F, =0, J, - 100=0 J,=100kN

+1>F, =0, 140—- A, =0 A,=140kN Ans.
C+dXM,=0, My — 1003) =0 M, =300kN-m Ans.
Referring to Fig. c,

L 3F, =0, B, — 100=0 B, =100kN

+1>F,=0, B, — 140=0 B,=140kN Ans.
C+>Mp=0; Mp—1003) =0 Mpz=300kN-m Ans.

Using the metod of sections, Fig. d,

+1SF, =0 FFH@) —140=0 Fpy = 175kN(C) Ans.
C+ My =0; Fpp(2) + 140(1.5) — 12(2) — 10.03) =0 Fpp = 165kN (C) Ans.
C+3Mp=0; Fgu(2) +8(2) —100(5) =0 Fgy = 17.0kN (T) Ans.

Using the method of joints, Fig. e (Joint H),

+13F, =0 FEH(%) - 17.5(%) =0 Fgpy=175kN(T) Ans.
H3F, =0 17.5(%) + 17.5(%) — 170 — Fy; =0 Fy; = 4.00kN (C) Ans.
Referring Fig. f (Joint E),

+1YF, =0 FE,G) - 17.5(%) =0 Fp =175kN(C) Ans.
ENF, =0 Fpp+165 - 17.5(2) - 17.5(%) =0 Fpp=450kN (T) Ans.
Referring to Fig. g (Joint I),

+13F, =0 FD,(%> - 17.5(%) =0 Fp; =17.5kN(T) Ans.
£ >F, =0 17.5(%) + 17.5(%) +4.00 — Fc; =0 F¢p = 250kN (C) Ans.
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7-27. Continued

12 kn
—
m
3m 2m
. |- 8kn
—— %; ()
4 (a) t 3m
% Ke }
Jx=10-0 kN
3m 3m
Ay=100 kn 1 Ty=14.0kN
My - f’ MBBK/ 0-0kN

X
7
Fp=17-5kd hr
4 Ay
3 3 X
fr=4-00k| I F
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*7-28. Solve Prob. 7-27 if the supports at A and B are
pinned instead of fixed. F
12 kN ——>

8kN ——>

Assume that the horizontal force components at pin supports A and B are equal. 6m
Thus,

12 + 8
A, =B, = = 10.0 kN Ans.

2 A B 1
Referring to Fig. a,
L 3m——3m—

C+>Mp=0; Ay 6) —8(6) —12(8) =0 A, = 240kN Ans.
+1>F, =0, B,—240=0 B,=240kN Ans.

Using the method of sections, Fig. b,
+T2Fy =0 FFH(%) —240=0 Fpy=30.0kN (C) Ans.
CH+HDI My =0; Fpp(2) +24.0(1.5) — 12(2) — 10.0(6) = 0

Frr =240kN (C) Ans.
CH+HDIMp=0; Fgu(2) +8(2) —10.08) =0 Fgy = 320kN (T) Ans.

Using method of joints, Fig. ¢ (Joint H),

+13F, =0; FEH<%) - 30.0<%) =0 Fgy =30.0kN(T) Ans.

£ SF, =0; 30.0@) + 30.0(%) —320— Fy; =0 Fy; = 400kN (C) Ans.

Referring to Fig. d (Joint E),

4

+13F, =0 FE,<%> - 30.0(§> =0 Fg =300kN(C) Ans.

3 3
ESF, =0, Fpp+240 - 30.0(5) - 30.0(5) =0 Fpp=12.0kN (T)Ans.

Referring to Fig. e (Joint /),

+13F, =0; FD,G) - 30.0(%) =0 Fp; =30.0kN(T) Ans.

£ 3F, =0 30.0@) + 30.0(%) +4.00 — Fe; =0

Fer = 40.0kN (C) Ans.
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7-28. Continued

IZKkN F Fer

/4 &)
m

2m 8 Kkl ,
8k G [

bm

ém
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7-29. Determine (approximately) the force in members
GF, GK, and JK of the portal frame. Also find the reactions
at the fixed column supports A and B. Assume all members
of the truss to be connected at their ends.

Assume that the horizontal force components at fixed supports A and B are equal.

Thus,

AX=BX=%=2.OOk

Also, the points of inflection N and O are at 6 ft above A and B respectively.

Referring to Fig. a,
C+HDMp=0; Ny32) —409) =0 N, =1125k

C+XMy=0; 0,32)—-409) =0 O,=1125k

Referring to Fig. b,
HE3F, =0, N,—200=0 N,=200k

+1SF, =0, 1.125- A, =0 A, = 1125k
C+3SMy=0; My—2006)=0 My=120k-ft

Referring to Fig. c,
L3 F, =0, B,—200=0 B, =200k

+13F,=0; B,—1125=0 B,=1.125k
C+3Mp=0; Mp—2006) =0 Mg=12.0k-ft

Using the method of sections, Fig. d,
3
+1>F, =0 FGK(g) —1125=0 Fgg = 1875k (C)

C+X Mg =0;

Fx = 0500k (C)

— Fy(6) + 4(6) + 1.125(8) — 2.00(15) = 0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

4k

6 ft

3ft

12 ft

8 ftJ
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7-30. Solve Prob. 7-29 if the supports at A and B are pin G F E
connected instead of fixed. g N % 1
4k H_ . D 6?
J K L 3 ft
1 C
12 ft
A B J
~—8 ft 8 ft 8 ft 8 fta‘
Assume that the horizontal force components at pin supports A and B are equal.
Thus,
4
A, =B, = 5= 2.00 k Ans.
Referring to Fig. a,
C+OM,=0; B,(32) —4(15) =0 B, =1875k Ans.
+T>F, =0, 1.875-A4,=0 A, =1875k Ans.
Using the method of sections, Fig. b,
3
+13F, =0 FGK(g) —1.875=0 Fgx =3.125k (C) Ans.
C+DM, =0; Fgp(6) + 1.875(16) — 2.00(15) =0 Fgr =0 Ans.
C+DIMs =0; 4(6) + 1.875(8) — 2.00(21) + F,x(6) =0 F i = 0.500k (T)
Ans.
i G__ R
F t 2 Fé K

5t

Ay=2-00K B=<00k

; ¥ 32 ff <
t @ %t Ay=1-875 k.
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7-31. Draw (approximately) the moment diagram for
column ACD of the portal. Assume all truss members and
the columns to be pin connected at their ends. Also
determine the force in members FG, FH,and EH.

Assume that the horizontal force components at pin supports A and B are

equal. Thus,

4
A, =B, =~
X X 2

=200k
Referring to Fig. a,
CH+HYMp=0; Ay(32) —4(15) =0 A, =1875k

Using the method of sections, Fig. b,

C+3My =0 FFG(%)(M) + 1.875(16) — 2.0015) = 0 Fpg =0

Q+EMF =0; 4(6) + 1.875(8) — 2.00(21) + Fry(6) =0
Q+EMD =0 FFH(%)(16) —2.00(15) =0 Fpy =3.125k (C)
Also, referring to Fig. c,
()+2ME =0 FDF(§>(8) + 1.875(8) — 2.00(15) = 0

3
Q+EMD =0 FCE(\/%)(E%) —2.00(15) =0

8 4
E3F. =0, 4+ 10.68(—) - 3.125<7) —200— Fpr=0

V73 5

G
¥
r ; 6 ft
o 2 4L
; 6Tf
t
4k ~D°1 4 4 Ry
E H I 31t
C L b
12 ft
" .
Ls& 8 ft 8 ft 8ftJ

Ans.

Ans.

Ans.

244




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

7-31. Continued

- E (€0

A73
3ft = 3 g e

4.0

12 ft

Ax,=2-00/<

N

81t MCkft) ~

ATJ =875 k.
) (A4)

*7-32. Solve Prob. 7-31 if the supports at A and B are G
fixed instead of pinned. ° 6*ft
P J ;
5 t
4k D 2K 6?
. . E H 1 3t
Assume that the horizontal force components at fixed supports A and B are 7 N
equal. Thus,
4 12 ft
A, =B, =~ =200k J
2 HlA ol B
Also, the points of inflection N and O are 6 ft above A and B respectively.
Referring to Fig. a, ~—8ft 8 ft 8 ft 8 ft—

C+XMp=0; N/32)—-4(9 =0 N,=1125k
Referring to Fig. b,

HNF, =0, N,—200=0 N,=200k
C+>XM, =0, My—2006)=0 M,=120kft

+13F, =0, 1125-A,=0 A,=1125k
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7-32. Continued

Using the method of sections, Fig. d,
3
Q+EMH =0; FFG(g)(m) + 1.125(16) — 2.0009) =0 Fr; =10 Ans.
Q+EMF =0; —Fgyu(6) + 4(6) + 1.125(8) — 2.00(15) = 0 Fgy = 0500k (C) Ans.
3
Q+EMD =0 FFH<5)(16) —2.0009) =0 Fry = 1875k (C) Ans.
Also, referring to Fig e,

C+3 Mg =0 FDF(%)(E;) + 1.125(8) — 2.0009) =0 Fpr = 1.875k (C)

3
C+SMp=0;, F (—)8 —2.0009) =0 Fep = 6408k (T
>Mp \ Vs ®) ) CE (T)
8 4
53 F, =0, 4+ 6408 (\/73)—1.875(5)—2.00—FDE—0 Fpr = 650k (C)

A% 57 N'a ='/2/5K
e)
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7-32. Continued

$ait)

—/5
6.408 k.
12 — /2
- ©
: k-f¢)
200k, MkF) —/2,
~ f' 12:0 k:ft
[-125 K
7-33. Draw (approximately) the moment diagram for ‘<— 6@15m=9m ‘
column AJI of the portal. Assume all truss members and the 9 kN H_ G G ,,,,,,,,,, E D i
columns to be pin connected at their ends. Also determine 7‘ “F15m
the force in members HG, HL,and KL. m 1{11
4 kN J K
4m

Assume the horizontal force components at pin supports A and B to be
equal. Thus,

TR P . P Sehes
AR G 2 aq‘]b(&oq,« p—-

Ac = B =

Referring to Fig. a,
C+IMp=0; A9 —4(4) —2(5=0 A, =2889kN
Using the method of sections, Fig. b,

C+3 M =0; Fyg cos6.340° (1.167) + Fysin 6.340° (1.5) + 2.889(3) — 2(1) — 3.00(4) = 0
Fue = 4.025kN (C) = 4.02kN (C) Ans.
C+3 My =0, Fgp(1.167) + 2(0.167) + 4(1.167) + 2.889(1.5) — 3.00(5.167) = 0

Fxr = 5286 kN (T) = 529 kN (T) Ans.
+1F, = 0; Fyy cos52.13° — 4.025 sin6.340° — 2.889 = 0

Fpyp = 5429kN (C) = 543 kN (C) Ans.
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7-33. Continued

Also, referring to Fig. c,

C+SMy =0, Fyr(1.167) + 2(0.167) + 4(1.167) + 2.889(1.5) — 3.00(5.167) = 0
Fx = 5286 kN (T)

C+3M;=0; Fpy cos6340° (1) — 2(1) — 3.00(4) = 0
Fiy = 14.09kN (C)

+1 3 F, =0; F,py sin37.87° — 14.09 sin6.340° — 2.889 = 0

|

AANAS

izl

Bx=3 0o kN

2 4 gm
A B
1 (@) ¢
Fey
6340’
2 kil W LT/M ? (m)
Im A feim
mem 4k > =< W L5
i FJK 37.87° /2.0 L1y
4mM
ho=3.00Kd A=3.00 kn
—
yrem k) ——;
¥ =2-889
Py = 2.889 ki A?
(b) (¢) (d)
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7-34. Solve Prob. 7-33 if the supports at A and B are fixed ‘<— 6@15m=9m
instead of pinned.

2kN [ —
'15m
1m
;;;;; *
4 kN
Assume that the horizontal force components at fixed supports A and B
are equal. Therefore,
4m

_2+4

= 3.00 kN

Also, the reflection points P and R are located 2 m above A and B
respectively. Referring to Fig. a

T STrms
e aqq“woqr‘u —

C+DXMr=10; P9 —4(2)—23)=0 P,=1556kN

Referring to Fig. b,

LE3F, =0, P,-300=0 P,=300kN

C+DM,u=0, My—3002) =0 My =600kN-m

+1>F, =0, 1556 - A,=0 A, =1556kN

Using the method of sections, Fig. d,

C+D M =0; Fyg cos6.340° (1.167) + Fpg sin 6.340° (1.5) + 1.556(3) — 3.00(2) — 2(1) = 0
Fpug = 2.515kN (C) = 2.52kN (C) Ans.

C+D My =0; Fgp(1.167) + 2(0.167) + 4(1.167) + 1.556(1.5) — 3.00(3.167) = 0

Fxr = 1.857kN (T) = 1.86 kN (T) Ans.
+1F, = 0; Fyy cos5213° — 2,515 sin6.340° — 1.556 = 0

Fpr = 2.986 kN (C) = 2.99 kN (C) Ans.

Ay=3.00kN
My

Ay
(b)
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7-34. Continued

Also referring to Fig. e,

C+3 My =0, F(1.167) + 4(1.167) + 2(0.167) + 1.556(1.5) — 3.00(3.167) = 0
F;x = 1.857kN (T)

C+SM,; =0; Fpy cos6.340°(1) — 2(1) — 3.002) = 0
Fiu = 8.049kN (C)

+1F, =0, F,; sin37.87° — 8.049 sin6.340° — 1.556 = 0

F;u = 3.982 kN (T)

V‘ 3m
Pf/iﬁé/d(ét)

2k 640 8.049 kn i
m 3-982 kN s
1857 knl 600 F—+4
A 37.87°
4m <
e P 1
N 6.00 kn-m

[.556 KN )
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7-35. Use the portal method of analysis and draw the 15kN F E D
moment diagram for girder FED.
6 m [
I5 kN L p c
‘%Sm—M—Sm—"
375k 1 750 375 KN | um
L 15 kN ) He=11-26 K
G
3’ 7 3m
' H,}=2-8/Z5 kN
375KN
\4
R28125kN G?-- 28125 knl
4An | 4m
Ih2skn § =375 kn 28125 kN
HP)EL N 4m
7.50 kN 3m
e 375 kN
T
75(3)=[1-25KN-M =2-8125 kN
376)=1125KNM 22 skim Ky

Q 375(3)=11:25 kN-M

:ml% S i
K375k <750k *f-z-iﬁk/\l

s

28125 kN

M (KNm)

[1-125 \

a&m

8m
2.8I25
/6
— x(m)
-11.25
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*7-36. Use the portal method of analysis and draw the J 1 H G F 4k
moment diagram for girder JIHGF. h ]
' 15 ft
A B c D E \
18— 18 ft——18 f———18 ft——
T | i Tk . It
4 S, =3.50
05k %ﬁox % Lok | Ok 4 o5% | 3 : 5 e
\y y A 4 7.5ft
k R T
v N f Y ¢ 1 57:0-417 K
O-41Tk. 05k !
91t -
&x~250 (,-'r 3'50/< T’&‘O'4’I7K
i 751t 0. 417k
=0-47K J gy 9f
0)({’/’50/(, 4 250 k
Iey 5 —T" — €
0417k rok |
9t | 9f +_
LFo50k z 150k fy=0
L5t -
Lro 4k \l \ 75f . 5)’37 Kt 1(7.6)=T-50kft 05(1.5)=375 k-ft
¥ 0T = a5y 750/<ﬁ) aQ=70kfe
f 2l !;l 4— k
O‘5K:|f 1OK|" 1.0k /-Ok 05k

re

7544
05K

(e 1 787¢ | 18F | 18703
04Tk 0417 k
MCk-ft)
l/.3-175- 37 375 375
LA e [ Xav
S 375 375
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7-37. Use the portal method and determine (approximately) I J K L
the reactions at supports A, B, C,and D. kN T
4m
E F G H i

12 kN ——> ‘
4m
A B c D
} Sm } S5m } Sm }

9 R

150 KN ” 3.00 kil !I 3.ook/\1! 1.50 kN ‘
A N

1 12 kNl 5
M} Oy @7 57 J(_f_ﬁoh\l %(__7._00;&»/ l#;ﬁohf
) 4 \ 4
X.
Tt Vy ’ 7
3.50 kd
_25m
Q‘kfj 1T Nxf]ﬁ@k/‘]
<M
: 150 kN Ny’/'zokl\]
My= 1-20 kN
i
1.20 kN
l2'5m . 2:6m .
7.50 kil i 7 Re=4-50 &
am
3.00kN ) ‘
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7-37. Continued

1.20 kN 3.00kN

zem| FlllF W,=6.00kl

e \KL =4.00 KN
700kn 1

AN 7,00kl
350 kA : o
zm “=—1p =700 kN
= W M=ok
. A=350 &N AN 2, -
- 2 -
MA=700 Kn-m

Ay = 5.20 kN

(.20 KN
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7-37. Continued

3.00 kN 120 kN

oo .50 kN

’m
6-00 kN G Yo=2-00kN 4(00 kN
Zm
!
25m Il =5m "y -4.00k rookl g
2:5m m

=0 350 kn

Zy=520kN
¢
700 knl , 520 kN
am 2.50kN
<L \ Cx=700kf‘l 2m
~— Mc=f4.0Kd-m L
L2z -0
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7-38. Use the

cantilever method

and determine

(approximately) the reactions at supports A, B, C, and D.
All columns have the same cross-sectional area.

gm » 5m 2 2’5’". b ’5”l+ 5,n' \|
m U My l!/fé | - !!! Bix,
| ///’/Ogék") 0'3ém\\\
p — S~
[-O8kN 106 K

25m

g kN

A)x,’] 65 k")

m

M:=135 kN

i ogkd

/.08 kN

.36 kN

Zmn
E

< om,

Nf/-oa kN

Uy=/0-2 kN

[2kN

am

—

e

uf.a'éoml

Te=3.15 kdl

468 kN

1
9kN ——>
E

12 kKN ——>

J K L
4m
F G H i
4m
A B C D

“L’// \\\
468 kN 4.68 kN
1.08 kn
£:5m . <Zb6m |
o5k ) J .
‘ K B-4.50kN
Zm
] ’ Py‘/‘44k")
0315 kN

360kl >
Z5mM PL-14%
4 F
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7-38. Continued

468 kn
A
3.15 kN

Zm

A=3.15 ki
My= 6-30 kn-m

%_&_{_

Aoy = 468 kN

[ 44kl 2:5m

4+50kN ¥

sle
A

Ry=/-35 kN

rd

Am

Vi

1.35kA

345 Kkl 4
4.80kn i ZEm

Zm
600 kKN

Ry=/-08 kN
Q=315 kN

036 K

0-36 kn

g

K=1-80 k- [80KA

3.60KN

:35 kN

sm
Sy=/35 kN

.08 knl

/.08 kN

im

2:5m

)

im

szg.éo kl\)
X, =735 kn

1.56 kN

Z'5m

468N

i H
f——f-i; =3.15 kN

X
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7-38. Continued

/.56 KN

4.68 kn

735 kA 315 kN
ﬂ
Zm Am
G728 1 By i
N2 /47 K ?Mféao k- m
- =468 KN
NC? =56 K Dy=465
7-39. Use the portal method of analysis and draw the E D
moment diagram for column AFE. 5k
5 k 12 ft
4k F [ || o
<50k 250k 12 ft
A | | = g_
I A RN TR ;q “.‘j %T
6’7/ 1 ‘ 15 ft ‘
Bl
751t
5k4 E b x’Z'50/<
k. oft
* 250k, H7=2-00/<
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7-39. Continued

. 2.00(75
250k ' S5k
' — > 50 K.
G ft ' 9.
4 ’f F L)C:Z'00k szt 00 K
AT ] A
= 560K 4—K
4 4-50 K L; el 2.00 k

- 560k
& \7}—760k /2 H

—e 450K

’@‘(ft) N 27.0 kft
\!’
15.0v—124 Feok
- 18
760k
A . ) 450K

6t

6 Ac4.50 k.
\ My=27.0 k-t
M(k-Jt)

o 270 Af]éak
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*7-40. Solve Prob. 7-39 using the cantilever method of

analysis. All the columns have the same cross-sectional 5k b
b 75./( 2 J.5¢ N 12 ft
5k Sk T —T -
bft
Gy | Ly 12 ft
L S A B
-~ TS = Lw ARRRARY J@&h
ROOK 200 K | 15 1t |
5k 7-5ft
121t
/ 75/ | 75/t oft H7 =2:00k
R G 250K
bit ¥
. Ja;( Je l k,Q Z-00k
e S e ' Z-00k
\ N s 754t
760k Téok o
2.00(75 oft .
/5 ? K) 10 sk | [ =200k
k ) )
7 ] 50 k. ¥ 6ft
L =5’60K
2.00 K 150N —T 24 |
jx=4. 50 k
it 560(7:5 2 ¢
=4 2.0kft 15 760K
gt | 200 k 760K
560k Zr0 7z =15.0 4.50k.
/24t o
6
—fr—s50k \ Ax=4-50K
Y ° -270 _
760 K Ana 760 k
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7-41.
the reactions at A.

3k

Use the portal method and determine (approximately)

4K

075k 150 k.
= L
/ }
75k, 380k,

I
3k I k225K
7ok k,=0-625kK
S o078k
2 4
T, =0625k

W

[75 K

754

2706k
A

= x=l'75 K

gF,J:—:l

=271 K
A%’ 27

. I H G
| e
D E F
4 K =——]
0‘75 /( ) ] ) ' 15 ft
~—— 18 ft } 20 ft }
-7z k
a5k
g
075 K #t

75ft

h.=3.00k

4-k4=1%53%

75ft

75k

Kﬂ’z' 708 K

= 2083 K.
Py
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7-42. Use the cantilever method and determine
(approximately) the reactions at A. All of the columns have
the same cross-sectional area.

06671

L mp )L

Yy

19.331¢ 1

3k
754t T Ly Ox.
. -
// \\
7 002076k N
/// A
05812k 0607k
0-6471¢

/184 %M 19.33 /¢

3k

I15ft
4K

75/t fx. I s 7,1
y i \\\
/// 0'06994'K\\\
yd L9
) 2 N
2518k 2608 K
B8k,
A
[.627 k.
—
75/
R . PRTALELS
o My =122 £ ft
YU 2, Tzexk
V

3k —s g
r 15 ft
D E F
4 K =—
15 ft
A B c'
~—— 18 ft 20 ft }
gft
BK kx =Z.303k
75t ;
4k}«=o\58/24 3
J=o 6974k
Y
05812 K
0.5812 k
94t
0-CI74kK F_)%
—
e i
754t
v }’J/ %‘:/'9(57/(
R=/62] K
4
2518 k.
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7-43. Draw (approximately) the moment diagram for P 0 R S T
girder PORST and column BGLQ of the building frame. 6 k— -t
Use the portal method. ok —K | L| | M| | N| | 0| Et
gk_§| ol _ull /| J ot
A B C D 10¢ ft

15 ftaF]S ft+20 ftano ft%

[33
Top story o o .I_o;-l\
on
E3F, =0, 6-8V =0 V =075k 5 ’Jm
Second story bisa<- :sn-,'—-:o_n-'-,'-'-mn-qj
EF, =0, 6+ 9-8V=0 V =1875k
s 164 84ty 20ft | 220t
Bott . ok P io e is r
ottom story SI&E._V IIC:z_y—lL_zy | lfl_v
LESF, =0, 6+ 9+ 9-8V =0 V =30k i ]
ok

ggt-r—“nr—‘—r—;
bk li_.vj—zyt—zvf_zvf ’
) EI e Ll
[ rese "" S | PO P | P [ &

I i

ok
035K
S
505K 540k o (33
L W, N— K

; ' sR - x x
KRNI s
3°°<>-/o75

Mef)
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*7-44. Draw (approximately) the moment diagram for

girder PORST and column BGLQ of the building frame.

All columns have the same cross-sectional area. Use the

cantilever method.

— 15+ 30+ 50 + 70

x = 5 = 33 ft
18
C+ DMy=0; - 6(5) — §F(15) -
F =03214k
G+ EMV =0
—6(15) — 9(5) — fF(15) - 3F(30) +
F =1446k

C+ XMy =0

—6(25) — 9(15) — 9(5) — %F(lS) - 33—3F(30) + %F(SO) + %FUO) =0

F =3.536k

ex ° a R s T

P P P | %

£
of |[x

ol P ”u 12 ],

03604 &
‘ /w'
; 0-T28 T

0-7208%

o3604 %

P 0 R S T
6 k=3 .
9k_1§| | | J ﬁf
9k_§| gl il 1| J ﬁf
Al B C D el 190
15 15 fo—20 ftano ft%
6k 4 Q R S T_f
“_.[A‘ I[L I[.\l _”\ j _:."
H__lr ]lr‘ “H “I ;‘ ::’L“
%F(SO) + %F(SO) + %FUO) ~0 Al »l‘l dl ol i
—-t’l’l-—lsn—mn—-——‘on—-
1 ISft R ‘St 20/t 28 St
TIRA a R s \r
R i
;—;F(SO) + 37F(70) ) g B 5 r -
b [ 4 Q R S T

alok -[‘. | P ]o
sk_“_t |t_‘_u.__ “IE_

P g

U

oo

*
¥
A'._

lsgix -6-4

24-5 <> -15>
M(‘w_____B—

-4 s
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7-45. Draw the moment diagram for girder /KL of the
building frame. Use the portal method of analysis.

S3F. =0 10 — 6V = 0;

The equilibrium of each segment is shown on the FBDs.

V = 1.667 kN

1 J K L
20 kN —> —
4m

E F G H
40 kN ——> v
4m
A B C D V

‘%4m } S5m } 4m*—‘

I I

16 (1073 m? 24 (103 m?

I I

Area 24 (107%)m? 16 (10 %) m?

10kN L
JI
20 7 4 F G H
o ] H okd | 4m J Sm K _4m L
‘s . ’ r
’L Zn’ : '
A 8 €] D, -
P T R v n m W
I 1 1
Area 12in° Rnd 8ind 12in
. 1.6b7kN 1.333KkN 1-667KN
(D 2m 4, 0333k, ! 2m @2'5'"‘-_._,5‘(»/ 25m 2m b, 1ebTKN,' 2m ©
I0KN I K ) r [ T g
| LeerkM 1o, 1IN 2 1667 KN 2m
LebTil |} |
.-~ 33BN 3.333 N+—— LobTKN @—-/—
1 1 1 0.33 KN 1.667 kN
1667 Kal 0333 kN
M
1.667 KN 1.333 K 1.bb7 KN
I, H J . ;'z K ?1 L '---..- - 3.333 KN-m
L 37 u\\\y v/ it ‘,]: n]\ L .
3.323 KN-m. 3333kN-m I Wi ;e .
6.667 KN-m 333 Kki'm  6.667 K-m  3.333 KN-m
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*#7-46. Solve Prob. 7-45 using the cantilever method of 1 J K L
analysis. Each column has the cross-sectional area indicated. 20 kN T
4 m
E F G H
40 kN ——> —
4m
A B C D
The centroid of column area is in center of framework. | |
. B E N F— 4m ‘ Sm ‘ 4m *-{
ince o = = then T T T T
6.5 Fy 65(F2) Area 24 (1073 m? 16 (1073) m? 16 (1073 m?> 24 (107%) m?
= — = Fi=390F
7 (25)”2’ 12 25\8 1= 305
04 = 0713 F,=F;
0y = 03; Fy = F;
C+DMy =0 =2(10) — 4(F,) + 9(F,) + 13390F,) =0
F, =035k
F; = 1400k

The equilibrium of each segment is shown on the FBDs.

10kN

4m 10KV

E H +
20kN
ﬂ- .H. T Mo dm | 25m | 25m| 4m
p -~ o (12)

I-—4m——-l—5m 4m-—‘ 2
L P AC) 63N

I I 1 o, (12)

Area 12in? 8in? 8in? 12 in?

ok __,

i ' 1.759K
B !q seok | T i 5.0k
Zmi HoK t 2m | 25 '
2m|
Hox 35988 K*+——
1 lo.3s9K
1-4ok
4ok
1759 k ' (s
{ 1 K A ok | _2m L ( ‘P:) 4o
LI ' 2.80
sodd [F5m | Zm | MoK - S J\
] ,2 40K EZm il Je K{\\ L. —x
3’ . oK e Nd NN
60K o LN I L
0.359 K
-440
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*8-1. Determine the equations of the elastic curve for the P P
beam using the x; and x, coordinates. Specify the slope at a a
A and the maximum deflection. E is constant. v ¥
_—
7)(1 4,‘
X2
L
d*v
EIW = M(x)
For M (x) = Px;
d2’U1
El—— = Px
dX1
dvl PX%
EITxl = T + Cy (1)
Px?
EIU] = TC]X] + C] (2)
P
For M,(x) = Pa :31) M,(x)= PX,
d*v A\E
EI“"L = Pa p o yf
dX1
dv; )H‘(X)'Pq
EIT)Q = Paxl + Cl (3) _1 a < -a
P 2
Pax}
El’l)l = ) = C3X1 + C4 (4)

Boundary conditions:

vy =0 at x =0
From Eq. (2)
C2 =0

Due to symmetry:

d'l)l -0 ¢ -
dy, 0 M RT3
From Eq. (3)
L
0= Pa’ + C
a2 3
Pal
C, =
} 2

Continuity conditions:

Vi = v, at x; = xp, = a

Pd’ Pa®  PaL
— + = — - +

6 TCa=7 , TG

Pa®  Pa’L

Ca-Cy = —— 5

1a°Cy 2 2 S))
d’Ul dvz
TJQ = dixz at x; = x, = a
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8-1. Continued

Pd’ PaL
o TG = Pa® - -
Pa®> PaL

C, = ——
! 2 2

Substitute C; into Eq. (5)

1%

C":6

do, _ P
dx,  2EI

dvl
GA = —/
dxl

(x} + & — al)

_ Pa(a-L)
-0 2EI

Ans.

X1 )
= 2 + - .
vy 6E1[x1 3a(a-L)] Ans
_ Pa 2
V2 = rl + (Bx(x,— L) + a°) Ans.

Pa

Vici=V2 c=1  24EI

(4a*-3L% Ans.

8-2. The bar is supported by a roller constraint at B, which
allows vertical displacement but resists axial load and
moment. If the bar is subjected to the loading shown,
determine the slope at A and the deflection at C. EI is Al B
constant.

— T
a

N~
l\)‘[\

o
|
s
[
|

dv, PL
El->="""x, + C
d)Cz 2 2 3

PL
EI V) = Tx% + C3)C3 + C4

268




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-2. Continued

Boundary conditions:
At X1 = 0, v = 0
0=0+0+ Cz; C2 =0

d'Uz
Atx, = 0, TXZ =0

0+C3:0,C3:0

L
At X1 = E,

Ans.

Ans.

e e e

___.)"

[
==)%
1

p
M= PX|

=

P 1

&
42
He B

=

8-3. Determine the deflection at B of the bar in Prob. 8-2.

dz’l)]
EIF = M1 = PX1
X1

P R
dxl 2 !

Px
EIQ)] = —

d*v, PL
El—= = M, = —
de 2 2

d’l)2 PL
El——x, + C
dX2 2 2 3

PL
El Vy = T}C% + C3X2 + C4

I\J‘p

N~
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8-3. Continued

Boundary conditions:

Atx; =0, v, =0 = l __:])L
‘_____~__r_-_

— . _ R
0*0+0+C2,C2*0 PL/b —I

L L d'l)] dUz P '
A= 0= BT G T Ty,
L 3 2
(3) n(3)
) (ry - M
6 N2/ 4 !
LY’ L
(3) 3)
2/ 4 c 2 C, = -2p
2 1 = 2 5 1 - ]
11
= —PL’
Ci =g
At Xy = 0,
1rL’
Vp = ~ 48E] Ans.
*8—4. Determine the equations of the elastic curve using w
the coordinates x; and x,, specify the slope and deflection l l l l l l c
at B. El is constant. A
i |
IR B
2 “ ‘
dv
EI* = M(x) *2 | — X3
dx? L |
w o, wa®
For M(x) = — —x1 + wax; — ——
2 2
d*v, wa?
Eldix% = — *xl + waxy — 7
dvy w wa wa?
El—— = — —xi+ —x} — —x; + 1
dxy PR xq ;%1 + G 1
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8-4. Continued

2
Elv, = —%x‘l‘ + %x%—%x% + Cixy + G, (2)
d2U2
For My(x) = 0, El——= =0
dX2
d’l)z w
El— = C 3 a
de 3 ( )
EI Vy, = C3X2 + C4 (4) z(" 0 -
... et |
Boundary conditions: W A tan T zoa
dvl
Atx, =0, — =0
" dX1

From Eq.(1), C; = 0 wa® W,
r-F=-s
Atx, = 0, v =0 ”('t—_ébm,cx)v‘
0 A
wa

From Eq.(2): C, =

¥
Sa&
+F

ax — W
e,

Continuity conditions:

At = _ g B dw wa
X1 = a, Xy = a; dx1 = dx2
From Egs. (1) and (3),
3 3 3 3
wa wa wa wa
_ — - — = (j. (: = -
6 2 2 S 6

From Egs. (2) and (4),

Atxy, = a, x, = a v, = vy
4 4 4 4 4
wa wa wa wa wa
-+ — = —— = ——— + (4 = —
24 6 4 6 Co Co= 7y
The slope, from Eq. (3),
dUz wa3
gy = L2 _ wa Ans.
B~ 4x,  6EI ns
The elastic curve:
v = v —xt + 4dax}-6a>x3 Ans.
24E1
v, = Lf( 4x, + ) Ans,
27 qEl\ A .
) ) wa’ ( 4L + ) Ans,
= = - a .
VUL oL 24EI
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8-5. Determine the equations of the elastic curve using
the coordinates x; and x3;, and specify the slope and
deflection at point B. EI is constant.

d*
El— =M
dx, (x)
w wa?
For My(x) = — —x{ + wax; —
2 2
d*v, w wa?
EITX% = *Ex% + waxq *7
dv, w wa wa?
El-—— = ——xj + —x{——x +
dx, T Tyt G
2
w wa wa
Elv, = —ﬁx‘f + ?x?—Tx% + C]X] + C2
d2”1)3
For My(x) = 0; EI——F =0
dX3
e - ¢
dX3 B 3
El V3 = C3X3 + C4
Boundary conditions:
Aty =0, o
1 ’ dx1
From Eq. (1),
0=-0+0-0+Cy; C, =0
Atxy = 0, v =0
From Eq. (2),
0=-0-0-0+0+Cy, C, =0
Continuity conditions:
At . - L . dU1 o dU3
B T dx;  dxs
3 3 3 3
wa wa —wa wa
- — - - = —C3; C3 = +—
6 2 2 > 6
AtX1 = a, X3 = L—a V1 = Uy
4 4 4 3 4
wa wa wa wa wa
-+ — = — = —(L — + Cyy Cy = — -
4 6 4 o L@+ Ca Gu=ry
The slope
dv; B wa’
dx;  6EI
dys wa’
Op = —= = =
dx3 x3=0 6EI

The elastic curve:

2
WXy
v = 24EI< —x} + dax; — 6a2)

3
wa
- dxs + a — 4L
Y3 24E1( T )

3
wa
= — 4L
N 24E1<“ >

V,=V;3

w

NRNENY

i
I ‘ B

a \

1

2 | ‘« X3
t \
)
(2)
Wk,
( 19 Moy oot i, - s
(3) wa !l X
@ of —=
3
Ans.
Ans.
Ans.
Ans.
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8-6. Determine the maximum deflection between the
supports A and B. EI is constant. Use the method of
integration.

Elastic curve and slope:

d™
El— = M(x
dx? *)
—wx?
For M(x) = >
dlv _ 2
gl o i
dxl 2
o _ et +C
dx, 6 !
wxt
Elv, = —H + Cix; + G
—wLx,
For M,(x) = ————
2
d*v —wlx
El—— = ——2
d)C3 2
dv, —wLx%
El— = C
de 4 3
wax%
E]’Uz = 412 + C3X3 + C4

Boundary conditions:

’1)2:0 at X2:0

From Eq. (4):

C4 =0

Uy, = 0 at Xy = L

From Eq. (4):
—wL?

= +

0 1 CsL
wl?

ST

vy = 0 at x; = L

From Eq. (2):
wL*
O = 7? + ClL + Cz

I
L L
w
(1) = 02
X, f XL‘#
S P
@ I z
- 'i)M.(x)='hg
Py
=
Myte)= - Mg +—x;'r%,’=
3)
4)
()
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8-6. Continued

Continuity conditions:

do _ dwm L
dxl B —dx2 a R

From Egs. (1) and (3)

_wL __(_Lﬁ+LL3)
6 ! 4 12
wlL?
C =
! 3

Substitute C, into Eq. (5)

TwL*
C, =
2 24
d”l)l w
- = 2L3_ 3
dx, ~ eEr Pl )
d'l)z
— = ——(L’-3Lx3 6
dv, ~ 12E1" %) ©)
dvl d?)z WL3
0, =—>= =_—= = =
dxl 0= dv3 X3=, 6E1
v, = L( —xt + 8L%x —7L%
LYY o AN !
—TwL*
(vl)max = W(xl = 0)

The negative sign indicates downward displacement

_ WL
vy = 12EI(L X3 = x3) (7)
() nen 22 — o
07)max OCcUrs when A,
From Eq. (6)
L3-3Lx3 =0
L
Xy = — =

V3

Substitute x, into Eq. (7),

WL4
(UZ)max = Ans.

18V3EI
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8-7. Determine the elastic curve for the simply supported
beam using the x coordinate 0 = x = L/2. Also, determine
the slope at A and the maximum deflection of the beam.
ET is constant.

d*
EIW = M(x)
x
FWes
dv w,L w
EI— - %t + C 1 s
dx 8 120" ! M e *
[
wol W, s 1
Elv = —x° — x>+ Cix + C 2
24 60L ! : @ e | 2,
Wl e b
Boundary conditions: % 4
Due t t tx = £ @ =0 =1
ue to symmetry,atx = —, - = i(&rx))\
-1 Wit W
From Eq. (1), . ; b Mo = S _5_‘:’{\
0= woL(LZ) w, <L4) e o Sw,L AL
8 \ 4 12L\ 16 AT} e
Atx =0, v=0 4

From Eq. (2),
0=0-0+0+Cy C, =0

From Eq. (1),
v Mo 041222 — 16x* — 5L
dx  192EIL
g o Sw, L Sw,L? A
AT d 2o 192EI  192EI ns.
From Eq. (2),
w,X
= —2——(40L%x* — 16x* — 25L* Ans.
g60E1L 0L * ) ns
B B w,L* _ w,L* A
Omax =Y 0 T T120EI T 120EI ns:
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*8-8. Determine the equations of the elastic curve using
the coordinates x; and x,, and specify the slope at C and
displacement at B. EI is constant.

Support Reactions and Elastic Curve: As shown on FBD(a).
Moment Function: As shown on FBD(c) and (c).
Slope and Elastic Curve:

d*
Elﬁ = M(x)
3 2
For M(x;) = wax; — v;a ,
d* 3wa?
Eliz1 = wax; — va
dxl 2
dv, wa 3wad®
EIT)Q = 7)(% —Txl + Cl
3 2
Elv, = %x% - vza ¥+ Cix; + C,
For M(x,) = f%x%,
dz'Uz w
El— = ——x3
dx3 2x2
d’l)z w
ElI-— = ——x3 + C
dx, 62 3
w
EIUZ = axz + C3X2 + C4
Boundary Conditions:
Wty = 0, FromEq.[ll, G = 0
dx; = Uatxy =0, rom Eq. [1], 1=
vy = 0atx; =0 From Eq. [2], C, =0
Continuity Conditions:
At d dvy 92 bom Egs [1] and [3]
= aan = — = - rom Egs. [1] an
1 ¢ A dx; dx, 4 ’
3 3 3 3
wa 3wa wa Twa
— = =—l-——+C C; =
2 2 ( 6 3> } 6
Atx; = gandx, = a, v = v, From Egs. [2] and [4],
wa' 3wat wa* Swat
— = = —— + + C Cy =
6 4 24 6 ¢ !
The Slope: Substituting into Eq. [1],
dvy waxy
—-— = -3
dx, ~ 2E1 %139
dv, wa’
e =—— =-—
de X =a EI

The Elastic Curve: Substituting the values of C;, C,, C,and C,
into Eqgs. [2] and [4], respectively

v = Waxl(Zx% — 9ax;)
12E1
w 4 3 4
= (- +2 — 41
vy 24E1( X5 8a’x, a%)
e — v _ 4 wa*
L PR 24EI

w
| C
A : B
[
a a
Xy ‘ “* Xy —]
X3 ‘
wWa
v, Tt
L i
(]) !- = '!'& Y
Z Z
(a)
2)
wa V)
3 M&"
%@QTﬁlpmww—%
X
)
3)
4)
Wity
A
MG.F-%’(J
Ve RIAPS
) 2 2
_ Nwa
8
Ans.
Ans.
Ans.
Ans.
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8-9. Determine the equations of the elastic curve using
the coordinates x; and x3, and specify the slope at B and
deflection at C. EI is constant.

Support Reactions and Elastic Curve: As shown on FBD(a).
Moment Function: As shown on FBD(b) and (c).
Slope and Elastic Curve:

d*
El— = M(x
dx? ()
3 2
For M(x) = wax; — v;a ,
d*v, 3wa?
El—5 = -
e wax, >
dv; wa 3wad®
El-—— = —xi — +C
dy, 271 2 M !
wa 3wad® 2
Elvlzfl— X1+C]X]+C2
6 4
- W 3 2
For M(x3) = 2wax; — Exz - 2wa’,
dzv3 w o, )
EITX% = 2wax; — 5)(3 — 2wa
dv
EI-— = wax} — Kx% — 2wa’x; + C;,
dX3 6
wa w
Elvy = ?xg — ﬁx‘g — wa’x3 + Cyx; + Cy
Boundary Conditions:
Wty =0, FromEq.[ll, G = 0
dx, atx; = 0, rom Eq. [1], 1=
vy = 0 atx; = 0, From Eq. [2], C, =0
Continuity Conditions:
Atx; = aandx; = dor vy m Eas [1] and 3]
xy = aand x3 = a, dx,  dxs rom Eqgs. [1] an ,
wa’® 3wa’ wa’ wa’
7— ) :wa3—7—2wa3+C3 C3_7
Atx; = aand x3 = q, v = s, From Egs.[2] and [4],
wa' _3wd _owa' _owdt o owa
6 4 3 24 6 ¢
The Slope: Substituting the value of C; into Eq. [3],
d”l):; w
d7x3 = E(&zx% — x% — 12[12)63 + a3)
_dvs _7wa3
B dX3 x3=2a 6E1

The Elastic Curve: Substituting the values of C;, C,, C5,and C,
into Egs. [2] and [4], respectively,
wax,

C4:_7

w
C
A : P
a a
L o
X3 ‘
Wa
Yo, RS S,
M) Y Y ',
2 l .
(2) r a a M a "
@)= z
wa V(x)
3ua’ 1
©) 2 (e e v - 28
xl
)
4
W(x-a)
V)
1/) WEE N
Maxy=2Naxy —= -2va
)
wa*
24
Ans.
v = 12EI(ZX% — 9ax;) Ans.
Twa*
= = — Ans.
Ve V1 a 12EI ns
w
vy = ﬁ( —x3 + 8axi — 24a’x} + 4a’x; — a*) Ans.
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8-10. Determine the slope at B and the maximum
displacement of the beam. Use the moment-area theorems.
Take E = 29(10°) ksi, I = 500 in*. |4

|-
|

—_
W
~

N

‘c

R =

6 ft

M
Using the El diagram and the elastic curve shown in Fig. a and b, respectively,

Theorem 1 and 2 give

1/90k-ft
0p = 1054l = (7)(6 ft)

2\ EI
270 k - ft* 270 (144) k - in?
= 70EI L. ( k) = = 0.00268 rad N Ans.
[29(103)7} (500 in*)
m
1/90k - ft 2
Amax = Ac = ltgjal = {5( 5l )(6ft)H6ft + §(6ft)}
2700k - ft?
EI

2700 (1728) k - in®

{29(103)%2}(500 in)

= 0.322in | Ans.
M
EL
1) ) /R
{ — X Jt)

(&)
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8-11. Solve Prob. 8-10 using the conjugate-beam method. 15k

|4
- =
\

6 ft : 6 ft

The real beam and conjugate beam are shown in Fig. b and c, respectively.

Referring to Fig. c, ) 6 Ft 6t

1/90k-ft -
+ — () ! = —

T>F, =0 Vi 2( o )(6ft) 0
) 270 k - ft?
Os=Ve= ——p]
270 (12%) k - in®
_ ( - VRAn®  oo268rad N Ans. 9 ka 1%
[29(103)7} (500 in®) W il 3 (b)
in ET

Referring to Fig. d,

C+ SMc =0 My + B(%gﬁ)m ft)} {6& + %(6 ft)} =0 , %{6&) l ,
2700 k - £® — |y Ms
Apax = Ac = M¢é = _T l //,] ?
_ 20 (11<2‘) i 03 | Ans. I Rl Va
{29(103)7}(500 in) L
m N2
A s 9ok ft
Py ( ET )<éﬁ)
5k @)
15k
Jorft € | 2 C o
| | Mc
I G ft 6% ¥ - —] )
| -~
M A g !
E L//’ VC
3
| ,
) 6 /2 }j(%ﬁ)(éﬁ)
! —2(ft)
()
_ ok ft
ET

(a)
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*8-12. Determine the slope and displacement at C. EI is 15k
constant. Use the moment-area theorems. l
=
a—= B
} 30 ft } 15 ft—

M
Using the £l diagram and the elastic curve shown in Fig. a and b, respectively,

Theorem 1 and 2 give

1/ 225k-ft 5062.5k-ft>  5062.5 k - ft
= === = — = N
bc/a 2< EI >(45 ) EI EI
1/225k - ft 1 33750 k - ft’
|ZB/A| = {E(T)(:‘;O ft)“:g(:‘;() ft)} = T
1/225k - ft 1 1/225k - ft 2
= | + = + ol N
ltcal {2< il )(30ft)H15ft 3(30&)} [2( £l )(15ft)H3(15ft)}
_ 101250k - f¢?
EI
Then,

45 (33750 k- ft3) 50625k - ft?

45
Ar = —(t =
3054) = 39 EI EI

) tyjal _ 33750k-f6/E1 _ 115k-12
AT Lap 30 ft © EI

"rD HC = GA + GC/A

_ -1125k - ft? N 50625k -ft*  3937.5 k- ft?

CTTEI EI EI A Ans.
101250 k- ft* 50625 k - ft’
e = Jiga|-A" = EI - EI :
L3
_ 50622 ;( ft ! Ans.
5k
" X
| |
AN
304 " /5ft
75 K. za-5k
M
EI
30
Q0 ! f— X(FE)
T 226 Kk ft
EL

(a)
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8-13. Solve Prob. 8-12 using the conjugate-beam method.

1ik
A B 9 ‘C
| 30 ft } 15 ft—
The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,
C+ DM, =0, By(30ft) — B (%)(30 ft)} (20 ft)
, 2250 k-ft?
By ="
Referring to Fig. d,
, 1(225k-ft 2250k ft
+T>F, =0, -V 2( £l )(15 ft) £l
. 3937.5k-ft*>  3937.5k-ft?
GC = VC = - El = El Q Ans.
, 1/225k-ft 2250 k - ft
C+ DMe=0; Mg+ {Z(T)(ls ft)}(lo ft) + (T)as ft)
50625 k- ft* 50625 k - ft®
Ac = Mp = i v i ! Ans.
15K
" JQ '
| I — 3 ]
: 7 30 4 ) /5ft
75 K, z2:5k
M
EI
30
2 ! — XGt)
B/
Z R25 kft A{‘f’ 5{1_ 'ﬁ' y
EL / A 58 |y Ve
A 2of /04t |
(@) )M’
C
L = =
~< 1 s
\\\ } ! /’
>~ 1 | 4
~4 n\\\ ! ] //
R 4 o v A 2 /O}t
15 k-
1 /225 kft L rRA5 kAt (/5{¢
Z(_—EI )(30ff) Z ( ET ) f )

) | )
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8-14. Determine the value of a so that the slope at A is
equal to zero. E1 is constant. Use the moment-area theorems.

M
Using the £l diagram and the elastic curve shown in Fig. a and b,

respectively, Theorem 1 and 2 give

O = %(%)(L) + %(— %)(a + 1)

SR ORECET

_ PL’  Pal’
16EI  6EI

Then
_ oy PL*  PaL

B I T 16EI 6EI

Here, it is required that

0 = 048
PL> Pal. PL*> Pd*> Pal

24a* + 16La — 3L* = 0
Choose the position root,

a = 0153L

o~

S

L L
e 2
L (zarz1) L (L-za)
M
EL
PL
4FT
.|
2 1 = |
| a+l
L
FI
(@)
Ans.

Tang

(b)
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8-15. Solve Prob. 8-14 using the conjugate-beam method.

|[——"
a

|
o

L
La | 2

A

N~

The real beam and conjugate beam are shown in Fig. a and b,
respectively. Referring to Fig. d,

R AR A O

, _ PL*>  PaL
Y 16EI  3EI

It is required that Vy = 6,4 = 0, Referring to Fig. c,
PL*>  PalL  Pd’

T2 Fy =00 e~ 3Er ~ 2Er °
244> + 16La — 3L> = 0
Choose the position root,
a = 0.153L Ans.
P P
YW
i s =]
o L T L
2 2
P P
S(2at3L) zr(L-Ra)
EL
L
4FEIL
a \ ’,/”
2 ! : | X -+
a+L 7
| vER IR
pa. Gty Dy . ’ ;;
- P 1/
L ! Z/CEI)L
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*8-16. Determine the value of a so that the displacement
at C is equal to zero. EI is constant. Use the moment-area
theorems.

|[——"

|
-

A ==
o L ‘ L |
M 2 2
Using the £l diagram and the elastic curve shown in Fig. a and b,
respectively, Theorem 2 gives
1/ PL L 1/ Pa L
o= [0 (5) + B E)w |(5)
_ P’ Pal’
- 16EI  6EI
ron=[3(i)(3)[3(5)] + (255 (3)5(5)
B~ 12\4e1)\ 2 )]13\2 2\ 2E1)\2/][3\2
_ PL’  Pal’
~ 96EI  48EI
It is required that
te/p = EZD/B
PL’  Pal’ 1 { PL’ PaLz}
96EI  48EI  2|16EI  6EI
a= % Ans.
P D
I
X
| =5
o L L
2 2
p P
EL tanc
PL
4FT tan D
N
a fe/g =
2 [ = | )(' ‘t’
| atL Dl
+L
— Pa, a P

£l 'fd/l B (b )
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8-17. Solve Prob. 8-16 using the conjugate-beam method.

- A

A L—*—D

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,

crzm-o o)) - BE)e)E) - mo-o
- gl et —
ERE

Here, it is required that M- = Ac = 0. Referring to Fig. d, L L
z )
1/ PL\/L\|1/L
cozue-o [ G)LG)] £
2\4E1)\2/ 113\ 2 EJZ_(zmﬂ) zr(L-Ra)
HEROIES] &
2\2E1/)\2/]l3\2 EL
[PLZ B PaLKé) 0
16EI  6EI |\2/) ‘fEI
PL?>  Pal> PL’  Pal’ ‘
— — + = O a
96EI 48E1 32EI 12EI o 0 [
[}
L a L a |
————— +—=0
9% 48 32 12 a+L
L £ =
a== Ans. &7

Cd)
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8-18. Determine the slope and the displacement at C. EI P
is constant. Use the moment-area theorems. l

M
Using the I diagram and the elastic curve shown in Fig. a and b, respectively,

Theorem 1 and 2 give

o= 3{557)0 | Ge) -
B(zm) Ka i %“) - ffgj

0 ( Pa ) (a ) Pa?
v =\ 2E1 4EI

Then,

Pa’
Gc = OC/D = m /{ Ans.

5Pd° Pd’ _ Pd’

M=t = s = o~ 6p1 ~ aET | Ans.
P
X,
J
i ) |
iy
£ £
y /(T'Zan c
ET % tong O
Ja)
| |t
D
o 5
=5/ [5)
N 2——Ltany
: 7
a 20 3a 9@
z
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8-19. Solve Prob. 8-18 using the conjugate-beam method.

l

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,

1( Pa Pd?

+ SM, =0 L) ~ B)(2a) =0 B, =-—

crsm-o M Eew|w - mea -0 - e

Referring to Fig. d
Pd? Pd?

SE =0 2 yi—0 be=ve=12 4 Ans.
T 2F, =0 apr V=0 be=Ve= g ns
C+ SMc=0; M, Py =0 ac=me=TT g Ans
¢ % M ygr ¢ MeT YRl .

P

8
&

o]
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*8-20. Determine the slope and the displacement at the
end C of the beam. E = 200 GPa, I = 70(10°) mm*. Use
the moment-area theorems.

M
Using the £l diagram and the elastic curve shown in Fig. a and b, ‘D B‘é“
| |
respectively, Theorem 1 and 2 give ! 3m ! 3m \ 3m
12 kN -m 1 12 kN ‘m
e = S Yo my + 3 EEN o m
_ _18kN-m _ 18kN-m <
EI EI
1/12kN-m 1 12 kN 1
= [ Jom Jom + [3(- 25 Jom [Som 8k
4-knl
~ 36kN-m’
EI Jn %
|
1/12kN-m 1 12 kN ‘m 1
[ 2+ o)
3m 3m 3m
+ B( %ys )}E(a m)} 2kl 10 kN
- oY
0 EI
y 12 kN'm
Then EL
t 36 kN-m*/EIl -m?
9A_LB/A: 61;11/ :6k1;11m A ! ¢ 1 xcm)
AB 0 .17’ T
o909 36kN-m’\ S54kN-m’ |
6%t 6\ EI - EI _ [2KA-m
2 2 EL
6 kN -m 18 kN -m
+ =0, + = + a
D bc=104+0c/4 El £l (&)

. m? 24(10°) N+ m?
_ 24kN-m ey = 000171 rad N
EI [200(10%) N/m?][70(10°) m*]
54 kN -m?
Ac=A —top=—r——
¢ fe/a El
em’ 54(10°)N - m®
_ S4KN-m” (109N m = 0.00386 m
EI [200(10%) N/m?|[70(10°) m*]

=386mm |

tanc

\ ¢

tanp

Ans.

Ans.

>
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8-21. Solve Prob. 8-20 using the conjugate-beam method.

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c

CrSma =0 myom + SN )om) |am

5= em]-

6 kN - m?
By="ar
Referring to Fig. d,
CrSpy=0 v - SN () G - (b)
o~ v = _24kN-m’ 24(10°) N - m?
< ¢ EI [(200(10%) N/m?)] [(70(10~°) m*] n ( /2 k,) m A
= 0.00171rad X Ans.
3am H\ am
CrSue=o me + [ (R [ 2 m] D
// o~
6 kN - m? - T
+ (7“ )(3 m) = Ha’\ L
A= S4KN-m* _ 54 (10°) N-m? e ~~| l
¢ ¢ EI [200(10°)N/m?] [70(10~%)m*] - ~~-~d
~ 00038 m = 3.86mm | Ans. A\I( 3@m) VZ /< e
1 EFEE e
8 kA 4
<)
= L i
[3m | 3m | 3m
Z KN 10 KN
M
EL 12 kN-m
ET
| ™¢
| i —xam)
[¢] 3 I
_ /ZI KN-m
EL
(&)
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8-22. At what distance a should the bearing supports at A P P
and B be placed so that the displacement at the center of
the shaft is equal to the deflection at its ends? The bearings
exert only vertical reactions on the shaft. £/ is constant. Use | P |
the moment-area theorems. allds 4 == p

M
Using the EI diagram and the elastic curve shown in Fig. a and b, respectively.

Theorem 2 gives

Pa L —2a\/L — 2a Pa

tge = | —— = - (L — 2a)?

B/C < E1)< 2 )( 4 ) SEI" @)

- (2N 55 - (ke

bjc El 2 “ 4 2\ T E ) \3¢
Pa  _, ) PaT

= | 22— +

{8EI(L ) *+ 3E

It is required that

tpic = 2tpic

Pa

3
SEI(L2—4a2) , Pa 2{ﬁ - (L - 2a)2}

3EI 8EI
7Pa’ _ Pa’L  Pal’
6EI  EI  8EI

56a> — 48La + 61> = 0

Choose
a=0152 L Ans.

P

s

A
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8-23. Solve Prob. 8-22 using the conjugate-beam method. P P
i A |
ol s A =9 B
a 4" ‘ a
L

The real beam and conjugate beam are shown in Fig. a and b,
respectively. Referring to Fig. c,

Pa L-2a

+ >M, =0, B,(L-—2a) — |—(L-2 =0

G E A 5 y( a) {El( ‘1)}( B ) P IO

, _ Pa
B, = TEI(L_ZQ)

Referring to Fig. d,

My + %(L — 2a)(a) + B (%)(a)} @a) =0

Pa* PaT
Ap=Mp=—|—2(L - 2a) + —
D D {2151( 9 *3ET

Referring to Fig. e,

Pa L — 2a Pa/ L — 2a L — 2a .
E(L”“)(T)*E( > )< 4 )*Mc—o

Pa
Ac = M'c =@(L—2a)2

It is required that

|AD| = AC
Pd? Pa’ Pa 5
il ive SU +— = —(L-
2er 20 F3gr = g (E20

7Pa’ _ PaL  Pal’
6E1 El 8EI

564> —48La + 6L% =0

Choose

a=0152L
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*8-24. Determine the displacement at C and the slope 4 kN 4 kN
at B. El is constant. Use the moment-area theorems.

A_ellda =2- B
3m l 1.5mHF1.5mH<—3m——
. M . . g .
Using the El diagram and elastic curve shown in Fig. a and b, respectively,
Theorem 1 and 2 give
12kN-m 18 kN-m?
o= (PN s N
12kN-m 1 135kN-m?
= || -——J(1. —(1. = ——
5/ K El )( Sm)Mz( Sm)} EI
12kN-m 1 1/ 12kN-m 2
=[l-—F— ) (1. + + - =
te/p K Zl )(15m)“ 2(15m) Sm} {2( El >(3m)“3(3m)}
_ 103.5kN-m’
El
Then,
18 kN -m?
05 = 05| = TR N Ans.
A =Lt — ltmn] = 1035kN-m’  13.5kN-m’
c c/p B/D El El
90 kN - m’
=5 l Ans.

0 2 6 ?
]
(2 kN ]2 KN-M
EL EI
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8-25. Solve Prob. 8-24 using the conjugate-beam method. 4 kN 4 kN

[ A

A_alla
3m l 15mHF15mH<—3m——
The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,
12kN-
C+ SM, = 0; B,(3m) — (Tm )(3 m)(1.5m) =
, 18 kN - m?

B, = 0y = T N Ans.

Referring to Fig.d,
18 kN -m 12kN-m 2
N L )
90 kN - m’ kN -m’

AC=M’C=—0 m’ _ 90 LI Ans.

El El

4 kN 4-kN

¥
' 3m am l 3m /ZkA)- //(/u-m
AN 4kN EL oy 51
M ! /
T Ay By |
lom | 1.5 By
6 g 3
0 3: = L x(m) = il Mé;
) |
[ L =)
(2 kN:m |2 KN-M 1 i/’; Ve
S (2, L
@) EL z (2R )(3m)
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8-26. Determine the displacement at C and the slope at B.
EI is constant. Use the moment-area theorems.

Using the £l diagram and elastic curve shown in Fig. a and b, respectively,
Theorem 1 and 2 give

Op/c = %(g)(a) + (%)(a) - ;(%)(a) _ 1P

4EI
we = 3 ()@](Ge) + [F@l(a v 30) + 3G )@ (e + 34)
B/c 2 \EI 3 EI 2 2 \2E1 3
_ oPa’
4EI
Then
7Pa?
93 = GB/C = 4EI /{ Ans.
9P’
Ac = tgc = 4E] \L Ans.
P D P
2 / 2
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8-27. Determine the displacement at C and the slope at B.
El is constant. Use the conjugate-beam method.

The real beam and conjugate beam are shown in Fig. a and b, respectively. Referring
to Fig. c,

C+ SMy =0; B(%)(“)Kg") " B (ZEI)( )K )
+ [(%)(2(1) + (2E1)(2a)}(2a>

—B, = (4a) =

. 71Pa’
0 = B, = AE] N Ans.

Referring to Fig. d,

crsme=o M@ |(Ra)+ | (20 )w](4)
' B(ZEI)( >}(§) - 11;‘}2(2@

~M-=0
) )
Ae=Me=="0r = 4k l
(L)(zmm(za)cw
B L £a)a)
_‘D_ D _E / T/ f_::_ - _\:z.:\\
= Tz A T
n : —— ()
2ol a7 Za —@i

)@y
(4)
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*8-28. Determine the force F at the end of the beam C so
that the displacement at C is zero. EI is constant. Use the P
moment-area theorems.

C

|

D
=
‘ B=9-
| a | a | a
. M . . R .
Using the £l diagram and elastic curve shown in Fig. a and b, respectively,
Theorem 2 gives
Pa Fa 1 Pa®  2Fd’
fia = {7(2191)(2“)} { ( E)Q”)ME(Z“)} T 2EI  3EI
Fa 1
= + |= -—= = +
en = [ ealeo + [L(- o0 Jon + o
1 Fa 2
+ _ - — |
[2( EI)(”)L(”)}
Pa®  2Fd
- 2EI  3EI
It is required that
t = gt
c/A 5 B/A
Pa’  2Fa 3{Pa B 2Fa3}
EI  EI  2[2EI  3EI
P
F = " Ans.
P F
h 4 ; h 4
A
a Y
a’ a‘ \2 1

tC/A

(b)

tan A
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8-29. Determine the force F at the end of the beam C so
that the displacement at C is zero. EI is constant. Use the P
conjugate-beam method.

C

The real beam and conjugate beam are shown in Fig. a and b, respectively. Referring

to Fig. c,
C+D M, =0 B (2%)(2@}(51) - E (%)(m)“% (2a)} — B} (2a) = 0
, _ Pd* 2Fd?
By =4kl T 3EI

Here, it is required that A = M- = 0. Referring to Fig. d,

1(Fa 2 Pad? 2Fa2)
n —0 |21 z (== _ =
crsme=0 [ (5w | 2@] - (15 -2 )@ - o

P
4

F =

Ans.

a

|

14

MER Ry
®
»

N
-
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8-30. Determine the slope at B and the displacement at C.

EI is constant. Use the moment-area theorems.

M
Using the £l diagram and elastic curve shown in Fig. a and b,

Theorem 1 and 2 give

__Pd_ Pd
© 2EI 2EI

1( Pa 1 Pd’
wa =[5 (5o 5] - -5
1( Pa Pd’
feja = {5(—5)(261)}( )=~
Then
B |t al B Pa3/6E17 Pa? N
AT Lus 22 12EI
A’—glt |_§<Pa3>_ Pa’
2 "BIAL T o\ 6EI) T 4EI
GB = GA + GB/A
C+ 0, = — Pa* Pa* B 5Pa*
B 12E1  2EI  12EI

A = |t- - Al =—
C ‘C/A' El

Tan A

Pa’  Pa _3Pa’ !
AEI ~ 4EI

Ans.

Ans.

.
|

]

1L£/A '
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8-31. Determine the slope at B and the displacement at C.
El is constant. Use the conjugate-beam method.

|
T

B=f=
a | a

The real beam and conjugate beam are shown in Fig. ¢ and d, respectively.
Referring to Fig. d,

1( Pa 2

+ =0, |=| = +>a)— B, =
C+ DXM,=0; {Z(El)(a)}(a 3a) B, (2a) = 0
5Pa’
=B, = 4 .

0p = B, 1EI Ans

Referring to Fig. c,
1(Pa 2 5Pa’
+ =0, ~Mc— |-+ Sal— =
CrSme=0 -me— L2 (2a) - (2 N = 0
) 3Pa®  3Pd’
Ac—Mc— 4E] = 4E] l Ans.
J= P A& a
A
L4 0
|
 § fo
0 FL

(b)

o a 2a 3a
{ } +— x AN
/
Mc c
_pPa !
EL
(a) 1

7+ (£&)(a)
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*8-32. Determine the maximum displacement and the slope M,
at A. El is constant. Use the moment-area theorems. N
il = i
B

-
|
|

Y

. M . - .
Using the El diagram and the elastic curve shown in Fig. a and b, respectively,

Theorem 1 and 2 give

_l M, _ M, 2
9D/A_2<E1Lx>(x)_2E1Lx
wn= G5 G)] - e
BlA = 2\2E1 )\ 2/ ]3\2 48EI
Then,

Clegal MGLY4S8ED ML
AT L L/2  24EI

N Ans.

Here 6 = 0. Thus,
OD = 0A + GD/A

Mol | Mo L oass7r
4El " 2EILY YT\

1 (0.21131\4O

Amax = Ap = tgp = b £ )(0.2113L)M%(0.2113L)}

C+ 0=~

N~

0.2887M
[(T‘))(o.znu)}g(o.m13L)}
~0.00802M, L2
= T l Ans.
Mo
55; < I
3 ~4
L L i
_ 2
Mo Mo
L L
M
EL
Mo, My
ET1- ZEL
l [
I L | )Q
0 L i
X l
_Mo
REL
(@)

300




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-33. Determine the maximum displacement at B and the M,
slope at A. EI is constant. Use the conjugate-beam method. ‘\)
/.

Bl -
| L il L |
| 2 ! 2 !

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. ¢ MD
1 Mo L L ’Er |
+ — () ’ _ i A = = —
G 2 M =0 AL {2 (251)(2)} (3) ‘ 4
ML = L
A, =0, = Ans. z K A
y A ~ Z
24ED Mo Mo
Here it is required that 6p = V, = 0. Referring to Fig. d, L L
_o LMo Mol _ M
PR, =0 2<E1Lx)(x) 24EI Er
L
X = MO x MQ
V12 EIL ZEL
ML L
+ DdDMp=0, Mp+ |+ )| ——
G+ 2Mp =0 M) (24E1>(\/12) l x_
) I L I
e Ve V()] - Ea )
2AEIL\vi2/\Vi2/3\vi2 % -
_ Mo
A oAl ~ 0.00802M,L* £33
max ~ D — D — EI
0.00802M,L? (@)
= =70 ] Ans.
El
Moy, L
+z=)(3) |
, M
-t ) )
-1 k3
o ! A M
= { o~ L2
C - AT EIL
i — < 5 4
; e k ] M
L- )\L f b
/ 1 /Moyl / -
Aif | Z(z%)(z ’ |B? l X Vp=0
i L ] A/ = Mp[_
©) Y 24Fz (A)
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8-34. Determine the slope and displacement at C. EI is
constant. Use the moment-area theorems.

M
Using the I diagram and the elastic curve shown in Fig. a and b, respectively,
Theorem 1 and 2 give

Oc = l0c/al = %(%)(a) + (%)(a) + %(%)(a) _ 3;’;12 < Ans,
et Lol 3 (ke
[ (E))Ge) o

25Pa°
= 6EI ) Ans.

-0

Q

(@) (b)
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8-35. Determine the slope and displacement at C. EI is
constant. Use the conjugate-beam method.

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,

13m0 v - 1)@ - (22 )@ - 3 (5e ) - 0

3Pa*  3Pd’
EI  EI

(2o pole) < 2+
(oo 20)-o

_25Pa’ _ 25Pa’ l
6EI  6EI

0o =Vi=— N Ans.

C+ DMc =0, My + {
1
2

‘|

Ans.

-0

— | «
M
I
a 2a
a | L X
P
3P =fa E1
W4 E7
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*8-36. Determine the displacement at C. Assume A is a 25 kN
fixed support, B is a pin, and D is a roller. EJ is constant.
Use the moment-area theorems.

C
_iD
3m } 3m
Using the % diagram and the elastic curve shown in Fig. a and b, respectively,
Theorem 1 and 2 give
1/37.5kN- 2 112.5 kN - m?
Ap = |13/A| = {E<Tm)(3 m)Mg@ m)} = Tm l
1/37.5kN- 1 56.25 kN - m®
te/p = {E(Tm>(3 m)“g@ m)} = Tm
1/37.5kN- 337.5kN-m°
top = [5(7]51 m)(é m)}(s m) = T
Then
Ap +igp  1125kN-m*/EI + 337.5kN-m*/EI 75 kN -m?
0p = 3 = G = T, ¥ Ans.
B/D m
1
Ac +itepp = E(AB + tp/p)
L 5625kN-m’ _ 1(112.5 KN-m* 3375 kN-m3>
¢ EI ) EI EI
L3
Ac = 1691{% ! Ans.
25 kN
AT |
37,5 kb m{ =k
' [ 3m 3am 3am .
5 KN nB.
122 f ‘ 12.5 kn
3
M A =25 KM tanc
R A )
( Bee @
37.5 kA-m . : -
ET
'i/l\, fb/
i xX(m D
375 M
=3 tanp

@) (b)

304




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

8-37. Determine the displacement at C. Assume A is a 25 kN
fixed support, B is a pin, and D is a roller. EI is constant.
Use the conjugate-beam method.

The real beam and conjugate beam are shown in Fig. a and b, respectively.
Referring to Fig. c,

=0 (T ) om) | m

0p = Dy = —— ¥ Ans.

Referring to Fig. d,

CrSme=o (T o m) o m

75 kN -m .
e

168.75 kN - m?> 168.75 kN - m?>
A = — El L £l o ) Ans. 7~

IS
25 kn L/ﬁ

1zm |B,3m 3m ¥
% D%
< 4 , i{ “)m)
. N (<)
315 KT 3Am 3m
‘2'?M ; ‘ 12.5 kN
M FEIEA)Em)
Fr : mgs
37.5 kA-m ) Ve \\\

W

T /m
N
S

0

7~

/

/

[ x(m <
9 i 3m

@)
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8-38. Determine the displacement at D and the slope at
D. Assume A is a fixed support, B is a pin, and C'is a roller.
Use the moment-area theorems.

6

~

|
—

12 ft } 12 ft

M
Using the £l diagram and elastic curve shown in Fig. a and b, respectively,

Theorem 1 and 2 give

Ap=tya= {1(72 k'ft)(u ft)M%(m ft)} _ M6k

2\ EI £l
Oy = %(_ 72 ;1 ft) Qa0 = - 56 151“(1. f* _ 864 EkI‘ G
te = B(— 7251. ft)(12ft)}B(12ft)} - _%i'fé
tp/p = B(— 72;1' ft)(24 ft)}(lz fty = — %}“W
Then,

El El

A’ 3456 k- f3/ET 144 k - 2
BBR = — = = Y
Lsp 24 ft EI

A/ = 2(AB_|IC/B| = 2(

0p = Opr + Op/B

144 k - ft? 864 k - ft? 1008 k - ft?
EI EI EI

Ap = |fD/B| + A" Ay

_ 10368k-ft*  3456k-ft’ 3456 k-ft

El EI EI
_ 10,368 k - ft .
El
bk
bk
TRESt

Rkt

Ex
\l 774— ‘5:6

3456 k- ft* 1728 k-ft3> 3456 k - ft
EI

Xt )

Ans.

Ans.

fan :5/_
ton=4gp

tan A

(85& ( e (A,
J

= ’{’% —tanfy
456 kftP T
. # Ay tose

tane

p
\'t’an D

‘ D
\
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8-39. Determine the displacement at D and the slope at
D. Assume A is a fixed support, B is a pin, and C is a roller.
Use the conjugate-beam method.

The real beam and conjugate beam are shown in Fig. ¢ and
Referring to Fig. c,

72k - ft

b, respectively.

C+ DMy = 0; cy'(lzft)—B( £ )(12ft)}(16ft) /2 ft Iz r2f |
72 k-ft A 7
576 k - ft?
= S
? EI ;q:
Referring to Fig. d, 72 K- / t
EL
. 1 (b)
D - ) (CIO LUy
1008 k- ft> 1008 k - ft?
O0p = Vb = = = N Ans.
H H 1 _‘.’Zﬁ&)(fz/t)
AN o
. e
e Sume =0 mp + [H(ZE s + (K )z - o R L2
) .3 L S~
My = Ap = — 10362 ;( e _ 10,36E8 Ik w . , = :
Y
6K ¢ |<——>\¢
bk /zft 1z
TR kAt | )
1
Tzt " izfe | izft
|2 kK
M
ET
T2kt
ET \
24
i —X{ft)
v Iz I
72 k-ft : 2
Er L(EL Y ape)
() (b)
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9-1. Determine the vertical displacement of joint A. Each
bar is made of steel and has a cross-sectional area of
600 mm?2. Take E = 200 GPa. Use the method of virtual
work.

D
~—1.5 mﬂPI.S m-—-

The virtual forces and real forces in each member are shown in Fig. a and b,
respectively.

SKN
Member n(kN) N(kN) L(m) nNL (kN2 +m)

AB 1.25 6.25 2.50 19.531

AD -0.75 -3.75 3 8.437

BD —1.25 —6.25 2.50 19.531

BC 1.50 7.50 1.50 16.875

> 64.375
nNL  64375kN’-m
1kN-AAU—EAE = E
A o 64375KkN-m
A AE

64.375(10) N-m

{0.6(10‘3) mz} {200(109) N/mz}

= 0.53646 (1073) m
= 0.536 mm | Ans.

B 150mmc 1150 ki B 750 M@ C 750 kA

0'755 KACE) p |:50 KN

) kN [ kN
Virtual Forces N Real Forces N

(&) (k)
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9-2. Solve Prob. 9-1 using Castigliano’s theorem.

D
0 Jd
Member  N(kN) a];f N(P = 5kN)  L(m) N(;;' )L(kN-m) %1-5m%F1~5m%
AB 125 P 1.25 6.25 25 19.531 SIN
AD -0.750 P —0.75 —3.75 3 8.437
BD -125P 125 —6.25 25 19.531
BC 1.50 P 1.50 7.50 15 16.875
b 64.375
aN\ L
Ba, = EN<§>E
_ 64375kN-m
AE

64-375(10) N+ m
[0.6(107*)m2][200(10%) N/m?]

= 0.53646 (1073) m

=0.536 mm | Ans.

*#9-3. Determine the vertical displacement of joint B. For F

E D
each member A = 400 mm?, E = 200 GPa. Use the method @ 70 2 T
of virtual work.
1.5m
A Y oJc+
Member n N L nNL B O
45 kN
AF 0 0 L5 0 | ym | 3m |
AE —0.8333 -37.5 2.5 78.125
AB 0.6667 30.0 2.0 40.00
EF 0 0 2.0 0
EB 0.50 22.5 1.5 16.875
ED —0.6667 =30.0 2.0 40.00 E o E 0% p
BC 0 0 2.0 0 YA P
";L l,‘ N
BD 0.8333 37.5 2.5 78.125 L Y wl gl Y B
CD —0.5 —22.5 1.5 16.875 » 0% (7 N 02 3
8 -
s =270 == Zm |
L 45 &N
14, = S
v AE
) E o686 XCc) ,
270(103 o A
Ap = (109 =3375(10%)m = 3.38 mm | Ans. 3;’ : S
*400(107)(200)(10%) °f & by
4
1
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*9—4, Solve Prob. 9-3 using Castigliano’s theorem. F /t_Ei D
1.5m
A RV Q o)~
lB ¢
45 kN
| 2m | 2m |
IN IN
M N — P=4 L =L
ember 3P N( 5) N(BP)
AF 0 0 0 1.5 0 F 0 E_oée67P() >
AE —0.8333P —0.8333 -37.5 2.5 78.125
AB 0.6667P 0.6667 30.0 2.0 40.00 B Y S hﬁ"
BE 0.5P 0.5 225 1.5 16.875 0 &
BD 0.8333P 0.8333 375 2.5 78.125 4 o °
BC 0 0 0 2.0 0 8 3
CD -0.5P -0.5 —22.5 1.5 16.875 R R 106?
DE 0.6667P —0.6667 -30.0 2.0 40.00 os?
EF 0 0 0 2.0 0
s =270 F o E zpxNccy) D
(.” QS U\ Q
e - S (W)L 2 o 4 Y [
B, oPJAE ~ AE P VN VR
270(10%) “ ? e
= = 337510 )m = 338 mm Ans. e 2~ 1
400(107%)(200)(10%) a5
9-5. Determine the vertical displacement of joint E. For F E D
each member A = 400 mm?, E = 200 GPa. Use the method e 2 A T
of virtual work.
1.5m
A PV ) o) 1
l 5 ¢
45 kN
‘ 2m | 2m |
Member n N L nNL ! ! !
AF 0 0 1.5 0
AE —0.8333 =375 2.5 78.125
AB 0.6667 30.0 2.0 40.00
EF 0 0 2.0 0
EB 0.50 22.5 1.5 -16.875
ED —0.6667 30.0 2.0 40.00
BC 0 0 2.0 0
BD 0.8333 37.5 2.5 78.125
CD -0.5 —22.5 1.5 16.875
> = 236.25
nNL
1-AE, = > AE
236.25(10%) S
=29510)m = 2.95mm | Ans.

v

~400(1079)(200)(10°)
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9-6. Solve Prob. 9-5 using Castigliano’s theorem.

F E D
) 7o) ®)
d
1.5m
A Y o 1
B _Q_C
45 kN
| 2m | 2m |
oN IN
Member N 87 N(P = 45) L N(a?)L
AF 0 0 0 1.5 0
AE —(0.8333P + 37.5) —0.8333 =375 25 78.125
AB 0.6667P + 30 0.6667 30.0 2.0 40.00
BE 22.5-0.5P -0.5 225 1.5 —16.875
BD 0.8333P + 37.5 0.8333 375 2.5 78.125
BC 0 0 0 2.0 0
CD —(0.5P +22.5) —0.5 —22.5 1.5 16.875
DE —(0.6667P + 30) —0.6667 -30.0 2.0 40.00
EF 0 0 0 2.0 0
> =236.25
ON L 23625
Ae = 2N Gp AET Ak
236.25(10%) .
= =295(10)m = 2.95mm | Ans.
400(107%)(200)(107%)
9-7. Determine the vertical displacement of joint D. Use
the method of virtual work. AE is constant. Assume the
members are pin connected at their ends.
. . . . I 4 m 4 m
The virtual and real forces in each member are shown in Fig. a and b, v i
tivel
respectively IS kN 20 kN
Member n(kN) N(kN) L(m) nNL(KN? « m)
AB 0.6667 10.0 4 26.667
BC 0.6667 10.0 4 26.667
AD —0.8333 —12.5 5 52.083
BD 0 15.0 3 0
CD —0.8333 —12.5 5 52.083
CE 0.500 275 3 41.25
DE 0 0 4 0
> 198.75
B 2nNL ~ 198.75kN?*-m
1kN-Ap, AE AE
_ 19875kN'm  199kN-m l
Ap, = AE = AE Ans.
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9-7. Continued

0:500 kN
A

0:500 kA

()

Virtual Forces n

S Oyl 0050 |

750 kN

I15kN R0 kN
ped Forces AN

*9-8. Solve Prob. 9-7 using Castigliano’s theorem.

ON N
Member N(kN) — N(P=0)kN L(m) N(*)L (kN -m)
apP P
AB 0.6667P + 10.0 0.6667 10.0 4 26.667
BC 0.6667P + 10.0 0.6667 10.0 4 26.667
AD  —(0.8333P + 12.5) —0.8333 -12.5 5 52.083
BD 15.0 0 15.0 3 0
CD  —(0.8333P + 12.5) —0.8333 -12.5 5 52.083
CE 0.5P +27.5 0.5 275 3 4125 EP+27.5
DE 0 0 0 4 0 P 0 ﬁ_f 75 KA
) 198.75
IN\ L E
s = N (5 )iz S
2
_ 19875kN-m _ 19kN-m =
- AE - AE Ans. \,N.‘
j o

Y
<0 kN
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9-9. Determine the vertical displacement of the truss at
joint F. Assume all members are pin connected at their end
points. Take A = 0.5 in? and E = 29(10%) ksi for each
member. Use the method of virtual work.

500 1b
300 Ib
|
Seets doon
3t 3ft
F ooy LV E iwcuicesd p
/741
v/ |&
/ g

T

A [ Gooistc) B 1700/becs

600
600 Ib
h
Ap, = E"AV; = ﬁ[(—l.oo)(—600)(3) + (1.414)(848.5)(4.243) + (—1.00)(0)(3) ﬂ’l LLodee) o toie)
+ (=1.00)(—1100)(3) + (1.414)(1555.6)(4.243) + (—2.00)(—1700)(3) I 3 S
+ (—1.00)(—1400)(3) + (—1.00)(—1100)(3) + (—2.00)(—1700)(3)](12) N s
47425.0(12) ! L,
_ Ans. A

= =0.0392in. |
0.5(29)(10%)

9-10. Solve Prob. 9-9 using Castigliano’s theorem.

500 1b

300 1b
|

600 1b

N\ L 1
Ap, = EN(&?)E = AE [=(P + 600)](=1)(3) + (1.414P + 848.5)(1.414)(4.243) . yoors ot
Fl apsifeeccrd Ptido (<) +

+ (=P)(=1)(3) + (=(P + 1100))(=1)(3) A 3
+ (L414P + 1555.6)(1.414)(4.243) + (—(2P + 1700)) (—2)(3) >
+ (=(P + 1400)(—=1)(3) + (=(P + 1100))(~1)(3) H
P+ (312 < C3ITP + 474250)(12) g
(0.5(29(10)°) Zesmel|
s

|

Set P =0 and evaluate

Ap, =0.0392in. | Ans.
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9-11. Determine the vertical displacement of joint A. The
cross-sectional area of each member is indicated in the
figure. Assume the members are pin connected at their end
points. E = 29 (10)3 ksi. Use the method of virtual work.

The virtual force and real force in each member are shown in Fig. a and b,

respectively.

Member n(k) N(k) L(ft) nNL(k? - ft)
AB ~1.00 ~7.00 4 28
BC ~1.00 ~7.00 4 28
AD V2 V2 42 56\2
BD —2.00 ~14.00 4 112
CD V2 V2 42 56\2
CE ~1.00 —4.00 4 16
DE 0 0 4 0

nNL

lk-A, =

Lpea L O+ E 112+ 16)k>- ft . (56V2 + 56\V2)K>-ft

A (3in?)[29(10%) k /in?] (2in?)[29(10%) k/in?]
A = 0.004846 ft (%) = 0.0582in. | Ans.

Virtud Forces n Pead Forces N
(&) (b)

314




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*#9-12. Solve Prob. 9-11 using Castigliano’s theorem.

ON ON
Member N(k) P N(P =7k)  L(f) N(E)L(k-ft)
AB -P -1 —7 4 28
BC -P -1 —7 4 28
AD V2P V2 N2 A& 56\/2
BD 2P ) —14 4 112
CD V2P V2 N2 A& 56\/2
CE —(P-3) -1 —4 4 16
DE 0 0 0 4 0
SN\ L
A, = SN[ )=
a = 2 ( SP )AE

(28 + 28 + 112 +16) k-ft 56V2 + 56\V2 K2 fit
(3 in?)[29(10°)k/m?] (21in?)[29(10*)k/in?]

= 0.004846 ft (12 n
11t

) =0.0582in | Ans.
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9-13. Determine the horizontal displacement of joint D. 8m }
Assume the members are pin connected at their end points. D > 2k
AE is constant. Use the method of virtual work.
6 ft
C
3K —> v
The virtual force and real force in each member are shown in Fig. a and b, 6t
respectively.
Aiq Bty ——
Member n(k) N(k) L(ft) nNL(k2 « ft)
AC 1.50 5.25 6 47.25
BC -1.25 —6.25 10 78.125
BD —0.75 —1.50 12 13.50
CD 1.25 2.50 10 31.25
by 170.125
nNL
1k M ADh = E AE
170.125 k* - ft
1k-Ap = ———1———
P AE
170 k - ft
AD,, = T i Ans.

(2D 031-0

[- 00K

.50 k. .80 K. 5.25K. 525K,
Virtuad Forées n Lead Forces N

(A) (b)

316




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

9-14. Solve Prob. 9-13 using Castigliano’s theorem.

8 m }
D » 2 k
6 ft
C
3k =—d> —
6 ft
Ay Bl
ON ON
Member N(k) 3P N (P =2k) L(ft) N<§>L(k - ft)

AC 1.50P +2.25 1.50 5.25 6 47.25

BC —(1.25P +3.75) —1.25 —6.25 10 78.125

BD —0.750P —0.750 —1.50 12 13.5

CD 1.25P 1.25 2.50 10 31.25

> 170.125
SN\ L
Ap, = EN(ﬁ)E
170125k - ft
AE
170 k - ft
= T i Ans.

150FP+2-25 [D0p+R-25
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9-15. Determine the vertical displacement of joint C of the
truss. Each member has a cross-sectional area of A =300 mm?>.
E = 200 GPa. Use the method of virtual work.

H G F
3m
l

B C D =

~—4m 4m 4m 4m—>‘
Y \ /
3kN \ 3kN
4 kN

The virtual and real forces in each member are shown in Fig. a and b respectively.

Member n(kN) N(kN) L(m) nNL(KNZ+ m)
AB 0.6667 6.667 4 17.78
DE 0.6667 6.667 4 17.78
BC 1.333 9.333 4 49.78
CD 1.333 9.333 4 49.78
AH —0.8333 -8.333 5 34.72
EF —0.8333 -8.333 5 34.72
BH 0.5 5 3 7.50
DF 0.5 5 3 7.50
BG —0.8333 -3.333 5 13.89
DG —0.8333 -3.333 5 13.89
GH —0.6667 —6.6667 4 17.78
FG —0.6667 —6.6667 4 17.78
CG 1 4 3 12.00

S =294.89
nNL 29489 kN?-m

IkN-Ac, = > UE AE

A - 29489KkN-m
G AE

B 294.89(10°) N-m
[0.3(107%) m?][200(10%) N/m?]

=0.004914m = 4.91mm |

Virtudl Porces n

@)

Ans.
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*9-16. Solve Prob. 9-15 using Castigliano’s theorem. H G F
AL
L B C D
~—4m 4m 4m 4m *»‘
\J
3kN M 3kN
4kN
oN oN
Member N(kN) 3P N(P =4kN) L(m) N( )L(k m)
AB 0.6667P + 4 0.6667 6.667 4 17.78
DE 0.6667P + 4 0.6667 6.667 4 17.78
BC 1.333P +4 1.333 9.333 4 49.78
CD 1.333P +4 1.333 9.333 4 49.78
AH —(0.8333P +5) —0.8333 —8.333 5 34.72
EF —(0.8333P +5) —0.8333 —8.333 5 34.72
BH 0.5P+3 0.5 5 3 7.50
DF 0.5P +3 0.5 5 3 7.50
BG —0.8333P —0.8333 —3.333 5 13.89
DG —0.8333P —0.8333 —3.333 5 13.89
GH —(0.6667P +4) —0.6667 —6.667 4 17.78
FG —(0.6667P +4) —0.6667 —6.667 4 17.78
CcG P 1 4 3 12.00
> 294.89
oN\ L 294.89 kKN - m
s, = V(G Jap = e
B 294.89(10°) N-m
© [0.3(107%) m?][200(10%) N/m?]
= 0.004914 m
=491mm | Ans.
O5P+3kN 3 ka P 3K 05P+3 kA
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9-17. Determine the vertical displacement of joint A. D
Assume the members are pin connected at their end points. BB
Take A = 2in*and E = 29 (10°) for each member. Use the
method of virtual work.
Eﬂ
P 8 ft
A@ o @ |——
B C|
8 ft 8 ft ‘
Y1000 1b Y5001
nNL 1
Ay, = E E[2(—2.00)(—2.00)(8) + (2.236)(2.236)(8.944) + (2.236)(2.795)(8.944)]
164.62(12) )
= = 0.034lin. | Ans.
(2)(29)(10°)
>
N
8ft
2
A . > e A <
A[Zooxics | 8 Zookiey 7 AV 3ooKcc; |8 200KEs |
sr ] B | F8r T efe |
3 0-5% e
D
9-18. Solve Prob. 9-17 using Castigliano’s theorem. —
Eﬁ
2 8 ft
IN\ L 1
= — ) = —[-2P(— + (2. . .
Ay, EN( 3P )AE AE[ 2P(=2)(8) + (2.236P)(2.236)(8.944) p n il
+ (=2P)(—2)(8) + (2.236P + 0.5590)(2.236)(8.944)](12) 8 ft B 8 ft C}
 /
Set P=1 and evaluate 1000 S001o
164.62(12) .
= —— = 00341lin. | Ans.

A (2)(29)(10%)

2O00Pic) |B 200pCc)

L

{ ©ert ,  Bfc

320




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

9-19. Determine the vertical displacement of joint A if D
members AB and BC experience a temperature increase of T
AT = 200°F. Take A = 2in? and E = 29(10%) ksi. Also,
a = 6.60 (107°)/°F. .
P 8 fit
AE@ o © || —
B
PP PP
Ay = D naATL = (—2)(6.60)(1076)(200)(8)(12) + (—2)(6.60)(107°)(200)(8)(12)
= —0.507 in. = 0.507 in. T Ans.
»
.
z ¢
8ft
/b,‘/l {\
kY3ooxcc) ZOOK(C)J
§ 6r T &ft |
1K
*#9-20. Determine the vertical displacement of joint A if 25
member AE is fabricated 0.5 in. too short.
E
P 8 fit
A@ o © || ——
B
} 8 ft } 8 ft C}
Ay = DnAL = (2.236)(—0.5)
= -112in = 1.12in. 1 Ans.

N AR ICRZIION
pr | Bt i
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9-21. Determine the displacement of point C and the
slope at point B. EI is constant. Use the principle of virtual

‘

work. iﬂ
C B I’
L L ‘
. D) \ 9 |
Real Moment function M (x): As shown on figure (a). 2 2
Virtual Moment Functions m(x) and my(x): As shown on figure (b) and (c). o
Virtual Work Equation: For the displacement at point C, Moty = g;cl 1 M&,) = ﬁiz,,
L X £
mM [ ] \
1-A = /0 de t ;_I J X:
r " &, P
1 T X £ 2 (@) 2 £
1-Ac = 2|— —
¢ {El l ( 2
L
Ao PP me)= 3 l M) s 2
¢ T WEI o 5 |
'X, I —
For the slope at B, o £ if L
EmgM “ ®
0
1-6 = d
0 l £l X ,
1T [T(x\/P 3 P i I Sl
1'03 = 7|:/ (*1>( )dxl + / ( *Xz)dX2:| L ] [‘ ]51
EIl J, \L 0 b —x, | x.—]
PI> = T ]
%% = 16E1 T a ¥
9-22. Solve Prob. 9-21 using Castigliano’s theorem. lP
C B ﬂ
Internal Moment Function M(x): The internal moment function in terms of 1 L i L 1
the load P' and couple moment M' and externally applied load are shown on 2 2
figures (a) and (b), respectively.
Castigliano’s Second Theorem: The displacement at C can be determined
L OM(x) x ,
with o o andset P’ = P.
L
oM \dx
A = M —
A (aP’)El .
L ’ P
_ e neey o
Ao ” 2{E1A(2x)( 3
,ﬁ ]
125 X
= Ans. L.
wEl ns e £ =
= @ =z
. o OM(x1)  xyp aM(xp) 2
To determine the slope at B, with = — Y = 1—— and , ? , W
setting M’ = 0. M«.)-(%*%}X, l Me=M *(é‘r)&
» } 2
0 = /LM( it )dl — —~
0 oM' JEI —_— f‘ J ’:‘_"'
o [N 2 TN
B ElJ, \2 X1 I X2 )
PL?
= 16EI Ans.
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9-23. Determine the displacement at point C. EI is P
constant. Use the method of virtual work. l
AL\a 4C
| a | a |
——) M=Px, b
X' ‘
M=PX, |
LM
1-Ac = —d
¢ l Er | L
1 # p [ i
Ac = —[ / (x1)(Pxy)dx; + / (xz)(Px»dxz} h e
EIl J, o
2Pa’ m= X
= 3 EaI ! Ans. X, ) '&( !
ms |
=

*9-24. Solve Prob. 9-23 using Castigliano’s theorem.

oM, M, o'
apr 1 ap

P
Set P = P’ ,LF T4 ik
|

a I a
M, = Px, M, = Px, Pl zp’

L a “
Ac: Z/Zjajll(g%)dx = é{/o (Pxy)(xy)dx; + /0 (sz)(xz)dXZ} - Pljﬁ)npp'x, :4 P

3EI . MP, “l-——-i

2

323




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

9-25. Determine the slope at point C. EI is constant. Use P

the method of virtual work. l
$
\

()
L Ry r4
Md t
1 GC = / mO x ? V V
, EI
v M0=‘ i
o — “(x1/a)Px,dx, N ‘(1) Pxydx, f::-_—:b 5 (C'——;T—:D
< EI y  EI Y ek
[

Pd? N P&’ _ 5Pa*

3EI | 2EI  6EI Ans.

9-26. Solve Prob. 9-25 using Castigliano’s theorem.

Set M’ = 0 Ay:
B_=2=
L
OM \dx
= M _
Oc A (3M’)E1

- /“(Pxo(;x])dx] L [Px)(Ddx,
o El 0 EI

PR 2P+ Mo,
B P& Pd? _ 5Pa* r?" % t

= 4" .
3EI ' 2EI  6EI Ans

Mz (P M), P
= ) (&B m'

m=m'+ P,
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9-27. Determine the slope at point A. EI is constant. Use
the method of virtual work.

L

+ L
L
M 1
1 eA:/m" dx ( )m,=;-z;...
0 EI ] K,
e—i{ a(1 ﬁ)P v+ [ )P d}—P—“ZV A : "o
AT Rl A a (Pxy)dx, 0()( x2)dx; = 6EI ns.
p
4 8
4% -
p{ a EP -] 1
) Mepx,
Pix, :
M=PK, ':
f X, !
*9-28. Solve Prob. 9-27 using Castigliano’s theorem. P
8M1 -1 X1 6M2 -0 A"'\ +C
oM a oM’ B=fa_ ‘
| | a |
SetM' = 0
M1:_PX1 M2:PX2 ' P
(M
L a
M 1 “
0, = / M<a )ﬂ=—{/ (—le)(1 —ﬂ)dxl + /(sz)(O)dxz} 1
0 oM’ JET EI 0 a 0 ’
20y <Pt
_ —Pd?
6EI
' 4
_ P A g ( ’”l'“"”’-'g-x'
~ 6EI ns. %, ,
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9-29. Determine the slope and displacement at point C.
Use the method of virtual work. E = 29(10°) ksi,
I = 800 in*. | A

_LB c

4‘ )12 k-ft

P —

6 ft

Referring to the virtual moment functions indicated in Fig. a and b and the real moment
function in Fig. ¢, we have

L 6 ft 6 ft
myM (=1)(=12) (=D)[—(6x; + 12)]
1k -ft-0,. = ——dx = ——d + d
¢ /0 El T, EI R A El 2
_252Kk*-ft°
EI
252 k - ft? 252(12%) k - in®
e = = 3( _)2 —- = 0.00156rad N Ans.
EI [29(10%) k/in?](800 in*)
and
L 6 ft 6 ft
mM (—x1)(-12) / ([=(x2 + 6)][—(6x, + 12)]
k-Ac= [ ——dx= ~ 2 7 +
C A El dx A £l dx, A £l dx,
1944 K218
EI
1944 k - ft3 1944(12%) k - in®
Ae =2 _ DRIk s Ans.
EI [29(10°) k/in“](800 in")

(Me), = -1k ft lmg)=-1 k-t

Ik

m, = —(X, +6)| |”’?: ==X |
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9-30. Solve Prob. 9-29 using Castigliano’s theorem. 6k
|4 lB CN 12 kAt
i 4)
6 ft 6 ft 1
. - oM,
For the slope, the moment functions are shown in Fig. a. Here, oM = —1and
oM
aM% = —1.Also,set M' = 12 kft,then M; = —12k - ft and
M2 = _(6X2 + 12) k‘ft.ThuS,
L 6 1t 61t
aM \dx (—12)(-1) —(6xp + 12(-1)
b= | M Y A N e S
¢ A (8M’>EI Jo El 27 EI 2
252k - ft? 252(12%) k - in?
. = = 3( - )2 —~ = 0.00156 rad Ans.
EI [29(10° k/in”](800 in®)
)
For the displacement, the moment functions are shown in Fig. b. Here,T; = —x
aM ¢
and TPZ = —(x, + 6).Alsoset,P=0,then M; = —12k-ftand

M2 = _(6)(2 + 12) k'ft.’ThuS,

Lram\dx O(—12)(—x1) oM —(6x, + 12)[—(x, + 6)]
Ac = — = = ————dx; + dx,
o oP JEI o EI o EI

1944 k - £t
EI
1944(12%) k - in®

- — 0.145] Ans.
[29(10°) k/in?](800 in”) in | e

)
M,=-[POrt6)tex,112]

P+6

13 kft
48ti2p
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9-31. Determine the displacement and slope at point C of
the cantilever beam. The moment of inertia of each segment
is indicated in the figure. Take E = 29(10°) ksi. Use the
principle of virtual work.

P

L,z = 500in.* ‘ Ipc =200 in.* ‘ 50 k-ft
6 ft ‘ 3ft ‘

Referring to the virtual moment functions indicated in Fig. @ and b and =

the real moment function in Fig. ¢, we have I(m9)a.= -1 k'fd lqne)|—"l kf tl

L 3t 6ft
M —1)(=50 =1)(—50
Ik-ft-6, = / mM, o [EDES0, L TEDES),
o EI 0 Elpc 0 El 4 1kt L 1kp
ot - 10K 300K2 £ X2 X
© Elg Elp 6ft 3ft
_ 150k-ft L 300 k - ft? )
¢ Elpc El ,p

B 150(12%) k - in? 300(12%) k - in®

© [29(10%) k/in%] (200 in*)  [29(10°) k/in?](500 in*)

= 0.00670rad N Ans.
And

L 3t 61t
mM —xl(—SO) _(X2 + 3)(_50)
1k-Ac = ——dx = ——dx; + —"d
‘ A el /0 Elye )y Ely 7
2,43 2,43

1k-Ap — 225 k- ft 1800 k- - ft

El e El 45
25k - ft? N 1800 k2 - ft3
Elge El
225(12%) k - in® 1800(123) k - in®

= 9010 kim0t T Ro010%) koo 282 Ans.

AC:

Mz=-50kH [ =—z0kft

50 kift BOKfe

Sft 3ft
()
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*#9-32. Solve Prob. 9-31 using Castigliano’s theorem. 4
B C
Iup = 500in.* Igc = 200 in.* ‘ 50 k£t
6 ft : 3t |

. o oM, _ oM,
For the slope, the moment functions are shown in Fig. a. Here, MM —1.

Also,set M' =50 k - ft,then M= M, = —50 k - ft.
Thus,

o LM(aM>dx MoS0(=Ddx [ =50(=1)dx
<k oM’ JEI — J, El g b El

150k ft? N 300 k - ft*

Elge El 4
B 150(12%) k - in? 300(12%) k - in®
[29(10°k/in?)](200 in*) ~ [29(10%) k/in?](500 in)
= 0.00670 N Ans.
) . - IM,
For the displacement, the moment functions are shown in Fig, b. Here, P = —x
oM,
and P = —(x, + 3).Also,set P=0,then M| = M, = =50 k - ft. Thus,
L 3ft,_ _ 6ft, _
A M(ﬂ)ﬂ ~PM(=50)(—x)dx . (=50)[—(x, + 3)]dx
¢ oP JEI ), El e b El g
_ 225k-ft’ N 1800 k - ft
Elpc El4p
B 225(12%) k - in® 1800(12%) k - in®
©[29(10%) k/in%](200in*)  [29(10%) k/in?](500 in%)
= 0.282in | Ans.

M,=-[Pir;+3)+50]

=

K
(\)
S
Lo
>
N
-
—

G )r.ift
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9-33. Determine the slope and displacement at point B.
El is constant. Use the method of virtual work.

300 N/m

400 N

RN NN RN
] ]

B
A
3m
Referring to the virtual moment function indicated in Fig. a and b, and real moment
function in Fig. ¢, we have
L 3m 2
_ moM (=1)[—(150x" + 400x)]
1Nm03—AiE1dx—A Bl dx
3150 N2 - m®
IN-m- (93 = T
3150 N - m?
e T N Ans.
And
L 3m 2
mM (=x)[—(150x~ + 400x)]
1N‘AB—£EdX—A El
6637.5 N2+ m?
IN-Ap = —r
6637.5N-m’
AB = T l Ans.
My=-1 IN m=—=xX
A : ¢ 4 %
1 |
N N 1N-m
IN-m X 30m x
3m 3m )l
(@) b)
2
M= (/50X +400X)| 400N

300N/m

L

(=

A550N-M

<

300N !\

3Mm
)

)
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9-34. Solve Prob. 9-33 using Castigliano’s theorem. 400 N
300 N/m
IERERRERRENRENRR]
] !,
A
3m
For the slope, the moment function is shown in Fig. a. Here, % = —1.

Also,set M' = 0,then M = —(150x% + 400x) N - m. Thus,
L . 3m 2
—(150x” + 400x)(—1
0, — / M(dM)dx B / (150x x)( )dx
Jo 0

aM'JEI EI
3150 N-m?
= 22 Y Ans.
El
. Lo - oM
For the displacement, the moment function is shown in Fig. b. Here, R

Also, set P = 400 N, then M = (400x + 150x%) N - m. Thus,

L »3m 2
—(400x + 150 —
AB:/M(—GM)dx :/ (400x ) x)dx
0 0

aP JEI EI
_ 6637.2 ?I-m»* ! Ans.
= — (/50X *4400X+M)|400N
300N/m \ |

22N Y4
zan Ny

xzwo+m§: N
1300N

o

3m

()
m=—-(Petis0x?) P

f 11250  300N/m \ |
\gu;_m

P+900

3m
(by
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9-35. Determine the slope and displacement at point B. 4k/ft
Assume the support at A is a pin and C is a roller. Take
B = |

E = 29(10°) ksi, I = 300 in*. Use the method of virtual work.

Srea 5 ‘ C T
ap= TG,
| 10 ft | 5 ft |
Referring to the virtual moment functions shown in Fig. a and b and the —_0. .
real moment function shown in Fig. c, (me)z,_ 0066 67x2‘
L 10 ft 2 757 |
M 0.06667x,)(30x; — 2x7)d Mg) =000
1Kk-ft-05 = / T dx = / ( 20 ~ B (Mg), 667X, 1kt
b EI 0 El
S1(—0.06667x,)(30x, — 2x§)d S
A EI 2
Lkfieg, - 27083 K2« ft? X e Xz
gy = 2o I >
EI /0t " 5ft
y _ 21083k 270.83(12) k - in? ok rad A A 00667 k 0.0667K
= = = . T ns.
B EI [29(10°) k/in?] (300 in®) a s @)
And
L 10 ft 2
mM (03333X1)(30X1 - 2x1)dx1 lK
1k-Ap = [ ——dx =
B /0 £ /0 El [m,=0-3333x |
51(0.6667x,)(30x, — 2:3)dx, |m,=0.6667X,
0 EI
2291.67 k - ft
Tk-Ap = = —
291.67k-f8  2291.67(12%) k - in® —!
Ap = = — —-=0-455in | Ans. | /0f¢t 5ft
EI [29(10°) k/in“](300 in®)
0-3333 k. 0-6667 k.

(b)

M’ = 30%/ —ZX/‘?’

\ |Mg = 30X, ~RX,

4Kt

€ 4 =
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*9-36. Solve Prob. 9-35 using Castigliano’s theorem. 4k/tt

ape

esFEE A B ‘ ciz R
} 10 ft | 5 ft |

For the slope, the moment functions are shown in Fig. a. Here,

aM,
oM’

oM
= 0.06667x; anda—M? = 0.06667x,. Also,set M’ = 0, then

M, = (30x; — 2x}) k-ft and M, = (30x, — 2x3) k - ft. Thus,

b /LM( oM >ﬂ B /10“(30x1 — 2x})(0.06667x;)dx,
S A oM' JEI El

S(30x, — 2x3)(0.06667x,)dx,
0 EI

270.83 k - ft 270.83(12%) k - in®
= = > ( 2) — = 0.00448 rad A Ans.
EI [29(10°)k/in"](300 in*)

For the displacement, the moment fractions are shown in Fig. b. Here,

aM M,
—— = 0.3333x; and —— = 0.6667x,. Also, set P = 0, then
ap oP

M; = (30x; — 2x?) k- ft and M, = (30x, — 2x3) k - ft. Thus

Ap = /LM<3M)dx B /““"30x1 — 2x3(0.3333x;)dx,
0 0

9P JEI EI
S30x, — 2x3)(0.6667x,)dx,
A El
91Tkt 2291670120 kein®
TTEL T Roa0)kind (oot | 0n ' Ans.
M= (30+0-06667M)x,- 2.X] [My=(o¢éérP30)x,~252
M,=(30-0.06667M ) X,-2X M= (03335P+30)x-2x7% P
4Kt L \
' W 4 Kift
X M X, = <
oA =7 — > e
30+40-06667M’° 30-0-06667M° /0ft 5ft
0332P+30 0-6667P+30

29) (b)
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9-37. Determine the slope and displacement at point B. 4k/ft

Assume the support at A is a pin and C is a roller. Account

for the additional strain energy due to shear. Take

E = 29(10%) ksi, I = 300in*, G = 12(10%) ksi, and assume ] - :

AB has a cross-sectional area of A = 7.50in% Use the f;:« S5 A B ‘ C = ;:.;
Y B

method of virtual work. ‘ >
‘ 10 ft i 5 ft |

The virtual shear and moment functions are shown in Fig. @ and b and the real shear
and moment functions are shown in Fig. c.

L L
mGM vV
1k-ft-0 :/ dx+/k(7)dx
B~ ), EI by \GA

~ [1°M0.06667x;(30x, fo%)d . 1°ft1{0.06667(304x1)
A El T GA

}dxl

st 2 st

—0.06667x,(30x, — 2 0.06667(4x, — 30

+/ ( X5(30x, Xz)dx2 +/ 1{ (4x, )
0 0

EI GA }de

270.83 k2 ft
S +

= 0
EI
270.83 k - ft? 270.83(12%) k - in?
Op = = > ( 2) —— = 0.00448 rad A Ans.
EI [29(10%)k/in%(300 in*)]
And

L L

mM vV

1k-A =/7dx+ / k(*)dx
B~ ), EI b, \GA
10 ft 2 10 ft
0.3333x7)(30x; — 2 0.3333(30 — 4
_ / ( x1)(30x xl)dx] N / 1{ ( xl)}dxl
0 0

El GA

31(0.6667x,)(30x, — 2x3) ST (—0.6667)(4x, — 30)
de + 1 de
0 El 0 GA

2291.67k?-ft° L 100 K2-ft
EI GA

_ 2291.67 k- ft° L 100k-ft
B EI GA

2291.67(12%)k - in® N 100(12) k + in
[29(10%) k/in?](300 in*) ~ [12(10%) k/in?](7.50 in?)
= 0469 in | Ans.

Ap
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9-37. Continued

1 kft

x' X 2 4—/
10ft 57t ¥
0066k 006667 K
V), =0.06667
(Vp)=0-06667 k
xl ( §
0-06667k 006667k
My =-0-
(M) =0.06é67 x (Me),=-006667X

@)

I /oft
0-3332k.

lv,=0-3333K]

Xy
03333k |IN;=0-3333X | 0:6667 Kk
(b)
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9-38. Determine the displacement of point C. Use the
method of virtual work. ET is constant.

Referring to the virtual and real moment functions shown in Fig. a and b,
respectively,

G5 - 5)

L Ll — — X — X

mM 2\2)\ 4 3L

1ap= [ ™ =2 d

C % El Y A EI o
A, = ML A
¢ T 120EI ns.

()
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9-39. Solve Prob. 9-38 using Castigliano’s theorem.

L R oM
The moment function is shown in Fig. a. Here
P
W()L wq

M = ——x — —x>.Thus
()
4 F a0t )\t

Sl

4 3L
L
OM \dx
Ar= | Ml— )= =2
¢ l (aP)EI A EI
_ W()L4
" 120E1

2

dx

Wo

[y,

1
—— = —x. Also, set P = 0, then

Ans.

Ny
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*9-40. Determine the slope and displacement at point A. 6 kN/m
Assume C is pinned. Use the principle of virtual work. EI is

constant.
A

‘ 3m 3m
Referring to the virtual moment functions shown in Fig. a and b and the real
moment functions in Fig. ¢, we have
L 3m 3
_ mgM (—=1)(—0.3333x7)
1kNm(9A—/0 Eldx—[ £l dxy
3M(0.3333x,)(6x, — 3x§)d
A El =
9 kN?-m?
1kN-m-0, = —E
9 kN - m?
9A = ? 12 Ans.
And
L 3m 3 3m 2
mM (—xl)(—03333x1) / (_Xz)(6)€2 - 3X2)
. = - = + e
1 kN AA ‘/0 Eldx /0 El dxl A El de
22.95 kN? - m®
1kN-A, = — 5
22.95 kN - m®
A= % l Ans.
M) ==1| 7
( 0)| (m9)z=‘0-33337(z
' kN-m X; ’ X,
3m 3m
03333 kN 0-3333kN
()
- . M= 6x,-3XF
M=-0.3333x72| [~ 0Xe=3%
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9-41. Solve Prob. 940 using Castigliano’s theorem. 6 kN/m
| “+
‘ 3m l 3m
. - oM,
The slope, the moment functions are shown in Fig. a. Here, oM -1
oM
MZ' = —0.3333x,. Also,set M' = 0,then M; = —0.3333x} and M, = 6x, — 3x3. Thus
L 3m 3 3m 2
d —0.3333x7)(—1 6x, — 3x5)(0.3333x
GA:/M( )x_/ ( 1)( )dx1+/ (625 — 3x3)( z)dx2
0 oM’ JEI 0 EI 0 EI
9kN-m’
AT g1 14 Ans.
. . - aM,
The displacement, the moment functions are shown in Fig. b. Here, Sp and
IM, 3 2
P = —x,.Also,set P = 0,then M; = —0.3333x7{ and M, = 6x, — 3x5. Thus
L 3m 3 3m 2
dx (—0.3333x7)(—x1) (6x2 = 3x3)(—x2)
Ay = M = dx, + ————d
4 /0 (dP )EI A El T El 2
22.95 kN -m’
=T ! Ans.

M, = 6X,-3X=03323MX,

M =-(Pe,+0-3333 )

7
M,=—(M +0:3333%2)

6 KN/m

.M/ 1 x’ € xz/

” &
- 7

3m , /
2110-3333M 6-0.3333M

@)
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9-42. Determine the displacement at point D. Use the 8k
principle of virtual work. E7 is constant.

3k/ft
vyl
&, S !
A B ‘D —2C¢
4 ft At 4t 4t

Referring to the virtual and real moment functions shown in Fig. a and b, respectively,

_ [tmM (= 0.5xy) (—12x) H=05(x, + 4)][— (20x, + 48)]
1k'A[)_/ A dx1+l

20 iy =
, EI" El El

dX2

U~ 0.5x3)(12x5 — 1.50x3)
dx

+2
b EI 3
1397.33 k2- ft
1k-Ap=—"T"—-—
D E[
1397 k - £
Ap=—"T—r— — Ans.
D EI \l/ ns.
m,=- 0.5(X,+4)

8k
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9-43. Determine the displacement at point D. Use 8k
Castigliano’s theorem. EI is constant.
3Kk/ft
v i
&, = !
A B ‘D 0 C
4t 41t 4ft—e— 4 ft —

oM
The moment functions are shown in Fig. a. Here, Tpl = —0.5x,
IM,

—=—(05x, +2 dLM3—05 Al tP=0
P (0.5x, ) an op _ 05%s.Alsoset P =0,

Ml = _12)(1, M2 = _(20)(2 + 48) and M3 = 12X'§_ I.SOX%.’T}IHS,

A /LM(aMyx: /‘”‘(—nxl)(—o.s)c]) B
b= oP JEI ~ J, EI !

4ft[_(20x2 + 48)][—(0.5x, + 2)]
+ A El

4ft 2
12x5 — 1.50x3)(0.5x
o [T 10D0),

de

_ 1397.33k-f® 1397k -t l

£l £l Ans.

M= —(05P+12)X, M= 0-5Px, + [2X;~1-50X3
05PHZ P

PL=-(05A2Peox148) Skl
~ 3 |
26 )
"7"P+/I> . X %
0'5P+20 > >
¢
41t 4ft 0-5P+7;t +£ 05P42
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*9-44. Use the method of virtual work and determine the
vertical deflection at the rocker support D. EI is constant.

LM Lo(x)(600x)dx L(10)(750x)dx
(Au)x—lﬁdx— A £l +£ 7 +0

440 k - ft3
= T l Ans.

2 Foteor ol A L.._)—---wmx s
e b 7 i L

3
LY
olh H. 1502 L-"b
AN L 4
L et """ 11 s b
S n = P
[} t

9-45. Solve Prob. 944 using Castigliano’s theorem.

Set P =0,
L 10 1
M (oM (600x)(x)dx (750x)(10)dx
= — Jdx = + +
(Ap), A EI(aP )dx A El l El 0
440 k - ft
= Bl ) Ans.
P
—
A Hebooy boofty Tx
5o 1b ! B N He or
r‘f’j 1 i _m
p—-——; 1.‘ -
bwoth /\nsmu Dl U P, . 2
Siad ¥ 4
ote_ 20 = . 5
) < wF
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9-46. The L-shaped frame is made from two segments, [
each of length L and flexural stiffness EI. If it is subjected
to the uniform distributed load, determine the horizontal w
displacement of the end C. Use the method of virtual work.

L
mM
1+Ac =/—dx
)y EI Lo

Ac, = EZI{KL(UO(W;%)dm + AL(lL)(WZLZ)dxz} B| L

SwlL?
= SE] Ans.

9-47. The L-shaped frame is made from two segments, c
each of length L and flexural stiffness EI. If it is subjected
to the uniform distributed load, determine the vertical
displacement of point B. Use the method of virtual work.

L4
i Ans.
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*9-48. Solve Prob. 9-47 using Castigliano’s theorem. c
w
L
\_
EE A
B | L
P does not influence moment within vertical segment.
L2
M= Px—" " w
M _
P
SetP =0 ._______# ~
[ I
L oM \dx Lowr? dx  wL* =
I e L B R [ s Ans. P
B /0 (aP)EI A ( 2 )(X)EI AEI ns
9-49. Determine the horizontal displacement of point C. 400 T /ft
ET is constant. Use the method of virtual work.
' Y YV ¥V Y v ¢ v
51 <
10 ft ‘
= 8 fit
Referring to the virtual and real moment functions shown in Fig. a and b, )
respectively, C 2001b/ft
LA = L’"de B 8“(—x1)(—o.1x%)dx . 0 —8)[—(0.243 + 640)]
&), EI 0 EI S EI 2
1147.73 k2 - £t}
ko8, = 47T
" El
1148 k - ft’
Ac, = — 5 Ans.

Xz

™ 8ft
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9-49. Continued
L ‘o ft J

Xz,
o-4-k/ft

[-6 K

264k E =
¢ 4L W= ~(02x+ 6-49)

éft

M=-0-1X]" Xy

(b) o=l

9-50. Solve Prob. 949 using Castigliano’s theorem.

400 Ib /ft

pirwrrwrrwrrwrr

2 |

A B

} 10 ft ‘
B 8 ft
. - aM, M, )
The moment functions are shown in Fig. a. Here, P = —x;and —— = —8. Also, ” <
set P = 0,then M, = 70.1x% and M, = f(O.Zx% + 6.40). C 2001b/ft
Thus,
A /LM(BM)dx /Sf‘(—o.1x%)(—x])d +/mf‘[—(o.zxg + 6.40)](—8)d
= — = = ————dx X
S A P JEI  J, EI "k EI 2
1147.73 k-t 1148 k - ft?
= = — Ans.
EI EI " /0
X2
‘
0-4 K/t N
P+/‘é ¥ W ¥ o ' ozk/Ft
n

8Pt 4 4k M,==(8P+0.2X+6:40)

M=ol [l

(a)
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9-51. Determine the vertical deflection at C. The cross- Ape = 6.5(10°) mm>
sectional area and moment of inertia of each segment is Ie = 100(10°) mm* -—-7T, 50 kKN

shown in the figure. Take E = 200 GPa. Assume A is a
AAB = 18(103) mm2 1m

fixed support. Use the method of virtual work. =

S [ 145 = 400(10°) mm*

3 5 -

v lFA ‘ B

Qﬂ 3m
= Jo kN
L
M 3G~ (G010 o v { Y e
(Ac)y = dx = +0 7 8
0 EI 0 EIAB So kn. M:5p
[150(10%)x — 25(10°)x*]3
Elg __}'L
225(10°%) x] |
= A i =0
9 6 -12 3 4 "
200(10%)(400)(10°)(10~12) ( il" sy \-r;
=281 mm | Ans. T——T"m' 3x
!
*9-52. Solve Prob. 9-51, including the effect of shear and
axial strain energy. Ape = 6.5(10%) mm?
Ipc = 100(10°) mm* -—-7T> 50 kN
| Aup=18(10°) mm’ 1m
S [ Ly = 400(10°) mm*
e 5 —
& lFA ‘ B
al 3m |

2

See Prob. 9-51 for the effect of bending.

nNL Lorww
= + —_—
u=> B l K(GA)dx

Note that each term is zero since n and N or v and V do not occur simultaneously

in each member. Hence,

(A¢), = 2.81 mm ! Ans

I o
/‘L—L. I M- Sox
8
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9-53. Solve Prob. 9-51 using Castigliano’s theorem.

ABC = 65(103) mm2

C
Ige = 100(10°%) mm* -—-7T> 50 kN
~ Aup=18(10°) mm® 1m
SR Ly = 400(10°) mm*
: o
o FA ‘B
Qﬂ 3 m |
L 3 3
M (oM 50)(10°)(3 — x)d
" :/*(*)d":/( JA)E ~ xdx
v o EI\dP 0 El  p 3’,(
R Y
[150(10%)x — 25(10%)x*]3 f——.-‘ M2
El  p %
B 225(10°%)
200(10%)(400)(10%)(10~12)
=281 mm | Ans.
9-54. Determine the slope at A. Take E = 29(10°) ksi.
The moment of inertia of each segment of the frame is
indicated in the figure. Assume D is a pin support. Use the
method of virtual work. Inc — 900 in.*
(k18
) H=6x Haby Lz = 600 in.*
%L%’. ¢
i X x i
: Icp = 6001in.*
Mo M\ M0
| S
A; iP A.= ]
o ]
b Ck o o
L 5 5
M 1 — 0.1x)(6x)dx 0.1x)(6x)dx
bm [Ty [0 PO,
o EI 0 Elpc 0 Elpc
(75 — 25 + 25) 75(144) 3
= = 3 = 0.414(10°) rad Ans.
Elgc 29(10°)(900)
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9-55. Solve Prob. 9-54 using Castigliano’s theorem. 12k
Sft 5ft
B = C
% Ipc =900 in.*
H=M‘"k~b-l“’x M= ‘x‘ 'o-'n'l
" Tj__‘_g,
I
; Lig = 600in.*
o' 3 Heo 12t
",Jh- il
Lo Iep = 600 in.*
b0 LALELY
—aA D
Set M’ = 0, T
L 5 5
M (oM 6x)(1 — 0.1x)dx 6x)(0.1x)dx
9A=/7<f” )dx: (61)( ) (69010dx
o EI\oM’ o Elgc 0 Elgc
(75 — 25 + 25) 75(144) 3
= = 3 = 0.414(10"°) rad Ans.
El,c 29(10°)(900)
*#9-56. Use the method of virtual work and determine the
horizontal deflection at C. The cross-sectional area of each
member is indicated in the figure. Assume the members are ] C sk
pin connected at their end points. E = 29(10%) ksi.
.
4 ft
¢ 2in?
i 2
— D
_elin
| 3 |
(A) = EnNL _ 1.33(4.667)(4)(12) | (1)(5)(3)(12) (—8.33)(—1.667)(5)(12)
I A AE T 2(29)(10%) (1)(29)(10°%) (1)(29)(10%)
= 0.0401 in. — Ans.
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9-57. Solve Prob. 9-56 using Castigliano’s theorem.

1in.

B —> 5k
Member N force IN
opP
AB 1.33P + 4.667 1.33
BC P+5 1
BD —1.667P — 8.33 —1.667
CD 0 0
)
SetP = 0, 2in.
(A = N(ﬂ)i ~(4.667)(1.33)(4)(12)  (5)(D(3)(12) Lo
“n P ) AE 2(29)(10%) (1)(29)(10%)
(—8.33)(—1.667)(5)(12) D
(1)(29)(10%) ~—
= 0.0401 in. — Ans. ‘ 3 ft l
[ *
Bl d ¥ t2 L = >
. NG
z . o * o
o33P 1 94LT
L -——p L1
SR T [
1537 1.33P FH (%773 73
9-58. Use the method of virtual work and determine the 400 Ib/ ft

horizontal deflection at C. E is constant. There is a pin at A,
and assume C is a roller and B is a fixed joint.

C
6 ft |
A
A - /Lde B /4(0.541x)(1849.17x — 200x%)dx . /10(0.325x)(389.5x)dx
A, = | grd = El A EI
1
= E{(333.47x3 — 27.05x%)[§ + (42.15x3)|50}
79.1k.ft3
= T EI - Ans.
Lol me 2541y
[ i THI 49.072 - oy? —_—
8! e x
"Ti o.5h
! %ﬁs; hddad i | — it
”’f‘ .
Eﬂﬁlﬁ’ ‘\m;.b 2841

R34
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9-59. Solve Prob. 9-58 using Castigliano’s theorem. 400 1b/ft

Y )

6 ft |

SetP = 0.
N /L M (%)d B /4(1849.17x200x2)(0.541x)dx . 10(389.5x)(0.325x)d x
Ao, = | i\ap )&= ), EI A EI

1
= E{(333.47x3 — 27548 + (42.15x3)|(1)0}
s Hovsan %' 0541y
_ 9k _

EI Ans.

*9-60. The frame is subjected to the load of 5 k. Determine
the vertical displacement at C. Assume that the members
are pin connected at A, C, and E, and fixed connected at
the knee joints B and D. EI is constant. Use the method of
virtual work.

T TS eSS e TS SShsas TS S heas

P ]

1 8 ft 8 ft |

L 10 10
0.25x)(1.25x)d —0.25x)(—1.25x)d
(A0, = / —rz]ydx = 2[ (025x)(1.25x)dx + ( ) *) x}
0 0

EI o EI
1.25(10%)  417k-f6
= = A 3
3E] T ns
l.?k 14
sk ' 25
/I}_t hf;\c\ ///’£
\
sk 25k \:‘\ g :

<

3

nre 15 R

etk

Y4 160
l-fk " loxs [X ]

?/,:ta—‘ etk /% :
LS e V%{ st 4
C
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9-61. Solve Prob. 9-60 using Castigliano’s theorem.

1 8 ft 8 ft |
Set P = 5k.
L 10 10
MM 1.25x)(0.25x) dx —1.25x)(—0.25x) dx
(a0, = [ B (00)gy o [0 PC12C025 ]
© " Jo EI\oP b EI b EI
1.25(10%) 417k -fé
=351 El ) Ans.
- X2 4
} 2.5 P
/ 0.257
P o
o 5P
"
m=0.25 Py m:-0.25 P
i : X
wlo'zq -h——n.-g
x Y R P ~0.25 ¢
~* 1.15p

o8P
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10-1. Determine the reactions at the supports A and B. wo
EI is constant.

A
Support Reactions: FBD(a).
53 F =0 A, = Ans.
woL
+1YF =0 Ay + By = —==0 (1]
woL (L
C+>M, =0, BL+ M, — ; (5):0 [2]
Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are
woL* B,L’
UB/ — UB” — T
30E1 3EI
The compatibility condition requires
(+i) 0 = vB/ + UB”
w L4 B,L*
-3 )
30E1 3E]
woL
By = W Ans.
Substituting B, into Eqs. [1] and [2] yields.
2w, L wolL?
y = N My = 15 Ans.
uhl
—— <
Ayl J’ ~~~~~~~~~~~ w5
A;—e% =~
n
™ A A 6
@ ey i o
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10-2.

constant.

Support Reactions: FBD(a).
LSF =0 C, =0
+1 > F,=0;
C+XM, =0

Ay, + By +C,— 12 =360 =0

Determine the reactions at the supports A, B,
and C, then draw the shear and moment diagrams. EJ is

B,(12) + C,(24) — 12(6) — 36.0(18) = 0

12 kip

Method of Superposition: Using the method of superposition as discussed in

Chapter 4, the required displacements are

swL*  5(3)(24%) 6480 kip - ft’

VB T 768EI  768EI TR
, _ Pbx 2 2 2
vp = 6E1L (L b X )
12(6)(12) 2376 kip - ft®
= 4 6 - 12 =
6EI(24) ( ) EI
PL3 B,(24%)  288B, ft’ '
VBL T 4REI ~  48EI  EI

The compatibility condition requires

(+1)

0= UB, + UB” + 'UBW

6480 2376 ( ZSSBy)
0= + + (-
EI ' EI El

B, = 30.75 kip
Substituting B, into Egs. [1] and [2] yields,
A, =2625kip C, = 14.625kip

MCkip-ft)

1575

l

2025

(kip)

Ans.

Ans.

‘ 6 ft ‘
24y 302)= 36 kip
T -
1 1 —
4y et T épr Kyéje.f 61t <

112 ):-'f 3 kplfe

L | P
eft ¥ e R f —’I

~5

12kip 4+

~-
———=
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10-3. Determine the reactions at the supports A and B. w
EI is constant.

A —'%LB
L L |
2 2 |
Support Reactions: FBD(a). wL
=z
i) EFV =0 Ax =0 Ans, Altr-‘-—‘ ----- 'E

wL A:_(—ni

1
+T2Fy—0, Ay+By—7—0 [1] MAr:’L_1i_(ar) Z IB}
L\/L
C+3M, = 0; By(L) + M, — (WT)(Z) =0 2]
Method of Superposition: Using the method of superposition as discussed in LS
Chapter 4, the required displacements are A ]
4
TwL? pr} B "
vg - vp "o — T Z 1 2
384E1 3EI 3El
The compatibility condition requires
(+l) 0=vp + vp” W
3 LITITT1
TwL* ByL SEE T,
0= + (f ~~~~~ —_ Ia
384E1 3EI + -
TwL
B, = 8 Ans.
Substituting B,, into Egs. [1] and [2] yields, ., . :E/.’
, = JT
STwL OwL
= o = Ans.
¥ 7128 47128 " &
10-4. Determine the reactions at the supports A, B,and C; P P
then draw the shear and moment diagrams. £/ is constant. l l
A!"! IC
B =2- 0.
L ‘ L L ‘ L |
Support Reactions: FBD(a). 2 ‘ 2 ! 2 ! 2 ‘
+ EFx - 0; A, =0 Ans.
+1YF, =0 A, +B,+C,=2p=0 [1]
L 3L ¢ P
C+DM, =0 B,L +C,2L) — P > - P - =0 [2] "
Ik —J
Moment Functions: FBD(b) and (c). 9 + . % =5
F2 2 =2 2 c
M(xl) = nyl A‘x’ 5’ }
PL @)

M(Xz) = ny2 - P)Cz + 7
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*10-4. Continued

Slope and Elastic Curve:
d*
El ﬁ = M(x)

For M(x;) = Cyxy,

dzv]
El dx% = nyl
dv, y
-2 c
dxl 2 1 !

(&
EIU] = 76},%;13 + C]X] + C2

PL
For M(x;) = Cyx, — Px; + ——,

2
d*v, PL
E]Tx% = nyz — Px, + 7
d’l)z y P PL
EITXZ = 72)6% - Ex% + 7)62 + C3
y P PL
Elv, = ?x% - E}c‘z1 + Tx% + Cxy + Cy
Boundary Conditions:
vy = 0atx; = 0. From Eq. [4] G, =0
dv 2
Due to symmetry, i Oatx, = L. From Eq. [5],
2
C,L* pr2  pp? C,L?
0= -yt L o=
2 2 2 2
v, = 0atx, = L. From Eq. [6],
c,L? 3 3 C,L?
y PL PL y
= e e +
0=7% 6 4 ( 2 )L C4
o L pr?
o3 12

Continuity Conditions:

L d’l)l d’l}z
At x; = x, = =, — =——_From Egs.
tx;=x > de,  dv, rom Egs. [3] and [5],
B OB O OR
— +C =— - =)+ = =) -
2\2 2\2 2\2 2\2 2
PL2 CyL2
“=7% "
L
At X1 = x = > U= v,. From Egs. [4] and [6].

G/ [(rr2  GL\/L
- PR + [ —
G- )G)

z
L z
<) ’(z.'z C::_
v
2P
i =
o I’- L ‘r X
£
/i ) 7ZP
- %P
M
5P sPL
£Y2 3z
. /\
1 ; 4 - $ K
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*10-4. Continued

_ C.v(L)S B 5(5)3 ) &(g)z ) (_ CyLz)(L) LOorpr
6\ 2 6\2 4 \ 2 2 2 3 12

5
C, = RP Ans.

Substituting C, into Egs. [1] and [2],

11 5
y—§P Ay—R Ans.

10-5. Determine the reactions at the supports, then draw
the shear and moment diagram. E/ is constant.

—— L —=

A B _=2-
, L | L
Ay P
Support Reactions: FBD(a) . A ’l 1
2l .
+ M*\JL J
LYF =0; A, =0 Ans. YL L ]
5
+1YF =0 B,—A,-P=0 1] @
C+DMp=0; AL—-M,—PL=0 [2] p
Vi)
Moment Functions: FBD(b) and (c). M) C
M(xl) = _P)Cl X,

M(XZ) = MA - Ayxz

M
l\ At VO
2
z . 2 ( L—_:[ JM)

1 ] X
o y My .
\/r Xz
)

—pL
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10-5. Continued

Slope and Elastic Curve:
d*v
El— = M(x
dx? ()
For M(xl) = _le.
dz”l)l
El——F = —Px
dxl
dU] P
El—=—-——x1+C 3
dx, 2x1 1 (3]
P,
El vV = _gxl + C1x1 + Cz [4]
For M(x;) = My — Ayx,
dzvz
EITx% = MA - AyX2
dv, Ay
Eld—x2 = Myx, — 7x§ + Cs [5]
M A
Elv, = TAx% - ?yxg + Cyxp, + Cy [6]
Boundary Conditions:
v, = 0atx, =0. From Eq. [6], Cy=0
d'l)z
— =0 atx, = 0. From Eq. [5], C;=0
de
v, =0 at x, = L. From Eq. [6].
M. L2 AL
0=—22 - [7]
2 6
Solving Egs. [2] and [7] yields.
PL 3P
MA = 7 Ay = 7 Ans.

Substituting the value of A, into Eq. [1],

5P
B, = —

) 2 Ans.

Note: The other boundary and continuity conditions can be used to determine
the constants C; and C, which are not needed here.
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3k/ft

10-6. Determine the reactions at the supports, then draw
the moment diagram. Assume B and C are rollers and A is
pinned. The support at B settles downward 0.25 ft. Take

E = 29(10%) ksi, I = 500 in*.

<

12 ft

12 ft

Compatibility Equation. Referring to Fig. a,

CSwLic 5(3)(24Y) 12960k - ft?
B 384E1 384E] EI
~12960(12°) k - in®
© [29(10%) k/in%](500 in®)
=1.544in |

A/

fon = Lic  24° 2881t
BB ASEI T 48EI T EI

288(12%) in®
[29(10%) k/in?](500 in*)

in
= 0.03432 —
« T

Using the principle of superposition,

Ap=A'p + B, [

(+1)025in = 1.544in + By<—0.03432 %)

B, = 37772k = 37.7k Ans.

I | S H A~
. 12
| =e#t /2% | | ! ” X(ft)

23772 K .
A t 77 (7 —10-3
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10-6. Continued

Equilibrium. Referring to the FBD in Fig. b

HEDF =0; A, =0 Ans.
C+DM,=0; Cy(24) + 37.72(12) — 3(24)(12) = 0
C,=1714k = 171k Ans.
+13F, =0, A, +37.72+17.14 — 324) = 0
A, =1714k = 17.1k Ans.
10-7. Determine the deflection at the end B of the SON
clamped A-36 steel strip. The spring has a stiffness of
k =2 N/mm. The strip is 5 mm wide and 10 mm high. Also, 200 mm
draw the shear and moment diagrams for the strip. | v
T B
4 10 mm k =2N/mm
1
I= E(O'OOS)(O'01)3 = 0.4166(10"%) m*
PI3 50(0.2%)
Ay = = = 0.0016
QB = 35T = 3200)(10%)(0.4166)(10°%) m
PL3 2000A 5(0.2%)
A == = 0.064 A
(An) =3, 3(200)(10%)(0.4166)(10~7) ’
Compatibility Condition:
+1 Ap = (Ap)1 — (Ap)
Ag = 0.0016 — 0.064Ap
Ap = 0.001503 m = 1.50 mm Ans.

B, = kAz = 2(1.5) = 3.00N

~

g son 200 mm 50
.goN-m l 1
(4 1«:—: ‘ ;__a__g_—-- = -

g
. A ===z :E'
4704 ool " ot
YW,
£7.0 "“—_“'—"[ — -
y \\‘\\ __l?')l
MN-m) +
| e ,—"IA%
_;M]///
5- kdg
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*10-8. Determine the reactions at the supports. The
moment of inertia for each segment is shown in the figure.
Assume the support at B is a roller. Take E = 29(10°) ksi.

Compatibility Equation:

(+1) Ap— B, fpp =0
Use conjugate beam method:
2160 1620
+> Mp' = 0; Mg +——09) +——012)=0
C+3 My = 0; W, O g (1)
38880
Ap=Mp = —
B B ElLg
162
C+> My = 0; My — (12) =0
Elp
1944
=My =
fBB BT Elg
38880 1944
From Eq. 1 - B, =0
El,g Elup
B, = 20k
A, =10k
M, = 60k -ft
A, =0
ok
" 1
N ‘g
J
N et

1

Ans.
Ans.
Ans.

Ans.

— -4
A Lyg = 600 in* 1B Izc =300 in C
l 18 ft 1 12 ft |
10k
| i85t 1 2 1¢
————— -
n \~\ s
A 1
e T
A! + S~
5,}.0 ”’/"
G s T ——
2 —
B
d
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10-9. The simply supported beam is subjected to the 6 kip/ft
loading shown. Determine the deflection at its center C. EI 5 kip-ft
is constant. \ ‘)
9 C
| N | 81t 81t |
Elastic Curves: The elastic curves for the uniform distributed load
and couple moment are drawn separately as shown.
Method of Superposition: Using the method of superposition as
discussed in Chapter 4, the required displacements are
ALY = —swL*  —=5(6)(16*) 2560 kip - ft’ | Eéﬁezfr_n 5kpf
(A = Jespr = 76861 EI £ — ;5")
»a -— ——
A = X (2 3L+ 212 T N
(Ac), = 6EIL (x X ) A(_”
5(8
= —6%(16) [8% — 3(16)(8) + 2(16%)]
& kiplft
801<ip-ft3l l\ﬂfll ] 2
= — —T —
EI L < W o
(A )l
The displacement at C is ‘ +
Ac = (Ach + (Ao)
o,
. 3 Vbﬂ-" —l_:_...._/ )fgl
2640 kip - ft’
— o Ans. @A),
10-10. Determine the reactions at the supports, then draw
the moment diagram. Assume the support at B is a roller. 400 Tb-ft
El is constant.
Compatibility Equation: 1 81t ! &ft
7" I | 400 1b-Jt
(+1) Ap—25- Byfgp =0 (1) e l)
7 3 o<
Use conjugate beam method: i ’ SN
N,
N
3200
C+D My =0; Mg+~ (4) =0
Ao = g 12800 A . 400 Ib-ft
A ‘\~‘~
32 8
C+S My =0 My~ 2(5333) = 0 =
170.67 -
=M, = ’4/
VL B El 4 %.{“_) P
Y et ]
? I

&
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10-10. Continued

4t 4§t

400 1b-f2

1)
1

8t 8ft
75:0 1b.
12 800 170.67
— 1b-.
From Eq. 1 E 3 ( Zl )=20 Mb.f¢)
B, =751b Ans. 2(20\ 8 o
A, =0 Ans. | Xt)
A,=751b Ans. N\ :
M, = 200 Ib- ft Ans. -400 '
10-11. Determine the reactions at the supports, then draw 600 Ib/ft
the moment diagram. Assume A is a pin and B and C are
rollers. EI is constant. W m\
‘ A _Is _Ic
| 15 ft 15 ft
Compatibility Equation:
(1) Ap—Byfps=0 ) - -
fr 0CC 1bjst ‘
Use virtual work method: : (/‘//I\IN
2} - 2 ra ‘lik‘ 1 e = |
A Lde _, 15(4.5x—0.00667x3)(70.5x)d 4050 T T
B o EI * o o EI X = EI 600 1bf3e
B /me e 2 B(=0.5x) O D ™
Jop = o EIT ), Er YT T EI Byfes_ t ®
4050 5625 > e — =
et - “ 2.
From Eq. 1 El VRl 0 T
B, = 7.20k Ans. 84
A, = 0900k Ans.
Mad.50X-0.00667X 0.6 kg1
A, =0 Ans.
C, = 0.900k Ans. T x ] ” T
4»505 18§t T 155¢ 4.50 %
y M * -0-50K
]
Mt —g T 53
T ) Yo.50
4.02 4.02 o5 1 ‘o6 tult # ’
5
SN
| o7 2329 30 T
: 15t 15t
720k <
/i ,

-9.0
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#10-12. Determine the reactions at the supports, then
draw the moment diagram. Assume the support at A is a pin
and B and C are rollers. E1 is constant.

Compatibility Equation:
(+1) Ap — Byfgg =0 1)

Use virtual work method:

L 10
mM (—0.5556x,)(19.35x1)
Ap= | ——dx = d
B A EI Y7, EI .
/10(—5.556 — 0.5556x,)(193.5 + 9.35x,)
+ dX2
0 El
25(—0.4444x5)(21.9x5 — 0.01667x3)
+ dX';
0 EI :
_ 60263.53
El
10(-0.5556x,)2 2(-0.4444x5)? 10(-5.556 — 0.5556x,)*
fBB = 7dx1 + 7dx3 + d
o EI 0 EI 0 EI
~ 1851.85
EI
60 262.53 1851.85
From Eq.1 5 B, Bl 0
B, = 325k Ans.
A, =0 Ans.
A, =127k Ans.
C, = 744k Ans.

X

|
I e

<10 ft—~—10 ft 25 ft 1

jcr Vaskg

<!
k. t 2.1 Pl

o~

=
~——— ~ -
hd i "s-...—’

il
10K 25 kfft
k_l__r__mIZZmz

¥ — ~
¥ T B
By
2K M, «193-5+9.36X,
7 2-5 &ffe
Y x> ify 1
S S S—
"'-“"X ) Xy X.‘“_..f
/ot T soft <5/t
1935k 2190k
M;22190X,0.0/667}
3
2

m, = -0.555X, '}"a‘ ~0-5556 (104X
% X

8 m— ” d—
X, f"‘xz ] K{x“—'}

0 Faofe V10K zsf?’ a2 r
5556 My=-0-4a44x,,
lfokz 25kt
Ax ,

L g
©ft V roft 25 ft
Ay F254 € <y
Mkt ) 604
7 /\
s } — X (5t
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10-13. Determine the reactions at the supports. Assume
A and C are pins and the joint at B is fixed connected. E1 is
constant.

oS Poa
S
|
—
—
P
|
P
|
|
|
—
|
|
|
|
|
|

:'.:,;}A
| 18 ft
2k/ft
Compatibility Equation: Referring to Fig a, the necessary displacement can be
determined using virtual work method, using the real and virtual moment
functions shown in Fig. b and c,
C
L 18 ft 2 9 ft 2 »
M 0.5x7)(31.5x; — 2x X)(—x
ao o [T UOS0ELSY o) M)
" o EI o EI 0 EI
_ 273375 . | /8% J
H I 2Kt
- 181(0.5)(0.5%) () (x) ———
mm t 0.5)(1 0.5)(1 t X2) X2 5 N
= ——dx = ————dx; + ——d "
Jec A Er /0 EI E l El 7 N ——
729 Ht
=— —
EI

Using the principle of superposition,

Ac, = A" ¢, + Cyfec

o = 273375 (@)
EI “\ EI
C, = —375k = 375k < Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

E3F =0, A, —2(9) -375=0

A, = 21.75k Ans.

C+3 M, =0; C,(18) — 4(18)(9) — 2(9)(4.5) — 3.75(9) = 0

C, = 42375k = 42.4k Ans.
& \
1 SF, =0, A, + 42375 — 4(18) = 0 @) of
X]ec
A, =29.625k = 29.6k Ans.
18/t 05K 40U8) k.
FKJF 3 18/ 2t — 9/t 5|
; , 1% - -
18k Xhd ot b i h ) R - Ae rﬁl; | i -?(9)}&
91t Ift
; . ’
1k * st
2k[ft ©) % s
05k A
(b) 405k () A
¢
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10-14. Determine the reactions at the supports. EI is 500 Ib/ft
constant.

A

3k

| 10 ft |

10 ft

Compatibility Equation:
(+1) 0= Ac - Cfec 1)

Use virtual work method

\ 1 Jt ’
Ac = /LmM (x1)(=025x%) —625 A L o5 K/t
C - ! .
o \

—dx = ———dxy = ——— T 11711771 2

EI A EI EI b i
e fmm [0 33333 o
ce EI , EI 7! EI p
fOﬂ = !
625  333.33 /
From Eq. 1 0=—" — ’ /
EI EI PR
/_Tae
C, = 1.875k Ans. +
A, = 3.00k Ans.
A, = 3125k Ans.
M, = 6.25k-ft Ans.

1875k
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10-15. Determine the reactions at the supports, then draw
the moment diagram for each member. E1 is constant.

Compatibility Equation:

(+1)  0=24,—Afia

Use virtual work method

L 8 _ 10 _
= [ g [, O,

El El El
L 8 2 8 2
mm (x1) 8 + x7)
= [ My = [ gy + | S, +
Jaa [ Er Y T ), Er M /0 EI T

_ 17066.67 3925.33A
El El 7

10(16)2

From Eq. 1 0

A, = 4348k = 4.35k

C, =0k
C, = 5.65k
My =104k - ft
(Y 9 vy
-1 3ft | l

El “F

10k
‘ 8 ft 8 ft ‘
Y B
4 >
10 ft
c v
1)
—17066.67
EI
_3925.33
EI
Ans.
Ans.
Ans.
Ans.
oK = -/0-OX
1 S.R a1t 1 ml x *
rf‘*"‘-v}- |t . e
~ >
- =X
M0 o xlj 1;'“: ! )
/"-‘ L
My=-80-0

80.0 kfL
10:0 K

K

-10-4 K ft
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*#10-16. Determine the reactions at the supports. Assume
A is fixed connected. E is constant.

Compatibility Equation. Referring to Fig. a, and using the real and
virtual moment function shown in Fig. b and c, respectively,

L 9m 2
mM —x3)[-(4x5 + 60
A = / e - / (=x3)[(4x3 )]dx3 _ 89
"o EI 0 El4p El,g

L 9m
mm (=x3)(—x3) 243
= 0x = dx: =
Jee K Er" l Ely 5 T ELy Y

Using the principle of superposition,

AC = A,Cv + Cy cC

v

8991 243
+) 0= +C
1) El,p y<E1AB)

C, = -37.0kN = 37.0kN 1

Equilibrium. Referring to the FBD of the frame in Fig. d,
L3 FE =0 A, —20=0 A, =20kN

C+3My =0, My +37.009) — 8(9)(4.5) — 20(3) = 0
M, = 51.0kN-m

+1YF, =0; A, +370-809) =0 A, =350kN

8 kN/m

s = 1250 (10° mm*

9m

Ans.

Ans.

Ans.

Ans.

Igc = 625 (10°) mm*

20 kN

A
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10-16. Continued
| Im d " gm
NN
e X
| 8 knjm Bkalm [ .
4 o i id 14333}
t‘ \Qh- - ".‘.g-""'\ A N *
\ [3m M,= - (4X;" +60) - [3m
\ 2o 7RKA X
— 20kN
M,=~20xX
{ 3m 3m
I X,
- . Y
2 (b) -
m
[m l 9
, Sk Fkm X
‘? N N N N N \ ﬂ
! 1 -
: =y _ z?
m,=-
N ¥
4 N
/ I
7 .
/ b
4 !, !
'I“ ¥ AC’-V
+ )
N y 1 M
) — i
X S~ 8e9) kn
1 “.5mM  4-5m
/ rP ——————————————————— 7
/ Ar 4 - '
/ .
/ N
/ M 4 A 3m
/_} 1 20 k)
h 4
C
@) Gfec 1 3m
(4)
Cy=37-0 kil
1
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10-17. Determine the reactions at the supports. EI is

constant.

Compatibility Equation:
(+1)  0=Ac - Cyfec

Use virtual work method:

L
mM
A =/—dx
¢ )y EI EI

0
L 9 2
mm (x; +9) 243.0
- 2y = dx, =
Jec /0 El /0 El VT Er

From Eq. 1 0=927717_% y
C, = 39.0kN
A, =330kN
A, =240kN

M, = 450kN-m

Kn|m 8 xalm
A II"JIgﬂu}m Jlllllhm
A T Ik o ‘
om = 4
y A
i X W !
e

L

/"(—x1 + 9)(72x; — 4x} — 396) —9477
= dx, =

El

8 kN/m

9m
] A g ’

e N
- .
| bm
39.0 el
2.0 kn.m

A B
| 9m
6m
c
(1)
9m
t:::m" ‘
Hodlaa)
1O}y X
LT don
7 b —— [
METOX, 40K~ 3b ?_ 7
7z.om(' - '”’ 90 m=-X+30
396kem [ | F1%|em »TF
Moe 20T N me T

4kN/m
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10-18. Determine the reactions at the supports A and D.
The moment of inertia of each segment of the frame is

listed in the figure. Take E = 29(10%) ksi.

3
L 10(lx)(Gx%) 10
10)(170-2
AA — / ﬂdx — 0 + / 72dx + / ()(7]6)dx
0 El 0 0

Elgc

188125

El-p

L2
= — — +
faa A E]dx 0

+HlA + Afia=0

18,812.5 12
4 ( 50) _o
El-p "\El:p
A, =-150k
+13F, =0 -30 + 15 + D, = 0;
L3 F =0 D, =2k
C+2Mp =0;
2
LI-:F%:__.__T_ 3elfy oo €
B _}LL_-::._Z, !
i ? ¥ m= |a
M0 Va \H: 70-23 "
1
g b N
o e z
lo k-t
A 3K

Elcp

1042 0102 1250
dx + dx =
o Elpc o Elcp Elcp

D, =150k

3Kk/ft

IAB = 600 il’l.4

Ipc = 800 in.*

ICD = 600 in.4

10 ft

Ans.

Ans.

Ans.

15.0(10) — 2(10) — 30(5) + Mp = 0; Mj = 19.5k-ft Ans.

10 ft

I
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10-19. The steel frame supports the loading shown. 3k/ft
Determine the horizontal and vertical components of reaction l l l l l l l l l l l l
at the supports A and D. Draw the moment diagram for the
frame members. E is constant. 1 C
B L =2,

12 ft I I

Compatibility Equation:
A D
Ap + Difpp =0 1) 77—%— =ﬂ%
Use virtual work method: ! 151t ‘
L 15 2
mM 12(22.5x — 1.5x%) 5062.5
Ap = ——dx =0+ dx +0 =
P l Er " l EQI) * El
L 121 12 15 2
1x 12 2232
fDD:/ﬂdx=2 ( )dx+ (12) x =
o EI ., EI o EQL) El
From Eq. 1
5062.5 2232
+ D, =0
ElL ElL

D, = -2268k = 227k Ans.
C+HDM, =0; -45(7.5) + D,(15) =0 D, =225k Ans.
+T2Fy =0 225-45+A,=0; A, =225k Ans.
£ >F =0 A, — 2268 = 0; A, =227k Ans.
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#10-20. Determine the reactions at the supports. Assume A > —
and B are pins and the joints at C and D are fixed > D C)
connections. £/ is constant. _
L5k/fe| 121t
> A Bigi—

Compatibility Condition: Referring to Fig. a, the real and virtual
moment functions shown in Fig. b and c, respectively,

L 12 ft 2 15 ft

mM X1(18X1—0.75X1) 12(720.}(2)

Ay = [ TV = B Sd hhad U Y e, + 0
By /0 El " A El R A EI %

16200
EI

L 12 ft 15 ft 12 ft
mm x1(x1) 12(12) x3(x3)
= [ M= adiSai b it Sl B,
fos A £l A £ M A Er T TEr 46

Using the principle of superposition, Fig. a,

Ap, = A'py + B.fpp

16200 3312
+ = +
(_)) 0 EI B’V( EI )
B, = -4891k =489k <« Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

5 SF =0 15(12) — 4891 — A, =0 A, =1311k = 131k Ans.
C+3My=0;  By15) — 1.5(12)(6) = 0 B, =720k Ans.
+1 3 F, = 0; 720 — A, =0 A, =720k Ans.
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10-20. Continued

/51t /5 ft
¢ e
Ni—= > v A
—s ] N e et et i H = g b
. / A | 15K /jt.ﬁ / M --7/k N
|| ; >
2 A0
: , ,,' [2ft _({Mj-/ex, 075x3 =
I
: : / 5 X X,
i se——/8 K x
I |
. (b)
720 K 720 k.
—
|5k /r' T \\ 2 =
JIE Y 1
iy \ 7 A\
] % M= 12
/ \
\\ KT M=% /Zﬂ
m=X.
4 i % — ||| [»
Bh, P T S [ S 4y B
. ©
0 2
! \ )
i \
{ \ 1 N
: \or||
/ N\ Bk
1 B,\ \A ] s
|
_ i |
S 4 2 : | Bx=‘4'54”<
B’Cﬂb ] Ax. )
(&) YA B»}
f @)
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10-21. Determine the reactions at the supports. Assume A
and D are pins. EI is constant.

Compatibility Equation: Referring to Fig. a, and the real and virtual 0
moment functions shown in Fig. b and c, respectively.

L 15 ft 20 ft
mM (x1)(8x7) (0.25x, + 10)(6x,)
A'D, = [ My = SR vy + dx, + 0
w= ) BT A El T El 2
25000
EI

L 15 ft 20 ft
0.25x, + 10)(0.25x, + 10
bp = / —mmdx:/ 7(x%(lxl)dxl +/ ( e X e )dx2
0 0 0

EI EI
10 ft
(x3)(x3)
+
A El d.ng

4625
EI

Using the principle of superposition, Fig. a,

Ap, = A'py + Difpp

25000 4625
) o=T0 ()
D, = 5405k =541k < Ans.
Equilibrium:
EDF =0, 8-5405-A,=0 A, =259%6k =259k Ans.

C+3My, =0; D,20) + 5.405(5) — 8(15) =0 D,

4649k = 465k  Ans.

+T3F, =0, 4649-A4,=0 A, =4649k = 465k Ans.
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10-21. Continued

20ft

551 " ) 20/¢

_ e — -W) 5 Xz
K. Al
0f ~—x i
I5# 4 . )&
b M2= éxb -& /Oft
2d . [M= '&

8k G KN

~
Lo d
N

2oft

; . =
i I ¢
| _,I { M, =0:25X, 110

54t 5= T

ﬁé? d%' Q*ﬁ} 1k 3

r
J'4

loft

1 L 025 k
%-,25 K )
2O0ft

8k

o

10ft
15t
| Ax D=5405k
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10-22. Determine the reactions at the supports. Assume A
and B are pins. E1 is constant.

Compatibility Condition: Referring to Fig. a, and the real and virtual moment

functions shown in Fig. b and c, respectively,

L 3m
M —4)(-20 240
A,Bh — / de = 0 + / wd)% + 0 =
0 0

EI EI EI
L 4m 3m
mm (=x1)(=x1) / (94
= — = —_— + [
IsB %Eldx A £ dx, A £l dx,
4 m
(=x3)(=x3)
+ P ——
A El d.X3
~90.67
EI

Applying the principle of superposition, Fig. a,
Ap, = A'p, + B.fps

240 90.67
+ = 4 it
((_) 0 EI Bx( EI >

B, = 2.647kN = 265kN —
Equilibrium: Referring to the FBD of the frame shown in Fig. d,

ESF =0 A, —2647=0 A, = 2.647KN = 2.65kN

C+>XMy=0, B@B)+20-20=0 B, =0

+H1SF=0  A,=0

20 kN;n(‘
D

3m

Ans.

Ans.

Ans.

Ans.
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10-22. Continued

20 knm

Y
!
]
i
]
]
/
/
/
/
/
/
/
/
/
[
L
l écfeﬁ

(@)

ZO(N-?;“

i

Im

X

7

X

=g

4m

4m

> ]

7

3am X
)20 kN-m
N
4m
Br2.647kN
) b

X

'ty 4y
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10-23. Determine the reactions at the supports. Assume A 9 kN/m
and B are pins. E1 is constant.

Compatibility [Equation: Referring to Fig. a, and the real and virtual

moment functions in Fig. b and c, respectively, T T Ty
L 5m 3 T
mM 4(7.50X2—0.3X2) 187.5
A'B;, = ——dx =0+ ——————dx, + 0= ——
h A E1 Y A El = EI
L 4m Sm 4m
mm (1) (x1) / 4(4) / (x3)(x3)
— dx = dx, + dx, + d
Tus A El" % R 7 A ) B
_122.07
El

Applying to the principle of superposition, Fig. a,

Ap, = A'p, + B.fps

187.5 122.07
+ S
(£) 0 EI t( EI )
B, = -1.529kN = 1.53 kN <« Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

S E=0 A 1529=0 A, = 1529kN = 1.53kN  Ans.
1
C+EMa=0: B(S) — 5()()(1667) =0 B, = T50kN Ans.
1
CHEMp=0; (9E)3333) — A,(5) =0 A, = 150kN Ans.
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10-23. Continued

1kn 1kn
<)
£(9)(5) kN

-~
-
-~
-~
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*10-24. Two boards each having the same EI and length L
are crossed perpendicular to each other as shown. Determine
the vertical reactions at the supports. Assume the boards
just touch each other before the load P is applied.

AE! e AE,
(P-E)/ (P-E)/
Ay =Mp=——— 2+ — =
E E 16E1 (2) 16E1 (6)
(P - E)L?
~ 48EI
2 2
A//:M :EYLKE)_EyLKE)
E E" " 16EI\ 6 16EI\ 2
E,L
 48EI
AE! e AE"
(P - E)L? E,L?
~ 48EI  48EI _
(g gL
-(P-E,) = -E, G WEL
P g Ll .
E, = 5 Ans. ) Hg? }-N‘E'
- (P-EME
For equilibrium: T Teer B
WEL
P
Ay—By—Cy—Dy—Z Ans.
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10-25. Determine the force in each member of the truss.
AE is constant.

Compatibility Equation:

0 = Aup + Fipfapas ey

Use virtual work method:

ANL _ (LO)(1333)(5)  (-LOLOG(4) _ 13.493

Aup = E AE AE w e
_ ol _20)°6) |, CLOY(4) _ 2024
fapag = AE - AE GE = AE
13.493  20.24
From Eq. 1 O_W_FFAB
Fap = —0.667k = 0.667 k (C) Ans.
Joint B:
3 3
+H12F, =0 SFap + (5 J0.6666 — 0.8 = 0
FBD = 0.667 k (T) Ans.
+ -0 = ]
FISF =0 Fge =0 Ans
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10-26. Determine the force in each member of the truss.
The cross-sectional area of each member is indicated in the
figure. E = 29(10°) ksi. Assume the members are pin

connected at their ends.

1 1
. {(—1.667)(—13.33)(5)}
2
1044
- E
2L 172(1.33)%(4)  2(1)*(3)  2(—1.667)*(5)
Jesen = 24 =T 1 T 1 2
341
E
Acp + Feplepes = 0
104.4 34.1
£ 7 F(?) -0
Joint C:
3
+13F, =0 gac—8+3.062:0;
Fac = 823k (C)
+ 4 = 0;
e EFX =0 5(8-23) = Fpc = 0;
Joint B:
3
+13F =0 -3.062 + (g)(FDB) =0;
Fpp = 5103k = 5.10k (T)
. 4
A SFE =0 Fap =6 = 5103 5 | = 0;
Joint A:
3
+13F, =0 -8.23 + (E)FDA =0;

n 1.33)(10.67)(4)  (1.33)(-6)(4) = ()(8)(3
ACB=25EL=%{( )1067(#) A3 (DB)3)

Fpa = 4.94% (T)

1

|

|

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

b 8
06 % Y]
[
-1.33
+8 bz
0
b.bix
= bk
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10-27. Determine the force in member AC of the truss.
AFE is constant.

Compatibility Equation: Referring to Fig. a, and using the real force and virtual
force in each member shown in Fig. b and c, respectively,

3m
. <nNL _ 1(1667)(5)  (-1.60)(-13.33)(4)  168.67
AAC_EAE_ AE AE T AE |
L [()G)] L [(-1.600°1(4) | [(-0.6)*](3)
facac = E‘z[ AE}Jr AE T AE
_ 2132
T AE

Applying the principle of superposition, Fig. a

Auc = Ay + Excfacac

168.67 2132
=———+ —
0="4F FAC( AE )

Fae = 1911 kN = 7.91 kN (C)

Ans.
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10-27. Continued

*10-28. Determine the force in member AD of the truss.
The cross-sectional area of each member is shown in the
figure. Assume the members are pin connected at their
ends. Take E = 29(10%) ksi.

Aup = Enj] EL = % %(—0.8)(2.5)(4) + (2)(%)(_0.6)(1.875)(3)

+ %(—0.8)(5)(4) + %(1)(—3.125)(5)

20583
- E
2
fioan = S = 123 )0 + 23 )-0676) + 23 )y |
_ 6.973
E €__ -0 D
Aup + Eapfapap = 0 f“’ﬁﬂl’

[ el

“b. o
20. . i

20583 FAD(6973> o X

E E :’f -0.8 8 [ - C

FAD = 2.95kN (T) Ans.
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10-29. Determine the force in each member of the truss. 20 kN
Assume the members are pin connected at their ends. AE is
constant.

Compatibility Equation:

0= Aup + Fapfapap

Use virtual work method

ANL _ (Z07071)(-10)@2) | (-0.7071)(=20)(2)  (1)(14.142)(2.828)

An = =
ap =2 AE AE AE AE
8243
AE
nnL  4(-0.7071)%(2)  2(1)%(2.828)  9.657
fapap = 2= = + =
AE AE AE AE
From Eq. 1
82.43  9.657
=2 L
0="4g © ag Br
Fap = —8.536 kN = 854kN (C) Ans. 15 tu
Joint A: T - X
45 ¢
+13F, =0 Fp — 8.5365in45° = 0 g, lawor
Fup = 6.04kN (T) Ans. 4
*SF =0 Fap — 8.536c0s45° = 0
Fup = 6.036 kN = 6.04 kN (T) Ans.
Joint C:
+13F, =0 —Fcp sind5° — 15+ 25 =0
Fep = 1414 kN = 14.1 kN (T) Ans.
LS F =0 Fcp — 14.14cos45° = 0
Fep = 10.0kN (C) Ans.
LCKN A
1C A 15 kN 0 K 15 kA
2m 2m 1 ZorA ~
E D j
5 7 < Fan}AtA’
m %\< “/
A u
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10-29. Continued

Joint B:
L XF=0;
+13F, =0
Joint D:
IYF=0;
+T2Fy =0

Fpr cos 45° + 6.036 — 14.14cos 45° = 0
Fgr = 5.606 kKN = 5.61 kN (T)
—Fgp + 5.606sin 45° + 14.14sin 45° = 0

Fgp = 13.96 kN = 14.0 kN (C)

Fpr + 8.536cos45° — 10 =0
Fpr = 3.96 kN (C)

8.536s5in45° + 13.96 — 20 = 0 (Check)

Ans.

Ans.

Ans.

Ans.

s, sk

10-0 KA (¢)

0-707/ Cc) e

>\

0707/ (¢) g

0 Y

o-7071 Ce)

10-30. Determine the force in each member of the pin-
connected truss. AE is constant.

Aje = E”AVEL = ﬁ[(—0.707)(1.414)(3)(4) + (1)(-2) V18]
20485
T AE
L 1 5 5
facac = 2 g = Hp4(-07077() + 2017V 18]
14485
 AE
Ayc + Facfacac =0
20485

AE

14.485
Ful—2])=0
o 155)

Fae = 1414k = 141k (T)

Joint C:
+13F =0
A3F=0

Due to symmetry:

Joint D:

+1YF =0

Fpc = Fep = F

2 — 1.414 - 2F(cos 45°) = 0;

FDC = FCB = 0414k (T)

FAD = FAB = 0414k (T)

Fpp — 2(0.414)(cos 45°) = 0,

Ans.

Ans.

Ans.

Ans.

Ans.

14 N4
-2
A 0 \¢ K

b
Mc/

by

s
=
&

o
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10-31. Determine the force in member CD of the truss.
AE is constant.

Compatibility Equation: Referring to Fig. a and using the real and virtual force in
each member shown in Fig. b and ¢, respectively,

. <nNL __[0.8333(-750)(5)] . (-03810)(6.00)(8) 80786
ACD_EAE_Z[ AE }Jr AE - AE
"L (-0.5759)2(\/65) 0.8333%(5)
fepep = EZZ{—AE }+2{7AE }

. (-0.3810)%(8) . 1’(4) 17453
AE AE AE

Applying the principle of superposition, Fig. a,

Acp = Ap + Fepfepen

0= 80.786 (17.453>
 AE P\ AE
Fep = 4.63kN (T) Ans.

@)

05759 kN
8233 knl
AT oz P
)
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*10-32. Determine the force in member GB of the truss.
AFE is constant.

Compatibility Equation: Referring to Fig. a, and using the real and virtual
force in each member shown in Fig. b and c, respectively,

Agg = E”AV EL = ﬁ (-0.7071)(10)(10) + (—0.7071)(16.25)(10)

‘e
AN
2

. :

+0.7071(13.75)(10) + 0.7071(5)(10) + 0.7071(-22.5)(10)
+ (—0.7071)(—22.5)(10) + 1(8.839)(14.14)

Y r0f¢ ¥ /00t ¥ 1o
4 /0K 4 15k 5k g

+ (—1)(12.37)(14.14)}

_ 103.03
AE

oL {0.70712(10)} N 3{(—0.7071)2(10)} . 2{(—1)2(14.14)}
Jonon = 2 4p = AE AE AE
1?)(14.14
o 419
AE
_86.57

AE

Applying the principle of superposition, Fig. a

Agp = Agp + Fosfoses

~103.03 86.57
= + F
0 AE GB( AE ) (
a
Fop = 1.190k = 1.19k(T) Ans. )

883K 1237k

-0707/k G0 7071K. Y

. ZIKEN

/6.25k 10K £§ 5k 1375k ©)

Q
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10-33. The cantilevered beam AB is additionally supported
using two tie rods. Determine the force in each of these
rods. Neglect axial compression and shear in the beam.
For the beam, I, = 200(106) mm*, and for each tie rod,
A = 100 mm?. Take E = 200 GPa.

Compatibility Equations:
App + Fpsforps + Fepfpeps = 0 ey

Acp + Ipsfcaps + Fesfees = 0 ()

Use virtual work method

L 4
0.6x)(-80
ADB — / ﬂdx — /de — _1024
0 0

El El EI
L 4
_ [mM _ [(x)(80x) ~ 1706.67
Acp = /0 E19% = /0 El YT TR
L 4 2 2
mm nnL (1x) (1)*(3) 21.33 3
= | Ydx+ > — = dx + = +—
Jenes = | “ppdx AE )y EI T AE EI | AE
L 4 2 2
mm nnL (0.6x) (5  7.68 5
— babbs + 7 + = 4+ =
Josps /0 £ AE )y BT YT A T ED T aE
e = Y0.6x)(1x) 128
IDBCB . EI AE"
From Eq.1
~1024 7.68 5 12.8
+ + + Fepl————[=0
E(200)(107) F[’B{E(zooxm“) E(lOO)(104)} CB{E(zoO)(mJ‘)}
From Eq.2
.24 o)
170667 L 128 { 233 3 } . YA sk
Pt e, = .03
E00)10%  * E@00)10%) PLEQ200)10°)  E(200)(107) 5 . =R
0.064F g + 0.13667Fcp = 8.533 Wt — |
Bokw
Solving M(KkA m)
Fpp = 1924 kN = 192 kN Ans. l

Fep = 53.43kN = 53.4kN Ans. [/4
-60:l
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10-34. Determine the force in members AB, BC and BD
which is used in conjunction with the beam to carry the
30-k load. The beam has a moment of inertia of I = 600in*,
the members AB and BC each have a cross-sectional area
of 2 in% and BD has a cross-sectional area of 4 in%. Take
E = 29(10%) ksi. Neglect the thickness of the beam and its
axial compression, and assume all members are pin-
connected. Also assume the support at F is a pin and E is
aroller.

L 3 4
M L 0.57143x)(40x 0.42857x)(30x
:/L:E”N - [X J40) |y [ QATHE0)
o EI AE o EI o EI
_ 480
EI
L 2 2 3 2 4 2
3 /ﬂd . EE B / (0.57143x)%dx . (0.42857x)dx
Jspsp = | ¥ AE El A EI
. (1)’(3) . (0.80812)2\V/18 N (0.71429)%(5)
4E 2E 2E
_ 68571 34109
EI E
A + Fgpfapsp = 0
480(123) (6.8571(123) 3.4109(12)) .
E(600) BD\ " E(600) E a
-~
Fpp = —22.78k = 22.8k (C) Ans. . Me 0418%51x
0.57743
Joint B: XTI
0.5y
1 4 ;
% SF=0; _E43(7> + (g)FBC =0 @
2
3 1 0,4 "y
+13F =0, 2278 —(g)FBC —FAB(\@> =0 3 S
FAB =184k (T) Ans.
FBC =163k (T) Ans. 5 .
L ]
L
B0z 33 3¢,
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10-35. The trussed beam supports the uniform distributed
loading. If all the truss members have a cross-sectional
area of 1.25 in2, determine the force in member BC. Neglect
both the depth and axial compression in the beam. Take
E =29(10°) ksi for all members. Also, for the beam
I4p = 750 in*. Assume A is a pin and D is a rocker.

Compatibility Equation: Referring to Fig. a, and using the real and virtual loadings
in each member shown in Fig. b and c, respectively,

L 8 ft 2
mM nNL (-0.375x)(40x-25x") g , ,
BC = + = + - LA 4| | At
BC A g1 Xt 2 g =2 A El dx +0 | | JM ‘JI
S KA
. 3200k-ftt 3200(12%) k-in® 0254
B EI  [29(10° k/in?](750in®)
L 2 2 8ft, 2
m n°L (—0.375x)
= _— + _ = —
Iscae A Eldx EAE 2 A £ dx

+ ﬁ[ﬁ(a;) + 2(0.625%)(5) + 2(-0.625)?]

481t L 158125t

EI AE
B 48(12%) in’ 15.8125(12) in .

©[29(10)*k/in])(750 in*)  (1.25 in)[29(10°) k/in?] Aee
= 0.009048 in/k s

Applying principle of superposition, Fig. a

Apc = A'gc + Fpefpese

0 = -0.2542 in + Fpc (0.009048 in/k)
Fpe = 28.098k (T) = 28.1k (T) Ans.
[3h 1 | 1 Vit - &1t
X5 |1 S ‘]
A NN . 7, = b
\A‘\u O/// e Q //.;','
TR :.é/;—lv—« == /{
& c 7 <
HOk. (&) 40k <o
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#10-36. The trussed beam supports a concentrated force 80
of 80 k at its center. Determine the force in each of the three l

k

struts and draw the bending-moment diagram for the beam.
The struts each have a cross-sectional area of 2 in2. Assume
they are pin connected at their end points. Neglect both the
depth of the beam and the effect of axial compression in the
beam. Take E = 29(10%) ksi for both the beam and struts.
Also, for the beam I = 400in*.

L 12
mM nNL (0.5x)(40x) 23040
= e —+ = =
ACD /)v / dx E 2 z dx

EI EI
L 2 2 12 2 2 2
m n°L (0.5x) (1)*(5)  2(1.3)7(13)
= [ —dx+ >——=2 + +
Jevep A T Y | TE T g AE
_ 288 4894
EI AE
Acp + Fepfepep = 0
_30d0 o fo8s 4so4)
S 40 T TPl o2 |
124 24 148
Fep = —64.71 = 64.7k (C) Ans.
Equilibrium of joint C:
FCD = FAC = 84.1k (T) Ans.
Ware Box H a7 et
Fes A [ A n s
sll 'l‘ 3 p o
@ e Mk g Wy & l . ¥

Msljoy, - Bok Me “o:
Nt T Ll
1A A(;[ Ay
ok © o A5
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10-37. Determine the reactions at support C. EI is
constant for both beams.

O_le——~

Sl

Support Reactions: FBD(a).

LHSFE =0 ¢ =0 Ans.

C/(L) - By(g) =0 (1]

Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are

C+D2 M, =0

pL3 B
YB T 48EI ~ 48EI
,_PLy PG pL?
Y8BT 3E1 T 3EI  24EI
,  PLip B,L’ 1
3EI 24EI

l

VB

The compatibility condition requires

(+1)

Vg = 'UB’ + 'UB”
BL*  pp3 . (_ ByL3)
48E1  24E] 24E1
2P
By =75

Substituting B, into Eq. [1] yields,

Ans.

N~
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10-38. The beam AB has a moment of inertia I = 475in* }
and rests on the smooth supports at its ends. A 0.75-in.- A.
diameter rod CD is welded to the center of the beam and to

the fixed support at D. If the temperature of the rod is c
decreased by 150°F, determine the force developed in the
rod. The beam and rod are both made of steel for which 50 in.

E =200 GPa and a = 6.5(10°)/F.
D

Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are

PL’ Fep(120°)
’U = =
© T 48EI T 48(29)(10%)(475)

Using the axial force formula, %ﬁ%’?ﬁ

(3

|
PL Fcp(50 M50 4 5pt
:—:6#:0.0039031% ) Fs
AE  £(0.75%)(29)(10°)

= 0.002613F-p |

oF

The thermal contraction is, fnitial

ko
- ST A final
8r = aATL = 6.5(107°)(150)(50) = 0.04875 in. |

The compatibility condition requires

(+1) ve = 8 + O
0.002613F-p = 0.04875 + (—0.003903F¢p)
FCD = 7.48 klp Ans.

PN - T

LTI 2 If I —11 2

Iy = = [ fm 1)
iBEEEEEEI -1 . (- 3%
1 w 2

r L 1 L9
I
M

9; 2z wié
L L =
b onanwe< = (S
L

w ¥
- Wi
_T. 12
o
. T
= 1
7 Mg
+
Bt

WA
1]
I
!

‘

/

I

!

’

l

13
oi <
-i OE
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10-39. The cantilevered beam is supported at one end by a
L-in.-diameter suspender rod AC and fixed at the other end
B. Determine the force in the rod due to a uniform loading
of 4 k/ft. E = 29(10%) ksi for both the beam and rod.

=)

15 ft
4k/ft L
- LO)JHHHHHHH :
clEEr Bk
Iye =350in By
20 ft ‘
L 2
mM nNL (1x)(— 2x) 80.000
= il x+0=—
Asc /0 £ / 0 El
20 2 2
x (1)*(15)  2666.67 15
+ “dx + = —
Jacac = / B E /0 TR EI | AE
+ Auc + Faclacac =0
~80.000 (2666.67 15 ) 0
EI AC\ EI AE
80.000 2666.67 15 )
330 AC\ 350 0232 ) =0
T e 7(53)
FAC = 280 k AIIS.
‘[‘c -‘f."b
° !
]
Mt Ayt B 1]
LT, | o
N [ A
M= -2yt i
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#10-40. The structural assembly supports the loading 15kN
shown. Draw the moment diagrams for each of the beams.
Take 7 = 100(10°) mm* for the beams and A = 200 mm? 6m Zmﬂ
for the tie rod. All members are made of steel for which i Y
E = 200 GPa. g—
1D C
4m
8 kN/m
Compatibility Equation 28 l l l l l l l l l l i] |
B
qa
0 = Acp + Fcpleaen 1) | ‘
Use virtual work method ‘ 6m ‘
L 6 2
M 0.25x1)(3.75x 0.75x,)(11.25x
Acp = de — wdxl + wd)q am 3m__1
o EI b EI A EI )
6 2 1‘%3. < 2l
+/ (1x3)(_4x3)dx : ?
T oy i
o EI 3 ‘ S
—1206 ! ’ L ENAn
- = LT
X S
L "6 2 2 2
mm nnl (0.25x,) / (0.75x,) L - |
Jescs /0 £1 9 AE % g ot | e
2
KEES SR OLC) e
b, EI " AE - em 2m
hp'—___—’x’\ < r‘n.i‘—;;
780 , 4.00 ? : L Je
~ EI  AE M, 375X, U
Myl
) 37 e IA 51125,
From Eq.1 - & xnem 81125 KN
1206 780 4.00 } o Ladll ]} ,
E100010°)  ““LE100)(10%) 200109 E AT 00 S g ]
—]
Fep = 15075 kN (T) = 15.1 kN (T) ' Gm
kN
. ‘}___,,,1,‘ m=075X, x"_{ 15
g /J ol ] i bm 1'1:11
m,» 025X, ] nr i |
028 fua) T = J
[2.27] o075 — T
- (5.0
} m3"xJ ¢ ! 7519 cn 2255604
7 3
~N
XJ-*—-—i
kA )
M(xA.m ) 15.075 KA crim
45 B kAl [m 4
.
N I :
| 4 {m X (2 ) 3. b »
‘| . 8 PERAL em ! 5355
32925 kN
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10-41. Draw the influence line for the reaction at C. Plot
numerical values at the peaks. Assume A is a pin and B and
C are rollers. EI is constant.

VA YD
| 6m |
The primary real beam and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,
144
fac =My =0, fpc=Mp=0 fCC:M/C:E
The maximum displacement between A and B can be determined by referring to
Fig d.
+13F, = 0; 1(i)x—izo x=Vi2m Vi
7 ’ 2\EI El s
r
6 1/V12 V12 > s
+ — . ! + — _ | — _ = :
CHIM =0, My EI(\E) 2( i ><\/ﬁ)( 3 0 ///
13.86
fmax = ?
Dividing f’s by fcc, we obtain
x (m) 0 V12 6 12
C, (kN) 0 -0.0962 0 1 Ca')

m
=

1
12 -
| _ x m
9 “'L'Jxlé 12
-0:0962
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10-42. Draw the influence line for the moment at A. A
Plot numerical values at the peaks. Assume A is fixed and § |
the support at B is a roller. EI is constant.

The primary real beam and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,
_ L f _ M/ _ O f _ ' 0 f _ Mr _ 3
OIAA—EI, Aa = Ma=0 Jpa=Mp =5 Jea=Mc = 5oy
The maximum displacement between A and B can be determined by referring to
Fig. d,
1 X 1
+13F =0 3er ) T agp =0 *=V3m ’
3EI 2EI
. /
+ — (- T ’ —
CraM=o (3E1>( )( ) 2E1(\/§) Mmax 7
PR L & 14 1&N'm 7~
max max EI
Dividing f’s by a4 4, we obtain
x (m) 0 1.268 3 6
M. (kN - m) 0 ~0.577 0 1.50 0.2333 kN 0:3333 kn

@)

+(==)(3)

Ve
—
M= 77
y/ml 2m | r 2m I %
[ e 1
EFr JFL  2FIL

.50

(268 3

xam)

[\

-0577
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10-43. Draw the influence line for the vertical reaction at
B.Plot numerical values at the peaks. Assume A is fixed and
the support at B is a roller. EI is constant.

The primary real bean and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,
C+DMp=0; M, —1(i>(3)(2)=0 fsg = M} -2
B ; B~ 5\ E] BB B~ oy
Referring to Fig. d, _ -
1/ 3 225 -~
+ =0: R = =M. == -
C+XMc =0, M Z(EI)G)(S) 0 Jep=Mec=—1; -

Al = 0. Dividing f’s b btai = =
SO, fap ividing f’s by fzp, we obtain /l c
A B

0 3 6 -
Lo 3km [ 3m 3m
B, (kN) 0 1 25 1kn

EL 2m
h ~J T Ve
E— = (: { \\\ !
A B C IL - DMB
€ i€ X I 3m
3m 3m l
(b) <)
By (k)
INERTEY
z(fl),Zm 1 am <50
i - \\\\\ l
~._ l
=) ) Me |
I3 | x(

(el ) )
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*10-44. Draw the influence line for the shear at C. A
Plot numerical values every 1.5 m. Assume A is fixed and
the support at B is a roller. EI is constant.

_0-__:

al/

ap
¥
4.
¢ 3m
The primary real beam and qualitative influence line are shown in Fig. g, and its
conjugate beam is shown in Fig. b. Referring to Figs. ¢, d, e and f,
6.1875 , 22.5
foc=M'y=0 f1.5C=M'1.5:_7EI fae :M3’:__H
49.5 26.4375
f3é =My =75 fasc=Mas=—Fp; foc=M's=0
s 72 .
Dividing f’s by My = Er we obtain
x (m) 0 1.5 3- 3* 4.5 6
Ve (kN) 0 -0.0859 -0.3125 0.6875 0.367 0

| K
—A—
2
EL
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10-44. Continued

‘/.S*L

Mg (

3t EL

3m

’
Mys

l5m
___2év4-32{ y
Er \ 5=
/
Lo [0
EL 18

W45 ET
S(E2)015)

o>

—x(m)
&

10-45. Draw the influence line for the reaction at C.
Plot the numerical values every 5 ft. EI is constant.

x=0ft

AO = MQ’ = 0
x=5ft

, 125 315 166.67

As= My = 21667 — - 2(5) = =

x=10ft
, S0, 375 . 20833
Mg = My = 3333 = 2(10) = - =

A}i |C
| 5 |
| 15 ft ‘ 15 ft |
/,-"/Jm
B T ‘
T"o"' <0k
2250
1 EX
\n\r\l\é\
3 ; 1 J
f e aaryrama 11
3rs
£1
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10-45. Continued

x=15ft 2.5
.0
Ais=Ms =0 . 131
— l} Mg - H »
x=20ft i 7 IMio
. 1667t ] 5.“1# { |
2250 50 187.5 541.67 2z s, 4 ;
gy = My’ = 220+ 203333 - 2 (10) = 207 el sy
El El El El
x=25ft
2250 125 187.5 1333.33 2.5 . 500
— [ + . _ ( — 1159 22
Aos = M5 =g g M7 T g O = T e E§ . ‘E‘?
rdo } ‘ H o=
x=301ft P o m(tl . !l)
2250 ) L2 ;e
, LR EIL
Azg = M3y' = Mo X 33334
El
X Ai/As
0 0 Cele)
5 -0.0741 7
10 ~0.0926 05
0241
15 0 el i P Xt
-0 . 20 2s
20 0241 OR! -0-0926 -
25 0.593
30 1.0
At20ft:  C,=0241k Ans.
10-46. Sketch the influence line for (a) the moment at E,
(b) the reaction at C, and (c) the shear at E. In each case,
indicate on a sketch of the beam where a uniform distributed F
live load should be placed so as to cause a maximum A E & B & C D
positive value of these functions. Assume the beam is fixed ‘ | |
at D.
Mg
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10-46. Continued

¥ VN ‘(L

X(m) A

10-47. Sketch the influence line for (a) the vertical
reaction at C, (b) the moment at B, and (c) the shear at E. In

each case, indicate on a sketch of the beam where a uniform

distributed live load should be placed so as to cause a
maximum positive value of these functions. Assume the

BD |E

2 2 m—! 4
beam is fixed at F. F m m= m
+
@ 45 Te Peo (b) FEA i
T i £ e [ e it
AN oy 2 LF Ax ,é, % LF

}Zm‘Zm
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*10-48. Use the Miiller-Breslau principle to sketch the -
general shape of the influence line for (a) the moment at A A

and (b) the shear at B.

N
@) 5
ﬁ\
I ——
10-49. Use the Miiller-Breslau principle to sketch the 1:‘ ﬂ

general shape of the influence line for (a) the moment at A
and (b) the shear at B.

(a)
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10-50. Use the Miiller-Breslau principle to sketch the - -
general shape of the influence line for (a) the moment at A A’ B’
and (b) the shear at B.
&
8L

) e
(b)
10-51. Use the Miiller-Breslau principle to sketch the A B
general shape of the influence line for (a) the moment at A f f
and (b) the shear at B.
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11-1. Determine the moments at A, B, and C and then 3k 3k 4k
draw the moment diagram. EI is constant. Assume the
support at B is a roller and A and C are fixed.

.

<

-3 fJ% ftJﬂ ft l 101t 10 ft

Fixed End Moments. Referring to the table on the inside back cover

(FEM)4p = —2}9)L = —2(3;(9) = —6k-ft
(FEM)p, = % = 2(33(9) = 6k-ft
(FEM)c = —%L = —@ = —10k-ft
(FEM)pc = % = %0) = 10k-ft

Slope-Deflection Equations. Applying Eq. 11-8,
My = 2Ek(20y + 07 — 3%) + (FEM)y

For span AB,
I 2E1
1 4E1
Mgy = 2E(§) [265 + 0—-3(0)] + 6 = (T) 0 + 6 (2)
For span BC,
I EI
1 EI
Mcp = ZE(ZO) [2(0) + 65 —3(0)] + (10) = <E) 0 + 10 4)
Equilibrium. At Support B,
Mgy + Mpc = 0 &)
Substitute Eq. 2 and 3 into (5),
AET EI 180
+ 6+ |—)op—10 = = ——
( 9 )03 6 ( 5 )93 10 0 03 29E]
Substitute this result into Egs. 1 to 4,
Mg = —4.621k-ft = —4.62k-ft Ans.
Mg, = 8759k -ft = 876k-ft Ans.
Mpc = —8759k-ft = —8.76k-ft Ans.
Mcp = 10.62k-ft = 10.6k-ft Ans.

The Negative Signs indicate that M, and Mg have the counterclockwise
rotational sense. Using these results, the shear at both ends of span AB and BC are
computed and shown in Fig. a and b, respectively. Subsequently, the shear and
moment diagram can be plotted, Fig. ¢ and d respectively.
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11-1. Continued

3k 3k
4 éélck | /0 ft 10 f¢ |
Jgft 3fe T 3pe 8757kft 5757kft Dlo.ez k-ft
2540k 3460 k 1.907 K z2.093 k
@) ®)
MCk-ft)
V(k)
. . 3.00
254 j 1-41 }\(I “2 /[\
6 29
1 X(Ft
J E 119 o o — x(f)
0460 2.09 —4-62
—346
-876 —10-6
<)
)
11-2. Determine the moments at A, B, and C, then draw 2k/ft 30k
the moment diagram for the beam. The moment of inertia
of each span is indicated in the figure. Assume the support l l l l l l l l l l £J
at Bis aroller and A and C are fixed. E = 29(10°) ksi.
A Ly = 900 in.* ;EB Ipe = 1200 i
| 24 ft 81t 1 8 ft—]

Fixed End Moments. Referring to the table on the inside back cover,

wl? 2(24%)
(FEM)4p = ==, = Lo = 96kt
wL?  2(24%)
FEM = — = = k-f
( )BA 2 2 96 k - ft
30(16
(FEM)pc = PR (16) = —60k-ft
8 8
PL 30(16
(FEM)CB = ? = % = 60k-ft
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11-2. Continued

Slope-Deflection Equations. Applying Eq. 11-8,
For span AB,

[ 900in* ]
Mup = 2E| —————|[2(0) + 65 — 3(0)] + [-96(12) k -i
an = 2E| 3 2(0) + 6y = 30)] + [296(12) k+in]
MAB = 625E93—1152

[ 900 in* ] .
= —_ + — + .
Mg 2E_24(12) in_[ze,g 0 — 3(0)] + 96(12) k- in
Mg,y = 125E65 + 1152
For span BC,
[ 1200 in* ]
Mpye = 2E|————|[265 + 0 — 3(0)] + [-60(12) k-1
BC _16(12)in_[ B (0)] + [-60(12) k - in]

MBC = ZSEOB — 720

[ 1200 in* ] .
~ = _ —+ —_ + .
Mg 2E» 16(12) in_[2(0) 65 — 3(0)] + 60(12) k - in

MCB = 125E63 + 720

Equilibrium. At Support B,
Mgy + Mpc =0
Substitute Egs. 3(2) and (3) into (5),
125E0p + 1152 + 25E6 — 720 = 0
_ s
’ E
Substitute this result into Egs. (1) to (4),

Mag = —1224k-in = —102k - ft
My, = 1008k -in = 84k - ft
Mpye = —1008k-in = —84 k- ft
Mcp = 576k-in = 48 k-t

2024) k.

102 k-ft “‘ [2ft I2ft 2325k
RAT5k.
(a)

30k

1

N
Y
N

@) B4kt 1T 48 Kkt

725K 1275 k
b)

®)

4)

®)

Ans.
Ans.
Ans.
Ans.

The negative signs indicate that M, ; and My have counterclockwise rotational
senses. Using these results, the shear at both ends of spans AB and BC are computed
and shown in Fig. a and b, respectively. Subsequently, the shear and moment

diagram can be plotted, Fig. ¢ and d respectively.
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11-2. Continued

V(k)
M{k-ft)
475 1725 511 4
\I 2 N AN P X(ft)
2 ‘ XF) ° rnys  \|/ %
12375 24 / | 48
-127¢ ~/OR -84
<325
(eL)
()
11-3. Determine the moments at the supports A and C, 25kN 15 kKN/m
then draw the moment diagram. Assume joint B is a roller.
El is constant.
A Iz C
3m———3m——F 4m :

My = 215(%)(2% + 0p — 39) + (FEM)y

2EI (25)(6)
= —_— + - 7
M 45 6 (0 + 6p) 3
2EI (25)(6)
Mgy =——(260p) +
6 8
_ 2EI (15)(4)
Mpc = 4 (260p) D
2EI (15)(4)
= ( +
Mcp 1 ) T
Equilibrium.
MBA + MBC = O
2EI 25(6) 2EI 15(4)
. (265) + s T2 (265) Lo 0
075
B EI
M,z = —185kN-m
Mcp = 20375kN-m = 204 kN-m
MBA =1925kN'm

Mpe = —1925kN-m

] 20-315 k-

)

K

12:375 kA
MEAm)
18-6
/\ 102
6 0
5 { } /'r.\ —X(m)
-85
~19.25 | -20-4

Ans.
Ans.
Ans.
Ans.
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*11-4. Determine the moments at the supports, then draw
the moment diagram. Assume B is a roller and A and C are
fixed. EI is constant.

11(25)(6)2
(FEM) 5 = —————— = —51.5625kN +m
192
5(25)(6)?
(FEM)gy = — " = 234375kN-m
192
—5(15)(8)
(FEM) gc = T —37.5kN-m

My = ZE(%)(ZBN + 0p — 39) + (FEM)y

My = ZE( )(2(0) + 0, — 0) — 51.5625

AB = (1)
1
My, = 2E<g)(203 +0 = 0) + 23.4375
2EI0,
Mp, = + 23.4375 ©)
1
My = 2E<§)(263 +0—0)— 375
EIo
Mpe == B _ 375 3)
1
My = 2E<§)(2(O) + 65— 0) + 375
EIo
Mep = —2 +315 (4)
Equilibrium.
Mpg+ Mpc =0 ©)
Solving:
_12.054
B El
M,y = —475kN-m

MBA = 31.5kN-m
MBC = —31.5kN-m
Mep = 405kN-m

15kN 15 kN 15 kN

25 kN/m

T

==

3 ma‘

6 m*—{—l‘;m 2 mJ‘Z mJ‘Z mC

M
C JM‘C
8
¢
KA
47;M,Z5 IEKA 1510 15K
r"l"'! 315 0m HosE~
=———d =%
e
589 kAl 1G1kn 2040 R3:6KN
( ]
219 /57 s 1/3 90 i

l l

o
/ 235]
475

Ans.
Ans.
Ans.
Ans.

A .L\J
3.5 ~o5
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11-5. Determine the moment at A, B, C and D, then draw
the moment diagram for the beam. Assume the supports at
A and D are fixed and B and C are rollers. EI is constant.

20 kN/m

Fixed End Moments. Referring to the table on the inside back cover,
(FEM),3=0  (FEM)ga =0  (FEM)cp=0  (FEM)pc =0

wl? 20(3%)

(FEM)p = — 2= = — 15kN-m 2494#/‘}

12 12
(FEM)¢p = WTI; = 201(;2) =15kN-m (l; )
091 MV 11 %285 0.
Ll — VP

Slope-Deflection Equation. Applying Eq. 11-8,

My = 2Ek(20y + 6 — 3) + (FEM)y ) kﬁj
For span AB, (a) ’Z 454’
Mg = 2E(§)[2(0) + 65 — 3(0)] + 0 = (25£> 0p (1) 20(3) kA
ys = 26(D)ny + 0300 + 0 = (L, CHE B
For span BC, gT 1 '
Mpc = 2E<§) [205 + 6. — 3(0)] + (—15) = (%)03 + (23&)% -15 (3 8162k |/.5m| /.5m| 8182 k-m
Mcp = 2E(§)[20C + 05 — 3(0)] + 15 = <43ﬂ)oc + (?)93 + 15 4) (b )
For span CD,
Mcp = 2E(§>[20C + 0-3(0)] + 0 = (%)GC (5)
Mpe = 2E(§>[2(0) + 0c-3(0)] + 0 = (%)ec (6)
Equilibrium. At Support B,
Mpy + Mpe =0

(4%, + (£0)a, + ().~ 15 -

(5 (5 -

At Support C,
MCB + MCD =0

4E1 2E1 4E1
<?)0C + (?>93 + 15 + (?>0C =0
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11-5. Continued

2E1 32E1
<T)63 + (T)BC = —15 (8)

Solving Egs. (7) and (8)

225 225

Op = —— - ==
B 2EI ¢ 2E]I

Substitute these results into Egs. (1) to (6),

My p = 4091 kKN-m = 4.09 kN-m Ans.
Mgy = 8182kN-m = 8.18kN-m Ans.
Mpe = —8182kN-m = —8.18kN-m Ans.
Mcp = 8182kN-m = 818 kN-m Ans.
Mcp = —8182kN'm = —8.18 kN-m Ans.
Mpc = —4.091kN-m = —4.09 kN -m Ans.

The negative sign indicates that Mg, M, and Mp.- have counterclockwise
rotational sense. Using these results, the shear at both ends of spans AB, BC, and
CD are computed and shown in Fig. a, b, and ¢ respectively. Subsequently, the shear
and moment diagram can be plotted, Fig. d, and e respectively.

4091 f.m V(kn)

8-I82/h\"’"5m 30
5| \es 2454
' 0 +— X(m)
2454k A kN 245§ 8 I3
«)
-30

MCKA:m)

i4.3
4.09 8 4.09
A <1 x(m)
\|/ 65 \,/ 13

-818 -818
©)
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11-6. Determine the moments at A, B, C and D, then
draw the moment diagram for the beam. Assume the
supports at A and D are fixed and B and C are rollers. EI is
constant.

Fixed End Moments. Referring to the table on the inside back cover,

(FEM)4p = —%2 = —2(115)2 = —37.5k-ft
(FEM)ga = %2 = 2(;;2) = 37.5k-ft
(FEM)gc = (FEM)cp = 0

(FEM)cp = 729P L_ 2(9);15) = —30k-ft
(FEM)pc = % = w =30k-ft

Slope-Deflection Equation. Applying Eq. 11-8,
My = 2Ek(20y + 05 —3¢) + (FEM)y

For span AB,

1 2EI
My = 2E(E)[2(O) + 05 — 3(0)] + (—37.5) = (?)03 - 375
Mgy = 2E(L)[263 + 0 — 3(0)] + 375 = (@)03 + 375

15 15
For span BC,

1 4E1 2EI

1 4E1 2E1
Mcp = 2E(E>[20C + 0 — 3(0)] +0= (?)OC + (?)93

aREL

2k /it

H—
H—

oA

)

00l

!
PRINTEE
o O

+[FA B Ic b :?
" 15 ft l 15 ft l Sft*L de ftJ .
(1)
2)
3)
4)
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11-6. Continued

For span CD,
1 2FE1
Mpe = ZE(E)[Z(O) + 6c — 3(0)] + 30 = <?)ec + 30 (6)
Equilibrium. At Support B,
MBA + MBC = 0
4FE1 4E1 2E1
— + 375+ (—— + (== =
(420, + 315 + (Y, + (LY o
8EI 2FE1
—— 0 + | = |0c = —=37.
(S0, + (2E2)y, - 375 o

At Support C,
MCB + MCD =0

(451)9 +(251)0 +(4E1>9 a0
15 )¢ 15 )8 15 )¢ B

SEI 2EI
— o+ | == )05 =
( s )ec ( 5 )93 30 (8)

Solving Egs. (7) and (8),

_7875 %0
¢ EI B EI

Substitute these results into Egs. (1) to (6),

Myup = —495k-ft Ans.
Mpy =135k ft Ans.
Mpe = —135k-ft Ans.
Mcp = 9k-ft Ans.
Mcp = -9k ft Ans.
Mpc =405k ft Ans.

The negative signs indicate that M, Mg and M, have counterclockwise
rotational sense. Using these results, the shear at both ends of spans AB, BC, and
CD are computed and shown in Fig. a, b, and ¢ respectively. Subsequently, the shear
and moment diagram can be plotted, Fig. d, and e respectively.

v (k) M k-fe)

174
o2 255
690 y
12 03 , 3540 45 x(ft) A\/ i A 1‘5'0 X(ff)
.00
e 7y s 7 405

)
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11-7. Determine the moment at B, then draw the moment
diagram for the beam. Assume the supports at A and C are r
pins and B is a roller. EI is constant.

o

Fixed End Moments. Referring to the table on the inside back cover,

(FEM)g, = (5)(% + ”z—b) = (4—0){62(2) + 22;6)} =525kN m

L? 2 8
_3PL 320)8)

Slope-Deflection Equations. Applying Eq. 11-10 Since one of the end’s
support for spans AB and BC is a pin.

For span AB,
Mgy = SE(é)(OB - 0) + 525 = (%)93 + 52.5 (1)
For span BC,
Mpc = 3E<é)(03 - 0) + 30) = (%)63 - 30 2)

Equilibrium. At support B,

MBA+MBC:O

EI
(3—)93 - 225

4

30

Op = —%;
V(ikn)

152
+04 ® xam)
I I
-35.2

©)

40k
41.25 kN-m
=
[ ém 2m | 35,15

484 kn
(a)

ROKN
41.25 kn-m

J
484

Y

4+m 4‘ 4+m
1516 knl
(b)
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11-7. Continued

Substitute this result into Egs. (1) and (2)
MBA = 4125kN-m Ans.
Mpe = —41.25kN-m Ans.

The negative sign indicates that M~ has counterclockwise rotational sense. Using
this result, the shear at both ends of spans AB and BC are computed and shown in
Fig. a and b respectively. Subsequently, the shear and Moment diagram can be
plotted, Fig. ¢ and d respectively.

*11-8. Determine the moments at A, B, and C, then draw
the moment diagram. E7 is constant. Assume the support at
Bis aroller and A and C are fixed.

0.5 k/ft

8 ft

(FEM)p = —— = —12,

(FEM)gy = - =

I

I
—_
»

04 =0c=Yap=Ypc=0
1
My = 2E(z)(29,\, + 05 — 39) + (FEM)y

2E1
Map = Y(GB) - 12

2E1
== +
Mpa 16 (20p) + 12
2E1
MBC = K(ZBB) - 13.5

2EI
MCB = K(HB) + 135

Moment equilibrium at B:

MBA+MBC:0

2EI 2EI

el +12 + = - 135 =

16 (208) + 12+ (265) — 135 =0
3.1765

B EI

l 18 ft
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11-8. Continued

Thus
Map = —11.60 = —11.6 k- ft Ans.
Mgy =1279 = 12.8 k- ft Ans.
Mpe = —12.79 = —12.8 k- ft Ans.
Mcp = 13.853 = 139k - ft Ans.
Left Segment
C+D M, =0; —11.60 + 6(8) + 12.79 — Vg, (16) = 0

Vi = 3.0744 k
+1YF, =0 Ay = 29256k
Right Segment
C+HDOMp=0; —12.79 + 9(9) — C,(18) + 13.85 =0

C, = 45588k
+1YF, =0 Vi = 4412k
At B

B, = 3.0744 + 44412 = 7.52k

11-9. Determine the moments at each support, then draw Akt 12k
the moment diagram. Assume A is fixed. £/ is constant. / l

5 C | D

| Spr ft ]

My = 2E(é)(29,\, + 0p — 39) + (FEM)y

2EI 4(20)?
M yp = T(Z(O) + 05— 0) — B
2EI 4(20)*
Mg, 50 (205 + 0 — 0) B
2EI
MBC :?(203 + 0C - O) + O
2EI
MCB = ?(ZGC + 0B - 0) + 0

MN=3E({)anwy+wEMm

3EI 3(12)16

Seloc —0) = o

M =
0 16
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11-9. Continued

Equilibrium.
Mps + Mpc =0
Mcp+ Mcp =0
Solving

~178.08
¢ EI

_336.60
B El

MAB = —167 k- ft

MBA 660k'ft
MBC = —66.0 k- ft
MCB = 2.61k-ft

MCD = —2.61 k-ft

Ans.
Ans.
Ans.
Ans.
Ans.

67 k- ft
// S

b

8

re———

..... < 6e0k:

Vz&
I% Mﬂ.p

(.I?)(

Veo C

re

423K
it 2.61k4t

45.06K

o
g —

495Kk 4

M(k-ft)

(]

L.
Z73 (‘ T

23Kk Gk 54

-1y

11-10. Determine the moments at A and B, then draw the
moment diagram for the beam. E/ is constant.

200 Ib/ft

2400 Ib

l

—

30 ft

(FEM) 4 =

2EI

Mag =250+ 65 — 0) — 15
AB 30( 0 — 0)

M —E(za +
BA — 30 B

EMB =0;

Solving,

0-0)+15

675

5 =1

Mg = —105k-ft
Mps = 24k-1t

B_..L_._
10 ft—

1 1
—E(w)(Lz) = —5(200)(302) = —15k-ft

Ans.
Ans.

“N(K)
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11-11. Determine the moments at A, B, and C, then draw | 6k 6k
the moment diagram for the beam. Assume the support at
A is fixed, B and C are rollers, and D is a pin. EI is constant.

Fixed End Moments. Referring to the table on the inside back cover,

(FEM) 2PL _ 2O _ gy 24 4K fték e
AB 9 9 . A

2PL _ 2(6)(12)

(FEM)p, = 9 = 9 = 16k-ft ((
2
(FEM)gc = (FEM)c3 = 0 (FEM)cp = _wLr_302) —54%-ft
l4ﬁf

0-923K-ft

8 8

Slope-Deflection Equations. Applying Eq. 11-8, for spans AB and BC. 3. 885 k
My = 2Ek(20y + 67 — 39) + (FEM)y &/IZk
For span AB, (ﬂ)
Mg = ZE( )[2(0) + 6 — 3(0)] + (—16) = (%)03 - 16 (@8]
1 EI OR3|kft 2723kt
Mg, = 2E(E)[263 +0—3(0)] + 16 = (7)03 +16 2) Z K.
For span BC,
o =25 )y o300+ 0= (EJop (5 o
Mcp = 2E(1I—2>[20C + 0 —3(0)] +0= (%)GC + (%)03 4)

Applying Eq. 11-10 for span CD,

Mcp = 3E( )(HC —0) + (—54) = (LZI)OC — 54 5)

Equilibrium. At support B,
MBA + MBC =0

El El El

(0%, + (£ = 16 0

At support C,

MCB+ MCD:()

El El El
(5 Yoc + (B o + (B Joc - 54 =0

(Y + (£ Yoy 5 0
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11-11. Continued

Solving Egs. (6) and (7)

1392 660
€T 13El BT 13EI

Substitute these results into Eq. (1) to (5)

Mg = 2446k ft = —24.5k-ft Ans.
Mgy = —0.9231 k- ft = —0.923 k- ft Ans.
My = 09231 k- ft = 0.923 k- ft Ans.
Meg = 2723k -ft = 272k ft Ans.
Mep = —2723k-ft = =272k ft Ans.

The negative signs indicates that M5, Mp,, and M, have counterclockwise
rotational sense. Using these results, the shear at both ends of spans AB, BC, and
CD are computed and shown in Fig. a, b, and ¢ respectively. Subsequently, the shear
and moment diagram can be plotted, Fig. d and e respectively.

V(K)
203

812

212 /Iz .3|6 X(f‘t)

T e V" b

-157

442

420




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

#*11-12. Determine the moments acting at A and B.
Assume A is fixed supported, B is a roller, and C is a pin.
El is constant.

wl? 3PL
0 —54, (FEM)ge = e - -90

(FEM) 5

wL?
FEM =—=281
( )BA 20

Applying Eqgs. 11-8 and 11-10,

2E1
Map = T(OB) — 54

2EI
MBA = 7(203) + 81

3EI
Mpe = T(GB) - 90

Moment equilibrium at B:
Mg+ Mpc =0

4E1 El
T(BB) + 81 + 703 -9 =0

9.529
0 = EI
Thus,
M, p = —51.9kN-m
Mgy = 852kN-m

MBC = —852kN-m

20 kN/m

80 kN

Ans.
Ans.
Ans.

Crh

11-13. Determine the moments at A, B, and C, then draw
the moment diagram for each member. Assume all joints
are fixed connected. EI is constant.

—4(18)?
(FEM) 45 = T = —108 k- ft

(FEM)y, = 108 k- ft
(FEM)pc = (FEM)cp = 0

4k/ft

18 ft
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11-13. Continued

I

M,p = 215(@)(2(0) + 65 — 0) — 108

M 45 = 0.1111E165 — 108 (1)
I

Mgy = 0.2222E16; + 108 (2)
I

Mpc = 0.4444E16, 3)

Mcg = 0.2222E160, 4)
Equilibrium
MBA + MBC =0 (5)

Solving Egs. 1-5:

g _ —1620
B EI
Mg = —126k-ft Ans.
MBA:72k'ft AnS.
Mpc = —T72k-ft Ans.
Mcp = —36k-ft Ans.
Maa
F;Mlc
72 &

126 K.]!!_ ----- -1-_- 64-' K:{‘

20kt

f2.0k }7 A ‘
J ]
MY S T o
T72.0 K-S ‘
3.0k 2ok g4.75f¢ ~72.0 t‘.k
-72.0 kft
%t
=/6 k.h
T 360k ft

330x
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11-14. Determine the moments at the supports, then draw
the moment diagram. The members are fixed connected at
the supports and at joint B. The moment of inertia of each
member is given in the figure. Take E = 29(10%)ksi.

_-20(16)

(FEM) 15 = ——o— = —40k-ft
(FEM)BA = 40 k . ft
-15(12)
(FEM)pe = — o~ = —22.5k-ft
(FEM)cp = 22.5k - ft "
I
My = ZE(Z)QBN + 0p — 3) + (FEM)y
\ Mg
2(29)(10%)(800)
= - + p— i
AB 16(144) (2(0) + 65 — 0) — 40 20k 945k
. 429 kh 1 Q
M 45 = 20,138.890; — 40 1) r%_ﬁqﬁ 89k
H o
~2(29)(10°)(800) F—2m T e 1 MTEs
BAT T 16(144) (205 + 0 — 0) + 40 1055% 896k
2(29)(10%)(1200) -
sC = W(zeg +0—0)— 225 15k
it
Mpe = 80,555.5505 — 22.5 (3)
G-04k ;'L-
2(29)(10%)(1200) 1. 67Kt
cp = W(Z(O) + 05 — 0) + 225 Gd5K
45 k-t
Equilibrium. -34.2 K4t
Mps+ Mpc =0 (©)) ‘ : \
Solving Egs. 1-5: -34.2K8
65 = —0.00014483 42944t T p'9erh
My = —429k-ft Ans.
MBA = 342k'ft —/6.7:.‘/[ B

MBC = —342k-ft
MCB = 16.7k-ft Ans.
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11-15. Determine the moment at B, then draw the moment
diagram for each member of the frame. Assume the support
at A is fixed and Cis pinned. ET is constant.

Fixed End Moments. Referring to the table on the inside back cover,

wL? 2(3%)
(FEM) 5 = =" = =772 = ~1.50kN-m
wL?  2(3%)
(FEM), = "= = =77 = 150kN-m
(FEM)pc = 0

Slope-Deflection Equations. Applying Eq. 11-8 for member AB,

My = 2E(§)[2(0) + 05 — 3(0)] + (—1.50) = (2%)03 ~1.50 (1)
My, = 2E(§)[293 +0 - 3(0)] + 1.50 = (43&)93 + 1.50 )

Applying Eq. 11-10 for member BC,

Myc = 3E(£)(63 —0)+0= (3?71)03 3)

Equilibrium. At Joint B,
MBA + MBC =0

4E1 EI
<T)03 + 1.50 + <3T)03 =0

072

= e

Substitute this result into Egs. (1) to (3)

M4 p = —1.98 kN -m Ans.
Mg, = 0.540 kN -m Ans.
Mpe = —0.540 kN - m Ans.

The negative signs indicate that M, ; and My have counterclockwise rotational
sense. Using these results, the shear at both ends of member AB and BC are
computed and shown in Fig. a and b respectively. Subsequently, the shear and
moment diagram can be plotted, Fig. ¢ and d respectively.

I-74m |1 26m 7 m )/ 2m

2kN/m

4 m
cll 1
198 kn-m A kN 0-540kN-Mm
gl 3
348’ /remV/:5m Z-5ZkIJ
()
<52 kn
0:540 kAm
& 035 kil
4m
v
~ 0135 kN
2.62 K

(b)

248 k) [ mm}.l\
N 0435 kN 1

4m

% ﬁ540‘/°"
2_52"(” l'?g kNm
4m
) {_-0?5510\}
(4)
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*11-16. Determine the moments at B and D, then draw
the moment diagram. Assume A and C are pinned and B
and D are fixed connected. £ is constant.

(FEM)p4 = 0

(FEM)pp = (FEM)pp = 0

My = 3E(%)(9N — ) + (FEM)y

Mpy = 3E(%)(93 —0)+0

Mpa = 02EI0;

My = 3E<i>(03 —-0) - 30
20

My = 0.15EI65 — 30

Mgp = 2E(é)(293 +0-0)+0
My = 0.3333E10,

Mpg = ZE(é)(Z(O) +05—0)+0
Mpg = 0.1667E10;

Equilibrium.
MBA +MBC+MBD:0
Solving Egs. 1-5:

43.90
= e

My, = 878Kk ft
Mpge = 2341k - ft
Myp = 14.63k - ft
Mpg = 732k - ft

(M

(@)

)

(4)

®)

Ans.
Ans.
Ans.
Ans.

8k
| 15 ft } 10 ft 10 ft—
5 -
A C
= s
'Bc
1
Mep
13
8.78k: 9.4»]\‘. 1
DS 132
Z7n O
\ 146 K WA T
0585 o585k ‘1"03 LS Ui 28
12§¢

B3k
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11-17. Determine the moment that each member exerts
on the joint at B, then draw the moment diagram for each
member of the frame. Assume the support at A is fixed and

C s a pin. EI is constant.

Fixed End Moments. Referring to the table on the inside back cover,

PL  10(12
(FEM) 5 = —¢ = ——(8 ) _ isk-fe (FEMY,, = DL
2 2(15?
(FEM) ¢ = —% = - (8 ) s625Kk-1t

PL  10(12)

8

Slope Reflection Equations. Applying Eq. 11-8 for member AB,

My = 2Ek(20y + 0p — 3i) + (FEM)y
EI

Mg = 2E<é)[2(0) + 05 — 3(0)] + (-15) = (—)93 -15

6
1

For member BC, applying Eq. 11-10

I EI
Mpye = 3E(E)(03 —0) + (—56.25) = (?)03 — 5625

Equilibrium. At joint B,

MBA+MBC:0

EI EI
<7)93 +15 + <?>93 ~5625=10

_77.34375
b EI
Substitute this result into Egs. (1) to (3)
My p=—-2109k-ft = =211 k- ft

Mpa = 4078k -ft = 40.8k - ft

Mpe = —40.78 k- ft = —40.8 k - ft

8

10k

2 k/ft

Lyl

=15k-ft

(M

@

®)

Ans.
Ans.
Ans.

The negative signs indicate that M, and Mg have counterclockwise rotational
sense. Using these results, the shear at both ends of member AB and BC are
computed and shown in Fig. a and b respectively. Subsequently, the shear and

Moment diagram can be plotted, Fig. ¢ and d respectively.
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11-17. Continued

2015) kK

823K, 'r"“_“ll—“—“—ﬁ' B8.223K-

) R

40-75»&#;] 75t 7-5f¢ ’Illz.z&k
1772 K

(b)

_ BB6ft | LAt
886ft | 614t 37TkA 1&

177K} 1 /R
\ oft z/fo-a /c‘fl
éh \ AL

¥ 822K Lsds o

bft e 211kt

|78 k. ()
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11-18. Determine the moment that each member exerts
on the joint at B, then draw the moment diagram for each
member of the frame. Assume the supports at A, C, and D
are pins. EI is constant.

12kN/m

Fixed End Moments. Referring to the table on the inside back cover,

(FEM)g4 = %ﬁ = 12;82) =96kN-m (FEM)gc = (FEM)gp =0
Slope-Reflection Equation. Since the far end of each members are pinned, Eq. 11-10
can be applied
My = 3Ek(6y — ¢) + (FEM)y
For member AB,
Mgy = 3E<é)(03 —0) +96 = (%)03 + 96 (1)
For member BC,
Mpc = SE(é)(GB -0)+0= (%)93 (2)
For member BD,
Mpp = 3E(é)(03 -0)+0= %03 (3)

Equilibrium. At joint B,
MBA + MBC+ MBD =0

3E1 EI El
<?)03 + 96 + <7>93 + 703 =0

g 168
B 11EI

Substitute this result into Egs. (1) to (3)

Mgy = 69.82kN-m = 69.8 kN -m Ans.
Mpc = —3491kN-m = —349kN-m Ans.
Mpp = —3491kN-m = —349kN-m Ans.

The negative signs indicate that My~ and My, have counterclockwise rotational
sense. Using these results, the shear at both ends of members AB, BC, and BD are
computed and shown in Fig. a, b and c respectively. Subsequently, the shear and
moment diagrams can be plotted, Fig. d and e respectively.
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11-18. Continued

Aqe982knm 24.91k-m
- 5673 kN ____¢ém |
l
|
|
|
|
|

4 , ‘
5.818 knl (b 5.816kN

12(8) KN 34.9/ kN

————————

L bm 6”& 5
| 5.82 kN % |

567 KN

473m

327 m

-4 |
393k
()
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11-19. Determine the moment at joints D and C, then 3k/ft
draw the moment diagram for each member of the frame. l l l l l l l
Assume the supports at A and B are pins. E/ is constant. D ¢

12 ft

A B_ v

: : - st } 10 ft T
Fixed End Moments. Referring to the table on the inside back cover,
wL?  3(10%) wL?  3(10%)
(FEM)pc = T o - 25k-ft  (FEM)¢cp = o - 1 25k-ft

(FEM)ps = (FEM)cp = 0
Slope-Deflection Equations. For member CD, applying Eq. 11-8

Mpc = 25(1)[200 + 00 — 3(0)] + (-25) = (@)GD + (ﬂ)oc -25 (1)

10 5 5
1 2EI EI
For members AD and BC, applying Eq. 11-10
1 3EI
1 3EI
= - — +0=(—7
Mcp 3E<13)(6C 0)+0 ( 3 >9c (4)

Equilibrium. At joint D,
MDC + MDA =0

2E1 El 3E1
= op+(—)oc—25+ (= )op =
(ZE oo+ (B Joc 25 + (2 Yoo = 0

41E1 El

[ + P —

(450, + (B -2 .
Atjoint C,

Mcp + Mcp =0

2E1 El 3EI
o+ (= )op + 25+ (== )oc =
( 5 >9C (5 )OD 25 (13 >9C 0
41E1 El
I + _— = —
( & )OC ( 5 )OD 25 (6)
Solving Egs. (5) and (6)

1625 1625

O =g %= Tospr

Substitute these results into Eq. (1) to (4)

Mpe = 1339k -ft = —13.4 k- ft Ans.
Mep = 1339k-ft = 134k - ft Ans.
Mpy = 1339k -ft = 134 k- ft Ans.
Mep = —1339k-ft = —13.4 k- ft Ans.
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11-19. Continued

The negative signs indicate that M- and M5 have counterclockwise rotational
sense. Using these results, the shear at both ends of members AD, CD, and BC are
computed and shown in Fig. a, b, and c respectively. Subsequently, the shear and
moment diagrams can be plotted, Fig. d and e respectively.

30k,
13-39 k-ft 13:37 Kft

~1-03k_
Z/-O.Sk., \
13f¢
Ok
1339 K-ft e
/.030 k.

103 <
/370‘& <d Y [.03 K
5t . Sft

ke
P

1030 k. 2/3.4 kft -
[3ft
e
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*11-20. Determine the moment that each member 12 kN/m 3
exerts on the joints at B and D, then draw the moment
diagram for each member of the frame. Assume the 10kN Y V V) )

\ /

supports at A, C, and E are pins. EI is constant.

4m
ISKN |
Fixed End Moments. Referring to the table on the inside back cover,
(FEM)p4 = (FEM)pp = (FEM)pp = 0 4m
L? 16(3%
(FEM)pe = —— = - G) - iskNm
8 8
L2 12(3°
(FEM)p = f% = - ; ) L 135KkN-m

Slope-Deflection Equations. For member AB, BC, and ED, applying Eq. 11-10.

My, = 3E(£)(93 —0)+0= <34ﬂ)03 (1)

Mye = 3E(§>(03 —0) + (~18) = EI9; — 18 )
(I

Mpy = 3E 5)(00 —0) + (-135) = EIf,, — 135 3)

For member BD, applying Eq. 11-8
My = 2Ek(20y + 0 — 3¢) + (FEM)y

Mpyp = 2E<£)[263 +0p —3(0)] + 0= EIfg + <%>9D (4)

1 EI
Equilibrium. At Joint B,

MBA+MBC+MBD:O

3E1 EI

(1{#)03 + (E;I)e,) =18 (6)

At joint D,
MDB + MDE =0

El

EI
2EIf), + (7)03 =135 (7)

Solving Egs. (6) and (7)

39 75

Op= — @, = ——
5791 P 14EI
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11-20. Continued

Substitute these results into Egs. (1) to (5), 4 177 kd-m
Mpa = 4179kN-m = 418kN-m Ans. 1045 kN
Mpye = —1243kN-m = —124kN-m Ans. I
Mpr = —8143kN'm = —8.14kN-m Ans.
Mgp = 825kN-m Ans.
Mpg = 8143kN+-m = 8.14kN-m Ans.

The negative signs indicate that M- and M, have counterclockwise rotational
sense. Using these results, the shear at both ends of members AB, BC, BD and DE
are computed and shown on Fig. a, b, ¢ and d respectively. Subsequently, the shear
and moment diagram can be plotted, Fig. e and f.

/63 K BE Ed
12'451_40_._/{; _____ 409K
7\
Ism
284 k'z b 19.86 kN 4m ©
)
[-726M | /. 274m : | [J26m |[2H4m
- 4:096 KN .74 ko-m |
20Tk \ 8.25 kN: |
'T— \ . . ’: o
15:3 kN
4m [-759m., 1-<41m, 4m [ 1-759m |(-24]
r‘<\z&.:kﬂ‘ | /&5?\
—% . i 18 kN-m
e 845 ki 4+
| 19-9KN 124 KN-m1
4m 4n
; 104 kN - &)

e)
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11-21. Determine the moment at joints C and D, then
draw the moment diagram for each member of the frame.
Assume the supports at A and B are pins. E/ is constant.

8 kN/m
Fixed End Moments. Referring to the table on the inside back cover,
wl? _ 8(6%)
8 8

(FEM)py = =36kN-m

=]

=

(FEM)pc = (FEM)cp = (FEM)cp = 0
Slope-Deflection Equations. Here, yip, = icp = Y and ypc = ep = 0
For member CD, applying Eq. 11-8,

My = 2Ek 205 + 0 — 3¢) + (FEM)y

AET 2E1

&
q

;g
S ES

ALy =
apvS uisasia

NS P - ‘

Mpc = 2E<§)[2eD +0c—3(0)] + 0= (?)QD + (

Mep = ZE(é)[Zﬂc +0p = 3(0)] + 0= (

5

5

5

—)%

4EI) (ZEI

)

For member AD and BC, applying Eq. 11-10
My = 3Ek (6y — ) + (FEM)y

1 EI EI

MDA = 3E<g)(0[) - {/J) + 36 = (7)9[) - (7
1 El El

Mcp = 3E(g)(0c —¢y)+0= (7)0C — 7)!//

Equilibrium. At joint D,

¥+ 36

MDA+MDC:O

(%0 = (Yo + 36 () + (Yo =
2 )7P 2 )V 5 )P 5 )¢
13EI0p + 0.4EI0. — 0.5ELy = -36

Atjoint C,
Mcp + Mcp =0

(5 (2 (e (o

5 5 2 2
04E10p + 1.3E160c — 0.5EIy =0

Consider the horizontal force equilibrium for the entire frame

ENF, =0, 86) —V,4—Vs=0

Referring to the FBD of member AD and BC in Fig. a,

C+XMp=0; 8(6)(3) — Mpy — Va(6) =0

Mp,
V=24 -
A 6
and
C+DMc=0; —Mcp— Vg(6) =0
Mcp
Vg= =0
B 6

®)

®)

(6)

¥

ém

3467 kN
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11-21. Continued

Thus,

o (-5) - (5 =0

Mpy+ Mcp = —144

El El El El

0.5EI0), + 05EI0 — EIy = —180

Solving of Egs. (5), (6) and (7)
80 40 240

=% T E VT E
Substitute these results into Egs. (1) to (4),
Mpe = 64.0kN-m
Mcp = 80.0kN -m
Mps = —64.0kN-m

Mcp = —80.0kN-m

The negative signs indicate that M, and M5 have counterclockwise rotational
sense. Using these results, the shear at both ends of members AD, CD, and BC are

64-0 kN)-m

5m

80.0 kN-m

™)

Ans.
Ans.
Ans.
Ans.

80.0 kM
13.33 kA

em

computed and shown in Fig. b, ¢, and d, respectively. Subsequently, the shear and

moment diagram can be plotted, Fig. e and f respectively.

‘ P [’3'5'“' C (13.3kA
-67m| 28K /
1T
4.33m
& ||
8

13.33 kN

a4)

5m

64.04m]

80.0 M'Q

(o

167m

4.33m

75| kKN-m
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11-22. Determine the moment at joints A, B, C, and D, /J —
then draw the moment diagram for each member of the D C
frame. Assume the supports at A and B are fixed. EI is
constant.
3m

Fixed End Moments. Referring to the table on the inside back cover, A B

wI?2 30(3?) 30 kN/m —
FEM)p= ——— = — = 13.5kN-
(FEM)4p 20 20 m 1 3m |

wL?  30(3%)

FEM =— = = 9kN-
( )DA 30 30 m

(FEM)pc = (FEM)¢cp = (FEM)cp = (FEM)ge = 0

Slope-Deflection Equations. Here, y s\p = Yps = Ypc = e = ¥
and ycp = ¢pc = 0

Applying Eq. 11-8,

For member AD,
Msp = 2E(§>[2(0) + 6p — 3y] + (—=13.5) = <23ﬂ)00 —2EIy — 135 (1)
Mpy = 2E<§)(20D +0—3p) +9 = (%)90 —2El§ + 9 (2)

For member CD,

For member BC,
Mpc = 2E<§)[2(0) +6c—3Y] +0= (%)OC — 2EL) (5)
Mg = 2E(§>[20C +0-3)]+0= (43ﬂ)6c — 2EILy (6)

Equilibrium. At Joint D,

MDA+MDC:O

(:ﬂ)eb —2EIy + 9 + (gﬂ)ol) + (%ﬂ)ec =0

(?)% + <2]35—’)9C C2EIy = -9 (7)

Atjoint C,

Mcp + Mcp =0

4E1 2EI 4ET
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11-22. Continued

Consider the horizontal force equilibrium for the entire frame,
1

E3F, =0 5(30)(3) - V,4=-Vg=0

Referring to the FBD of members AD and BC in Fig. a

C+IMp =0 GBI = Mps — Map = V() = 0

Mp, M 4p
V=30 — -
A 3 3
and
C+DXMc=0; —Mcg— Mpe —Vp(3) =0
Mcp M pc
Vp= — - e
B 3 3
Thus,
1 Mpa MAD) ( Mcp MBC) _
S30)3) <30 ; ; ; 7<) =0

MDA+ MAD+ MCB+ MBC: —45

(%)% —2EIy +9 + (2%)% —2ELp — 135 + (4%)90 ~2Ely

+ (213571)% —2EIy = —45

2EI0p + 2EI6. — 8EIy = —40.5 9)
Solving of Egs. (7), (8) and (9)
261 9 351

%= Seer """ seer U sokd
Substitute these results into Eq. (1) to (6),
Myp = -2593kN-m = —259kN-m Ans.
Mpy = —3321kN-m = —=332kN-'m Ans.
Mpe =3321kN-m = 332kN-'m Ans.
Mcp = 6321kN-m = 6.32kN-m Ans.
Mpe = —9429kN-m = —943kN-m Ans.
Mcp = —6321kN-m = —6.32kN-m Ans.

The negative signs indicate that M, M, ., M~ and M- have counterclockwise
rotational sense.Using these results, the shear at both ends of members AD, CD and
BC are computed and shown on Fig. b, ¢ and d, respectively. Subsequently, the shear

and moment diagram can be plotted, Fig. e and d respectively.
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11-22. Continued

Moy
g S U
[l " Zm
I
2m / N " !
/ Z(Bo)B|, |
aLCBO)(.?)kN / 3m —f 7 ?
, m|
Im 4“"‘;5;3?75/(/\/
Ll_ y | & 2593 kN .m
L~ B
‘ww My, (b)
@') | 6321 kN-m
5:25 ka
6.321 kam g
w( M 1
b -
3.2/4 kN |
3321 kKN.M 3.214-kA
(€)
%—0525 kN
: 3m 29 kN-m
Pl 5250 c 5'25‘0’ ‘ @ 7429
1 Ve
- 2 kil c
7 { { 6.32 kn-m
/'98m l1.o2m g J
« ﬁr- \
¢ A B_ — 6.9 1 kN+m
3975k (e) /-96m \
—¥ |
Ve
b asomm  Poazpm
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11-23. Determine the moments acting at the supports A 4k fft
and D of the battered-column frame. Take £ = 29(10°)ksi,
I = 600 in*. B vyvyvyC
6k
20 ft
A D |
}—; 15 ft 20 ft 15 ft —

2 2

FEM) e = — 5 — 1600 k-in.  (FEM)ep = 55 = 1600 k -in.
BC 12 CB 12
BA = HD = 0
_, _A
Yap = Yep = 25
124
5% 0

Ypc = —15¢cp = —1.5¢ 4p
= =154 (where ¢ = e, ¥ = Yap = ¥ep)

600
= +05—3Y) +0= -
Map 2E( 25 2))(0 05 — 30) + 0 = 116,00005 — 348,004
Mgy = 2E( 600 >(20 + 0 — 3¢) + 0 = 232,00005 — 348,000y
BA 25(12) B ,0000 5 )
Mpe = 2E( 600 )(2@ + 6 — 3(—1.5¢)) — 1600
BC 20(12) B T Oc S

= 290,00005 + 145,000 + 652,500¢ — 1600

600
=2FE(—— + 05 — 3(—1.5¢)) +
My 2E< 200 12))(29C 05 — 3(—1.5¢)) + 1600
= 290,0000 + 14500005 + 652,500 — 1600
600
= +0 - +
Mcp 2E(20(12))(20C 0—3y) +0

= 232,0000 — 348,000y

600
25(12)

= 16,0000, — 348,000

MDCZZE( )(0+0c_3l,[l)+0

Moment equilibrium at B and C:
Mgy + Mpc =0
522,00005 + 145,0000¢ + 304,500 = 1600 (1)
Mcp+ Mcp =0
145,00005 + 522,0000 + 304,500 = —1600 2)
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11-23. Continued

using the FBD of the frame,

C+> My =0;
Mgy + M
Mg+ Mpe — (W}mmm(lz)
Mpc + Mcp _
—<W>(41.667)(12) — 6(13.333)(12) = 0

—0.667M 45 — 0.667M pc — 1.667Mp4 — 1.667Mcp — 960 = 0
464,00005 + 464,0000 — 1,624,000y = —960
Solving Egs. (1), (2) and (3),
65 = 0.004030 rad
0c = —0.004458 rad
= 0.0004687 in.
M p = 254k-ft Ans.
64.3 k- ft

5
N
Il

Mpe = —643 k- ft

Mcg = 99.8 k- ft

Mcp = —99.8k - ft

Mpc = —56.7k-ft Ans.
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*11-24. 'Wind loads are transmitted to the frame at joint E.
If A, B, E, D, and F are all pin connected and C is fixed
connected, determine the moments at joint C and draw the
bending moment diagrams for the girder BCE. EI is constant.

e = Yce =0
Yap=Ycp = Ycr =¥
Applying Eq. 11-10,

3E1

MCB = T(BC - 0) + 0
3EI

Mcg = T(BC -0)+0
3EI

MCD:T(OC_‘/’)"'O

Moment equilibrium at C:
MCB + MCE + MCD =0

3E1 3E1

3EI
6 (0c) + 4 0c) +

8

(0c —¢) =0
Y = 43336,
From FBDs of members AB and EF:
C+DMp=0; V=0
C+DXMp=0; Vp=0
Since AB and FE are two-force members, then for the entire frame:
ENFp=0, V), —12=0; V,=12kN
From FBD of member CD:

Mep = 96kN-m

From Eq. (1),
3
96 = gEI(GC — 4.33360¢)
0. = -76.8
© EI
From Eq. (2),
. —332.8
EI
Thus,
MCB = —38.4kN-in
MCE = —57.6kN-m

E
— [T [T W< 12 kN
C
D F
i s oS AT
e jsw‘ T iy ~Nataiags
l 6m l 4m l
Mep
\ Wk:
(M ~r
¥
«_
T Y, f‘
) = ‘ %
12 &N
» -
V. = 0
\Ir e D
ey
Ans. gm
2 12kN
0 (lesd 1)
l/%l”'*
=
-5S7%6
Ans.
Ans.
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12-1. Determine the moments at B and C. EI is constant. s 3k/ft s

Assume B and C are rollers and A and D are pinned. F | s
I NRER NNy |
& oA 00
@ pA IB IC D {'_-*D

8 ft l 20 ft l 8ft—
LZ L2
FEM, 5 = FEMp = JVTz = -16,  FEMy, = FEMp = WlT = 16
wL? wL?
Kow— 3EI _4EI Ko — 3EI
ABT g BC T Ty o= g

DFAB = 1 = DFDC

3E1

8
DFp4 = DF¢p = 35 4El - 0.652

_l’_ -
8 20
DFp, = DFcp = 1 — 0.652 = 0.348

Joint A B C D
Member AB BA BC CB CD DC
DF 1 0.652 0.348 0.348 0.652 1
FEM -16 16 -100 100 -16 16
16 54.782 29.218 -29.218 —54.782 -16
8 -14.609 14.609 -8
4.310 2.299 -2.299 -4.310
-1.149 1.149
0.750 0.400 -0.400 -0.750
-0.200 0.200
0.130 0.070 -0.070 -0.130
-0.035 0.035
0.023 0.012 -0.012 -0.023
2 M 0 84.0 -84.0 84.0 -84.0 0k-ft Ans.
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12-2. Determine the moments at A, B, and C. Assume the
support at Bis aroller and A and C are fixed. EI is constant.

1>36

(DF)AB = 0 (DF)BA = m = 0.4
(DF)gc = 0.6 (DF)cp = 0
—2(36)?
12
(FEM)g4 = 216 k - ft
—-3(24)°
(FEM)gc = = —144 k- ft
12
Joint A B C
Mem. AB BA BC CB
DF 0 0.4 0.6 0
FEM -216 216 -144 144
-28.8 —43.2
4 N
-14.4 -21.6
EM -230 187 -187 -122 k - ft

3k /ft
CTITTT
_IB

Ans.

12-3. Determine the moments at A, B, and C, then draw
the moment diagram. Assume the support at B is a roller
and A and C are fixed. EI is constant.

I>18

(DF)cp =0 (DF)ge = 0.4737
~2(09)(18) _

-0.4(20)
(FEM)pc = ———— = -1.00 k- ft
(FEM)cp = 1.00 k - ft
Joint A B C
Mem. AB BA BC CB
DF 0 0.5263 0.4737 0
FEM -3.60 3.60 -1.00 1.00
-1.368 -1.232
["4 N
-0.684 -0.616
2 M —4.28 2.23 -2.23 0.384 k - ft

L = .* — C
L6fta~6ft»L6ftﬂ-—lOft—-L10ftJ

9K 09x o4K
m‘ﬁl 1 2.232 ‘-ft l 0.384 k-t
_a , e
U ———1)
(l"e'jt'+ 672+6Tt'| 707¢ 19f¢
1014 & 0786k 02924K% 01076 &
Mx-f¢)
o692
— A\ x
°l [ n \/ % o
232
428
Ans.
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*12-4. Determine the reactions at the supports and then 500 Ib
draw the moment diagram. Assume A is fixed. £/ is constant. l l lgi)ollbi ftl l l
ji——
A B HC b
20 ft : 20 ft 15 ft——
FEM . = —1—22 = 26.67, FEMj = 1—22 = 26.67 ‘. L) ke e
; e
Mep = 05(15) = 75k - ft 7 ’
Kap = ﬂ’ Kpe = el £ ‘ ;"" {
20 20 P 2o {1
. W e k.
DF,3 = 0 AN ’ AT
AEL g N//
DFy4 = DFpe = 20 57 =08 E -A;’-"/
20 20
DF.p = 1
Joint A B
Member AB BA BC CB CD
DF 0 0.5 0.5 1 0
FEM -26.67 26.67 =15
13.33 13.33 -19.167
6.667 -9.583 6.667
4.7917 4.7917 —6.667
2.396 -3.333 2.396
1.667 1.667 -2.396
0.8333 -1.1979 0.8333
0.5990 0.5990 —0.8333
0.2994 -0.4167 0.2994
0.2083 0.2083 -0.2994
0.1042 -0.1497 0.1042
0.07485 0.07485 | -0.1042
10.4 20.7 -20.7 7.5 -7.5k-ft
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12-5. Determine the moments at B and C, then draw the 12 kN
moment diagram for the beam. Assume C'is a fixed support. 8 kN/m
El is constant. l l l l l l l l l -
AL sl <
| 6m ——dm————4m—]
Member Stiffness Factor and Distribution Factor.
% _ 3EI _ 3EI _EI % _ AEI _ 4EI _ EI
BA T Lpa 6 2 BC ™ Lpe 8 2
DF) =1 DF)z, = Elj2 = 0.5
(DF)as =1 (DF)pa =z s = O
DF)pc = Elj2 =0.5 DF)c3 =0
(DF)pc = El2+ B2 (DF)cp =
Fixed End Moments. Referring to the table on the inside back cover,
L> 8(6
(FEM)py = =~ = (8 ) _ 36kN-m 8(6) kK 2 G /2 kN
24 flm
PL 12(8 e IS 1
(FEM)gc = e —% = —12kN-m i Tr h 4 i‘
- A 46 knm
PL  12(8) (Ik;_am 3m I( 4m 4 “m I
FEM)cp = — =——=12kN- ;
(FEM)cs = 7% 8 " 200 knl 28.0 k) 826 ka) 375K
(a)
Moment Distribution. Tabulating the above data,
Joint A B C
Member AB BA BC CB
DF 1 0.5 0.5 0
FEM 0 36 -12 12
Dist. -12 -12
-6
>M 0 24 -24 6

Using these results, the shear and both ends of members AB and BC are computed
and shown in Fig. a. Subsequently, the shear and moment diagram can be plotted,
Fig. b.

V(ki)
20.0 _ l q.00

\ 825

1T xm 1

N T

© 2"’\ ‘ © =2 ° *2 \l/ ° 600
—24:0
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12-6. Determine the moments at B and C, then draw the 12 kN/m
moment diagram for the beam. All connections are pins. 4m
Assume the horizontal reactions are zero. EI is constant. N C )
A | I < D
12 kN
Member Stiffness Factor and Distribution Factor. /m
% 3EI  3EI % 6EI  6EI  3EI
B L 4 BT Lge 4 2
DF).e = 1 (DF)as — 3EI/4 1 D), = 3EI1)2 2
(DF)ap =1 (DF)ga = 3EI/4 + 3EI)2 3 (DE)sc = 3EI/4 +3EI)2 3
Fixed End Moments. Referring to the table on the inside back cover,
L 14
(FEM)p, = % = ; ) 24kN-m (FEM)zc = 0
Moment Distribution. Tabulating the above data,
Joint A B
Member AB BA BC
DF 1 1/3 2/3
FEM 0 24 0
Dist. -8 -16
>M 0 16 -16
Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently the shear and moment diagram can be
plotted, Fig. b and c, respectively.
12¢4) k 200k
lokm  gam  Bookd KT h
I m 2m
~ { i i
4 A 4
l‘ zm Zm )lp 4m l '"A; """"""
20:0 kN 14 8.00 kNl . R8ok
280k lb km f24 Jkn
(a)
V(KN) M(k-m)
200 i 6.0
20.0
N, 22 /]
X(m) 4 1033 12,
3 1 1 1 l (i
167 4 /oas b IERTRY 3 x(m)
-286.0 -<8.0 '
~/6.0 -/6.7
(b)
(D)
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12-7. Determine the reactions at the supports. Assume A _ 12 kN/m
is fixed and B and C are rollers that can either push or pull o l l l l l l l l l l
on the beam. EI is constant. !; ;
|7 B Ic
Sm l 25m l
Member Stiffness Factor and Distribution Factor.
4E1 4EI 3EI 3EI
Kyp=—-—"=—=08EI Kpge=—"=—-=12EI
BT L5 BC ™ Lpe 25
0.8E1
(DF)ap = 0 (OF)ea = G8Er + 1261 = 4
1.2.E1
DF)gc = ———————— =0.
(OF)se = G8Er + 1281 = 9
(DF)cp =1
Fixed End Moments. Referring to the table on the inside back cover,
wl? 12(5%)
wL?  12(5%)
(FEM)pc = (FEM)cp = 0
Moment Distribution. Tabulating the above data,
Joint A B C
Member AB BA BC CB
DF 0 0.4 0.6 1
FEM -25 25 0 0
Dist. -10 -15
co | s °
>M |30 15 -15
Ans.
Using these results, the shear at both ends of members AB and BC are computed
and shown in Fig. a.
From this figure,
A, =0 A, =33kNT B, =27+6=33kN]T Ans.
M, = 30kN-m(Q C,=6kN | Ans.
12(5)
30 kN-m oIk I5km_ 27kl gpN ok G kN
ﬁ _ ?M
A 4 ) c
| —| N/
[ zs5m 2:5m I5knm Zsm
33 kN RT.0KN 5}
)
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#*12-8. Determine the moments at B and C, then draw the 3] 12 kN/m 12kN/m ¢
moment diagram for the beam. Assume the supports at . l—l—l—l—r 5
B and C are rollers and A and D are pins. EI is constant. \L;
S - _
4m l 6m l 4m
Member Stiffness Factor and Distribution Factor.
3EI  3EI 2EI 2EI EI
Kyp=—7"=—" Kpe= —=—7"=
B L 4 B Lpe 6 3
DF), =1 (DF ___SEIA 9 DF)pc = __EIs 4
(DF)ap =1 (DF)pa = 3EI/4 + 3EI/3 13 (DF)sc = 3EI/4+ EI/3 13
Fixed End Moments. Referring to the table on the inside back cover,
wL?  12(4%)
(FEM) 45 = (FEM)gc =0  (FEM)p, = =3 "3 24 kN-m
Moment Distribution. Tabulating the above data,
Joint A B
Member AB BA BC
9 4
DF 1 'E} e}
FEM 0 24 0
Dist. -16.62 -7.385
>M 0 7.385 -7.385
Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be
plotted, Fig. b and c, respectively.
[2(4) kA 12(4) KN
7385 kN-M 7385 kn-m
pm——————
\ K , i 5
| .
zm T 2m em l [Z2m Tem
z2i5K) 2585 kA 2585k azi5kN
(a)
Vkn) M(kn.m)
25.8

N

&2 l\‘ 20.4
/4.
| 4 0 ﬂ\{‘f
[5) I x(’n) 1 1 1
:-esjw " ”';N&_‘., o s \ 7 s

(b )
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12-9. Determine the moments at B and C, then draw the 300 Ib
moment diagram for the beam. Assume the supports at B 200 Ib /ft
and C are rollers and A is a pin. EI is constant.
Y V¥V V¥V VY Yy
Member Stiffness Factor and Distribution Factor. E | = —lD
A BH cH
3EI 3EI 4E1  4EI

Kjyp= —=—"=03EI Kpe = —=——=04EI. e ager 5% iEpa s %

a8 = 7 10 BCT 10 5 : ‘.D ,, ‘

10 ft | 10 ft 81t
0.3E1 3 04E1 4

DF)gs=—— == DF)gc = —————— ==
(OF)sa =031 voaer ~ 7 P = 03Er + 0481 ~ 7
(DF)cp =1 (DF)cp =0

Fixed End Moments. Referring to the table on the inside back cover,
(FEM)cp = —300(8) = 2400 1b-ft  (FEM)gc = (FEM)cp = 0

wLlp  200(10°)
8 8

(FEM) g4 = — 2500 1b - ft

Moment Distribution. Tabulating the above data,

Joint A B C
Member AB BA BC CB CD
DF 1 3/7 4/7 1 0
FEM 0 2500 0 0 2400

Dist. 107143 142857 | 2400
CO 1200 71429
Dist. 51429 | 68571 | 714.29
CO 357.15 | —342.86
Dist. _153.06 | —204.09 | 342.86
CO 171.43 " -102.05
Dist. 7347 | 9796 | 102.05
Co 51.03 T —48.98
Dist. 2187 | —29.16 48.98
CO 2499 T -14.58
Dist. ~10.50 | -13.99 14.58
CO 729 ~7.00
Dist. 312 417 7.00
CO 350 ‘| —2.08
Dist. -1.50 2.00 2.08
CO 1.04 ~1.00
Dist. ~0.45 ~0.59 1.00
CO 0.500' ]  —0.30
Dist. 021 ~0.29 0.30
CO 015 ‘| -0.15
Dist. ~0.06 ~0.09 0.15
Co 007 T —0.04
Dist. ~0.03 ~0.04 0.04
SM 0 650.01 | —650.01 | 2400 2400

Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagrams can be
plotted, Fig. b and c, respectively.
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12-9. Continued

3oo/lp
1751k 2doolbfy
5f | 5ft ', )) /C /oft (I 8ft
/0651/b 175 Ib
(2)

Vlb)

935
0 Soo
- = XCPe)
4‘-67/5' /75 <8
-/065
(b)

MUlb.f¢)

<186
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12-10. Determine the moment at B, then draw the
moment diagram for the beam. Assume the supports at A
and C are rollers and B is a pin. EI is constant.

Member Stiffness Factor and Distribution Factor.

K. dEL _4EL_ .. _4EL _4EL_ .
AB LAB 4 BC LBC 4
(DF),p =1 (DF)up =0 (DF)s = (DF)ge = — 20 =05
AB AD BA BC EI + EI .

(DF)cp =1 (DF)cg = 0

Fixed End Moments. Referring to the table on the inside back cover,

(FEM),p = 6Q)(1) = 12kN-m  (FEM)cg = —6(2)(1) = —12kN-m
(FEM) 45 = _vgi‘B = 6(;;2) = —8kN-m

(FEM)g,4 = WleB = 6(;;2) = 8KkN-'m

(FEM) ¢ = _VIZL e _ 6(1422) = —8kN-m

(FEM)(p = Wll‘z%‘c = 6(1‘;2) — 8kN-m

Moment Distribution. Tabulating the above data,

6 kN/m
A y . A y . A
D | =] | | E
4%7_@%_%#
- om } Cam— } 4m l ZmJ
V(kn)
/:3[5\l /0.5 "”
= N—xX(m)
42N 775’\|
—-/05 -3.5
(b)
M{kn-m)

Joint A B C
Member | AD AB BA BC CB CE
DF 0 1 0.5 0.5 0
FEM 12 -8 8 -8 -12

Dist. —4 0
[4
CcO )
>M 12 -12 6 -6 12 -12

Using these results, the shear at both ends of members AD, AB, BC, and CE are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted, Fig. b and c, respectively.

62)kl 6@) K 64 kN 602) kn
6 -m ) 12 kN-m
] 2)\( i i D/ \cfl"l_"T
2m j*?m 2m ‘1 Frm™im
10-5kN [3.5kN Lo
()
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12-11. Determine the moments at B, C, and D, then draw

1.5k/ft

the moment diagram for the beam. EI is constant. 10 k-ft

10 k-ft

L

g —

(o

10 fta‘

10 ft | 20 it 20 ft |
Member Stiffness Factor and Distribution Factor.
4E1 4EI 4E1 4EI
KBC—TBC—E—O.ZEI KCD—TCD—%—O.Q,EI V(KI)
(DF)ga = (DF)pg =0 (DF)gc = (DF)pc = 1 18
0.2EI 12
(DF)es = (OF)en = g1+ o261 ~ %
¥ L xav
Fixed End Moments. Referring to the table on the inside back cover, 0 ,5 I _ N 1
(FEM)g, = 10k - ft (FEM)pr = —10k - ft %
12 1.5(20% .
(FEM)pe — (FEM)ep — — 5 = J15C0) oy 78
12 12
X (b)
wL? 1.5(20%)
(FEM)cp = (FEM)pe = — - = 5 = S0k-ft
Moment Distribution. Tabulating the above data,
Joint B C D MekAt) 25
Member BA BC CB CD DC DE /\
0 Ga
DF 0 1 05 05 1 0 . : i — X(/'t )
FEM 10 -50 50 -50 50 -10 4 8
Dist. 40 0 0 —40
co 20 20 -70
EM 10 -10 70 70 10 -10 )
Using these results, the shear at both ends of members AB, BC, CD, and DE are
computed and shown in Fig. a . Subsequently, the shear and moment diagram can be
plotted, Fig. b and c, respectively.
10kt 10kt s ﬁ 10Kft 0k
| -1 J\ T -
A J \
I [0f¢t 0 0 04t /0% q‘ /oft oft l
12k 16k 12k
(@)
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*12-12. Determine the moment at B, then draw the 4k /ft
moment diagram for the beam. Assume the support at A is
pinned, B is a roller and C is fixed. EI is constant.

A JLB C
| 15 ft N 12 ft |
wL?  4(15%) ‘ a |
FEM 5 = == = == = 30 k- ft
wl?  4(15%)
FEMp, = == = == = 45 k- ft
w2 ()12 v (K)
FEMCB = 48 k . ft 6150
o ] i Q?R‘\( (ﬁ’)
Joint A B C \&% %
Member | AB BA BC CB _23.) ~23.06
DF 1 0.375 0.625 0
FEM |-30 45 48 48
M-
30 1.125 1.875
15 0.9375
-5.625 -9.375
i AR AR,
N x (f)
>M 0 55.5 -55.5 44.25 o 274
My = —555k-ft Ans. 555

12-13. Determine the moment at B, then draw the
moment diagram for each member of the frame. Assume
the supports at A and C are pins. E/ is constant.

Member Stiffness Factor and Distribution Factor.

3EI 3EI
Kpc="7—="-=05EI
Be = c
3EI 3EI
Kpgy="——=""7-=06EI
BA LAB 5
(DF)ap = (DF)ep = 1 (OF)sc = 5 om0 orr = 1y 2
0.6E1 6
(DFypy = VOEL 6

0.5EI + 0.6EI 11
Fixed End Moments. Referring to the table on the inside back cover,
(FEM)cp = (FEM) 45 = (FEM)4 = 0

wLje 8(6%)
_Be - - = —36kN-
3 p 36 m

(FEM) 3¢
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12-13. Continued

Moment Distribution. Tabulating the above data,

Joint A B C
Member AB BA BC CB
6 5
DF 1 11 1 1
FEM 0 0 -36 0
Dist. 19.64 16.36
E M 0 19.64 -19.64 0

Using these results, the shear at both ends of member AB and BC are computed and

shown in Fig. a. Subsequently, the shear and moment diagram can be plotted, Fig. b
and c, respectively.

8(6) kN

Sagopd
3927l
e

5m
(«)
>
3927 kKA
27‘3“0]( 34Iim R2:59m 269 kN-m
~ 19.6 k&M
8 ¢ B .
\ 7 / /9.6/(/0-")
-207 - )
34Im 2.59m |
5m 5m
-—‘17-5'?3knl

) | A )
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12-14. Determine the moments at the ends of each 2 k /ft )
member of the frame. Assume the joint at B is fixed, C is 3 l l l l l l l l l l l l l

pinned, and A is fixed. The moment of inertia of each i
member is listed in the figure. E = 29(10%) ksi. Ipc = 800 in* Cls
|
it |! 12t |
4k
IAB = 550 in4
(DF)AB = O 8 ft
4(0.68751 pc)>16
DF)g, = = 0.4074
(DF)54 4(0.68751 5c)>16 + 31 pc>12
—4(16)
(FEM) 45 = = —8k-ft
(FEM)BAzsk’ft 24&
FEM)pe = 020 _ okt I Lo 3.069%
( )BC = 12 = L - Pl
1941kft TN - + :
(FEM)cp = 24k - ft Qu"ﬁ» st s
. T “3009K
Joint A B C
8ft
Mem. AB BA BC CB
DF 0 0.4047 0.5926 1
4K =
FEM -8.0 8.0 —24.0 24.0 |
6.518 9482 | -24.0
3259 4 ~12.0 8it
4.889 7111
=
2.444 2931k
>M -2.30 19.4 -19.4 0 2-30 K-t
Ans. 1362 K 27.0 k- ft
s-814t
L
¢ '
-19:4 k-jt
194 Ko
Si5cf( L
.& -2-30 k-t
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12-15. Determine the reactions at A and D. Assume the 8 k/ft
supports at A and D are fixed and B and C are fixed
connected. £ is constant. B l l l l l l l l l l l l c
15 ft
(DF) 45 = (DF)pc = 0
DF)gs = (DF)¢p = 1715 = 0.6154
(DF)pa = ( )CD_I/15+I/24_- A D |
\ \
(FEM) 45 = (FEM)4 = 0
—8(24)?
(FEM)BC = T = —384 k- ft
192 £
.................... .
(FEM)cp = (FEM)pc = 0 N o))
dt mr TP (| %
Joint A B C D Yook ook
Mem. AB BA BC CB CD DC -
DF 0 0.6154 0.3846 0.3846 0.6154 0
FEM —384 384
236.31 147.69 | —147.69 —236.31
7 D Mpr .28 KR Mpe gy 28k
118.16 —73.84 73.84 —118.16 .D,_
45.44 28.40 —28.40 —45.44
27 | —1420 | 1420 207
8.74 5.46 —5.46 —8.74
” ok N
4.37 —2.73 2.73 —4.37
1.68 1.05 —1.05 —1.68
7 K
0.84 —0.53 0.53 —0.84
0.32 0.20 —-0.20 —0.33
7 2k
0.16 —-0.10 0.10 -0.17
0.06 0.04 —0.04 —0.06
7 2k
0.03 —-0.02 0.02 —0.03
0.01 0.01 —0.01 —0.01
>M 146.28 292.57 | —292.57 292.57 —292.57 —146.28

Thus from the free-body diagrams:

=293k Ans.
Ay =960k Ans.
M, = 146k - ft Ans.
D, =293k Ans.
D, =96.0k Ans.
Mp = 146 k- ft Ans.
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*]12-16. Determine the moments at D and C, then draw 5 k/ft
the moment diagram for each member of the frame.
Assume the supports at A and B are pins and D and C are
fixed joints. EI is constant.

Member Stiffness Factor and Distribution Factor.

Kun = Koo — SEL _3EL_ EI _4EI _4EI _EI
ap = Kpe=—==—==7 =" =1 =3
(DF)ap = (DF)pc =1 (DF)pa = (DF)pc = (DF)cp
EIl/3 1
ZDFCB=7/ 1

EI/3 + EI/3 2
Fixed End Moments. Referring to the table on the inside back cover,
(FEM)sp = (FEM)pa = (FEM)pc = (FEM)cp = 0

wlep  5(12%)

wLip,  5(122)

Moments Distribution. Tabulating the above data,

Joint A D C B
Member | AD DA DC cD CB BC
DF 1 0.5 0.5 0.5 0.5
FEM 0 0 60 60 0 0
Dist. 30 30 -30 -30
co 15 T 15
Dist. 7.50 7.50 ~750 ~750
o 375 | 375
Dist. 1.875 1875 , —1.875 | —1.875
o —0.9375 | 0.9375
Dist. 04688 | 04688 | —0.4688 | —0.4688
o 02344 0.2344
Dist. 01172 | 01172, —01172 | —-0.1172
o —0.0586 | 0.0586
Dist. 00293 | 00293 —0.0293 | —-0.0293
o —0.0146 | 0.0146
Dist. 00073 | 0.0073 | —0.0073 | —-0.0073
S M 0 4000 | —40.00 4000 | —40.00

Using these results, the shear at both ends of members AD, CD, and BC are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be
plotted.
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12-16. Continued

40.00 k.ft
4.444K

6 ft

()

gt

A 444k

(b)

1
g 444 K

4. 444K

40.0 k-ft

<)

40.0K:

9ft
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12-17. Determine the moments at the fixed support A
and joint D and then draw the moment diagram for the
frame. Assume B is pinned.

Member Stiffness Factor and Distribution Factor.

KAD:ﬂ:g:g KDC:KDB:E:ﬁ:ﬂ
L,p 12 3 L 12 4
(DF)4p = O (DF)p4 = El/s =04
EI/3 + EI/4 + EI/4
El/4

(DF)pc = (DF)pg

EIj3 + Elja + Elja 03

(DF)¢p = (DF)gp =1

Fixed End Moments. Referring to the table on the inside back cover,

wlip — 4(12°)

wlyp  4(12%)
FEM)p, = = =48k f
( )pa B 2 8 t
L2 4(122
FEM)pe = 250 = ) 3y

(FEM)cp = (FEM)gp = (FEM)pg = 0

Moments Distribution. Tabulating the above data,

4K /ft

Joint A D C B
Member | AD DA DB DC CD BD
DF 0 0.4 0.3 0.3
FEM | —48 48 0 -72 0 0
Dist. 9.60 7.20 7.20
co 480
SM | 432 57.6 720 | —64.8 0 0

Using these results, the shears at both ends of members AD, CD, and BD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted, Fig. b and c, respectively.

a4 Sq s
<e®d
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12-17. Continued

124t

—Y_
o.éokifi

@)

5Dt é-30ff+ 735 ft | 4G5t

A

_ 29:4
228k s70f ), waff+ 7354t | 4654
\ D| 060K C | 218kt ) ’|
A \ il & ﬁ\

c

; | 18.6 k.
R5ZK N |12 ft 32kft STokft 1Mes.8 kft

B -0.60k
B

(b) )
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12-18. Determine the moments at each joint of the frame, 0.5 k /ft
then draw the moment diagram for member BCE. Assume B l l l l l l l l l l l l l
B, C, and E are fixed connected and A and D are pins. 2 k—>]
E = 29(10°) ksi. SWf Ipc = 400in* C ([ EF
¢ Iep = 400 in®
3 k——> Ipc = 500 in*
8tt | 17,5 =600in"
I S Aal?
l 241t 12 ft—
(DF)4p = (DF)pc =1 (DF)pc =0
3(A1.5150)/16
DF)g4 = = 0.6279
(D)5 3(1.51¢)/16 + 41 /24
= RE 2242k
(DF)c = 0.3721 1943 k.3t 242 K-f{ ,““ﬂ Ma‘ £
DF = 4IBC/24 = 0 2270 (J----——- -—---j ------
(DF)cs = 41 5c/24 + 3(125130)/16 + 4l pc/12 ;-
l | |
21K
(DF)¢j = 0.4539 590k Guox 4 Ii7E
~3(16) M(k-ft)
(FEM) 5 = —g— = —6k-ft 49
FEM =6k-ft
( )BA 2 2 2 “
~ —(05)(24)° } } ~N—X{t)
(FEM)pc = — 10 —24 k- ft e 324(_//5
(FEM)cp = 24 k- ft , 156
—(0.5)(12)? =179 22
(FEM)p = 02127 1)2( P : b
(FEM)cp = (FEM)pc = 0
Joint A B C E D
Mem. AB BA BC CB CD CE EC DC
DF 1 0.6279 0.3721 0.2270 0.3191 0.4539 0 1
FEM -6.0 6.0 -24.0 24.0 -6.0 6.0
6.0 11.30 6.70 —4.09 —5.74 -8.17
3.0 —2.04 3.35 —4.09
—0.60 —0.36 —0.76 -1.07 -1.52
—0.38 —0.18 -0.76
0.24 0.14 0.04 0.06 0.08
0.02 0.07 0.04
—0.01 —0.01 —0.02 —0.02 —0.03
—0.02
EM 0 19.9 -19.9 22.4 —6.77 —15.6 1.18 0
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12-19. The frame is made from pipe that is fixed connected. 18 kN 18 kN
If it supports the loading shown, determine the moments
developed at each of the joints. EI is constant.

} 4m 4m 4m |
FEM . = —2% = —48, FEMj = 2% = 48
Kap=Kcp = %, Kpc = %
DF 5 = DFpc =0
DFy, = DF¢p = m =075
4 2
DFpc = DFcg =1 —0.75 = 0.25
Joint A B C D
Member AB BA BC CB CD DC
DF 0 0.75 0.25 0.25 0.75 0
FEM —48 48
36 12 —-12 —36
18 —6 6 —18
4.5 1.5 -1.5 —4.5
2.25 —0.75 0.75 —2.25
0.5625 0.1875 —0.1875 —0.5625
0.281 —0.0938 0.0938 —0.281
0.0704 0.0234 —0.0234 —0.0704
20.6 41.1 —41.1 41.1 —41.1 —20.6 Ans.

462



© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*12-20. Determine the moments at B and C, then draw
the moment diagram for each member of the frame.
Assume the supports at A, E, and D are fixed. EI is constant.

Member Stiffness Factor and Distribution Factor.

el N O T N Y e
K= YELAEL _EL o k= Kep = YEL_4EL_EL ST
ABT L 12 3 Be BE o 16 4
DF = (DF = (DF =0 (DF = El/3 =04
(DF)4p = (DF)gp = (DF)pc = 0 ( )BA_EI/3+EI/4+EI/4_ :
DF = (DF = El/a =03
(DF)sc = (DF)sr = EI/3 + EI/A + EI/4
DF = (DF = Elja =05
(DF)es = (DF)en = 5t prz =0
Fixed End Moments. Referring to the table on the inside back cover,
wL? g 2(12%)
(FEM) 5 = ==t = ===~ = ~24k-ft
wlip  2(12%)
(FEM)g4 = TR 24 k- ft
PL 10(16
(FEM)pe = —— € = ——(8 ) _ a0kt
PL 10(16
(FEM)cj = TBC = (T) =20k-ft
(FEM)gp = (FEM)gp = (FEM)cp = (FEM)pe = 0
Moment Distribution. Tabulating the above data,
Joint A B C D E
Member AB BA BE BC CB CD DC EB
DF 0 0.4 0.3 0.3 0.5 0.5
FEM 24 24 0 -20 20 0
Dist. -1.60 -1.20 -1.20 -10 -10
co 080 © 5 * 0.60 5 0.6
Dist. 2.00 1.50 1.50 0.30 0.30
CcO 1.00“ 0.15 Y075 0.15 0.75
Dist. —0.06 —0.045 —0.045 -0.375 -0.375
CcO -0.03 “ ~0.1875 ‘| —0.0225 -0.1875 -0.0225
Dist. 0.075 0.05625 0.05625 0.01125 0.01125
CcO 0.037% 0.005625 B 0.028125 0.005625 0.028125
Dist. —0.00225 | -0.0016875| —0.0016875| —0.01406 —0.01406
EM -23.79 24.41 0.3096 —24.72 10.08 -10.08 -5.031 0.1556

Using these results, the shear at both ends of members AB, BC, BE, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted.
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12-20. Continued

2K
2379kft | 2441k ft

éf N
(l}“ ot T ot b

10-08 k-ft

10.08 k-t
ek 1ads flvfwb‘f Sa5k 4065k —"*%ﬁ“g K
0.3096 k¢ 0.0291 K.
16ft 16ft
00291 k
Vv = _ 0-9445 K.
01556 K f, ) 5.032 kf+
| 5975 | 6-0254| 75t 60254 O ft 8ft
: " BR S9754¢ | 9‘ S R
95k I N s > 119 k| 2kt
\ b 030k |
8 c : B ,
A A | } €
4.085k 1008k -ft
[2.05k 238 k-ft 244kft|- 24T k-ft
Ibft
E ( ' JD JE. D
0291 K
i 0.9445k 0156 kft 503kt

b)

)
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12-21. Determine the moments at D and C, then draw the
moment diagram for each member of the frame. Assume
the supports at A and B are pins. E/ is constant.

16 kN

4m
Moment Distribution. No sidesway, Fig. b.
K — K _3EI 3EI % _4EI_4EI_EI
pa = Rep === =7~ o L |8la B
DF)up = (DF)gc = 1 (DF)p, = (DF)ep = ——21/4 3 i
(DF)ap = (DF)pe = 1 (DF)ps = (DF)ey = 3 = 5
EI 4
(OF)pc = DF)cp = o 27 = 5
3EI/4A+ EI 7 /, %
KN
Pb’a 16(3%)(1)
(FEM)DC = - L2 = - 42 = —9kN-m Im 3m
P 16(10)(3 ) c
(FEM)cp = — 5" = — ( 2)()=3kN-m
L 4 / W
4m =
Joint A D B
Member AD DA DC CD CB BC
3 4 4 3 A
Pr ! 7 7 7 7 ! é; é 8
FEM 0 0 -9 3 0 0
Dist. 3.857 5.143 ~1.714 ~1.286 @)
CO -0.857 2.572
Dist. 0.367 0.490 -1.470 -1.102
CO -0.735 0.245
Dist. 0.315 0.420 -0.140 -0.105
CO -0.070 o 0.210 /é kA’
Dist. 0.030 0.040 -0.120 -0.090
CO -0.060 0.020
. D < R
Dist. 0.026 0.034 -0.011 -0.009
co -0.006 ‘T 0.017 ¢ M|
Dist. 0.003 0.003 -0.010 -0.007
>M 0 4.598 —4.598 2.599 -2.599 0 _l_
Using these results, the shears at A and B are computed and shown in Fig. d. Thus, A
for the entire frame B
= 2F,=0; 11495 — 06498 — R=0 R = 0.4997 kN Cb
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12-21. Continued

For the frame in Fig. e,

Joint A D C B
Member AD DA DC CD CB BC
3 4 4 3
DF 1 7 7 7 7 1
FEM 0 -10 0 0 -10 0
Dist. 4.286 5.714 5.714 4.286
co 2857 2857
Dist. -1.224 -1.633 -1.633 -1.224
CcO -0.817 -0.817
Dist. 0.350 0.467 0.467 0.350
Co 0234 T4 0234
Dist. -0.100 -0.134 -0.134 —-0.100
CcO -0.067 -0.067
Dist. 0.029 0.038 0.038 0.029
co 0.019 7" 0.019
Dist. —-0.008 -0.011 -0.011 -0.008
>M 0 -6.667 6.667 6.667 ~6.667 0 P o :
> >
Using these results, the shears at A and B caused by the application of R’ are )
computed and shown in Fig. f. For the entire frame,
== 2F,=0; R'1.667 —1.667 =0 R’ =3334kN
Thus,
0.4997
Mpy = 4. + (—6. = 3.60 kN - Ans.
DA 598 + ( 6667)(3.334) 3.60 m ns A B
0.4997 é
Mpe = —4.598 + (6.667)( ) = —3.60kN-m Ans. (©)
3.334
0.4997
= 2. + (6. = —3. . .
Mcp = 2.599 + (6.667) ( 3334 3.60 kN - m Ans
0.4997
Mcg = 2599 + (—6.667) (—) = —3.60kN-m Ans.
3.334 6667 KN-m
6.06TkN-M
A A h" _zk
4.598 k:m 2599 kn-m () c ir ,
5 ) > R
3 N & \
{ /0 kKN-m
4m 4m ]
" / — N

[
— 3 A g .
= /444;9’/:».51rj Va=0.6498KN w% tﬁ'= 1.66TkN Vy=/667k]

@) @) )

466




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

12-22. Determine the moments acting at the ends of each 6k /ft
member. Assume the supports at A and D are fixed. The

moment of inertia of each member is indicated in the figure. S
E = 29(10%) ksi.

Ige = 1200 in*

Icp =600 in*

15 »
IAB = 800 in

Consider no sideway ! 241t
(DF)4p = (DF)pc = 0
1 (/13
L70)/15
(DFypy = 2B a6 T TIIT)
($5180)/15 + 1pc/24
DF) ¢ = 0.4839
(DF) gc 5 ]
DF)¢p = Isc/24 = 0.4545 1
(DF)cs = 0.515c/10 + Ipc/24 Jrz ’""f‘ o
DF)cp = 0.5455 kit -
(DF)¢p '3 TTITITIT
(FEM)AB = (FEM)BA =0 3
FEM) 5 = ~624)° _ 288 k - ft
( Jsc = 2 by
(FEM)¢p = (FEM)pc = 0 +
kl
Joint A B C D
Mem. AB BA BC CB CcD DC e
DF 0 05161 04839 |  0.4545 0.5455 0 »
FEM —288 288 — 20640 EH
14864 | 13936 |-130.90 |-157.10 1 “Fr
74.32 —65.45 69.68 N 7855 mﬂ
3 .
33.78 31.67 ‘X‘—Sl.67 38.01 i Be: 30568k
16.89 —-15.84 15.84 -19.01 lo322 K
8.18 766 | -7.20 864 A3 96,50 .5t
4.09 ~3.60 3.83 —432
1.86 1.74 —1.74 —2.09
093 4 087 “T' 087 N 104
0.45 0.42 Ny —0.40 —0.47
022 0.20 021 —0.24
0.10 0.10 ~0.10 ~0.11
Y le N
0.05 —0.05 0.05 —0.06
0.02 0.02 —0.02 ~0.03 AF i Bo55KHt
S M 96.50 193.02 | -193.02 | 20646 |-206.46 | —103.22 ‘
0f¢
st
7528 2+
4928 K-f¢ Dati2-583 K
Ay» 5506 K.
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12-22. Continued

= > F, = 0 (for the frame without sideway)

R + 19.301 — 30.968 = 0

R = 11.666 k
6E(0.751 45)A’

(FEM)cp = (FEM)pe = 100 = %

_ 100(10%)
6E(0.751 45)
6ET 45\’ (6EIAB>( 100(10%) )

FEM) .5 = (FEM)p, = = = 5926 k - ft

(FEM) a5 = (FEM)4 15? 152 J\6E(0.751 )

Joint A B C D
Mem. AB BA BC CB CcD DC
DF 0 05161  0.4839 0.4545 0.5455 0
FEM 59.26 59.26 100 100

~30.58 | —28.68 | —45.45 —54.55
~1529 4 2273 Y —1434 —27.28
11.73 11.00 6.52 7.82
587 326 5.50 391
~1.68 -1.58 -2.50 ~3.00
—0.84 -125 —0.79 -1.50
0.65 0.60 0.36 0.43
032 4 0.18 0.30 022
—0.09 ~0.09 —0.14 ~0.16
—0.05 1 007 T —0.04 —0.08
0.04 0.03 0.02 0.02
002 7 0.01 0.02 © 001
SMm 4928 3931 | —3931 | —50.55 50.55 75.28
R’ = 5906 + 12.585 = 18.489 k
11.666
M 45 = 96.50 + 4928) = 128k - f Ans.
A5 = 96.50 (18.489)( 9.28) Sk-ft ns
11.666
Mpy = 193.02 — <18.489)(39.31) =218k - ft Ans.
11.666
Mpge = —193.02 + ~3931) = 218k - f Ans.
e 93.0 (18.489>( 39.31) 8k-ft ns
11.666
Mep = 20646 — (m)(—SO.SS) =175k - ft Ans.
11.666
Mep = —206.46 + 55) = 175k - f Ans.
cD 06.46 (18.489)(5055) 75k - ft ns.
11.666
= —103.21 + ( ———)(75.28) = —55.7 k- .
Mpe = —103.21 ( 5 489)(75 28) = —55.7 k- ft Ans
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12-23. Determine the moments acting at the ends of each 1.5k /ft
member of the frame. EI is the constant.

15 k=1

20 ft

Consider no sideway

(DF) 45 = (DF)pc =1

31/20
= 0.4737 e xfit

31/20 + 41/24 pe JOCCOITITOL,
—

(DF)g¢c = (DF)¢cp = 0.5263

(DF)gs = (DF)¢p =

(FEM) 43 = (FEM)p4 = 0

—1.5(24)*
(FEM)pe = — o = ~T2k- It
(FEM)cp = 72k - ft 1
—> R
(FEM)cp = (FEM)pc = 0
Joint A B C D J
Member AB BA BC CB CD DC -
DF 1 04737| 05263 | 05263 0.4737 1
FEM —72.0 72.0
34.41 3789 | —3789 | -34.11 seaseft “aark
~18.95 18.95
8.98 9.97 —9.97 -8.98 - 2oft
498 | 498
236 2.62 262 236
S A Rends 3 K.
~131 131
0.62 0.69 ~0.69 —0.62 .
—0.35 035 ;
A
0.16 0.18 —0.18 —0.16 / 100 ft
009 T 009 ;
0.04 0.05 —0.05 —0.04 d,
—0.02 0.02
0.01 0.01 —0.01 —0.01 o casont
SMm 46.28 —46.28 46.28 —46.28 o
24 2ot
N3 1285 * "5k
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12-23. Continued

EsF « = 0 (for the frame without sidesway)

R +2314-2314-15=0

R =150k
Joint A B C D
Mem. | AB BA BC CB cD DC
DF 1 04737| 05263 05263| 04737 1
FEM 100 100
4737 52.63 52.63 4737
26.32 26.32
1247 | 1385 | -1385 | —1247
24
6.93 ~6.93
3.8 3.64 3.64 328
1.82 1.82
~0.86 0.96 ~0.96 ~0.86
0.48 ~0.48
0.23 0.25 0.25 0.23
013 T 013
~0.06 ~0.07 ~0.07 ~0.06
0.03 ~0.03
0.02 0.02 0.02 0.02
—62.50 62.50 6250 | —62.50

R’ =3.125+ 3125 =625k

1
Mpy = 46.28 + (75)(—62.5) = —104 k- ft Ans.
6.25
15
Mpye = —4628 + [ — )(62.5) = 104k - ft Ans.
6.25
15
Mcp = 46.28 + 25 (62.5) = 196 k - ft Ans.
15
Mep = 4628 + 22 )(=62.5) = ~196 k£t Ans.
MAB:MDC:() Ans.
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12 ft

*12-24. Determine the moments acting at the ends of — —
each member. Assume the joints are fixed connected and A — [ Fp C
and B are fixed supports. E/ is constant. —
—
| —
0.2 k/ft —> 18 ft
Pl
Moment Distribution. No sidesway, Fig. b, e
4EI 4EI 2EI 4EI 4AEI EI
Kap=7—"="5="09 cp= 57 T, T o
Lap 18 9 Lecp 20 5
\
AEI _4EI _EI | 2ot
Kgo = — = ==

Ly 123

e e om IS 10
(DF)4p = (DF)pc = ( )DA_2E1/9+E]/5_9

(DF)pc = SECULN— Zef
2EI/9 + EI/5 19 C
EI/S EI/3
(DF)cp = EI/T/EM = % (DF)cp = EI/T/EW = % ITft
(FEM) . = _whip _ 0208) g =
12 12 sl |
(FEM)p4 = Wléw = O'ZSSZ) =540k ft
(FEM)pc = (FEM)cp = (FEM)cp = (FEM)pc = 0
(4)

Joint A D C B

Member AD DA DC CD CB BC
10 9 3 5

bF 0 19 9 8 8 0

FEM | -5.40 5.40 0 0 0 0

Dist. 2842 | 2558

EI/ N

co 1421 1279

Dist. 0.480 0.799

co 0240 [ 0.400

Dist. 0126 | -0.114

CO ~0.063 N 0057

Dist. 0.021 0.036

co 0.010 0018 | o2kfft

Dist. -0.005 -0.005 D

SM | 6884 2427 | 2427 | 0835 0.835 0.418 /

(b)
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12-24. Continued

Using these results, the shears at A and B are computed and shown in Fig. d. Thus,
for the entire frame,

+ 2F,=0; 02(18) + 0.104-2.048—-R=0 R =1.656k

For the frame in Fig. e,

6EIA’ 240
(FEM)BC = (FEM)CB = — 10k‘ft, - L2 =-10 A’ = E
‘ 6EI(240/E1
(FEM)ap = (FEM)p4 = 6E12A = ( 5 ) _ —4.444 k - ft
L 18
Joint A D C B
Member AD DA DC CD CB BC
10 9 3 5
DF — — = =
0 19 19 8 8 0
FEM —4.444 —4.444 -10 -10
Dist. 2.339 2.105 3.75 6.25
nZ S D < R
CcO 1.170 1.875 1.053 3.125 >
Dist. L -0.987 -0.888 -0.395 -0.658 (
CcO -0.494 -0.198 -0.444 -0.329
Dist. 0.104 0.094 0.767 0.277
o P P
CcO 0.052 0.084 0.047 0.139
Dist. 0.044 -0.040 -0.018 -0.029
CcO 0,022 ~0.009 ™ -0.020 -0.015 A
Dist. 0.005 0.004 0.008 0.012 o ©)
CcO 0.003 0.004 9™ 0.002 0.006
Dist. -0.002 -0.002 -0.001 -0.001
SM -3.735 -3.029 3.029 4.149 —4.149 ~7.074
/
A
2427 k'@ \ 0835kt ’
~ ™
e < |
: “¥)
6)K= I j2ft
2018)K1 | ;
02( i 3 Vp=0-104k 44‘44’ kﬁ'
[}
! It
i o4eklsls
L.
T A
? V=040 k g%
©-864 k4t -~
d €)
@) 4.444 kft
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12-24. Continued

Using these results, the shears at both ends of members AD and BC are computed
and shown in Fig. f. For the entire frame,

== >F,=0; R —0376-0935=0 R =1311k

Thus,

1.656
= —6.884 + | ——— |(-3.
M,p = —6.884 (1.311)( 3.735)
1.656

1.311

1.656

=116k-ft

—1.40 k- ft

Mpc = —2.427 + (7)(3.029) =140k ft

1.311
1.656

Mcp 1311

1.656

Mcp = 0835 + (—)(—4.149) =

1.311
1.656

—0.835 + (7)(4.149) =441k ft

—441 k- ft

Mep = 0.418 + (—)(—7.074) = —852k-ft

1.311

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

12-25. Determine the moments at joints B and C, then
draw the moment diagram for each member of the frame.
The supports at A and D are pinned. E/ is constant.

Moment Distribution. For the frame with P acting at C, Fig. a,

3EI 3EI
KAB=KCD=T=? BC

(DF) 45 = (DF)pc =1 (DF)g4 = (DF)¢p =

4EI _ 2EI

10 5

3EI/13 15
3EI/13 + 2EI/5 41

DF)pc = (DF)cp = ___2EIS 26
(DE)sc = (DF)cy = 3EI/13 + 2EI/5 41
3EIAN , 16900
(FEM)g, = (FEM)cp = 100 k - ft; = 100 A’ = SEL
From the geometry shown in Fig. b,
5 5 10
Alpe = —=A"+ A" = — A’
K 13 13
Thus
10\ / 16900
6EI| = | ==
6EIA e (13)( 3E1 )
(FEM)BC = (FEM)CB = P) = B) = _260 k‘ ft
Lyc 10

=421 A
LSft

10 ft
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12-25. Continued

(FEM),c (FEM)cp
“ C P
\ 134+
(FEm )@:/ook.fc \\

@) | A Cb)

/i
26698 k. J— oft

N\
))1
K/M'Mkﬁ 4

Z28.888 K. 28-888k

Y2t

L \j=24.07 K

«)

28888 k
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12-25. Continued

Joint A B C D
Member AB BA BC CB CD DC
DF 1 15/41 26/41 26/41 15/41
FEM 0 100 —260 —260 100 0
Dist. 5854 | 10146 | 101.46 58.54
co 50.73 50.73
Dist. 1856 | —32.17 | 3217 | -1856
co ~16.09 | —16.09
Dist. 5.89 1020 1020 5.89
co 510 ] 5.10
Dist. 187 | -323 323 -1.87
co -1.62 -1.62
Dist. 0.59 1.03 1.03 0.59
co 051 ] 051
Dist. 019 | -032 032 ~0.19
co -0.16 —0.16
Dist. 0.06 0.10 0.10 0.06
co 005 | 005
Dist. 002 | —003 ~0.03 —0.02
Su 0 14444 | —144.44 | 14444 | —144.44 0

Using these results, the shears at A and D are computed and shown in Fig. c. Thus
for the entire frame,

5D F, =0; 2407 +2407 - P=0 P =4814k
Thus, for P = 8 k,

8
Mgy = (m>(14444) =240k-ft Ans.
Mpe = <L)(—144 44) = —24.0k-ft An
BC ™\ 48.14 ‘ ' >
Mog = <L)(—144 44) = —24.0k - ft A
B~ \48.14 Y e
Mgy = (L)(144 44) = 240k - ft An
481407 ' ”
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12-26. Determine the moments at C and D, then draw the 3k
moment diagram for each member of the frame. Assume
the supports at A and B are pins. EI is constant.
12 ft
Moment Distribution. For the frame with P acting at C, Fig. a, [ -
% _3EI _3El _EI _3EI _3EI _EI
AL Lo 6 2 BT Ly 12 4
Ko — 4EI 4EI _ 2FEI
L Lep 10 5
DF),p = (DF)pc =1 (DF)p, = Elj2 =2
( )AD_( )BC_ ( )DA_E]/2+2E[/5_9
2EI/S 4
DF)pc=—7r——F72==
(DF)nc EI/2 +2EI/5 9
2EI/S 8 El/4 5
DF)ep==c-="7 OF)p == "7>
(DF)ep 2EI/5 + EI/4 13 (DE)cs 2EI/5 + EI/4 13
3EIA 1200
FEM = 100 k - ft; =100 A'=—+
( )DA > LZDA EIl
3EIA’  3EI(1200/EI
(FEM)CB = P = ( 2/ ) = 25k'ft
Lep 12
A/
%P A
Z3-84 k-
PN ft
@ —Om——

(FEM), j

12f¢ 44-96 k
' 2t

oft

(b)
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12-26. Continued

Joint A D C B
Member AD DA DC CD CB BC
5 4 8 5

br ! 9 9 13 13 !
FEM 0 100 0 0 25 0
Dist. 5556 | —4444 | —1538 962

co 769 22

Dist. 427 3.42 13.67 8.55

29

co 6.84 1.71

Dist. 380 | -3.04 -1.05 ~0.66

Co 05 | -152

Dist. 0.29 0.24 0.94 0.58

co 0.47 0.12

Dist. 026 | -021 —0.07 ~0.05

Co 004 T —0.11

Dist. 002 | -0.02 0.07 0.04

Sm 0 4496 | —4496 | —23.84 23.84 0

Using the results, the shears at A and B are computed and shown in Fig. c. Thus, for
the entire frame,

i,EFX =0; 7493+ 1987-P =0 P =9480k
Thus, for P =3k,

3
Mp, = (9480)(44 96) = 142k - ft Ans.

(—44.96) = —142k - ft Ans.

23.84) = 7.54k - ft Ans.
(

- (5am)
(9 80)( 23.84) = —7.54k - ft Ans.
o= (sa1)
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13-1. Determine the moments at A, B, and C by the 8 k/ft
moment-distribution method. Assume the supports at A
and C are fixed and a roller support at B is on a rigid base.
The girder has a thickness of 4 ft. Use Table 13-1. E is
constant. The haunches are straight.

6 4
aA—%—OS ap %—02
4-2
Fy rp B =1

From Table 13-1,

For span AB,
Cap = 0.622 Cpa = 0.748
K 45 = 10.06 Ky = 837
KpsElc  837Elc

(FEM) 45 = —0.1089(8)(20)> = —348.48 k - ft
(FEM) g, = 0.0942(8)(20)> = 301.44 k - ft
For span BC,

Cpe = 0748  Cep = 0.622
Kpe = 837 Kep = 10.06
Kpe = 0.4185E1,

(FEM)pc = —301.44 k - ft
(FEM)cp = 34848 k - ft

Joint A B C
Mem. AB BA BC CB

K 0.4185E1 | 0.4185E1 -

DF 0 0.5 0.5 0
COF 0.622 0.748 0.748 0.622
FEM | -348.48 301.44 | -301.44 348.48

0 0

z M | -348.48 301.44 | -301.44 348.48 k - ft Ans.
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13-2. Solve Prob. 13-1 using the slope-deflection equations. 8 k/ft

Al b st b e

20 ft | 20 ft

aA=%=O3 03_5202
4 -2
=rpg=—7—=1
ra=TgB B
For span AB,

Cap =062  Cyy=0.748

Mea l
K,z =1006 Ky, =837 C[—\:‘,jDM“
AB — . BA — ©O-
/7

KguEl- 837EI
Kpq = BAL € - 0 € — 0.4185E1, T
(<)

(FEM) 45 = —0.1089(8)(20)2 = —348.48 k - ft
(FEM) 4 = 0.0942(8)(20)> = 301.44 k - ft

For span BC,

Cpc = 0.748 Ccep = 0.622

Kpe = 837 Kcp = 10.06

Kpc = 04185E1¢

(FEM)pc = —301.44 k - ft

(FEM)cp = 34848 k- ft

My = Ky[0n + Cybp — (1 + Cy)] + (FEM)y

M 45 = 0.503E1(0 + 0.62205 — ) — 348.48

M 45 = 0.312866E1605 — 348.8 1)
Mp, = 04185E1(6p + 0 —0) + 301.44

Mgy = 0.4185E1605 + 301.44 )
Mpc = 04185EI(0 + 0 — 0) — 301.44

Mpec = 0.4185E10 — 301.44 3)
Mcg = 0.503E1(0 + 0.62265 — 0) + 348.48

Mcp = 0.312866E105 — 348.48 4
Equilibrium.
MBA + MBC =0 (5)

Solving Egs. 1-5:

05 =0
M,y = —348Kk - ft Ans.
Mg, = 301 k- ft Ans.
Mpge = —301 k- ft Ans.
Mg = 348k - fit Ans.
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13-3. Apply the moment-distribution method to determine 2 ft

the moment at each joint of the parabolic haunched frame. 1.5 k/ft
Supports A and B are fixed. Use Table 13-2. The members
are each 1 ft thick. E is constant.

The necessary data for member BC can be found from Table 13-2.

Here,
ac %=02 03_% 0.3 rC=42;2=10 rB:52;2:15
Thus,
Ccp = 0.735 Cpc = 0.589 Kep =7.02 Kpc = 876
Then,
7.O2E{L(l)(23)}
KcgElc 12
CB = Lyc = 0 = 0.117E
The fixed end moment are given by
(FEM)cp = —0.0862(1.5)(40%) = —206.88 k - ft
(FEM) e = 0.1133(1.5)(40%) = 271.92 k - ft
Since member AC is prismatic
48 ey |
Kea = SEL_ L2 osere
L,c 40
Tabulating these data;
Joint A C B
Mem AC CA CB BC
K 0.0667E | 0.117E
DF 0 0.3630 | 0.6370
COF 0 0.5 0.735
FEM -206.88
Dist. 75.10 131.78 | 271.92
co | 37546 | 96.86
>M | 37.546 75.10 -75.10 | 368.78
Thus,
M e =3755k-ft =37.6k-ft Ans.
Mcy=7510k-ft = 75.1 k- ft Ans.
Mcp = —7510k-ft = =75.1 k- ft Ans.
Mpe = 36878 k- ft = 369 k - ft Ans.

480




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*13-4. Solve Prob. 13-3 using the slope-deflection equations. 2 ft
1.5k/ft

St

The necessary data for member BC can be found from Table 13.2.

Here,

8 12 4 -2 5-2
aC—E=O.2 a3—40 03 rc= > =1.0 rB—T:LS
Thus,

CCB = 0735 CBC = 0589 KCB = 702 KBC = 876
Then,
7 ozE{i(l)(z)ﬂ
_ Kesfle 112 = 0.117E
P Lpe 40 o
8 76E{i(1)(2)3}
Ky = KocEle BT = 0.146E
BT Lpe 40 o

The fixed end moment are given by
(FEM)cp = —0.0862(1.5)(40)> = —206.88 k - ft
(FEM)pc = 0.1133(1.5)(40)> = 271.92 k - ft
For member BC, applying Eq. 13-8,
My = Ky[0n + CyOp — $(HCy)] + (FEM)y
Mcg = 0.117E[6, + 0.735(0) — 0(1 + 0.735)] + (—206.88) = 0.117E6. — 206.88

¢9)
Mpc = 0.146E[0 + 0.5896, — O(1 + 0.589)] + 271.92 = 0.085994E6, + 271.92
(@)
Since member AC is prismatic, Eq. 11-8 is applicable
My = 2EK(20y + 0p — 3¢) + (FEM)y
F -
ey
Mac = 2E| =5 [[2(0) + 6c = 3(0)] + 0 = 0.03333E6c 3)
F -
ey
Mea = 2E| =5 [[26c + 0 = 3(0)] + 0 = 0.0667E0 (4)

Moment equilibrium of joint C gives
MCA + MCB =0
0.06667E6c + 0.117E6- —206.88 = 0

112639
¢ E
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13-4. Continued

Substitute this result into Egs. (1) to (4),

Meg = —75.09k-ft = —75.1k-ft Ans.
Mpge = 36878k -ft = 369 k- ft Ans.
M e = 37.546k - ft = 37.5k-ft Ans.
Mcy = 75.09k-ft = 75.1k-ft Ans.

13-5. Use the moment-distribution method to determine
the moment at each joint of the symmetric bridge frame.
Supports at F and E are fixed and B and C are fixed
connected. Use Table 13-2. Assume E is constant and the
members are each 1 ft thick.

For span AB,
6 9
=— =02 = =0.
ay 30 0 ap 30 0.3
4-2
=rp=—"=1
r'a=Tp B

From Table 13-2,
CAB = 0683 CBA = 0598

kAB = 6.73 kBA = 7.68
6.73E1
Kap = = 0.2243E1
30
7.68E1

Kga = 0256EI[1 - (0.683)(0.598)]
= 0.15144E1

(FEM) 15 = —0.0911(4)(30)* = —327.96 k - ft
(FEM), = 0.1042(4)(30)2 = 375.12k - ft
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13-5. Continued

For span CD,

Cpc = 0.683 Ccp = 0.598
Kpc = 6.73 Kcp = 7.68
Kpc = 0.2243E1

Kcp = 0256E1

Kcp = 0.15144E1

(FEM)cp = —375.12 k- ft

(FEM) e = 327.96 k - fit

For span BC,

8
aB=aC:%=0.2

4 -2

rqp ="7rcp = 3 1

From Table 13-2,
CBC = CCB = 0.619
kBC = kCB = 641

6.41E1
40

Kpe = Keg = = 0.16025E1

(FEM) e = —0.0956(4)(40)? = —611.84 k - ft
(FEM)cp = 611.84 k- ft

For span BF,
CBF = 0.5
4E1
Kpr = ——=0.16EI
BF 25

(FEM)r = (FEM)pp = 0

For span CE,
CCE =05

(FEM)cg = (FEM)ge = 0
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13-5. Continued

Joint A F B C E D
Member AB FB BF BA BC CB CD CE EC DC
DF 1 0 0.3392 0.3211 0.3397 0.3397 0.3211 0.3392 0 1

COF 0.683 0.5 0.598 0.619 0.619 0.598 0.5 0.683
FEM —327.96 375.12 —611.84 611.84 —375.12 332.96
327.96 80.30 76.01 80.41 —80.41 —76.01 —80.30 —327.96
40.15 224.00 —49.77 49.77 —224.00 —40.15
—59.09 —55.95 —59.19 59.19 55.95 59.19
—29.55 36.64 —36.64 29.55
—12.42 —11.77 —12.45 12.45 11.77 12.42
—6.21 7.71 =7.71 6.21
—2.61 —2.48 —2.62 2.62 2.48 2.61
-1.31 1.62 —1.62 1.31
—0.55 —0.52 —0.55 0.55 0.52 0.55
-0.27 0.34 —0.34 -0.27
—0.11 -0.11 —0.12 0.12 0.11 0.11
-0.5 0.07 —-0.07 0.05
—0.03 —0.02 —0.02 0.02 0.02 0.03
> 0 2.76 5.49 604 —609 609 —604 5.49 -2.76 0
k-ft Ans.
13-6. Solve Prob. 13-5 using the slope-deflection equations. t 2 ‘ft 4 ‘ft 4k /ft
FENEEEETIRRRERRREEE )
: BT | Coton =
8T asg P
el
See Prob. 13-19 for the tabulated data 30 feteipecid0 30 ft—
My = K[y + Cnbp — (1 — Cy)] + (FEM)y
For span AB,
M 45 = 0.2243E1(64 + 0.68365 — 0) —327.96 Mec M.p
M 45 = 0.2243E16 4 + 0.15320E165 — 327.96 (1) M e
Mgy = 0256E1(65 + 0.5980, — 0) + 375.12
Mgy = 0256E165 + 0.15309E16,4 + 375.12 2) Mar Mee
For span BC,
Mpc = 0.16025E1(0p + 0.6196. — 0) — 611.84
Mpc = 0.16025E165 + 0.099194E16, — 611.84 3)
Mcg = 0.16025E1(0c + 0.61905 — 0) + 611.84
Mcp = 0.16025E16¢ + 0.099194E165 + 611.84 4)
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13-6. Continued

For span CD,

Mcp = 0.256E1(6¢ + 0.5980, — 0) — 375.12

Mcp = 0.256E160+ + 0.15309E16, — 375.12 (5)
Mpc = 0.2243E1(6p + 0.6836¢ — 0) + 327.96

Mpc = 0.2243E160p + 0.15320E16, + 327.96 (6)

For span BF,
1
Mpgr = ZE(E)(ZOB +0-0)+0
1
Mpp = ZE(E)(Z(O) + 6 —0)+0

For span CE,
1
Mg = 2E(21—5>(2(0) +0c —0)+0

Equilibrium equations:

Mup =0 11
Mpc =0 (12)
Mpy + Mpc + Mpr =0 (13)
Mcp + Mcg + Mcp =0 (14)

Solving Eq. 1-14,

0, - 1438.53 6, = 34.58 b = —34.58 6, = —1438.53
EI EI EI EI

Map=0 Ans.
Mgy = 604 k- ft Ans.
Mpc = —610k - ft Ans.
Mpgr = 553 k-ft Ans.
Mgpp =277 k- ft Ans.
Mcg = 610k - ft Ans.
Mcp = —604 k- ft Ans.
Mcg = =553 k-ft Ans.
Mpe = =277k -ft Ans.
Mpc =10 Ans.
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13-7. Apply the moment-distribution method to determine
the moment at each joint of the symmetric parabolic
haunched frame. Supports A and D are fixed. Use Table 13-2.
The members are each 1 ft thick. E is constant. T e

15 ft
32
aB=aC=E=0.2
5-25 e
rg="rc= 25 =1

Cpe = Cep = 0.619

kpe = kep = 6.41

(FEM) g = —0.1459(2)(16) = —4.6688 k - ft
(FEM)cp = 4.6688 k - ft

1
. 6.411(15)(5)(1)(2.5)3

Kpe = Ko = kpcEl = 0.5216E
L 16
4E[i(1)(3>3}
KBA=KCO=£=127=O.6E
L 15
(DF)pa = (DF)cp = 0.52160; ﬁ 06E ~ 0%
(DF) 3¢ = (DF)cp = 0.465
Joint A B C D
Member AB BA BC CB CD DC
DF |0 0535 | 0465 | 0465 | 0535
COF |05 |os 0619 | 0619 | 05 0.5
FEM —4.6688 | 4.6688
2498 | 2171 | 2171 | —2498
1.249 ~1344 | 1344 ~1.249
07191 | 0.6249 | —0.6249 | —0.7191
0.359 0387 | 0387 —0.359
0207 | 0.180 | —0.180 | —0.207
0.103 —0.111 | 0111 —0.103
0059 | 0052 | —0.052 | —0.059
0.029 —0.032 | 0032 —0.029
0017 | 0015 | —0.015 | —0.017
0.008 —0.009 | 0.009 —0.008
0.005 | 0.004 | —0.004 | —0.005
0.002 —0.002 | 0.002 0.002
0001 | 0001 | —0.001 | —0.001
D 1750 | 351 | -3.51 351 | 351 | 7skeft|
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*13-8. Solve Prob. 13-7 using the slope-deflection equations. 2k

hs&ﬂ%s&

15 ft
32
a3=ac=g=0.2 3 ft
5—-125

Cpe = Cep = 0.619

kpc = keg = 6.41

(FEM)gc = 0.1459(2)(16) = —4.6688 k - ft
(FEM)cp = —4.6688 k - ft

1
KncEIL _ 6.41(1?)(5)(1)(2.5)2

Kpe = Kcp = I 16

= 0.5216F

My = Ky[0n + CnOp — (1 + Cy)] + (FEM)y

2EI
Map = =50 +065=0)+0

f‘tﬁ
I : Meg

2FE
15 —_—
M
2EI Mg I Mep
MCD=?(20C+0—0)+0

2E1
MDC:?(O‘FOC*O)‘FO

My = 0.5216E(05 + 0.619(8.) — 0) — 4.6688
Meg = 0.5216E(6- + 0.619(85) — 0) + 4.6688
Equilibrium.

Mgy + Mpc =0

Mcp + Mcp =0

Or,

1 3
2E| 15 J(DB)
—— 5 (265) + 0.5216E[6; + 0.6198c] — 46688 = 0

4.6688

1121605 + 0.322870¢ = —— 1)

1 3
2E( 1 J1)G)
———5—(200) + 0.5216E[6c + 0.61905] + 4.6688 = 0

4.6688

112160¢ + 03228705 = — —— )
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13-8. Continued

Solving Eqgs. 1 and 2:

0y = g, = 254528
E

Map =175k 1t Ans.

Mp, = 3.51k-ft Ans.

Mpe = —3.51k-ft Ans.

Mcg =351kt Ans.

Mcp = =351kt Ans.

Mpe = =175k - ft Ans.

13-9. Use the moment-distribution method to determine 500 Ib/ft

the moment at each joint of the frame. The supports at A

and C are pinned and the joints at B and D are fixed
connected. Assume that E is constant and the members ‘ ‘ :
have a thickness of 1 ft. The haunches are straight so use -6 ft— 18 ft ‘ 6fta1‘
Table 13-1. : !
=1 ft 1 ft—lf-
204t s .
: ) i
v CH
For span BD, g SH
6
= =-—-=02
ap dap 30
25 -1
Fqp =7rp = 1 = 15

From Table 13-1,
CBD = CDB = 0.691
kBD = kDB = 9.08

kEI:  9.08EI
L 30

KBD = KDB = = 0.30267E1

(FEM)gp = —0.1021(0.5)(30%) = —45.945 k - ft
(FEM)pp = 45.945 k - ft

For span AB and CD,

3ET
KBA = KDC = TO = 015E1

(FEM) 45 = (FEM)4 = (FEM)pc = (FEM)¢cp = 0
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13-9. Continued

Joint A B D C
Mem.| AB BA BD DB DC CcD
K 0.15EI |0.3026E1| 0.3026E1| 0.15EI
DF 1 0.3314 | 0.6686 0.6686 | 0.3314 1
COF 0 0.691 0.691 0
FEM —45.95 45.95
15.23 30.72 —30.72 | —15.23
-21.22 21.22
7.03 14.19 -14.19 | —7.03
—9.81 9.81
3.25 6.56 —6.56 —3.25
—4.53 4.53
1.50 3.03 -3.03 —1.50
—2.09 2.09
0.69 1.40 —1.40 —0.69
—0.97 0.97
0.32 0.65 —0.65 —0.32
—0.45 0.45
0.15 0.30 —0.30 —0.15
—0.21 0.21
0.07 0.14 —0.14 —0.07
—0.10 0.10
0.03 0.06 —0.06 —0.03
—0.04 0.04
0.01 0.03 —0.03 —-0.01
EM 0 28.3 —28.3 28.3 —28.3 0 k-ft Ans.
13-10. Solve Prob. 13-9 using the slope-deflection equations. 500 Ib/ft

See Prob. 13-17 for the tabular data.

For span AB,

My = 3E%[0N — ] + (FEM)y
Mpy = SE(L) g —0)+0
BA — 20 (CF )

MBA :793 (1)
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13-10. Continued

For span BD,

My = Ky[0y + Cybp — (1 + Cy)] + (FEM)y

Mpgp = 0.30267E1(65 + 0.6916, — 0) — 45.945

Mpgp = 0.30267E1605 + 0.20914E16,, — 45.945 2)
Mpp = 0.30267E1(6p + 0.69165 — 0) + 45.945

Mpp = 0.30267E160p + 0.20914E105 — 45.945 3)

For span DC,

My = 3E%[BN — ] + (FEM)y

I
Mpe = 35(5)(91) —0)+0

Mo = —— 4
nc =" Op 4

Equilibrium equations,
MBA + MBD =0 (5)
MDB + MDC =0 (6)

Solving Eqgs. 1-6:

188.67 188.67
5T EI 0= F1
Mpy =283 k-ft Ans.
Mpp = =283 k-ft Ans.
Mpp = 283 k- ft Ans.
Mpc = =283 k-ft Ans.
Mup=Mcp =0 Ans.
Mgp Mg

=2
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13-11. Use the moment-distribution method to determine
the moment at each joint of the symmetric bridge frame.
Supports F and E are fixed and B and C are fixed connected.
The haunches are straight so use Table 13-2. Assume E is
constant and the members are each 1 ft thick.

The necessary data for member BC can be found from Table 13-1.

Here,
12
ag = dc E 0.3
4 -2
rg = rc = B =1.0
Thus,
CBC = CCB = 0705 KBC = KCB = 1085

Since the stimulate and loading are symmetry, Eq. 13-14 applicable.

Here,

1 3
) 10.85E{ S )}
BC Lpe 40

= 0.18083F

Kpe = Kpc(1 — Cpe) = 0.18083E(1 — 0.705) = 0.05335E
The fixed end moment are given by
(FEM)gc = —0.1034(2)(40?) = —330.88 k - ft

Since member AB and BE are prismatic

1y }
Lpa 30
@) |
3E1 12
BA = Loa ST 0.16875E
Tabulating these data,
Joint A B E
Member | AB BA BC BE EB
K 0.16875E | 0.05335E | 0.08889E
DF 1 0.5426 0.1715 0.2859 0
COF 0 0.705 0.5
FEM —330.88
Dist 179.53 56.75 94.60
CcO 47.30
>M 179.53 | —274.13 94.60 | 47.30
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13-11. Continued

Thus,

Mep = My, = 17953k -ft = 180 k - ft Ans.

Mep = Mgy = 9460 k- ft = 94.6 k- ft Ans.

Mep = Mpe = —27413k - ft = 274 k - ft Ans.

Mpe = Mpp = 4730k - ft = 473 k- ft Ans.

*13-12. Solve Prob. 13-11 using the slope-deflection | 40 ft 40 ft 40 ft |
equations. 2k/ft

The necessary data for member BC can be found from Table 13-1

Here,

12 4 -2
aB:aC:%:QZ% rB:rC:T:l.O
Thus,

CBC = CCB = 0705 KBC = KCB = 1085
Then,
10 855{1(1)(23)}
KpcEl- ' 12
Kpe = Kcp = L = 40 = 0.1808E

The fixed end moment’s are given by
(FEM)gc = —0.1034(2)(40%) = —330.88 k - ft.

For member BC, applying Eq. 13-8. Here, due to symatry,

My = Kn[0y + CnOp — $(HCy)] + (FEM)y

M ge = 0.1808E[05 + 0.705(85) — 0 (1 + 0.705)] + (—330.88)
= 0.053346E0, — 330.88 1)
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13-12. Continued

For prismatic member BE, applying Eq. 11-8.
My =2EKQ0y + 67 — 3¢) + (FEM)y

1
DY
Mg = 2E| == [[265 + 0 = 3(0)] + 0 = 0.08889E0) )
- :
Sy’
12
My = 2E| = |[200) + 05 — 3(0) + 0 = 0.04444E0, ?3)

For prismatic member AB, applying Eq. 11-10
My = 3EK(Oy — ) + (FEM)y

1
5O

My, = 3E| ————
BA 40

(05 — 0) + 0 = 0.16875E0, (4)

Moment equilibrium of joint B gives
MBA+ MBC+MBE:0
0.16875E605 + 0.053346E6 — 330.88 + 0.08889E6; = 0

~1063.97
B E

Substitute this result into Eq. (1) to (4)

Meg = Mpe = —274.12k - ft = =274 k - ft Ans.
Mep = Mpp = 9458k -ft = 94.6k-ft Ans.
Mpe = Mpp = 4728k -ft = 473k-ft Ans.
Mep = Mg, = 17955k -ft = 180k - ft Ans.

493




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

14-1. Determine the stiffness matrix K for the assembly.
Take A = 0.5in? and E = 29(10%) ksi for each member.

Member 1:

Member 2:

Member 3:

Assembly stiffness matrix:

510.72
0
—201.39
0
—154.67
—116
—154.67
116

4-0 3-0
A== =08 Ay==5—=06
0.64 048 —0.64 —0.48
W AE| 048 036 —048 —0.36
17 60 | —0.64 —048 064 048
—0.48 —036 048 036
10 — 4 3-3
M=—— =1 A== =0
10 -1 0
W _AE| 0 0 0 0
2712041 0 10
00 0 0
4 -0 3-6
A== =08 A=5— =06
0.64 —0.48 —0.64 048
o AE| 048 036 048 —036
3760 | —0.64 048  0.64 —0.48
048 —036 —048 036
K = kl + k2 + k3
0 -20139 0 —154.67 -116 —154.67
174 0 0 —116 —87.0 116
0 20139 0 0 0 0
0 0 0 0 0 0
—~116 0 0 154.67 116 0
—87.0 0 0 116 87.0 0
116 0 0 0 0 154.67
—87.0 0 0 0 0 116

3ft

3 ft

6 ft

Ans.
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14-2. Determine the horizontal and vertical displacements
at joint 3) of the assembly in Prob. 14-1.

I
3ft }1
Aot
3 ft
I

o 6 ft \

=}
~
Il
o O o o o o
=)
>
Il
| —
|
~ O
| S

Use the assembly stiffness matrix of Prob. 14-1 and applying Q = KD

0 [ 510.72 0 —20139 0 —154.67 —116 -15467 116 | [ D
—4 0 174 0 0 -116 -87.0 116 -87.0 D,
0; ~201.39 0 20139 0 0 0 0 0 0
0| 0 0 0 0 0 0 0 0 0
Os | | 15467 —116 0 0 15467 116 0 0 0
Os -116 -87.0 0 0 116 87.0 0 0 0
0, ~15467 116 0 0 0 0 15467 116 0
| Os| | 116 -87.0 0 0 0 -0 -116 87.0 | | 0 |

Partition matrix
0 = 510.72(D,) + 0(D,)
—4 = 0(D,) + 174(D»)

Solving
D =0
D, = —0.022990 in.
Thus,
D=0 Ans.
D, = —0.0230 in. Ans.
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14-3. Determine the force in each member of the
assembly in Prob. 14-1.

I
3th 4
I~ Ean
3 ft
L

6 ft ‘

From Prob. 14-2.
D1:D3:D4:D5:D6:D7:Dg:0 D2:7002299

To calculate force in each member, use Eq. 14-23.

Dy,
_AE _ Dy,
ar =7 [y Ay Ay A Dy
D,
4 — _
Member 1: A, = -0 0.8; Ay = 3-0_ 0.6
5 5
0
AE 0
=—[-08 -0.6 0.8 0.6
T 17 [ ] 0
—0.02299
0.5(29(10%))
“= T (0.6)(—0.02299) = —3.33k = 3.33k (C) Ans.
10 — 4 3-3
Member2: A, = e " 1; Ay = e - 0
0
AE —0.02299
=—J[-1 0 1 0
2= [ ] 0
0
=0 Ans.
4 — _
Member3: A, = 4-0 =0.8; Ay = 3-6 = 06
5 5
0
AE 0
=—[-08 06 08 -0.6
=7 [ ] 0
—0.02299
0.5(29(10%))
B=""(g (—0.6)(—0.02299) = 3.33k (T) Ans.
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*14-4. Determine the stiffness matrix K for the truss. Take
A = 0.75in% E = 29(10%) ksi.

0— 4 0— 4
Member 1: A = = —0.7071 A, = = —0.7071
V32 SRVEY)

0.08839 0.08839 —0.08839 —0.08839
0.08839 0.08839  —0.08839 —0.08839

k= AE —0.08839 —0.08839 0.08839 0.08839
—0.08839 —0.08839 0.08839 0.08839
4 -4 0—-4
Member 2: /\x:T:O /\y=T= -1
0 0 0 0
0 025 0 -025
=48, o o o0
0 -025 0 0.25
— 4 — 4
Member 3: A = 7-4 = 0.6 Ay = 0—4 = —0.8
5 5
0.072 —-0.096 —0.072 0.096
—0.096 0.128 0.096 —0.128
k; = AE

—0.072 0.096 0.072  —0.096
0.096 —0.128 —0.096 0.128

Structure stiffness matrix

K:k1+k2+k3

[ 016039 —0.00761 —0.08839 —0.08839 0 0  —0.072 0.9
000761 046639 —0.08839 008839 0 —025 0.096 —0.128
—0.08839 —0.08839  0.08839 008839 0 0 0 0
—0.08839 —0.08839  0.08839 008839 0 0 0 0
K=4E 0 0 0 0 0 0 0 Ans.
0 025 0 0 0 025 0 0
~0.072 0.096 0 0 0 0 0072 —0.09
009  —0.128 0 0 0 0  —009% 0128
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14-5. Determine the horizontal displacement of joint 1)
and the force in member [2]. Take A = 0.75in?
E = 29(10%) ksi.

4t 3

0
0
0 -500
D, = =
k 0 Qi { 0}
0
_0_
Use the structure stiffness matrix of Prob. 14—4 and applying Q = KD. We have
[ —500] [ 016039 —0.00761 —0.08839 —0.08839 0 0 -0.072  0.09 |[ D, ]
0 —0.00761  0.46639 —0.08839 —0.08839 0 —0.25 0.096 —0.128 || D,
0; —0.08839 —0.08839 0.08839 0.08839 0 0 0 0 0
Os | _ AE —0.08839 —0.08839 0.08839 0.08839 0 0 0 0 0
Os 0 0 0 0 0 0 0 0 0
Os 0 -0.25 0 0 0 0.25 0 0 0
0 -0.072 0.096 0 0 0 0 0.072  —0.096 || 0
L Os | L 0.096 —0.128 0 0 0 0 —0.096 0.128 || 0 |
Partition matrix
{—SOO} _ { 0.16039 —O.OO761MD1} n {0}
0 —0.00761 0.46639 || D, 0
=500 = AE(0.16039D; — 0.00761D,) (1)
0 = AE(—-0.00761D; + 0.46639D,) )
Solving Eq. (1) and (2) yields:
—3119.82 —3119.85(12 in./ft
L 12/t ) 00172 in. Ans.
AE 0.75 in%(26)(10°) 1b/in?
-50.917
D, =
: AE
For member 2
A=0, A, =-1, L=4ft
—3119.85
AE 1 -50.917
@=—0 1 0 1% 0
0
= —12.731b = 12.71b (C) Ans.
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14-6. Determine the force in member if its temperature
is increased by 100°F. Take A = 0.75in%, E = 29(10°) ksi,
a = 6.5(107%)/°F.

(Q1)o 0 0
(QZ)O -6 -1 —650 —4
= AE(6.5)(107°)(+100) = AE (1074

(@3)o 0 0

(Qa)o 1 650

Use the structure stiffness matrix of Prob. 14—4.

[ —500] [ 016039 —0.00761 —0.08839 —0.08839 0 0 -0.072  0.09 |[ D, |
0 —0.00761  0.46639 —0.08839 —0.08839 0 —025 0.096 —0.1280 || D,
0, —0.08839 —0.08839  0.08839  0.08839 0 0 0 0 0
0, | | 008839 —0.08839 008839  0.08839 0 0 0 0 0
0s 0 0 0 0 0 0 0 0 0
Qs 0 -0.25 0 0 0 025 0 0 0
0, —0.072 0.096 0 0 0 0 0.072  —0.096 0

L Os | | 0096  —0.1280 0 0 0 0 —0.096  0.1280 || 0 |

0
—650
0
+ AE gso (1079
0
0
— 0 -
—500

———————— =0.16039D; — 0.00761D, + 0
(0.75)(29)(10°)

0 = —0.00761D; + 0.46639D, — 650(10~°)
Solving yields

D, = —77.837(107%) ft

D, = 1392.427(106°) ft

For member 2

A=0, A, =1, L =4ft

~77.837
g = %9)(106)[0 1 0 —1] 139%'427 (107%) — 0.75(29)(10%)(6.5)(10~°)(100)
0
= 7571.32 — 14137.5 = —6566.18 Ib = 6.57 k(C) Ans.
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14-7. Determine the stiffness matrix K for the truss.
Take A = 0.0015 m? and E = 200 GPa for each member.

The origin of the global coordinate system will be set at joint (1.
0-2 0-0

Formember [T],L =2m. A, 5 -1 A o 0
56 7 8
1 0 -1 0]5
~0.0015[200(10)]| 0 0 0 06
- 2 -1 0 1 017
00 0 0]8
5 6 7 8
150(10° 0 —150(10% 015
= 0 0 0 016
—150(10°) 0  150(10°% 0 |7
0 0 0 0]8
For member [2], L = 2 m. )\X=¥=—l )\y=¥=0
1 2 5 6
1 0 -1 0]1
~0.0015[200(109] | 0 0 0 0|2
2 2 -1 0 1 0|5
00 0 0]6
1 2 5 6
150(10%) 0 —150(10%) 0|1
= 0 0 0 02
—150(10% 0  150(10% 0|5
0 0 0 0]6
For member [3,L = 2\/2m. /\x:u:—ﬁ )\YZZ—OZ_ﬁ
2V2 2 2V2 2
1 2 3 4
0.0015[200(10°)] 05 -05 -05 05]1
;== =05 05 05 -05]2
2V2 -05 05 05 -05]3
05 —-05 -05 054
1 2 3 4

53.033(10°)  —53.033(10°) —53.033(10%)  53.033(10°%)

=| —53.033(10°)  53.033(10°)  53.033(10°) —53.033(10°)
—53.033(10°%  53.033(10°)  53.033(10°% —53.033(10°)
53.033(10°)  —53.033(10°) —53.033(10°)  53.033(10%)

AW N =
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14-7. Continued

For member [4],L = 2m.

2-2 2-0
M="mm =00 Ay =mo— =1
5 6 3 4
0 0 0 0]5
~0.0015[200(10)] {0 1 0 -1|6
‘e 2 0 0 0 0]3
0 -1 0 1]4
5 6 3 4
0 0 0 0 5
=10 150(10° 0O —150(10% |6
0 0 0 0 3
0 —150(10% 0  150(10% |4
For member [ 5|, L = 2V2 m.
N V2 o 2-0 2
M AVS) 2 7 a2 2
3 4 7 8
05 05 -05 -05]3
. :0.0015[200(10")] 05 05 —-05 —0514
> ) —05 —05 05 057
-05 -05 05 05]8
3 4 7 8
53.033(10°) 53.033(10°)  —53.033(10°) —53.033(10°%) |3
= | —53.033(10% 53.033(10°)  —53.033(10% —53.033(10°) |4
—53.033(10°%  —53.033(10°)  53.033(10%)  53.033(10°%) |7
53.033(10%)  —53.033(10°)  53.033(10°)  53.033(10°%) |8
For member [6|,L = 2m.
0-2 2-2
=—"=—1 == = _
Ay 5 A, 5 0
3 4 9 10
0.0015120010%] | 1 0 "L 03
=5 | 00 0 04
-1 0 1 019
00 0 0]10
3 4 9 10
150(10% 0 —150(10% o0 | 3
= 0 0 0 01 4
—150(10% 0  150(10°) O | 9
0 0 0 010
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14-7. Continued

Structure stiffness matrix is a 10 X 10 matrix since the highest code number is 10. Thus,

1 2 3 4 5 6 7 8 9 10
[203.033 -53.033 -53.033 53033 —150 0 0 0 0 071
53033 53033 53033 -53033 0 0 0 0 0 0]2
~53.033  53.033  256.066 0 0 0  —53033 -53033 —150 0|3
53033 —53033 0 256066 0  —150 —53.033 -53.033 0 0|4
~150 0 0 0 300 0 ~150 0 0 0|5, .
0 0 0 ~150 0 150 0 0 o o|61”) Ans.
0 0 ~53.033 -53.033 —150 0 203033 53033 0 0|7
0 0 ~53.033 -53.033 0 0 53033 53033 0 0|8
0 0 ~150 0 0 0 0 0 150 0] 9
Lo 0 0 0 0 0 0 0 0 0]10

o

*14-8. Determine the vertical displacement at joint 2J

and the force in member [5 |. Take A = 0.0015 m? and
E =200 GPa.

Here,
r 0 ] 1 2m
-30(10%) |2 07
0 3 018
Q= 0 |4 Pe=lo]9 —
0 5 010
L 0 |6
Then, applying Q = KD
0 ] [203.033 —53.033 —53.033 53.033 —150 0 0 0 0 0] D, ]
—-30(10%) —53.033 53.033 53.033 —53.033 0 0 0 0 0 0 D,
0 —53.033 53.033 256.066 0 0 0 —53.033 —53.033 -—-150 O Dy
0 53.033 —53.033 0 256.066 0 —150 —53.033 —53.033 0 0 D,
0 | —150 0 0 0 300 0 —150 0 0 0 (10%) Ds
0 0 0 0 —150 0 150 0 0 0 0 Dy
05 0 0 —53.033 —53.033 —150 0 203.033 53.033 0 0 0
Osg 0 0 —53.033  —53.033 0 0 53.033 53.033 0 0 0
Qo 0 0 —150 0 0 0 0 0 150 0 0
L Ow 1 L O 0 0 0 0 0 0 0 0 0 10 ]
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14-8. Continued

From the matrix partition, Q, = K|,D,, + K{,D, is given by

0 [203.033 —53.033 —53.033 53.033  —150 0] D, 0
—-30(10°%) —53.033 53.033 53.033  —53.033 0 0 D, 0
0 | —53.033 53.033  256.066 0 0 0 (10%) D, 0
0 —53.033 —53.033 0  256.066 0 -150 D, 0
0 —150 0 0 0 300 0 Ds 0
L0 1 L 0 0 0 —150 0 150 | | Dg | [ O]
Expanding this matrix equality,
0 = [203.033D; — 53.033D, — 53.033D; + 53.033D, — 150Ds](10%) (€8]
—=30(10%) = [—53.033D; + 53.033D, + 53.033D5 — 53.033D,4](10°) 2)
0 = [-53.033D; + 53.033D, + 256.066D5](10°%) 3)
0 = [53.033D; — 53.033D, + 256.066D, — 150D](10°) 4
0 = [-150D, + 300Ds](10°) (5)
0 = [-150D, + 150D4](10°) (6)
Solving Egs (1) to (6),
D; = —0.000dm D, = —0.0023314m D; = 0.0004 m D4 = —0.00096569 m
Ds = —0.0002m Dg = 0.00096569 m = 0.000966 m Ans.
2 2
Force in member [ 5 |. Here A, = f%, Ay = f% and L = 2V2m
Applying Eqgs 14-23,
3
000152000101 [V2 V2 V2 V2 4
a)r V) 2 2 2 2 Jlol7
018
= —424kN Ans.
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14-9. Determine the stiffness matrix K for the truss.
Take A = 0.0015 m? and E = 200 GPa for each member.

The origin of the global coordinate system will be set at joint (1.

4 -8 0-3
For member ,L =5m, A, = 5 =—08 and A, = 5 = —0.6
1 2 5 6
0.64 048 —0.64 —-048 |1
_ 0.0015[200(10%)] | 048 036 —048 —036 |2
! 5 —-0.64 —0.48 0.64 048 |5
—-0.48 —0.36 0.48 0.36 |6
1 2 5 6
38.4 28.8 —384 288 |1
_ 28.8 21.6 —288 —21.6 |2 (109
—384 288 38.4 288 |5
—-28.8 —21.6 28.8 21.6 |6
For member [ 2], L = 4m, )\x=44;8=—1and MZ%ZO
1 2 3 4
1 0 -1 0]1
~0.0015[200(109] | 0 0 0 0|2
s 4 -1 0 1 0|3
0 0 0 04
1 2 3 4
75 0 =75 0|1
_ 0 0 0 0(2 (105
=75 0 75 013
0 0 0 04
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14-9. Continued

Formember [3],L =4m, A, = YR fland)\y=T=0
3 4 9 10
1 0 -1 013
~0.0015[200(109]| 0 0 0 0 |4
S 4 -1 0 1 09
0 0 0 010
3 4 9 10
75 0 =75 0|3
| 00 00l
=75 0 75 019
0 0 0 010
4 3
Formember [4],L =3m, A, =———=0andA, = 3 =-1
3 4 5 6
0 0 0 03
~0.0015[200(109] |0 1 0 -1 |4
e 3 0 00 0|5
0 -1 0 1]6
3 4 5 6
0 0 0 013
0 100 0 —100 |4
= 106
0 0 0 0|5 (10%
0 -100 0 1006
0-—4 3-0
Formember [5],L =5m, A, = s = —0.8and A, = —= = 0.6
5 6 9 10
0.64 —0.48 —0.64 048 | 5
_ 0.0015[200(10%)] | —0.48 0.36 048 —0.36| 6
> 5 —0.64 0.48 0.64 —-048 19
048 —-0.36 —0.48 0.36 ] 10
5 6 9 10
384 —288 —384 288 | 5
_ —28.8 21.6 288 21616 (109)
—38.4 28.8 384 -288 19
28.8 —21.6 —288 21.6 | 10
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14-9. Continued

0—4 0-0
For member [ 6 |, L = 4 m, /\X=T=—1and)\y=T=0
5 6 8 7
1 0 -1 0]5
_ 0001520001001 | 0 0 0 0|6
6 4 -1 0 1 0]8
00 0 0]7
5 6 8 7
75 0 =75 015
0 0 0 0|6
= 100
75 0 75 ols 10
0 0 0 0]7
For member [ 7], L = 3 m, /\x=¥=0and/\y=33;0=1
8 7 9 10
0 0 0 0]8
~0.0015[200(109] {0 1 0 -1|7
T 3 0 0 0 9
0 -1 0 1]10
8 7 9 10
0 0 0 0] 8
_ |0 100 0 1007 (109
0 0 0 09
0 -100 0 10010

Structure stiffness matrix is a 10 X 10 matrix since the highest code number is 10.

Thus,
1 2 3 4 5 6 7 8 9 0
113.4 288  —75 0 -384  -288 0 0 0 0o 1
28.8 206 0 0 -288 216 0 0 0 0 |2
~75 0 150 0 0 0 0 0o -75 0 |3
0 0 0 100 0 ~100 0 0 0 0 |4
~384 -288 0 0 1518 0 0 75 -384 2885
—288 216 0 ~100 0 1432 0 0 28.8 16| ¢ (100 Ans.
0 0 0 0 0 0 100 0 0 ~100 |7
0 0 0 0o -75 0 0 75 0 0o |8
0 0 ~75 0 -384 288 0 0 1134  -288 |9
L0 0 0 0 288  -21.6 ~100 0 -288 1216 |10
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14-10. Determine the force in member |5 ] Take
A = 0.0015m? and E = 200 GPa for each member.

Here,
0o |1
—20(10%) | 2
0 3 0]s8
Qk = 0 4 Dk = 0 9
0 5 010
0 6
L0 |7
Then applying Q = KD
T 0 ] [1134 28.8 -75 0 -384  -288 0 0 0 0 ] (D]
—20(10%) 28.8 21.6 0 0 -288  -21.6 0 0 0 0 D,
0 -75 0 150 0 0 0 0 0 -75 0 D;
0 0 0 0 100 0 —100 0 0 0 0 D,
0 | -384  —288 0 0 151.8 0 0 -75 384 28.8 (10°) Ds
0 -288  -21.6 0 —100 0 1432 0 0 28.8 —-21.6 Dy
0 0 0 0 0 0 0 100 0 0 —100 D,
0 0 0 0 0 -75 0 0 75 0 0 0
Q 0 0 -75 0 —38.4 28.8 0 0 1134  -288 0
L Op J L O 0 0 0 28.8 -21.6  —100 0 —28.8 1216 | L 0
From the matrix partition, Q;, = K{;D, + K;;D, is given by
o0 1 [1134 288 =75 0 —384 288 0 | D, 7 [0]
—20(10%) 288 216 0 0 —288 -216 0 D, 0
0 -75 0 150 0 0 0 0 D; 0
0 =/ 0 0 0 100 0 =100 0 [(10%] Dy |+ |0
0 -384 -288 0 0 151.8 0 0 Ds 0
0 -288 -21.6 0O —100 0 1432 0 Dy 0
. 0 | 0 0 0 0 0 0 100 | | D; | | 0]
Expanding this matrix equality,
0 = (113.4D, + 28.8D, — 75D; — 384Ds — 28.8D¢)(10°) 1)
—20(10%) = (28.8D; + 21.6D, — 28.8D5 — 21.6D4(10%)) ()
0 = (—75D; + 150D5)(10%) (3)
0 = (100D, — 100D)(10°) 4)
0 = (—38.4D; — 28.8D, + 151.8D5)(10°) 5)
0 = (—28.8D; — 21.6D, + 100D, + 143.2D)(10°) (6)
0 = (100D)(10% (7)
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14-10. Continued

Solving Egs (1) to (7)

D, = 0.000711 D, = —0.00470 D3 = 0.000356 D, = —0.00187
Ds = —0.000711 D¢ = —0.00187 D; =0

Force in member |5 |. Here L = 5m, A, = —0.8and A, = 0.6.

—0.000711 |5
0.0015[200(10° 0.
5 0 9
0 10
= 33.3kN Ans,

14-11. Determine the vertical displacement of node
(2) if member | 6 | was 10 mm too long before it was fitted
into the truss. For the solution, remove the 20-k load. Take
A = 0.0015 m? and E = 200 GPa for each member.

For member IEI,L =4m,A, = —1,A, = 0and A; = 0.01 m. Thus,

(05)o ! -0.75 |5
Qo) | 0.00015[200(109)](0.001)’( 0 0 6(106)
(O7)o 4 1 0.75 |8
(Os)o 0 0 7
Also

o1

012

013 018

Or=1014 and D, =1|0 |9

015 0 |10

016

10 |7

Applying Q = KD + Qq

07 [1134 288 -75 0 -384 -288 0 0 0 07 [P 07
0 288 216 0 0 288 -216 0 0 0 0 D, 0
0 -75 0 150 0 0 0 o 0 =75 0 D; 0
0 0 0 0 100 0 -100 0 0 0 0 D, 0
0| _|-384 -288 0 0 1518 0 0 =75 384 288 | | Ds| [075|
0| [-288 —216 0 -100 0 1432 0 0 288 -2L6 Dq 0
0 0 0 0 0 0 0 100 0 0 —100 D, 0
Os 0 0 o 0 =75 0 0o 75 0 0 0 0.75
Qo 0 0 -75 0 384 288 0 0 1134 -288 0 0
0| | O 0 0 0 288 -21.6 -100 0 288 1216 |0 ] | O |
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14-11. Continued

From the matrix partition, Q, = KD, + K;xDy + (Qp)o

0] [1134 288 -75 0 -384 288

0 288 216 0 0 —288 —216

0 ~75 0 150 0 0 0

o|l=| o 0 0 100 0  —100

0 384 -288 0 0 1518 0

0 288 216 0 —100 0 1432
L0 0 0 0 0 0 0

Expanding this matrix equality,

0 = (113.4D; + 28.8D, — 75D; — 38.4Ds — 28.8D;)(10°)
0 = (28.8D; + 21.6D, — 28.8Ds — 21.6D;)(10°)

0 = (=75D; + 150D5)(10%)

0 = (100D, — 100D)(10°)

0 = (—38.4D; — 28.8D, + 151.8D5)(10°) + [—0.75(10°)]
0 = (—28.8D; — 21.6D, — 100D, + 143.2D¢)(10°)

0 = (100D-)(10%)

Solving Egs. (1) to (7)

D=0 D,=0.026067 D;=0 D4=0.01333
Ds = 0.01 Dg=0.01333 D;=0

D¢ = 0.0133 m

S O O O o O

100

(10%

D, 0 0
D, 0 0

D; 0 0

D, +|0]|+| 0 |10
Ds 0 -0.75

Dy 0 0

D] L0 L 0
1)

(2)

3)

4)

©))

(6)

(7)

Ans.

*14-12. Determine the stiffness matrix K for the truss.

Take A = 2in? E = 29(10°) ksi.

The origin of the global coordinate system is set at joint (1),

For member | 1 |, L = 6(12) = 72 in.,

/\XZS%ZOand)\y:O;;:—l
1 2 5 6
0 0 0 071
L2 200010 10 12
! 72 0 0 0 0]5
0 -1 0 1|6
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14-12. Continued

1 2 5 6
0 0 0 0 1
10 805.56 0 —805.56 |2
1o 0 0 0 |5
0 —-80556 0 805.56 |6
. 0—-38 0—-0
For member [2 |, L = 8(12) = 96in., A, = e - ~land A, = . - 0.
5 6 3 4
1 0 -1 0|5
k, = 2[29(10%)] { 00 0 06
96 -1 0 1 013
0 0 0 014
5 6 3 4
604.17 0 —604.17 0|5
o0 o 0 0]6
| —60417 0 60417 03
0 0 0 04
. 0-38 6—6
For member [3 ], L = 8(12) = 96 in., A, = = - —land ), = FE 0.
1 2 7 8
1 0 -1 0|1
L 2129010%)] { 00 0 02
} 96 -1 0 1 017
0 0 018
1 2 7 8
604.17 0 —-604.17 0|1
B 0 0 0 0|2
| —604.17 0 604.17 0|7
0 0 0 018
. 0-0 6—0
For member [4 |, L = 6(12) = 72in., A, = % - 0,and A, = e " 1
3 4 7 8
0 0 0 013
K, < 22008 fo 10 14
72 0 0 0 017
0 -1 0 118
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14-12. Continued

4
0
805.56
0

7
0
0
0
—805.56 0

8
0
—805.56
0
805.56

0 3 B~ W

-0

0.6.

For member [5 |, L = 10(12) = 120in., A, = % = —0.8and A, = 0 ;)6
1 2 3 4
064 048 —064 —04871
C2[29(10%] | 048 036 —048 —036 |2
ST 120 —-0.64 —048 064 048 |3
—048 —036 048 036 |4
1 2 3 4
30933 232 —309.33 -23271
o232 174 232 174 |2
| -30933 -232 30933 232 |3
232 -174 232 174 | 4
. 0-8 6
For member [ 6 |, L = 10(12) = 120in., A, = T = 08anda, =" o
5 6 7 8
064 —048 —0.64 04875
C2[29(10%)] | —048 036 048 —036 |6
°T 120 —-0.64 048  0.64 —048 |7
048 —036 —048 036 |8
5 6 7 8
30933 —232  —309.33 232 |5
| -232 174 232 ~174 |6
~30933 232 30933 232 |7
232 -174  -232 1748

The structure stiffness matrix is a 8 X 8 matrix since the highest code number is 8. Thus,

1 2
[ 9135 232
232 979.56
-309.33  —232
-232 -174
0 0
0 —805.66
—604.17 0
.0 0

3

—309.33
—232
913.5

232

—604.17

0
0
0

4 5 6 7
—232 0 0 —604.17
—174 0 —805.56 0

232 —604.17 0 0
979.56 0 0 0

0 913.5 —232 —309.33

0 —232 979.56 232

0 —309.33 232 913.5

—805.56 232 —174 —232

S O O ™

—805.56
232
—174
—232

—0.6.

979.56 |

0NN NN
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14-13. Determine the horizontal displacement of joint 2
and the force in member [5]. Take A =2in’, E =

29(10°) ksi. Neglect the short link at 2.

8
@ 5 [3] ® 1

[ —— G 2 >

Here,
011
012 016
Q=|3[3 De=|o0]7 - |
0|4 08
015

Applying Q = KD,

o] [ 9135 232 —309.33  —232 0 0 —604.17 0 |[D]
0 232 979.56  —232 174 0 —805.56 0 0 D,
3 -309.33  —232 913.5 232 —604.17 0 0 0 D;
0| | -232 -174 232 979.56 0 0 0 —805.56 | | Dy
0| 0 0 —604.17 0 913.5 -232  —30933 232 Ds
Os 0 —805.56 0 0 -232 979.56 232 ~174 0
0, —604.17 0 0 0 -309.33 | 232 913.5 -232 0

1Os] L 0 0 0 -805.56 232 -174 232 97956 | | 0 |

From the matrix partition; Q, = K;D, + K;,Dy

0 913.5 232 —309.33 —232 0 D, 0

0 232 979.56  —232 —174 0 D, 0

3 1= —30933 232 913.5 232 —604.17 D;|+]0

0 —232 —174 232 979.56 0 D, 0
L0 0 0 —604.17 0 913.5 | | Ds 0
Expanding this matrix equality,
0 =913.5D; + 232D, — 309.33D; — 232D, (1)
0 = 232D, + 979.59D, — 232D; — 174D, )
3 = —309.33D, — 232D, + 913.5D; + 232D, — 604.17 D5 3)
0 = —232D; — 174D, + 232D5 + 979.56D, 4)
0 = —604.17D3 + 913.5D4 )
Solving Egs. (1) to (5),
D; = 0.002172 D, = 0.001222 D3 = 0.008248 D, = —0.001222
D5 = 0.005455 = 0.00546 m Ans.

Force in Member [ 5 |. Here, L = 10(12) = 120 in., A, = —0.8 and A, = —0.6

0.0021727|D,
229(10°)] 0.001222 |D,
(g9r = =5 [08 06 —08 —06] e .
~0.001222 |D,

— 1.64k (C) Ans.
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14-14. Determine the force in member if this member
was 0.025 in. too short before it was fitted onto the truss. Take
A = 2in% E = 29(10%) ksi. Neglect the short link at @),

For member [3], L = 8(12) = 96 in A, = —1, Ay, =0 and
AL = —0.025. Thus,

(O1)o -1 1510 1
(Q2)o | _ 2[29(10%)](=0.025) | 0 | _ 0 P St 1
(O 96 1 -15.10 |7
(Ox)o 0 0 8
Also,

01

02 0l6
Qy=1] 3|3 and D,=1] 017

0|4 08

05
o] [ 9135 232 —309.33 232 0 0 —604.17 o0 |[Dbp] [ 1510 ]
0 232 979.56  —232 174 0 —805.56 0 0 D, 0
3 -309.33 —232 913.5 232 —604.17 0 0 0 D; 0
0 |_|-232 -174 232 979.56 0 0 0 —805.56 | | Dy | 0
0 0 0 —604.17 0 9135  -232 -309.33 232 Ds 0
Qs 0 —805.56 0 0 —-232  979.56 232 —174 0 0
0, —604.17 0 0 0 -309.33 232 9135  -232 0 -15.10
1 O0s] | 0 0 0 —-805.56 232 -174 232 97956 0] | 0 |

Applying Q=KD +Q,
From the matrix partition, Q, = K;;D, + K ,D, + (Q,),,

0 913.5 232 —309.33 232 0 D, 0 15.10
0 232 979.56 -232 —174 0 D, 0 0
3 1= —-309.33 —232 913.5 232 —604.17 D; | +]0 |+ 0
0 —232 —174 232 979.56 0 Dy 0 0
0 0 0 —604.17 0 913.5 Ds 0 0

Expanding this matrix equality,

0 =913.5D; + 232D, — 309.33D; — 232D, + 15.10 (1)

0 = 232D, + 979.56D, — 232D3 — 174D, (2)

3 = -309.33D; — 232D, + 913.5D5 + 232D4 — 604.17D5 3)

0 = —232D, — 174D, + 232D5 + 979.56D, 4)

0 = —604.17D; + 913.5D5 (5)

Solving Eqgs. (1) to (5),
D, = —-0.01912 D, = 0.003305 D; = —0.002687 D, = —0.003305
Ds = —0.001779
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14-14. Continued

Force in member . Here, L =8(12) =96 in.,A, = —1, A, = 0 and
—2[29(10%)] (—0.025)

—0.01912
2[29(10%)] 0.003305
= — + .
(93)F 9% 1 0o -1 0 0 15.10
0
=355k (T) Ans.

14-15. Determine the stiffness matrix K for the truss. AE
is constant.

The origin of the global coordinate system is set at joint (1.

4
For member [ 2 |, L = 5 m. Referring to Fig.a, 0", = 180°— 45°— sin 71(5) = 81.87°
0, = 171.87°.Thus, xy = cos 0,» = cos 81.87° = 0.14142 and

Ay = cos By = cos 171.87° = —0.98995

Also, A, = 0-3 = —0.6and A, = 0—4 = —0.8
5 7 5
1 2 3 4
0.072 0.096 0.01697 —0.11879 |1
K, = AE 0.096 0.128 0.02263 —0.15839 |2
0.01697 0.02263 0.004 -0.028 |3
—-0.11879 —0.15839 —0.028 0.196 |4

For member [ 1 |, L = 4 m. Referring to Fig. b,0,» = 45° and 6, = 135°.
V2

2
Thus, A,» = cos45° = %and Ay = cos135° = -

Also,A, = 0and A, = —1.

5 6 3 4

0 0 0 0 5
k,=AE | 0 0.25 0.17678 —0.17678 |6

0 0.17678  0.125 -0.125 3

0 —0.17678 —0.125 0.125 |4

For member [3 ],L =3m,A, = 1 and Ay = 0.

5 6 1 2
033333 0 —0.33333 0|5
k;=AE| 0 0 0 016
—033333 0 033333 0|1
0 0 0 0.2
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14-15. Continued % V]
o
The structure stiffness matrix is a 6 X 6 matrix since the highest code number is 6. Thus, 45
1 2 3 4 5 6
0.40533 0.096 0.01697 -0.11879  —0.33333 0 1 0
0.096 0.128 0.02263 —0.15839 0 0 2 49
k = AE 0.01697 0.02263 0.129 —0.153 0 0.17678 |3 9)C”
—0.11879  —0.15839 —0.153 0.321 0 -0.17678 |4 9 7
_ 7 X
0.33333 0 0 0 0.33333 0 5 3
L O 0 0.17678 —0.17678 0 025 |6
#14-16. Determine the vertical displacement of joint (2)
and the support reactions. AE is constant.
Here,
0 1 0|4
Q= —-3(10° [2and D, =| 0 |5
0 3 06
Applying Q = KD
o0 ] 040533 0.096 001697 | —0.11879 —0.33333 0 D,
—3(10%) 0.096 0.128 0.02263 —0.15839 0 0 D,
0 _ AE 0.01697 0.02263 0.129 —0.153 0 0.17678 || D3
(on —0.11879 —0.15839 —0.153 0.321 0 —0.17678 || 0
0Os —0.33333 0 0 0 0.33333 0 0
L Qs L 0 0 0.17678 | —0.17678 0 025 Lo
From the matrix partition; Q, = K;D, + K;,D,,
0 ] 0.40533  0.096  0.01697 |[ D, 0
—3(10%) | = AE | 0.096 0.128 0.02263 || D, | +| 0
(U 0.011697 0.02263  0.129 Dy 0
Expanding this matrix equality,
0 = AE(0.40533 D; + 0.096 D, + 0.01697 D3) 1)
—3(10%) = AE(0.096 D, + 0.128 D, + 0.02263 D) 2)
0 = AE(0.01697 D; + 0.02263 D, + 0.0129 Ds) 3)
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14-16. Continued

Solving Egs. (1) to (3),
6.750(10° 4.2466(10°
L 675000 42466(10°)

! AE } AE
~—29250(10%)  29.3(10°) ! A
2T TAE T AE s

Again, the matrix partition Q, = K,,D, + K,,D, gives

Qs -0.11879 —0.15839 —0.153 . 6.750(10%) 0

Qs | = AE| —033333 0 0 B —-29.250(10%) |+ |0

Qs 0 0 0.17678 4.2466(10°%) 0
0, = 3.182(10°) N = 3.18 kN Qs = —2.250(10°) N = —2.25kN Ans.
Qs = 750N Ans.
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15-1. Determine the moments at () and 3 . Assume (2
isaroller and (O and (3 are fixed. EIis constant.

Member Stiffness Matrices. For member [ 1 |,

12E1  12E1 6EI 6E]
I R 0.05556E1 T2 e T 0.16667E1
4E1  4EI 2EI  2EI

25(6%) _ .
5 2 4 1 12 =75 kN-m

0.05556  0.16667  —0.05556  0.16667 |5 S@
k; = EI| 0.16667 0.66667  —0.16667  0.33333 (2 ;; /
—0.05556 —0.16667  0.05556  —0.16667 |4 2 R
L <A
0.16667 0.33333  —0.16667  0.66667 |1 @ @
For member [ 2 ], Ca>
12EI  12EI1 6EI 6EI
I Y 0.1875E1 2T 2 T 0.375E1
4EI _4EI _ ., 2EI _2EI _ (o
L 4 L 4
4 ! 6 ; TokAM 25 kpfan
0.1875 0.375 -0.1875 0375 |4
k, = EI'| 0.375 1.00 —-0.375 0.5 1 ch ’I’ ’l” ‘L‘l’ ‘I’
-0.1875 —0375 0.1875  —0.375 |6 > I e 75 k\-m
0.375 0.5 -0.375  1.00 3 /(,] N
ém
Known Nodal Loads and Deflection. The nodal load acting on the unconstrained 7 £ 15K
degree of freedom (Code number 1) is shown in Fig. a. Thus; ( b )
012
013
Q. =1[75]1 and D=0 |4
015
016

Load-Displacement Relation. The structure stiffness matrix is a 6 X 6 matrix
since the highest Code number is 6. Applying Q = KD

o 1 2 3 4 5 6
75 [ 1.6667 | 0.33333 0.5 020833  0.16667 —0.375 |1[ D, |
0, 0.33333  0.66667 0 —0.16667  0.16667 0 2| 0
Os|=EI| 05 0 1.00 0.375 0 —0.375 |3] 0
on 020833  —0.16667 0375 024306 —0.05556 —0.1875 |4| 0
0s 0.16667 = 0.16667 0 —0.05556  0.05556 0 510

| Os | | —0.375 0 -0375 —0.1875 0 0.1875 6| 0 |

From the matrix partition, Q; = KD, + K;;Dy,

45

75 = 1.66667EID + 0 Dy = —
1 1= gy
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15-1. Continued

Also, Q, = Ky D, + KypDy,
45
0, = 033333E1( 7 ) + 0 = 15KN-m

5

= 0.5E] +0=225kN-
0; =05 <E1) 0 SkN-m

Superposition of these results and the (FEM) in Fig. b,

M, =15+75=90kN-m ) Ans.

M;=225+4+0=225kN-m D Ans.
15-2. Determine the moments at (D and (3 if the support 4 6
(2 moves upward 5 mm. Assume 2 is a roller and (D and

(3 are fixed. EI = 60(10°) N - m?.

Member Stiffness Matrices. For member [ 1 |,

12E1  12E1 6ElI  6EI
- e - 0.05556 EI 2T e - 0.16667 EI
4E1  4AEI 2EI  2E]
—=—=0. El —=—=0. EI
I 5 0.66667 I 5 0.33333
5 2 4 1
k, = EI| 0.05556  0.16667  —0.05556  0.16667 |5
0.16667  0.66667  —0.16667  0.33333 |2
—0.05556 —0.16667  0.05556  —0.16667 |4
0.16667  0.33333  —0.16667  0.66667 |1
For member [ 2 ],
12E1  12E1 6EI _ 6FEI
I 0.1875E1 2T e T 0.375E1
4E1  4AE] 2EI  2EI
T—T—EI T—T—O.SEI

25 kN/m >

y y

25(6°) _ .
e =/5 kA

£ &’a@ B

2

=10 e @

()

TSN 25 kA fan

Kg J11Ed
/T(‘D | ®Iz 75 kh-m
75 kil ém 75 kN

b)
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15-2. Continued

4 1 6 3
0.1875 0375 —0.1875 0375 |4
k,=EI| 0375 1.00 —0.375 0.5 1
—0.1875 —0375 0.1875 —0375 |6
0.375 0.5 —0.375 1.00 |3

Known Nodal Loads and Deflection. The nodal load acting on the unconstrained
degree of freedoom (code number 1) is shown in Fig. a. Thus,

0 2
0 3
O, =[75(10)]1 and D, =| 0.005 |4
0 5
0 6

Load-Displacement Relation. The structure stiffness matrix is a 6 X 6 matrix since
the highest code number is 6. Applying Q = kD

1 2 3 4 5 6
[75(10%) ] [1.66667 | 033333 0.5 020833  0.16667 —0375 |1[ Dy ]
0, 033333 0.66667 0 —0.16667  0.16667 0 2| o
Qs | _ .| 05 0 1.00 0.375 0 —-0375 |3] 0
R 020833 —0.16667 0375 024306 —0.05556 —0.1875 |4 0.005
Qs 0.16667  0.16667 0 —0.05556  0.05556 0 51 0
L Os | | —0.375 | 0 -0375 —0.1875 0 0.1875 |6 0 |

From the matrix partition, Q; = K{;D, + KDy,
75(10% = [1.6667D; + 0.20833(0.005)][60(10%)]
D; = 0.125(1073) rad
Using this result and apply, Q, = K;1D,, + KDy,
0, = {0.33333[0.125(107%)] + (—0.16667)(0.005)}[60(10°)] = —47.5kN -m
05 = {0.5[0.125(107%)] + 0.375(0.005)}[60(10°%)] = 116.25 kN -m
Superposition these results to the (FEM) in Fig. b,
M, = —-475+ 75 =275kN-m Ans.
My = 11625 + 0 = 11625 kN.m = 116 kN-m Ans.
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15-3. Determine the reactions at the supports. Assume 6 4 3
the rollers can either push or pull on the beam. EI is 6 kN/m
constant. ST e
)
S B <05
12m 8 m

Member Stiffness Matrices. For member [ 1 ],

12E1  12E1 6EI 6EI
3 = 3~ = 0.006944E1  — = ——- = 0.041667E1
L 12 L 12
4E1  4EI 2EI  2EI
T "1 - 0.333333E1 T -1 - 0.166667E1
6 5 4 2
0.006944 0.041667  —0.006944  0.041667 |6
K, = EI 0.041667 0.333333  —0.041667  0.166667 |5
—0.006944 —0.041667  0.006944  —0.041667 |4
0.041667 0.166667  —0.041667  0.333333 |2
For member [ 2 ],
12151 = 12};7 = 0.0234375E1 6L21 = 6E21 = 0.09375E1
L 8 L 8
4EI  4EI 2EI  2EI
7 "3 ° 0.5ET 7 - 3 ~ 0.25E1
4 2 3 1
0.0234375 0.09375  —0.0234375  0.09375 |4 0
k = EI 0.09375 0.5 —0.09375 0.25 2| 87
—0.0234375 —0.09375  0.0234375  —0.09375 |3 0
0.09375 0.25 —0.09375 0.5 1 -3.76

Known Nodal Loads And Deflection. The nodal loads acting on the unconstrained
degree of freedoom (code number 1 and 2) are shown in Fig. a. Thus,

0]3
2071 0|4
Qk—{n}z and = De =115
06

Load-Displacement Relation. The structure stiffness matrix is a 6 X 6 matrix since
the highest code number is 6. Applying Q = KD

From the matrix partition, Q, = K{;D, + K;;Dy,
20 = EI[0.5D; + 0.25D,)]
72 = EI[0.25D; + 0.833333D,]

M
@)

1 2 3 4 5 6
[20 ] o5 025 | —0.09375  0.09375 0 0 1[ D,
72 025  0.833333  —0.09375  0.052083  0.166667  0.041667 |2| D,
Qs | _ py| —009375 —0.00375 | 00234375  —0.0234375 0 0 31 0
0, 0.09375  0.052083 —0.0234375  0.0303815  —0.041667 —0.006944 |4 | 0
0Os 0 0.166667 | 0 —0.041667 0333333 0.041667 [5| 0
L Qs L0 0.041667 | 0 —0.006944  0.041667  0.006944 |6 0
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15-3. Continued

Solving Egs. (1) and (2),

_ 37647 _ 87.5294
! EI 2 EI
AISO, Qu = K21Du + K22Dk
0; —0.09375 —0.09375 0
s | _ El 0.09375 0.052083 | 1 [—3.7647} 0
0Os 0 0.166667 | EI | 87.5294 0
Os 0 0.041667 0

Q5 = —0.09375(—3.7647) + (—0.09375)(87.5294) = —7.853 kN
Q, = 0.09375(—3.7647) + 0.052083(87.5294) = 4.206 kN
Qs =0 + 0.166667(87.5294) = 14.59kN-m
Qs = 0 + 0.041667(87.5294) = 3.647 kN
Superposition these results with the (FEM) in Fig. b,

Ry = —7853+0=—7853kN = 7.85kN |

Ry = 4206 + 36 = 40.21 kN = 402kN 1

Ms=1459 + 72 = 86.59kN-m = 86.6kN-m |
Rg = 3.647 + 36 = 39.64 kN = 39.6 kN 1

un JEELELE

)
36K 2m

®)

) 72 KR)-
L

Ans.
Ans.
Ans.
Ans.

*15-4. Determine the reactions at the supports. Assume
() isapinand (J and (3 are rollers that can either push or
pull on the beam. EI is constant.

Member Stiffness Matrices. For member [ 1 |, and [3 ],

12E1 12E1 6E1 6E1
=5 =0012 —5=—5 =006
L 10 L 10
4E]1 4E]1 2E1 2FE1
LT o 04 LT 0 92
8 1 7 2
0.012 0.06 —0.012 0.06 |8
k, = EI 0.06 0.4 —0.06 02 |1
—-0.012 -0.06 0.012 —0.06 |7
0.06 0.2 —0.06 04 |2
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15-4. Continued
7 2 6 3
0012 006 —0012 006 |7
k, = EI| 0.06 04  —006 02 |2
-0.012 —0.06 0012 —0.06 |6
L 0.06 02  —006 04 |3
6 3 5 4
[ 0.012 0.06 - 0012 006 |6
k; = EI| 006 0.4 - 0.06 02 |3
- 0012 —006 0012 - 0.06 |5
0.06 0.2 - 0.06 04 |4

Known Nodal Load and Deflection. The nodal loads acting on the unconstrained

degree of freedom (code number 1,2,3,4 and 5 ) is

0 |1

012 016
Q. =| 0 |3and Dy =| 0|7

0 |4 08

=315

Load-Displacement Relation. The structure stiffness matrix is a 8 X 8 matrix since

the highest code number is 8. Applying Q = KD

a _ 1 2 3 4 5 6 7 8
0 0.4 0.2 0 0 0 0 —0.06 006 |1| Dy
0 0.2 0.8 0.2 0 0 —0.06 0 006 |2| D,
0 0 0.2 0.8 0.2 —0.06 0 0.06 0 3| Ds
0 =EI 0 0 0.2 0.4 —0.06 0.06 0 0 4| Dy
-3 0 0 —0.06 —-0.06 0.012 —0.012 0 0 5| Ds
Qs 0 —0.06 0 0.06 —0.012 0.024 —0.012 0 61 0
o —0.06 0 0.06 0 0 -0.012 0.024 -0.012|7| O
L Os | L 0.06 0.06 0 0 0 0 -0.012 0.012 |8 0 |
From the matrix partition, Q, = ki1 D, + ki, Dy,
0=04D, + 02D, (1)
0=02D; + 08D, + 0.2D; 2)
0=02D, + 08D; + 02D; — 0.06Ds 3)
0=0.2D; + 0.4D,-0.06D; (4)
-3 = —-0.06D; — 0.06D, + 0.012Ds 5)
Solving Eq. (1) to (5)
D, = —-125 D, =25 Dy = =815 D, = 2375 Ds = —1875
Using these results, Q, = Ky D, + ky, Dy
Q¢ = 6.75kN Ans.
0Q; = —45kN Ans.
Qg = —0.75kN Ans.
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15-5. Determine the support reactions. Assume(2 and
@ are rollers and (O is a pin. ET is constant.

Member Stiffness Matrices. For member

12E1  12E1 6EI 6EI
= =OOSSSeEI O =" = 016667E]
4E1 4EI 2E1 2EI
T T e T 0.066667E1 T T 6 0.033333E1
6 1 5 2
0.05556 0.16667 — 0.05556 0.16667 |6
k, = EI| 0.16667 0.66667 —0.16667 0.33333 |1
—0.05556  —0.16667 0.05556 —0.16667 |5
0.16667 0.33333 —0.16667 0.66667 |2
For Member |2 |,
12E1  12E1 6ElI 6FEI
=g = OO0B4TSEL 0= = 0.09375E]
4E1 4EI 2EI 2EI
N 0.5EI N 0.025E1
5 2 4 3
0.0234375 0.09375  —0.0234375  0.09375 |5
k, = EI 0.09375 0.5 —0.09375 0.25 2
—0.0234375 —0.09375  0.0234375  —0.09375 |4
0.09375 0.25 —0.09375 0.5 3

Known Nodal Load and Deflection. The nodal loads acting on the unconstrained
degree of freedom (code number 1,2, and 3) are shown in Fig. a

01 04
Q =|36[2 and D, =|0]5
03 06

Load-Displacement Relation. The structure stiffness matrix is a 6 X 6 matirx
since the highest code number is 6. Applying Q = KD,

1 2 3 4 5 6
0 0.66667 0.33333 0 0 0.16667 0.16667 |1| Dy
36 0.33333 1.16667 0.25 —0.09375 —0.07292 0.16667 |2| D,
0] _ El 0 0.25 0.5 —0.09375 0.09375 0 3| D;
o 0 —0.09375 —0.09375 | 0.0234375  —0.0234375 0 41 0
Os —0.16667 —0.07292  0.09375 = —0.0234375  0.0789931  —0.05556 |5| O
L O L 0.16667 0.16667 0 0 —0.05556 0.05556 |6 0
From the matrix partition, Q, = ky;y D, + ky, Dy
0 = 0.66667D; + 0.33333D, (1)
36 = 0.33333D; + 1.16667D, + 0.25D; (2)
0 = 025D, + 0.5D; (3)
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15-5. Continued

Solving Egs. (1) to (3),

—20.5714
D, = —=
EI
41.1429
D =
2 EI
—20.5714
Dy = ———
: EI

Using these results and apply Q, = ky; D, + 1ky» Dy

20.5714
EI

0, = 0+ (—0.09375E1) (%) + (—0.09375E1)(—

) = —1.929 kN

20.5714

05 = —0.16667EI(—

41.142
) + (—0.07292E1) ( 9)

+ 0.09375E1 ( —20‘5714)

El
= —1.500 kN

20.5714 41.1429

Qs = 0.16667E1 (— ) + 0.16667EI( ) = 3.429kN

Superposition these results with the FEM show in Fig. b
Ry = —1.929+0 = —1.929kN = 1.93kN | Ans.

Rs = —1.500 + 36 = 345kN T

R = 3429 + 9 = 1243kN = 124kN 1 Ans.
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15-6. Determine the reactions at the supports. Assume (1) 5 4 10kN/m 3
is fixed (2 and (@ are rollers. EI is constant. 6 1
i § AN >2
)
1 _Jo 2] ®
O = S
6m 8m
Member Stiffness Matrices. For member [ 1 ],
12E1  12EI 6EI 6EI
- e T 0.05556E1 2T e T 0.16667E1
4E1 4EI 2EI  2EI
T "¢ ~ 0.066667E1 T " ¢ ~ 0.33333E1
5 6 4 1
X = EI 0.05556 0.16667  —0.05556  0.16667 |5
! 0.16667 0.66667  —0.16667  0.33333 |6
—0.05556 —0.16667  0.05556  —0.16667 |4
0.16667 033333  —0.16667  0.66667 |1
For Member [ 2],
12E1  12EI 6EI 8EI
- g T 0.0234375E1 2T g T 0.09375E1
4E1  4EI 2EI  2EI
T -8 ~ 0.5E1 <7 -8 ~ 0.025E1
4 1 3 2
X = EI 0.0234375 0.09375  —0.0234375  0.09375 |4
: 0.09375 0.5 —0.09375 0.25 1
—0.0234375 —0.09375  0.0234375  —0.09375 |3
0.09375 0.25 —0.09375 0.5 2
Known Nodal Load and Deflections. The nodal loads acting on the unconstrained
degree of freedom (code number 1 and 2) are shown in Fig. a
013
=501 014
Qk—[o}z and D, = ols
0]6
Load-Displacement Relation. The structure stiffness matrixis a 6 X 6 matirx
since the highest code number is 6. Applying Q = KD,
- ~ 1 2 3 4 S 6
=50 1.16667 0.25 —0.09375 —0.07292 0.16667 0.33333 | 1| Dy
0 0.25 0.5 —0.09375 0.09375 0 0 2| D,
Os | _ El —0.09375 —0.09375  0.0234375  —0.0234375 0 0 31 0
(on —0.07292  0.09375 | —0.0234375  0.0789931  —0.05556 —0.16667 (4| O
Os 0.16667 0 0 —0.05556 0.05556 0.16667 |5| 0
L Qs | 0.33333 0 0 —0.16667 0.16667 0.66667 |6 0 |

525




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

15-6. Continued

From the matrix partition, Q, = K;; D, + K;; D,

=50

EI(1.16667D; + 0.25D,)

0 = EI(025D, + 0.5Dy)
Solving Egs. (1) and (2),

8 _

D, = =
VRl 2 EI

Using these results and applyin Q, = K,; D, + Ky D,

48 24
= —0. — | + (—o0. — | +0=2
0; 009375E1( El) (OO9375E1)(E1) 0 =225kN
48 24
= —0. —]+0 ——]+0=5.
o) 007292151( EI) 009375EI( EI) 0 =575kN

48
05 = 0.16667151(—5) +0 + 0 = —8.00kN

O = (0'33333E1)<_§) + 0 + 0=-16.0kN

Superposition these results with the FEM show in Fig. b
Ry =225 + 30 = 3225kN 1
Ry, =575+ 30+ 50 = 85.75kN |
Rs = — 800 + 30 =22.0kN 1
Rg = —16.0 + 30 = 140kN-m D

10087 _ 10C6%) _ 4y ki

8 /2

Ans.
Ans.
Ans.

Ans.
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15-7. Determine the reactions at the supports. Assume 1) 5 2 3
and 3 are fixed and @ is a roller. EI is constant. 9 kN /m
. 6 kN/m )
n"'. 6 1 .
K RRERny
22-0: ) y“ 4
.;y:‘ 1 2 4
"“J‘j"@ E, S @ 2] )&
6m } 4m ‘

Member Stiffness Matrices. For member [ 1 |,

12EI _ 12EI 6EI _ 6EI

5= = OOSSSEL S =2 = 016667E]
4E1  4EI 2EI  2EI
T T ~ 0.66667E1 T T ¢ ~ 0.33333E1
5 6 2 1
K = EI 0.05556 0.16667  —0.05556  0.16667 |5
! 0.16667 0.66667  —0.16667 0.33333 |6
—0.05556 —0.16667  0.05556  —0.16667 |2
0.16667 0.33333  —0.16667  0.66667 |1
For member [ 2],
12EI  12E1 6EI 6EI
= SOISTSEL =2 = 0375
4E1  4EI] 2EI  2EI
T—T—El T—T—OSE]
2 1 3 4
0.1875 0375 —0.1875 0375 |2
K — EI 0.375 1.00 —0.375 0.5 1
2 —0.1875 —-0.375 01875 —0.375 |3
0.375 0.5 —0.375 1.00 |4

Known Nodal Loads and Deflections. The nodal load acting on the unconstrained
degree of freedom (code number 1) are shown in Fig. a

Q: =[19]1 and D, =

O O O O O
AN AW
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15-7. Continued

Load-Displacement Relation. The structure stiffness matrix is a 6 X 6 matirx
since the highest code number is 6. Applying Q = KD,

1 2 3 4 5 6
19 1.66667 = 0.20833 —0.375 0.5 0.16667 0.33333 |1 | Dy
0, 0.20833 = 0.24306 —0.1875 0375 —0.05556 —0.16667 |2| O
05| _ El -0375 @ —0.1875  0.1875  —0.375 0 0 31 0
0, 0.5 0.375 —0.375 1.00 0 0 410
Os 0.16667  —0.05556 0 0 0.05556 0.16667 |5| O
L O | 0.33333 | —0.16667 0 0 0.16667 0.66667 |6 0 |
From the matrix partition, Q, = K;{D, + K;,D,
114
19 = 1.66667EID D= ——
1 1 El
Using this result and applying Q, = Ky;D, + KyD,
114
0, = 0.20833E1(7) = 2.375kN
El
11.4
= —0.375E1 = —4.275kN
03 ( El )
114
=05EI|—— ) =570kN-
0,=05 ( £l ) 5.70 m
114
= 0.16667( ——— | = 1.90 kN
0 (%)
11.4
=0. —— ] =380kN-
s 033333( £l ) 3.80 m
Superposition these results with the FEM shown in Fig. b,
R, = 2375+ 27 + 12 = 41.375kN = 41.4kN 1 Ans.
Ry = —4275+ 12 =7725kN T Ans.
R, =570 -8 = —-230kN-m = 230 kN.m ) Ans.
Rs =190 + 27 = 289kN | Ans.
Rs = 3.80 + 27 = 30.8 kN.m T Ans.
2TkN-M TkN-M m Bkn-m
A G0t 19 pam ST N
2 2 i ¢ kn) m
= % ~ N W N W N
T %@ 2] Cg d m =
(a 2Tk 6™ &
) 27kN 1ZKkN 12 KA

(b)
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*15-8. Determine the reactions at the supports. EI is 4

6 5
constant. 15kN/m
I 7 2 1
N /
') (\ °) | - D
1 2
N
4m 3m |

Member Stiffness Matrices. For member

12EI _ 12EI 6EI _ 6EI

= S OISTSEL 5= o = 0375EL
4E1  4El 2EI  2EI
- I ==L 05EI
L 4 L 4 05
6 7 4 3
0.1875 0375 —0.1875 0375 |6
Kk, = EI
0.375 1.00 —0.375 0.5 7
-0.1875 —0.375 0.1875 —0375 |4
0.375 0.5 —0.375 1.00 |3
For member [ 2],
12E1  12E1 6EI 6L]
= = OMMAEL =2 = 066667E
4E1  4AEI 2EI 2EI
DA 1.33333E1 T 3 T 0.66667E1
4 2 5 1

0.44444 0.66667  —0.44444  0.66667
0.66667 1.33333  —-0.66667  0.66667
—0.44444 —0.66667 0.44444  —0.66667
0.66667 0.66667  —0.66667  1.33333

k, = EI

_ N

Known Nodal Loads and Deflections. The nodal loads acting on the
unconstrained degree of freedom (code number 1,2, 3, and 4) are
shown in Fig. a and b.

0 |1

9 |p 015
Qk = 0 3 and Dk =106

—18 |4 017
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15-8. Continued

Load-Displacement Relation. The structure stiffness matrix is a 7 X 7 matirx
since the highest code number is 7. Applying Q = KD,

1 2 3 4 5 6 7
0 [ 1.33333 0.66667 0 0.66667 | —0.66667 0 0 1| D,
-9 0.66667 1.33333 0 0.66667 | —0.66667 0 0 2| D,
0 0 0 1.00 —0.375 0 0.375 0.5 3| Ds
—18 | = EI| 0.66667 0.66667 —0.375 0.63194 | —0.44444 —0.1875 —0.375 |4| D,
Os —0.66667 —0.66667 0 —0.44444 = 0.44444 0 0 510
O¢ 0 0 0.375 —0.1875 0 0.1875 0375 |6 O
L O7 | B 0 0 0.5 —0.375 0 0.375 1.00 |70
From the matrix partition, Q, = K{;D, + K;;,Dy,
0 = EI(1.33333D; + 0.66667D, + 0.66667D,) (1)
=9 = EI1(0.66667D, + 1.33333D, + 0.66667D,) (2)
—18 = EI1(0.66667D; + 0.66667D, — 0.375D; + 0.63194D,) 4)
Solving Egs. (1) to (4),
D — 111.167 _97.667 120 320
' EI 2 EI " EI Y EI
Using these result and applying Q, = K, D, + KD,
111.167 97.667 -320
0s = —O.66667El< ) + (—0.66667E1)< ) + (—0.44444EI)<?) + 0 = 3.00kN
120 320
=0. ——— ) + (—0. -] +0=15.
O 0375E1( EI) ( 01875EI)( EI) 0 = 15.00 kN
120 320
=05EI\ —— | + (-0375EI){ ——— ) + 0 = 60.00 kN -
0; =05 ( EI) (—=0.375 )( EI) 0 = 60.00 m
Superposition of these results with the (FEM),
Rs = 3.00 + 450 = 7.50 kN 1 Ans.
R¢ =15.00 + 0 = 15.0kN 1 Ans.
R; =60.00 + 0 = 60.0kN-m ¢ Ans.
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15-9. Determine the moments at (2} and 3 . EI is constant. 4kN/m

Assume (D, (2 ,and (3 are rollers and (4 is pinned.

The FEMs are shown on the figure.

-19.2 D,

Q= _119922 D= gz
19.2 D,

ki = EI (i) i36363637 06.136363637:

k, = EI _£i36363§7 06.136363637_

ks = EI (i) i36363637 06.136363637:

K:k1+k2+k3

0.3333  0.16667 0 0
0.16667  0.6667  0.16667 0

K= £ 0 0.16667  0.6667  0.16667
0 0 0.16667  0.3333
Q=KD
—19.2 0.3333  0.16667 0 0 D,
-192 | El 0.16667  0.6667  0.16667 0 D,
19.2 0 0.16667  0.6667  0.16667 || Ds
19.2 0 0 0.16667  0.3333 Dy

—19.2 = EI[0.3333D; + 0.16667D,]

—19.2 = EI[0.16667D; + 0.6667D, + 0.16667Ds]
19.2 = EI[0.16667D, + 0.6667D; + 0.16667D,]
19.2 = EI[0.16667D; + 0.16667D,]

Solving,
D, = —46.08/EI
D, = —23.04/EI

Dy = 23.04/EI
D, = 46.08/EI
q = le
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15-9. Continued

[ql} _ { 0.3333 0.16667} [—46.08/E1}

Q> 0.16667  0.3333 | [ —23.04/E1

q, = EI[0.3333(—46.08/EI) + 0.16667(—23.04/EI)]
g1 = —192kN-'m

q> = EI[0.16667(—46.08/EI) + 0.3333(—23.04/EI)]
q, = —1536 kN-m

Since the opposite FEM = 19.2 kN -m is at node 1, then
M;=M,;=192 - 192 =0

Since the FEM = —28.8 kN -m is at node 2, then
M, = M5 = —288 — 1536 = 442 kN -m Ans.
akim
19,2 Kdm 19 19.2KM a2 KM
N -~ f—~ ® = [
’ [EA]
b
G @
+
4 Km
19,2K0m =1~ 132Kdm
siwt iy
7 7 =7 Eed
#1 A tem

15-10. Determine the reactions at the supports. Assume (2 5 3k/ft ?
is pinned and (O and (3 are rollers. EI is constant.
vy
)2
NG 2o
A8 8Tt d £
Member 1
0.1875 0.75 —0.1875 0.75
K - ELl 075 4 -0.75 2
8§ | —0.1875 —-0.75 01875 -0.75

0.75 2 - 0.75 4
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15-10. Continued

Member 2
0.1875  0.75 —0.1875 0.75
W = EL| 075 4 -0.75 2
2 8 | —0.1875 —0.75 0.1875 —0.75
0.75 2 -0.75 4
Q=KD
80 ] [ 4 2 0 0.75 -0.75 0 |[D]
0 2 8 2 0.75 0 -0.75 || D,
-80 | _ EI| © 2 4 0 0.75 -0.75 || Ds
0, — 240 8 | 075 0.5 0 0.1875  —0.1875 0 0
Qs — 24.0 -075 0 075 —01875 0375 —01875 || 0
| Qs — 24.0 | L0 -0.75 —0.75 0 —0.1875 01875 || 0 |
3 N
EI
80 = ?[4D1 + 2D2] {1‘ zJuﬂk '(AOK

5"’“55—@%#“”‘
EI

0=—[2D; + 8D, + 2D |
g 2D1 2 3] I 3T én

, +
—-80 = ﬂ[zp + 4Ds] "'orﬂanm 160K 3kl 160Kt
0 = 52D+ 4D; esusssiifavunnshy
EE P
120k 120k 12-0%,
Solving: 72K
Dl = @, Dz = 0, D3 = _167.0 pros=ssssssssTET l """""""" “.
EI EI e — |
" t -~ ]
_EL 160 ek | 8K a5 rY o
0, — 240 (0 75)( ) +0+0 255K 210k 255K
0, = 255k Ans.
Os —240——( 075)(160)4—04——(075)( 160)
EI
0Os = 210k Ans.
—-16.0
—240=0+ + —
Qs 0=0+0 ( 075)( El )
Qs = 255k Ans.

C+3S M, = 0; 255(8) —255(8) =0 (Check)

+13F =0 255+21.0+255-72=0 (Check)
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15-11. Determine the reactions at the supports. There is a 3 1
smooth slider at T) . EI is constant. l l l l folkl\ll/nll l l l l l l
@
4 m @ 2
B —
Member Stiffness Matrix. For member [ 1 |, | 4m M
12E1 12E1 6E1 6FE1
L3 = 43 = 0.1875E1 7 = ? = 0.375E1
4E1 4E1 2E1 2E1
T—T—El T—T—O.SEI
3 4 1 2
0
k. = EI 0.1875 0375 —0.1875 0375 |3 6 H
! 0.375 1.00 -0.375 05 |4
—-0.1875 —-0.375 01875 0375 |1
0.375 0.5 -0.375 1.00 |2
Known Nodal Loads And Deflections. The nodal load acting on the unconstrained (L] |
degree of freedom (code number 1) is shown in Fig. a. Thus, @ @
012
Q =[-60]1 and D, =0 |3 (&)
0|4
Load-Displacement Relation. The structure stiffness matrix is a 4 X 4 matirx
since the highest code number is 4. Applying Q = KD,
L X ) GOKN 60 kN
[—60] [ 01875 —0375 —0.1875 —03757]1[D,] 30 knjm
Q| _ py| 037 ~1.00 0.375 05 [2] 0 )
0 | -0.1875  —0.375 0.1875 0375 (3| 0 | EA| _I ?
0 -0375 05 0.375 1.00 |4 0 40k\mle m
From the matrix partition, Q, = KD, + K;;Dy,
320
—60 = 0.1875EID, D, = —— (&)
EI
Using this result, and applying Q, = Ky, D, + Ky,Dy, pov
2l
O, = —0.375EI(—%) + 0=120kN-m i
o2v]
320 S N j
0; = —0.1875E1 1) " 0 = 60kN ! f
320 for [ ' o
0= —O.375EI(—E> +0=120kN-m K Ead
‘)'l)
Superposition these results with the FEM shown in Fig. b,
R, =120 — 40 = 80kN-m ) Ans.
Ry =60 + 60 = 120kN 1 Ans.
R, =120 + 40 = 160kN-m Ans.
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16-1. Determine the structure stiffness matrix K for
the frame. Assume 1) and @) are fixed. Take E = 200 GPa,
I =300(10°) mm*, A = 10(10*) mm? for each member.

Member Stiffness Matrices.

The orgin of the global coordinate system will be set at joint (D).

For member and [2],L = 4m

AE 0.01[200(10%)]

_ 6
. 1 500(10°) N/m
12E1  12[200(10%)][300(107°)
- : 4]3[ L 11.25(10°) N/m
6EI  6[200(10%)][300(107°
o= [200( )iE {0 _ 22.5(10°) N
AET  4[200(10%)][300(10°°
4EL _ 4200 )}4[ Gl _ 60(10°) N -m
2ET  2[200(10%)][300(107°
2E1_ 220 )14[ 100) 30(10°) N+m
4 — _
For member [1],A, = TO =land ), = 0470 = 0. Thus,
7 8 9 1 2 3
500 0 0 —500 0 0 |7
0 1125 225 0 —1125 225 |8
0 225 60 0 -25 30 |9
k = 6
! —500 0 0 500 0 o |1d%
0 1125 -225 0 1125 -22512
0 225 30 0 -225 60
-4 -4 -0
For member ,)\x = e =0and A, = 2 = —1.Thus,
1 2 3 4 5 6
11.25 0 25 -1125 0 25 |1
0 500 0 0 -500 0 |2
) -22. 3
K = 225 0 60 225 0 30 (10°)
-1125 0 -225 1125 0 —225 |4
0 -500 0 0 500 0 |5
| 225 0 30 -22.5 0 60 |6
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16-1. Continued

Structure Stiffness Matrix. 1t is a9 X 9 matrix since the highest code number is 9. Thus,

1 2 3 4 5 6 7 8 9
[511.25 0 225 —11.25 0 22,5 =500 0 0 11
0 51125 =225 0 —500 0 0 —-1125 —2225]|2
225 =225 120 =225 0 30 0 22,5 30 3
—11.25 0 -225 1125 0 =225 0 0 0 4 Ans
K= 0 —500 0 0 500 0 0 0 0 | 5(10°% )
225 0 30 =225 0 60 0 0 0 6
=500 0 0 0 0 0 500 0 0 7
0 —-1125 225 0 0 0 0 11.25 225 |8
L 0 =225 30 0 0 0 0 25.5 60 9
16-2. Determine the support reactions at the fixed

supports U and ). Take E = 200 GPa, I = 300(10°) mm?*,
A = 10(10*) mm? for each member.

Known Nodal Loads and Deflections. The nodal load acting on the
unconstrained degree of freedom (code number 1,2 and 3) are shown in

Fig.a and b.
-5(10% |1

Q = | —24(10°) |2 and
11(10% |3

Dk:

S O O O O O
N=RNeIIEN e NV e

Loads-Displacement Relation. Applying Q = KD,

[ —5(10%) ] [ 51125 0 25 | —1125 0 225 -500 0 0 D,
—24(10%) 0 51125 -225 . 0 =500 0 0 1125 -225 D,
11(10°) 25 25 120 -25 0 30 0 225 30 D,
0, ~1125 0  —225 1125 0 -225 0 0 0 0

os |=| o =500 0 0 500 0 0 0 0 |ao%| o

o} 25 0 30 -25 0 60 0 0 0 0

0, ~500 0 0 0 0 0 500 0 0 0

0O 0  -1125 225 0 0 0 0 1125 225 0
0 | L o 225 30 0 0 0 0 225 60 0
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16-2. Continued

From the matrix partition, Q, = K;D, + K;;Dy,

—5(10%) = (511.25D; + 22.5D5)(10% 1)
—24(10%) = (511.25D, — 22.5D;)(10°) )
11(10%) = (22.5D, — 22.5D, + 120D;)(10°) (3)

Solving Egs. (1) to (3),
D, = —1357(10% m D, = —43.15(10°%m  D; = 86.12(107°) rad

Using these results and applying Q, = KD, + KDy,

Q, = —11.25(10%)(—13.57)(107%) + (—22.5)(10°)(86.12)(107%) = —1.785 kN
Qs = —500(10°)(—43.15)(107%) = 21.58 kN

Qg = 22.5(10%)(—13.57)(107%) + 30(10°)(86.12)(107°) = 2.278 kN -m

Q; = —500(10°)(—13.57)(107°%) = 6.785 kN

Qg = —11.25(10°)(—43.15)(107°) + 22.5(10°)(86.12)(107°) = 2.423 kN

Qy = —22.5(10%)(—43.15)(107%) + 30(10°)(86.12)(107°) = 3.555kN+m

Superposition these results to those of FEM shown in Fig. a,

R, = —1785+5=23214kN = 321 kN — Ans.
Rs =121358 + 0 = 21.58 kN = 21.6kN 1 Ans.
R¢=2278 —5=-272kN-m = 272kN-m ) Ans.
R, = 6785 + 0 = 6.785 kN = 6.79kN — Ans.
Ry = 2423 + 24 = 2642kN = 264kN 1 Ans.
Ry =3555+ 16 =1955kNm = 19.6kN-m O Ans.
104) _ . 24 KN
g =okm 1-5=11 ki |
12(4%) j2knlm 5K ey ;
12 &C : &1
I 2m : 1] N 5KN
16 kn-m @ @
et /0 kN
24 kl®
m E2:
EM_%_M_
| -
(o 5kN-m i
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16-3. Determine the structure stiffness matrix K for
the frame. Assume (). is pinned and (. is fixed. Take
E =200 MPa, I = 300(10°) mm*, A = 21(10°) mm? for

each member.

For member 1

5

AE _ (0020)@00)(10)

Lo

A, A, =0

~(12)(200)(10°)(300)(10)

12E1
3

i s = 840000 = P = 5760
6(200)(10°)(300)(107° 2(200)(10%)(300)(107°
6E1 _ 6(200)(10°)(300)(107) 14400 2EI _ 2(200)(10°)(300)( ):24000
L? 52 5
4(200)(10°)(300)(10°°
4EL _ 4(200)(10°)(300)(107) 43000
L 5
[ 840000 0 0 —840000 0 0 ]
0 5760 14400 0 —5760 14400
K 0 14400 48000 0 —14400 24000
! —840000 0 0 840000 0 0
0 —5760  —14400 0 5760  —14400
0 14400 24000 0 —14400 48000 |
For member 2
0— (—4)
A, =0 A, = - 1
AE  (0.021)(200)(10° 12EI  (12)(200)(10%)(300)(107°
AE _( )(200)(10%) 1050000 2 (12)(200)( 3)( )(107) 11250
L 5 L 4
6(200)(10°)(300)(10™° 2(200)(10°)(300)(10°°
6E1 _ 6(200)(10°)(300)(107°) 5500 2E _ 2(200)(10°)(300)(107°) 30000
12 42 L 4
4(200)(10°)(300)(107°
AEL _ 4(200)(10°)(300)(107) 60000
L 4
[ 11250 0 —22500 —11250 0 —22500]
0 1050000 0 0 —1050000 0
o —22500 0 60000 22500 0 30000
2 —11250 0 22500 11250 0 22500
0 —1050000 0 0 1050000 0
| —22500 0 30000 22500 0 60000 |
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16-3. Continued

Structure Stiffness Matrix.

[ 851250 0 22500 22500  —11250 0 —840000 0 0
0 1055760 —14400 0 0 —1050000 0 —5760  —14400
22500 —14400 108000 30000  —22500 0 0 144000 24000
22500 0 30000 60000  —22500 0 0 0 0
K=| —11250 0 —22500 —22500 11250 0 0 0 0 Ans.
0 — 1050000 0 0 0 1050000 0 0 0
—840000 0 0 0 0 0 840000 0 0
0 —5760 14400 0 0 0 0 5760 14400
. 0 —14400 24000 0 0 0 0 14400 48000 |
*16-4. Determine the support reactions at (L. and 3.
Take E = 200 MPa, I = 300(10°) mm* A = 21(10*) mm?
for each member.
g 0
D = g Qe = 380
Lo, "
07 [ 851250 0 22500 22500  —11250 0 —840000 0 0 1[D]
0 0 1055760  —14400 0 0 —1050000 0 —5760 —14400 || D,
300 22500 —14400 108000 30000  —22500 0 0 14400 24000 D;
0 22500 0 30000 60000  —22500 0 0 0 0 D,
Os | =| —11250 0 —22500 —22500 11250 0 0 0 0 0
Qs 0 —1050000 0 0 0 1050000 0 0 0 0
Oy —840000 0 0 0 0 0 840000 0 0 0
Og 0 —5760 14400 0 0 0 0 5760 14400 0
LGy ] L O —14400 24000 0 0 0 0 1440 48000 || 0 |
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16-4. Continued

o | 5m ‘E];}?aom-m
71.07A'Nm|
44-37 kA
4m
Partition matrix 3é:30m1
0 851250 0 22500 22500 || D, 0 M
0] 0 1055760  —14400 0 D, N 0
300 22500  —14400 108000 30000 || Ds 0
0 22500 0 30000 60000 | | Dy 0
0 = 851250D, + 22500D; + 22500D;,
0 = 1055760D, — 14400D;
300 = 22500D, — 14400D, + 108000D5 + 30000D,
0 = 22500D, + 30000D; + 60000D,
Solving.
D, = —0.00004322 m D, = 0.00004417 m D3 = 0.00323787 rad
D, = —0.00160273 rad
Os —11250 0 —22500 —22500 —0.00004322 0
Q¢ 0 —1050000 0 0 0.00004417 0
0; | = | —840000 0 0 0 ' 0
0.00323787
Og 0 —5760 14400 0 —0.00160273 0
Qo 0 —14400 24000 0 ' 0
Os = =363 kN Ans.
Q¢ = —46.4 kN Ans.
0; = 36.3kN Ans.
s = 46.4 kN Ans.
Q9 =771 kN-m Ans.
Check equilibrium

COF,=0; 3630 — 3630 = 0 (Check)
+13F,=0; 4637 — 4637 = 0 (Check)

C+ My =0, 300+ 77.07 — 36.30(4) — 46.37(5) = 0 (Check)
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16-5. Determine the structure stiffness matrix K for the frame. 9 60 kN 2
Take E = 200 GPa, I = 350(10°) mm* A = 15(10°) mm?
for each member. Joints at 1) and 3 are pins.

Member Stiffness Matrices. The origin of the global coordinate system will be set at joint (0.

For member and [2],L = 4m.
AE  0.015[200(10%)]

_ 6
i f 750(10°) N/m
12E1  12[200(10%)][350(107°
= (200 )]3[ (o1 13.125(10°) N/m
L 4
4[200(10%)][350(10°6
—6EZI _ 41200 )]E ) 26.25(10°) N
L 4
4ET  4[200(10%)][350(10°°
L 4
2EI  2[200(10%)][350(107°
_ 2[200(109)][350(107)] _ 35(106) N-m
L 4
For member [1],A, = 44;0 =1land A, = 04;0 = 0. Thus,
8 9 5 1 2 3
750 0 0 —750 0 0 8
0 13125 2625 0 —13.125 2625 |9
0 26.25 70 0 -26.25 35 |5
k, = 100
L1 =750 0 0 750 0 o |19
0 -13.125 -2625 0 13.125 2625 |2
0 26.25 35 0 —26.25 70 |3
4 —4 —4 -0
For member ,/\x = =0,and A, = 1 = —1.Thus,
1 2 3 6 7 4
13.125 0 2625 —13125 0 2625 |1
0 750 0 0 -750 0 2
K, = 26.25 0 70 —26.25 0 35 |3 (10%)
-13.125 0 -26.25 13.125 0 -2625 |6
0 —750 0 0 750 0 7
| 2625 0 35 —26.25 0 70 |4
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16-5. Continued

Structure Stiffness Matrix. 1t is a9 X 9 matrix since the highest code number is 9. Thus

1 2 3 4 5 6 7 8 9
[ 763.125 0 2625 2625 0  -13125 0 -750 0 1
0 763125 —2625 0 —2625 0 ~750 0 —13.125 |2
2625  —2625 140 35 35 2625 0 0 2625 |3
26.25 0 35 70 0 ~2625 0 0 0o |4
K= 0 2625 35 0 70 0 0 0 2625 | 519 Ans.
~13.125 0 ~2625 -2625 0 13125 0 0 0o |6
0 ~750 0 0 0 0 750 0 0o |7
~750 0 0 0 0 0 0 750 0o |8
L0 13125 2625 0 26.25 0 0 0 13125 |9

16-6. Determine the support reactions at pins 4 and ®.
Take E = 200 GPa, I = 350(10°) mm*, A = 15(10*) mm?
for each member.

Known Nodal Loads and Deflections. The nodal load acting on
the unconstrained degree of freedom (code numbers 1,2,3, 4, and 5)
are shown in Fig. a and Fig. b.

0

1

—41.25(10%) |2 8 g

Q =| 4510 |3 and D, = ols
0 4

0 s 019

Loads-Displacement Relation. Applying Q = KD,

60 kN

0 [763.125 0 2625 2625 0 -13125 0 —750 0 D,
—41.25(10%) 0 763125  —26.25 0 —26.25 0 =750 0  —13.125 D,
45(10%) 2625  —2625 140 35 35 -2625 0 0 26.25 Ds

0 26.25 0 35 70 0 -2625 0 0 0 D,

0 = 0 -26.25 35 0 70 0 0 0 2625 | (10% | Ds

Os -13.125 0 2625 —26.25 0 13.125 0 0 0 0

0, 0 -750 0 0 0 0 750 0 0 0

o) ~750 0 0 0 0 0 0 750 0 0

. 0 | L o —13.125  26.25 0 26.25 0 0 0 13.125 | 0
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16-6. Continued

From the matrix partition, Q, = KD, + K;;Dy,

0 = (763.125D; + 26.25D5 + 26.25D,)(10°) 1)
—41.25(10% = (763.125D, — 26.25D; — 26.25D5)(10°) 2)
45(10%) = (26.25D; — 26.25D, + 140D5 + 35D, + 35Ds)(10%) (3)

0 = (26.25D; + 35D + 70D,)(10% (4)

0 = (—26.25D, + 35D; + 70D5)(10°) 5)

Solving Egs. (1) to (5)
Dy

—7.3802(10°%) D, = —47.3802(10°%) D5 = 423.5714(10°%)

Dy = —209.0181(107%) D5 = —229.5533(107°)

Using these results and applying Q,, = K,D,, + K»Dy,

Q¢ = (—13.125)(10°% — 7.3802(107%) — 26.25(10)423.5714(107%) — 26.25(10°) — 209.0181(107%) + 0 = —5.535kN
0,
Oy
Qy

—750(10%) — 47.3802(107%) + 0 = 35.535kN

—750(10%) — 7.3802(10°%) + 0 = 5.535kN

—13.125(10°%) — 47.3802(107°%) + 26.25(10°%) + 423.5714(107%) + 26.25(10°) — 229.5533(107°) + 0 = 5.715kN

Superposition these results to those of FEM shown in Fig. a,

Re = —5.535kN + 0 = 5.54 kN Ans.
R, = 35535 + 0 = 355kN Ans.
Rg = 5.535 + 0 = 5.54 kN Ans.
Ry = 5.715 + 18.75 = 245 kN Ans.
125 KN
R 3tpo)ar_ e 1 4
76 =45 Km
L )4—5M'm
X, o
= y)
Zm zm 7| 4125 KN 2]
1875 kN

(a) ) %
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16-7. Determine the structure stiffness matrix K for 2
the frame. Take E = 29(10°) ksi, I = 650in*, A = 20 in> T
for each member. 6k
3
4 k<—®
[1] @
=
Member 1. 121t l 2]
10-0
M= = I A=0
AE  20(29)(10%) 12EI  12(29)(10%)(650)
Lo o T T 4833.33 = = 130.90 ©)
L 10(12) L3 10Y(12)° =
6EI  6(29)(10%)(650) 4ET  4(29)(10%)(650) 10 ft
— = 2 = 785417 — = T — 628333.33
L? (10)%(12)? L (10)(12)
2EI  2(29)(10%)(650)
=TT T~ 314166.67
L (10)(12)
[ 483333 0 0 —4833.33 0 0
0 130.90  7854.17 0 -130.90  7854.17
K 0 785417  628333.33 0 —7854.17 314166.67
! —4833.33 0 0 4833.33 0 0
0 —130.90 —7854.17 0 130.90  —7854.17
L 0 785417 314166.67 0 —7854.17 62833333 |
Member 2.
-12 -0
/\x = 0 )\y = T = —1

AE  (20)(29)(10%) 12E1 _ 12(29)(10%)(650)

= = 4027.78 = 7575
L (12)(12) L (12)3(12)°
6EI  6(29)(10)(650) 4E1  4(29)(10%)(650)
= = 545408 — =~ = 523611.11
L (12)%(12)* L (12)(12)
2ET  2(29)(10%)(650)
=~ = 261805.
e (12)(12) 61805.55
[ 7575 0 545428  —75.75 0 5454.28 |
0 4027.78 0 0 —4027.78 0
L = | 45428 0 523611.11 —5454.28 0 261805.55
2 ~75.75 0 —545428 7575 0 —5454.28
0 —4027.78 0 0 4027.78 0
| 5454.28 0 261805.55 —5454.28 0 523611.11 |
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16-7. Continued

Structure Stiffness Matrix.

[ 483333 0 0 —4833.33 0 0 0 0 0
0 130.90 7854.17 0 —130.90 7854.17 0 0 0
0 7854.17  628333.33 0 —7854.17  314166.67 0 0 0
—4833.33 0 0 4909.08 0 5454.28 =75.75 0 5454.28
K = 0 —130.90 —7854.17 0 4158.68 —7854.37 0 —4027.78 0 Ans.
0 7854.17  314166.67 545428  —7854.17 1151944.44 —5454.28 0 261805.55
0 0 0 =75.75 0 —5454.28 75.75 0 —5454.28
0 0 0 0 —4027.78 0 0 4027.78 0
. 0 0 0 5454.28 0 261805.55  —5454.28 0 523611.11 |
*16-8. Determine the components of displacement at (L. 2
Take E = 29(10°) ksi, I = 650in*, A = 20in?> for each T
member. 6 kl 3
4k D=
1]
—
12 ft
oy
0 -6 10 ft
D, =|0 Q, = 8
0
0
L0
[(—47] [ 4833.33 0 0 —4833.33 0 0 0 0 0 [D]
) 0 130.90 7854.17 0 —130.90 7854.17 0 0 0 D,
0 0 7854.17  628333.33 0 —7854.17  314166.67 0 0 0 D;
0 —4833.33 0 0 4909.08 0 5454.28 =75.75 0 5454.28 D,
0 |= 0 —130.90 —7854.17 0 4158.68 —7854.17 0 —4027.78 0 Ds
0 0 7854.17 314166.67 545428  —7854.17 1151944.44 —5454.28 0 261805.55 | | Dg
O, 0 0 0 =75.75 0 —5454.28 75.75 0 —5454.28 0
Og 0 0 0 0 —4027.78 0 0 4027.78 0 0
1 Qo] [ O 0 0 5454.28 0 261805.55  —5454.28 0 52361111 | O
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16-8. Continued

Partition Matrix.

47 [ 483333 0 0 483333 0 0 D, 0
-6 0 13090  7854.17 0 ~13090 785417 || D, 0
0, 0 785417 62833333 0 ~7854.17 31416667 || Dy | |0
0 —4833.33 0 0 4909.08 0 545428 || D, 0
0 0 ~130.90 —7854.17 0 415868  —7854.17 || Ds 0
Lo | o 785417 314166.67 545428  —7854.17 1151944.44 || Ds | |0

—4 = 4833.33D, — 4833.33D,
—6 = 130.90D, + 7854.17D5 — 130.90D5 + 7854.17D;

0 = 7854.17D, + 628333.33D; — 7854.17D5 + 314166.67D;

0 = —4833.33D; + 4909.08D, + 5454.28D;

0 = —130.90D, — 7854.17D; + 4158.68D5 — 7854.17Dg

0 = 7854.17D, + 314166.67D; + 5454.28D, — 7854.17D5 + 1151944.44Dg

Solving the above equations yields

D; = —0.608 in. Ans.
D, = —1.12in. Ans.
D5 = 0.0100 rad Ans.
D4 = —0.6076 in.

Ds = —0.001490 in.

Dg = 0.007705 rad

16-9. Determine the stiffness matrix K for the frame. Take
E = 29(10%) ksi, I = 300in* A = 10 in* for each member.

Member Stiffness Matrices. The origin of the global coordinate system will be set at
10 -0

. 0-0
joint U. For member [1|,L = 10ft,A, = ——— = 0 and Ay =

10 10 !
AE  10[29(10°)] . 12EI  12[29(10%)](300) '
T = T = 041667k = = 60.4167 k
. 10012) 6.67 k/in i [0(12)] 60.4167 k/in
6[29(10%)](300 4129(10%)](300
—6EZI _ 6[29(107](300) )](2 ) _ 3625 k 4EL _ 4[290109]300) 290000 k - in
L [10(12)] L 10(12)
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16-9. Continued

21 _ 229010)]300)

T— 10(12) = 145000 k - in
8 9 5 1 2 3
60.4167 0 —-3625 —60.4167 0 —-3625 | 8
0 2416.67 0 0 —2416.67 0 1|9
k, =| -3625 0 290000 3625 0 145000 |5
—60.4167 0 3625  60.4167 0 3625 |1
0 —2416.67 0 0 2416.67 0 |2
L —3625 0 145000 3625 0 290000 | 3
20 — 10 — 1
For member [2 |, L = 20 ft, A, = 0-0_ 1and A =u=0.
20 Y 20
10[29(10° 12[29(10%)](300
AE _ 1029009] _ 1208.33 k/in 12E31 _ 122 )](3 ) _ 7.5521 k/in
L 20(12) L [20(12)]
6EI  6[29(10%)](300) 4ET  4[29(10%)](300) .
— = = 90625k — == = 145000 k -
L2 [20(12)2 L 20(12) n
2EI  2[29(10%)](300) .
. - 20(12) = 72500 k - in
1 2 3 6 7 4
1208.33 0 0 —1208.33 0 0 1
0 75521 906.25 0 75521 90625 |2
o — 0 906.25 145000 0 —906.25 72500 |3
: —1208.33 0 0 1208.33 0 0 6
0 —7.5521  —906.25 0 75521 —906.25 |7
L 0 90625 72500 0 —906.25 145000 |4

Structure Stiffness Matrix. Tt is a9 X 9 matrix since the highest code number is 9. Thus,

[ 1268.75
0
3625
0
3625
—1208.33
0
—60.4167
0

0
242422
906.25
906.25
0
0
—7.5521
0
—2416.67

3625
906.25
435000
72500
145000

0
—906.25
—3625
0

0 3625  —1208.33
906.25 0 0
72500 145000 0
145000 0 0

0 290000 0

0 0 1208.33

—906.25 0 0

0 —3625 0

0 0 0

0 —60.4167
—7.5521 0
—906.25 —3625
—906.25 0

0 —3625

0 0

7.5521 0
0 60.4167
0 0

0
—2416.67
0

o O O O

0
2416.67 |
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2k/ft

16-10. Determine the support reactions at O and 3). Take A7
E =29(10%) ksi, I = 300in*, A = 10 in? for each member. l*l l l l l l l l l l 4
i 6
v 2 g ;
3 —>u ® ‘
20 ft ‘
1]
9
>
Known Nodal Loads and Deflections. The nodal loads acting on the unconstrained
degree of freedom (code number 1,2,3,4,5, and 6) are shown in Fig. a and b.
!
=25 |2
—1200 |3 017
Q, = 0 4 and D, =|0 |8
019
0 5
L 0 |6
Loads-Displacement Relation. Applying Q = KD.
0 ] [ 126875 0 3625 0 3625  —1208.33 0 —60.4167 0 D]
=25 0 242422 906.25 906.25 0 0 —7.5521 0 —2416.67 || D,
—1200 3625 906.25 435000 72500 145000 0 -906.25  —3625 0 D;
0 0 906.25 72500 145000 0 0 —906.25 0 0 D,
0 = 3625 0 145000 0 290000 0 0 —3625 0 Ds
0 —1208.33 0 0 0 0 1208.33 0 0 0 Dy
0 0 =7.5521  —906.25 —906.25 0 0 7.5521 0 0 0
Og —60.4167 0 —3625 0 —3625 0 0 60.4167 0 0
L Q 1 [ 0 —2416.67 0 0 0 0 0 0 241637 || 0 |
20 = —2416.67D,
D, = —8.275862071(10%)
5 = —7.5521(—8.2758)(107%) — 906.25D5 — 906.25D,
0 = 906.25(—8.2758)(10"%) + 72500D; + 145000D,
4.937497862 = —906.25D; — 906.25D,
From the matrix partition, Q;, = K;D, + K;,D;,
0 = 1268.75D; + 3625D; + 3625D5 — 1208.33D¢ (1)
—25 = 2424.22D, + 906.25D;3 + 906.25D4 (2)
—1200 = 3625D, + 906.25D, + 435000D3 + 72500D, + 145000D5 3)
0 = 906.25D, + 72500D5 + 145000D, (4)
0 = 3625D; + 145000D; + 290000D5 (5)
0 = —1208.33D; + 1208.33D (6)
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16-10. Continued

Solving Egs. (1) to (6)

D, =132 D, = —0.008276 D; = —0.011 D4 = 0.005552
Ds = —0.011 D¢ =132

Using these results and applying Q, = K,,D, + K,,D,

07 = —7.5521(—0.008276) — 906.25(—0.011) — 906.25(0.005552) = 5

O3
Q¢ = —2416.67(—0.008276) = 20

60.4167(1.32)—3625(—0.011)—3625(—0.011) = 0

Superposition these results to those of FEM shown in Fig. a.

R;,=5+15=20k Ans.
Rg=0+0=0 Ans.
Ry =20+ 0 =20k Ans.

R5 k
1200 k-in
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16-11. Determine the structure stiffness matrix K for the
frame. Take E = 29(10°) ksi, I = 700in*, A = 20in> for

each member.

ET 16 ft
20k
al,2
5 12 ft 12t
Member Stiffness Matrices. The origin of the global coordinate system %" -
. L B 24-0 el / 1]
will be setoat_Jo(;nt (L. Formember [1], L = 241t A, = T 1 o_-:f@
and )‘y = 7 =0
20[29(10° 12[29(10%)](700
AE 2029000 _ 2013.89 k/in 1251 _ 122 )](3 ) _ 10.1976 k/in
L 24(12) L [24(12)]
6EI  6[29(10%)](700) 4ET  4[29(10%)](700) )
=S 2 — 146846 k = = 281944 k-
L? [24(12)]? L [24(12)] "
2EI  2[29(10%)](700) .
L~ ] 140972 k - in
8 9 5 1 2 3
2013.89 0 0 —2013.89 0 0 8
0 10.1976  1468.46 0 -10.1976  1468.46 |9
k, = 0 1468.46 281944 0 —1468.46 140972 |5
—2013.89 0 0 2013.89 0 0 1
0 —-10.1976 —1468.46 0 10.1976  —1468.46 |2
L 0 1468.46 140972 0 —1468.46 281944 |3
24 — 24 16 — 0
For member ,L: 16 ft, A, = 16 =0and A, = 16 =1.
20[29(10° 12[29(10%*)](700
AE _ 2029009] _ 3020.83 k/in. 1251 _ 122 )](3 ) _ 34.4170 k/in
L 16(12) L [16(12)]
6EI  6[29(10%)](700) 4ET  4[29(10%)](700) )
— =~ = 3304.04k — =~ = 422917 k-
L’ [16(12)]? L [16(12)] n
2[29(10%)](700

L [16(12)]
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16-11. Continued

1 2 3 6 7 4
[ 34.4170 0 —3304.04 —34.4170 0 —3304.04 |1
0 3020.83 0 0 —3020.83 0 2
k, = | —3304.04 0 422917 3304.04 0 211458 |3
—34.4170 0 3304.04  34.4170 0 3304.04 |6
0 —3020.83 0 0 3020.83 0 7
| —3304.04 0 211458  3304.04 0 422917 |4

Structure Stiffness Matrix. It is a 9 X 9 matrix since the highest code number is 9.

Thus,
[ 2048.31 0 —3304.04 —3304.04 0 —34.4170 0 —2013.89 0 ]
0 3031.03  —1468.46 0 —1468.46 0 —3020.83 0 —10.1976
—3304.04 —1468.46 704861 211458 140972 3304.04 0 0 1468.46
—3304.04 0 211458 422917 0 3304.04 0 0 0
K = 0 —1468.46 140972 0 281944 0 0 0 1468.46
—34.4170 0 3304.04 3304.04 0 34.4170 0 0 0
0 —3020.83 0 0 0 0 3020.83 0 0
—2013.89 0 0 0 0 0 0 2013.89 0
L 0 —10.1976  1468.46 0 1468.46 0 0 0 10.1976 |

*¥16-12. Determine the support reactions at the pins @
and 3. Take E = 29(10%) ksi, I = 700 in*, A = 20 in? for
each member.

Known Nodal Loads and Deflections. The nodal loads acting on the
unconstrained degree of freedom (code number 1,2, 3,4, and 5) are
shown in Fig. a and b.

0o 1
~13.75 |2 g g
Q. =| 1080 (3 andDy =| ‘|
0 |4
09
0 s
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16-12. Continued

Loads-Displacement Relation. Applying Q = KD,

0 [ 204831 0 —3304.04 —3304.04 0 ~34.4170 0 ~2013.89 0 D,
~13.75 0 3031.03  —1468.46 0 ~1468.46 0 ~3020.83 0 -10.1976 || D,
90 —3304.04 —1468.46 704861 211458 140972 = 3304.04 0 0 1468.46 || Ds

0 ~3304.04 0 211458 422917 0 3304.04 0 0 0 D,

0 |= 0 —146846 140972 0 281944 0 0 0 146846 || Ds

Qs ~34.4170 0 3304.04  3304.04 0 34.4170 0 0 0 0

0 0 ~3020.83 0 0 0 0 3020.83 0 0 0

Os ~2013.89 0 0 0 0 0 0 2013.89 0 0
Lo | L o ~10.1976  1468.46 0 1468.46 0 0 0 10.1976 || 0

From the matrix partition, Q, = K;;D, + K;,D;,

0 = 2048.31D, — 3304.04D; — 3304.04D, (1)
—13.75 = 3031.03D, — 1468.46D; — 1468.46Ds 2)
90 = —3304.04D, — 1468.46D, + 704861D; + 211458D, + 140972Ds 3)
0 = —3304.04D; + 211458D; + 422917D, (4)
0 = —1468.46D, + 140972D; + 281944Ds 5)

Solving Egs. (1) to (5),

D, = 0.001668 D, = —0.004052 D; = 0.002043 D, = —0.001008 D5 = —0.001042
Using these results and applying Q, = Ky, D,, + KDy,

Qs = —34.4170(0.001668) + 3304.04(0.002043) + 3304.04(—0.001008) = 3.360

0; = —3020.83(—0.004052) = 12.24

Os =
Q¢ = —10.1976(—0.004052) + 1468.46(0.002043) + 1468.46(—0.001008) = 1.510

—2013.89(0.001668) = —3.360

Superposition these results to those of FEM shown in Fig. a.

Rg = 3360 + 0 =336k Ans.
R; =1224 + 0 =122k Ans.
Rg = —3.360 + 0 = =336k Ans.
Ry = 1.510 + 6.25 = 7.76 k Ans.

2ok BN gy ke 10F0k - in-

| et 2/ 1 BI5K
6'25K (a)
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