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1-1. The floor of a light storage warehouse is made of
6-in.-thick cinder concrete. If the floor is a slab having a
length of 10 ft and width of 8 ft, determine the resultant
force caused by the dead load and that caused by the live

load.

From Table 1 -3,

DL = (6in.X9 Ib/fc- in. X8 fX10 fi) = 4.32k Ans
From Table 1-4,

LL = (125 b/APX8 fiX10 ft) = 10.0k Ans

1-2. The building wall consists of 8-in. clay brick. In the
interior, the wall is made from 2 X 4 wood studs,
plastered on one side. If the wall is 10 ft high, determine
the load in pounds per foot of length of wall that the wall
exerts on the floor.

10 ft

From Table 1-3,

DL = (79 b/fEX10 fi) + (12 /E2X10 ft) = 910 Ib/ft  Ans

1-3. The second floor of a light manufacturing building
is constructed from a 4-in.-thick stone concrete slab with
an added 3-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.

3 in. cinder fill

4 in. concrete slab

:

I T

ceiling

From Table | -3,
4 in. - reinforced—swone slab = 4(12) = 48 b/’

3 in.~cinder concreie =39) =27 b/}
Plaster and lath = 10 b/
Total p=851b/ft* Ans
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*1-4. The hollow core panel is made from plain stone
concrete. Determine the dead weight of the panel. The
holes each have a diameter of 4 in.

7 2
W= (144 1b/63)[(12 fi)(6 (5 - 5012 ﬁ)(rr)(—ﬁﬂ)z] =529k Ans

1-5. The floor of a classroom is made of 125-mm thick
lightweight plain concrete. If the floor is a slab having a
length of 8 m and width of 6 m, determine the resultant
force caused by the dead load and the live load.

F, =0.015 kN /m” /mm)(125 mm)(8m)(6m)

= 90 kN Ans
F, = (1.92 kN/m®)(6 m)(8 m)
F, =92.16kN = 922 kN Ans
F=Fy+ F, =9XkN+92.16 kN = 182.16 kN = 182.kN Ans

1-6. The pre-cast T-beam has the cross-section shown.
Determine its weight per foot of length if it is made from
reinforced stone concrete and eight %-in. cold-formed
steel reinforcing rods.
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1
| A = (28 in.}(6 in.) + (8 in.)(48 i.n.)+2(~§)(6 in.)(8 in.) = 600 in® = 4.167 ¢

P
/

, 7(0.75 in.)? ) 2
=15 in.y . Ages = 8(—(-——)) = 3.534in" = 0.02454 f°
) 15 in.. 4
6in. ¢in. 6 in.
Aupne = 4167 f — 0.02454 f° = 4.142 fi°
W, = 4.142 f7(150 Ib/fC’) + 0.02454 f(492 Ib/f°) = 633 Ib/ft Ans
2
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1-7. 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

5 in. concrete slab From Table 1-3,
5—in. concrete slab = (12)(5) = 60
4-in. cinder il = (9)(4) = 36.0
metal lath & plaster = 10.0
z > Total dead load = 106 Ib /ft? Ans

— ceiling

#*]1-8. The T-beam used in a heavy storage warehouse is
made of concrete having a specific weight of 125 Ib/ft>, 36 in.
Determine the dead load per foot length of beam, and
the load on the top of the beam per foot length of beam.
Neglect the weight of the steel reinforcement.

36 in.

A = 36(6) + 8(20) + 12(10) = 496 in®
DL = (496 in*)(1 f*/144 in®)(125 b/f’) = 431 Ib/ft Ans
From Table 1-4,

36 in.
12 in./ft

LL = (250 Ib/f)( -) = 750 Ib/fi Ans

1-9. The beam supports the roof made from asphalt
shingles and wood sheathing boards. If the boards have
a thickness of 1% in. and a specific weight of 50 Ib/ft>, and
the roof’s angle of slope is 30°, determine the dead load
of the roofing—per square foot—that is supported in the

. . . Wei _ 3., L5in. 2
x and y directions by the purlins. elght per square foot = (S0 1b/f)( 12in Ift) = 623 bit
From Taple 1-3
Shingles = 2 I/’
Total p = 8.25 b/f
p=8.25 ik, 2
shingles 2a°
sheathing
purlin
p- = (8.25)sin 30° = 4,12 psf Ans X
Py = (8.25)cos 30" = 7.14 psf Ans
3
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1-10. A two-story school has interior columns that are
spaced 15 ft apart in two perpendicular directions. If the
loading on the flat roof is estimated to be 20 Ib/ft?,
determine the reduced live load supported by a typical
interior column at (a) the ground-floor level, and (b) the
second-floor level.

Tributary area A4 = (15)(15) = 225 f*
Fr = 20{225) = 450k

Since K, A; =4(225)> 400

Live load for second floor can be reduced.

15
L = L,(025 +
(025 =]
L= 40(0.25 b
v (4)(225)

(a) For ground floor column :
L=30>05L =20
Fr = 30(225) = 675k

) = 30 psf

Fo = Fp+ Fp =675+ 450 = 1125k Ans
(b) For second floor column :
F = Ff =450k Ans

1-11. A four-story office building has interior columns
spaced 30 ft apart in two perpendicular directions. If the
flat-roof 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 :
Ly = 50 psf
A = (30)(30) = 900 fi?
L = Ly[0.25 + L=
KA,
_ 15
= 50(0.25 + ) = 25 psf
4(900)
) 25
% reduction = 36 = 50% > 40% (OK)
F, = 3[(25 psf)(30 f)(30 f1)} + 30 psf(30 f)(30 ft) = 94.5 k Ans

*1-12. A three-story hotel has interior columns that are
spaced 20 ft apart in two perpendicular directions. If the
loading on the flat roof is estimated to be 30 Ib/ft?,
determine the live load supported by a typical interior
column at (a) the ground-floor level, and (b) the second-
floor level.

A= (20)(20) = 400 £

Lo = 40 psf
" 15
= 40(().25 + ) = 25 psf
4{400)

@@  F, = 2[(400 f°)(25 psf)] + (400 f°)(30 psf) = 32.0k  Ans
(b)  Fyp = (400 f7)(25 psf) + (400 f*)(30 psf) = 220k  Ans
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1-13. Determine the resultant force acting on the face

of the truss-supported sign if it is located near Los

Angeles, California on open flat terrain. The sign has a

width of 6 m and a height of 3 m as indicated. Use an )

importance factor of I = 0.87. From the wind map V =38 m/s

q,=0.613K K K, VI
. = 0.613(0.85)(1)(1)(38)* (0.87) = 654.58 N / m’
F=qGC,A,

G=0.85

M/IN=6/3=2<6, ¢, =12

A, =36)=18 m’

F =654.58(0.85)(1.2)(18) =12.0 kN Aps.

1-14. The sign is located in Minnesota on open flat
terrain. Determine the resultant force of the wind acting
on its face. Use an importance factor of [ = 0.87.

4 4,/6 ftﬂ -
81t
- 451t g, = 0.00256K, K, K,V*I

§§]§ -1 From wind map V = 90 mi/hr
K, = 0385
10 ft K, =1
K, =1
g, = 0.00256(0.85)(1)(1)(90)*(0.87) = 15.33 Ib/f’

F = q,GGA,
G = 085
6
M_S _imcs G =12
N3

A, = 6(4.5) = 27 £
F = 15.33(0.85)(1.2)(27) = 422 1b Ans

y=8+3+02(6) = 122 ft Ans

o
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1-15. Wind blows on the side of the fully enclosed
agriculture building located on open flat terrain in
Oklahoma. Determine the external pressure acting on the
roof. Also, what is the internal pressure in the building
which acts on the roof? Use linear interpolation to
determine g, and C, in Figure 1-13.

\

wind

q, = 0.00256K, K, K,V
= 0.00256K, (1)(1)(90)*(0.87)

a5 = 0.00256(0.85)(1)(1)(90)*(0.87) = 15.334 psf
G20 =0.00256(0.90)(1)(1)(90)*(0.87) = 16.236 psf
h= 15+—;—(25 tap 10°) = 17.204 ft

g, —15334 _ 16.236-15.334
17.206-15  20-15

g, = 15.732 psf
Extemal pressure on windward side of roof
P =4 GC,

2 - 17.204 = 03441
L 50

[-09 - (07] _ (09-G)
(05-025 (05 - 03441)

G = -0.7753
p = 15.732(0.85)(-0.7753) = — 104 psf Ans

Extemal pressure on keeward side of roof
(<05 - (03)] _ (05-C,)

(05 - 025) (0.5 — 0.3441)
C’ = -0.3753

?=46G(
15.732(0.85)(=0.3753) = —5.02 psf Ans

Intemal pressure

p = -@(GG,) = —15732(0.18) = +2.83 psf Ans
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*1-16. Wind blows on the side of the fully enclosed
agriculture building located on open flat terrain in
Oklahoma. Determine the external pressure acting
over the windward wall, the leeward wall, and the side
walls. Also, what is the internal pressure in the building
which acts on the walls? Use linear interpolation to
determine ¢,.

0.00256 K, K, K VI

i}

4

0.00256K, (1)(1)(90)*(0.87)

i}

9
a5 =0.00256(085)(1)(1)(90)*(0.87) = 15.334 pst
40 = 0.00256(0.90) (1)(1)(90)*(0.87) = 16.236 psf
h=15 4-%(25 tan 10°) = 17.204 ft

qy—15.334  16.236-15.334
17.204-15 20—-15

g, = 15.732 psf

External pressure on windward wall

P = g, GG, = 15.334(0.85)(0.8) = 10.4 psf Ans
L 50

Extemal pressure on leeward wall — = — = 0.5
B 100

P = @ GG, = 15.732(0.85}(~0.5) = -6.69 psf Ans
External pressure on side walls

p = g, GC, = 15.732(0.85)(-0.7) = ~9.36 psf Ans
Intermal pressure

P = —-q(GG;) = —15732(+0.18) = $2.83 psf Anms




c0l.gxd 6/24/08 1:58 PM Page 8 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

1-17. The horse stall has a flat roof with a slope of
80 mm/m. It is located in an open field where the ground
snow load is 1.20 kN/m?. Determine the snow load that

is required to design the roof of the stall. 0=tan” 0T _ 4 Sec S Filat roof
1000 mm
C,=038
/-
C =12

1=08

p; =0.7C,Clp,
p, =0.7(0.8)(1.2)(0.8)(1.20) = 0.645 kN / m’

Since p, € 0.96 kN /m’ then also

p, = Ip, =0.8(1.20) = 0.960 kN /m’

Use
P, —0.960 kN /m* Ans.
1-18. The horse stall has a flat roof with a slope of
80 mm/m. It is located in an open field where the ground
snow load is 0.72 kN/m’. Determine the snow load that
is required to design the roof of the stall.
, 80mm o co .
O=tan ——IOOOmm—4'57 <5° Flat roof
A
C.=08
C, =12
I1=0.8

p;=07CClp,
p, =0.7(0.8)(1.2)(0.8)(0.72) = 0.387 kN / m

Since p, £0.96 kN /m’,then also

p; =Ip, =0.8(0.72) = 0.576 KN /m*

Use
p, =0576 kN /m* Ans.
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1-19. A hospital located in Chicago, Illinois, has a flat
roof, where the ground snow load is 25 Ib/ft’. Determine
the design snow load on the roof of the hospital.

c,=13
C,=10
I=12

P, =0.7C,Cdp,
P = 0.7(1.3)(.0)(1.2)(25) = 27.3 Ibft®

Sincep‘g > 20 Ib /1t*,then use

P, =120 1b/1t*) =1.2(20 b /ft*) = 24 Ib /£* Ans.
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2-1. The frame is used to support a wood deck (not
shown) that is to be subjected to a uniform load of
130 Ib/ft?. Sketch the loading that acts along members BG

and ABCD.Take b = 10ft,a = 5 ft. bla =10/5 =2 >1.5 (one-way slab)
D P E
- I /
< F '7‘
5/
& q 7
; /
.
A B
7 S 4
/o

£or rmer A(f Bé[

T W03 (5) = 0-65 /¢

32K 325%
s *

lo'

Fpr merder ABCD

(e x 13 257 325k ek
For BG, w=0.65 k/ft Ans "

Foagr B
For ABCD, reactions are 4.88 k  Ans *—/F“‘;‘T"—F‘S‘T'_’r c’ ﬁr

2-2. The roof deck of the single story building is
subjected to a dead plus live load of 125 1b/ft%. If the purlins
are spaced 4 ft and the bents are spaced 25 ft apart, deter-
mine the distributed loading that acts along the purlin DF,
and the loadings that act on the bent at A, B, C, D, and E.

25
li:-—-=6.?j>2
L 4

One - way slab.

Tributary load along DF = (125 Ib/f)(4 fry = 500 Ib/ft Ans
This load is also ransferred to the bent from the other side

of AE. Half the tributary loading acts at A and E.

At Aand E: H125) = 500 14/ft «O-S£/4t
F =6250lb= 6.25k Ans . . L) - 4@ 4ft =161t
At B,C,D: < ¢
F = 2(6250) = 125001b = 12.5k Ans 25 7¢
626« 625%
625K ;z-[z 2625)=125K (25K 625K
kL é Ic lﬁ le
1 i Lt
4t 4pt | aft T g |
250k 250k
11

o
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2-3. The steel framework is used to support the 4-in.

reinforced lightweight concrete slab that carries a uniform SR L W VA2
live loading of 500 Ib/ft>. Sketch the loading that acts /
along members BE and FD.Setb = 10ft,a = 7.5 ft. Hini: /
See Table 1-3. 3 €
7 4 !
}zas }<- z.S -%.‘15
12.47 k 1247 k
1Z.%7 k
6.23 k 29 k/§+ uk/;*"'z'} k

2

0.0 k 0.9 k

F

Reaction at B, 12.5k;
Reaction at F, 20 k

*24, Solve Prob.2-3, with b = 12 ft,qa = 4 ft.

TISK/fs
g ] 4 y E
12!
12 e o 12.74 DL=8(4)=132 psf
. 5"-‘ Ve 3 LL=500 psf
3 l : Total load = 532 psf
L, - b = 1_2 =
FE—+ £ + > Loaa 7!
2.5k 2.8k One-waysiab

2-5. The frame is used to support the wood deck in a
residential dwelling. Sketch the loading that acts along
members BG and ABCD.Setb = 10 ft,a = 5 ft. Hint: Sce
Table 1-4.

From Table 1-4

LL = 40 psf
L = é = _‘.9 =2
L, a s
One—way slab Reaction at At 1500 Ib Ans
S00t 1oa 1h 1200ib so0lh
g AP P
L { 5 y 5 S r
B 6 A D
SRS Y — 2 el
jooo {b joos b 15001h jscolb
12

o
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2-6. Solve Prob.2-5if b = 8ft,a = 8ft.

Uo 1b Lo 1

From Table 1-4 3201b Lyolb L4oib 3201k

LL = 40 psf ob/py 160 15 oy 146 1b/Fy

-[:1— = E = § =1< 2 1 s

Ly a 8 A ) ) . = D

Two-way slab | b . o
T T T

Reactionat A  19201b  Ans 19216 192015

2-7. Solve Prob.2-5if b = 15ft,a = 10 ft.

400 b/ft
& L1,
e 5 ot 5! pme 5]
2000 lb 2000 th
From Table 1-3,
LL =40 psf
?“ = 15/11013: 1.33<L5 10001, 2000t 200016 10001,
wo—way sla 20016/ £y | 20016 )60 2001k jre
A 0]
Reactions are 2000 Ib and 4500 1b Ans E % o
5 |5 T 5 |5 |5 |5
4501b 4501k

13
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*2-8. Classify each of the structures as statically deter-
minate, statically indeterminate, stable, or unstable. If
indeterminate, specify the degree of indeterminacy.

[

== o

(a)

(a) Cy

(d)
(b)
(a)
r=25, n=1
r>13n
5> 3(D)
Indeterminate 1o 2°, Stable Ans
(b)
r=3 n=1
r=13n
3= 3(1)
Determinate, Stable Ans
(0
r=6, n=1
r>3n
6 > 3(1)
Indeierminate 10 3°, Stable Ans
(d)
(d)
Ax I B,
Unstable Concurrent Reactions Ans ' » s
By
14
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2-9. Classify each of the structures as statically deter-
minate, statically indeterminate, or unstable. If indetermi-
nate, specify the degree of indeterminacy.

(a) (b)
s ) o —
&= —
(© (d)
(a) Paralle] reactions
Unstable. Ans
g S—
(b} r = 3n
6 = 3(2) o> = )
Statically determinate. Ans l 7
H
[N
H
l
(©) r > 3n [
4 > 3(1) :
Statically indeterminate 0 1° Ans 1
@ r> 3n t T [~
7> 3(2)
Stanically indeterminate o 1°. Ans

15
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2-10. Classify each of the structures as statically deter-
minate, statically indeterminate, or unstable. If indetermi-
nate, specify the degree of indeterminacy.

& Y

(a)
@ r=3 3a=3(1)=3
Suatically determinate Ans
®) r=6 3n=3(1)=3<6
(b) Indeterminate o 3° Ans
© r=3 3a=3()=3
Statically deserminate Axs
‘A @ Parallel reactions on lower beam
Unsable Ans

a)

/ N
(©) !roller b éﬁr‘ 1{3-»

—H
c) l’ N
‘E goller
roller roller
(d)
a4)
<«

—3 e L
|

16
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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.

(¢)

(2)

r > 3n
4 > 3(1)
Statically indeterminate to 1° Ans

|

(b)
Parallel reactons
Unstable. Ans |

Tx

)

r > 3n |

6 > 3(1)
Stancally indetcrminate 10 3° Ans a

(@ 1
Parallel reactions
Unstable. Ans

17
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#2-12. 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)
r > 3n
6 > 3(1)
Suatically indeterminate 1o 3°. Ans
fixed ~f )
(@)
(b)
r > 3n
4> 3(1)
Statically indetenninate o 1°. Ans
g rocker
(b)
}
(c)
r > 3n
© 4 > 3(1)
Statically indeterminate  1°. Ans
s z — .
b i i B rockers
|
%ﬁy i i B oers
(d)
(d)
Parallel reactions.
Unstable. Ans
18
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2-13. Classify each of the structures as statically d
minate statically indeterminate, or unstable. If indetc
nate, specify the degree of indeterminacy.

(a)
(b)
(b)
(a)
r=6, n=1
JoX é g r> 3n
6= 3(1
(©) Indeterminanat o 3° Ans
(b)
r= 10, n=23
r> 3n
10 = 3(3)

Statically indeterminaie to the 1° Ans

(c)
r=12, n =4
r=13n
12 = 3(4)
Statically determinate Ans
19

o
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2-14. Classify each of the frames as statically determinate, statically indeterminate, or unstable. If indeterminate, specify
the degree of indeterminacy. All internal joints are fixed connected.
L
(a) r > 3n
20 > 3(4)
Statically indeterminate to 8°. Ans
I . S A LA
_._...1 v 7 B + / (a)
D e h‘\
JA
y ) 4
I n ¢/ { A
3
(b) r=3n
3= 3(1) (®) (©)
Statically determinate. Ans
™~ E =1
—_—
I (d)
(c) r>3n
IS > 3(3)
Statically indeterminate to 6°. Ans
W\A
Y g/ﬁ :
V N7 ' —
(d) r> 3n ‘
15 > 3(3)
Statically indeterminate to 6°. Ans
f)
[ . . ‘f | lj_. f (
-—’T ‘ —7T C 1 J 7 - | [
1N (P
Ealing: P —
(e)
r> 3n
12 > 3(2) (0
Statically indeterminate o 6°. Ans r> 3n
17 > 3(3)
Statically indeterminate w0 8°. Ans
—)—. P\ Il 1" J:f_ .
Y —l 7™ T ;;—' -{—f }l -~
\1’ L 4) J;l

20
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2-15. Determine the degree to which the frames are
statically indeterminate. All internal joints are fixed

connected. . ]
(a)  Statically indeterminate o 24° Ans

M ()  Sttically indeterminate o 16° Ans

Statically indeterminate to 63° Ans

@ 39-15=24°

(a)

T

i

1)

() 28-12=16°

(®) | ‘é':u'
4

©)
D)

| |
| |
I 3
| |
| |

-

75-12=63°

(©)

©)

21
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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. The
supports or connections are to be assumed as stated.

(@)

r= 3n
__ 6 = 3(2)
Statically determinate . Ans
C
L B
B jEroller pin ( o _J
1
—

(a)
Al| roller B || roller roller ||C (b)
Parallel reacuons
Unsuable. Ans
(b)
__ - §
A D |
a B9
pin roller|| B roller| C pin
(c)
r> 3n
I B | 6 > 3(1)
Stasically indeterminate to the 3°. Auns
(©)
2-17. Determine the reactions on the beam. The support 10k
30°

at B can be assumed to be a roller. Neglect the thickness
of the beam.

B
101t 10 £t ‘
(+ZM, = 0: B,(20) - 10c0s30°(20) - 5(S) = O
B, =991k Ans
s00)= 5.0 K 0%

+TEE = 0; A +9.910 - 5 - 10c0s30° = 0 ? (’1’5”_ \ﬁ
A =375k Ans e ;

Ax i L ‘
LIF,=0; -A + 10sin30° = 0 ] sft 1 /54t
A =500k Ans “t %t

22
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2-18. Determine the reactions at the supports A and B.
Assume A is a roller and B is a pin.
8k 8k
500 1b /£t
(+3M = 0 —A 1) + 87) + 8(14) + 425)= O
| v A = 12.8k Ans
I
[ 4 B +TLZF, =0; B, +1276 -4-8-8 = 0
B, = 7.24k Ans
~—8ft Tt —— 7 ft——T 1t LIF=0.B =0 Ans
2-19. Determine the reactions on the beam. 8 k /ft
S Kk /ft
f Y V VY Y ¥
A B
6 ft 9 ft
Gzm = 0. B,as) - 7150.9 - 13.512) = 0
B, = 483k Ans *£(9)-135¢
+TZIF, =0, A +483-75-135=0
A = 40.2k Ans Ax
LI =0
A =0 Ans
#2-20. Determine the reactions on the beam. 3 k/ft
B
)
12 ft 12 ft
(+ zMu =0; ~60(12)- 600+ Fycos 60°(24)
B = . =
. Ans 2024)+$0)(28) = 60.0k
LIF =0 A -110.00sn60°=0 L _
A =953k Ans — V.2 S— I,
A \ oo FTE ibu\
+T 2F = 0; A, +110.00cos 60°-60 = 0 E s | 2
A = 5.00k Ans § °
23
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2-21. Determine the reactions on the beam.

24 ft

(+2M. = 0, F(26) — 52(13) ~39(§)(26) =0

F = 39.0k Ans
12 (12) (12)
- - 22a9) - (£ =]@9.00= 0
+TZF = 0 4 - 209 - ()52 + (7] 090
A = 48.0k Ans

5 5 (5)
+ = — il Pl -[=]39.0 =0
IE=0; —A + (13)39 + (13)52 3 3

A = 20.0k Ans

2-22. Determine the reactions at the supports A and B.
The floor decks CD, DE, EF, and FG transmit their
loads to the girder on smooth supports. Assume A is a
roller and B is a pin.

10k

3 kit
Ve g

C =
3H)=/20Kk /04t

A 5 ey il L4
py L bl T
J
I

41t Aft—wf— 4 ft 4 ft b7 J_rﬂf -

&

Consider the entire sysiem.

L}
o

(+IMp = 0; 10(1) + 12(10) ~A,(8)
A = 16.25k = 163k Ans

LEIE=0; B, =0 Ans

"
(=]

+TEIE =0, 16.25-12 - 10 +B,
B, = 5.75k Ans

24
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2-23. Determine the reactions at the supports A and B AKN
of the compound beam. There is a pin at C. /m l

) ;— 6m 2m 2 m—
SecionAC
+IM-=0; 24KN(GBm)—A,(6m)=0
A, = 12kN
+T§.‘Fv =0 IZkN—24kN+C} =0
C, =12kN
+IF, =0 ¢, =0
Section CB
G.):MB = ~Mz + I8 kN2 m)+ 12kN(4 m) =0 i i
My =84 kN -m Zm : BM#' 2 ) = M)
+TZF =0; -12kN-18kN+B, =0 |
B, =30kN '

*2-24. The pad footing is used to support the load of 12 000 Ib

12 000 Ib. Determine the intensities w; and w, of the
distributed loading acting on the base of the footing for

equilibrium.

L W2
Equations of Equilibriwm : The load intensity w, can be determined "1 //4”’/
directly by summing moments about point A. 35in ‘
35
(+EMA =0, w, (ﬁ)( 17.5-11.67)~-12(14-11.67) =0 12 000 1b

w, = 1.646 kip/ft= 1.65kip/t  Ans

1 355 35 -
+TIE =0, —(w, -1.646)[ = |+ 22 l-12-=0
Y 2("’1 )(12) 1.646(12)
w, = 6.58 kip/ft Ans

25
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2-25. Determine the reactions on the beam.

1500 Ib /ft

L 24 ft

Fg(26) — 13(13) — 13(17.33)= 0

§+):M,4 = 0
Fg =1517k= 152k Ans
SEF, =0 —A+ 26(19) - 15.17(19)= 0
26 2%

A =417 k Ans
+TIF, =0; 4 - 26(3) . 15‘17(-2—4) =0
: : 26 26

A =100k Ans

2-26. Determine the reactions at the smooth support C
and pinned support A. Assume the connection at B is fixed

connected.

80 Ib/ft

300 10 ft

+IM =0;  C (10+6sin60°)~4803)= 0

6 ft

C =94761b= 9481b Ans.

+IF =0 A -9476sn30°= 0

A =4741b Ans.

+TEF =0, A +9476cos30°-480=0
Y Y

A =3981b Ans,

26
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2-27. Determine the reactions at the smooth support A

and pin support B. The connection at C is fixed. 150 Ib /ft
¥ Y ¥ ¥V ¥
10 ft
(+£MB =0 ~1500(5) + {F4)(cos60°}(10) = (Fa)(sin60°)(5) = 0
= = A
) Fy= 11196.151b = 112k ns 1S00th
SIF, = 0 B, — 11,196.15(5in60°) = 0
8, =970k Ans 50 <
o » 60°
+T5F, =0; — &, —1500 + 11,196.15(cos60 ) = O ;
B, = 410k Ans 4L '
By z'
o\
*2-28. The cantilever footing is used to support a wall b
near its edge A so that it causes a uniform soil pressure to,000 8,000lb
under the footing. Determine the uniform distribution loads, 1.3 ft
w4 and wpg, measured in Ib/ft at pads A and B, necessary oasyt
to support the wall forces of 8000 1b and 20 000 Ib.
20000 b sA'_/.;.:F’t/E:‘IJ
et P s ft
(v () gl
ﬂ 095 ft 8000 Ib

Qzu.. =0; - 8000(10.5) + ws (3)(10.5) + 20000(0.75) = O

wp = 2190.5 b/ft =2.19 kip/ft Ans

0

+TEF, = 0;  2190.5(3) - 28000 + w, (2)

L st
2t Bt T30 wa = 10.7kip/fe Ans

2-29. Determine the reactions at the truss supports A
and B.The distributed loading is caused by wind.

E:’; /| >

J
A}:A&T B T2age |

| 481t 48 ft |

(4-21\(‘ = 0; - B,(96) + (g)ZO.S('H) - (-153)20.8(10) - (%)31.2(24) -(%) 31.2(10) = 0

B, = S.117kN = 5.12kN Ans
12 12
T =0; A -5 (—-) .—(-)1.2:0
+T2E = 0; 4 - 5117 +(27)208 - (23
A = 147KN Ans

13
B, = 20.0kN Ans

LEIF=0; - B, + (%)31.2 + (i)ZO.S =0

27
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2-30. The jib crane is pin-connected at A and supported
by a smooth collar at B. Determine the roller placement ‘L X
x of the 5000-1b load so that it gives the maximum and
minimum reactions at the supports. Calculate these a8 B
reactions in each case. Neglect the weight of the crane. M
Require 4 ft = x = 10 ft.
(T ]
12 ft
Equations of Equilibrium :
(+ IM, =0, Ng(12)-5x=0 N, =0.4167x (1
+TZF =0, A -5=0 A, =500kp {2
. Al
S IE=0; A, -04167x=0 A, =04167x (31 -— /0
By observation, the maximum support reactions occur when
x=10ft Ans x
With x = 10 ft, from Eqs.[1], [2] and [3], the maximum support [ r.(-—/\jb
reactions are
A =Ny =417kip A, =5.00kip Ans 4
By observation, the minimum support reactions occur when )th / r
v
x=4ft Ans 5 kip
With x = 4 fi. from Egs.[1], {2] and (3], the minimum support
reactions are L=
. . Ax.
A =Ny =16Tkip A =500kip Ans
A
2-31. Determine the reactions at the supports A and B
of the frame. Assume that the support at A is a roller.
Sk 7k 10k 2k sx ™
2K
| 8 ft 6 ft 6 ft | , , ,
"= —— & 1 3 * T . }
A M
A, 3
| 0.5k
LI
8,
—+—| |«—05k B
61t (FaMs = 0 - (05)6) + (2X6)-(7X6)- (S)14)+ A, (14) = 0
A =736k Ans
i +TZF =0 7.36-5-7-10-2+8, = 0
S S ﬂ B + B
ik B, = 166k Ans
LEIF =0 -05+B,=0
B, = 0500k Ans
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#2-32. Determine the reactions at the truss supports A
and B.The distributed loading is caused by wind pressure.

700 Ib /ft ( {
o : 201t
500 lb/ft: o9 el b8d 5 b aBL
> =7
301t >
L &) A
}‘— 48 ft 48 ft

700 Ib/ft ar 52 ft= 36,400 Ib or 36.4 k

. 500 Ib/ftat 30 ft= 15,0001bor 150k
1 48 20
=0 -24|— —40(—|(36.4)-15(15) = 0
B’ (+ZMA 0. 96(B, ) 24(52)(36.4) 40(52)( )-15(15)
ISK ] B, = 1658k = 16.6k Ans
i LEF = 0 15+ 206414, = 0:4 =290k Ans
‘ A
dg' —~— 4" ‘_-{ +TIF, =0 A, +B,-§g(36.4)= 0:A = 170k Ans
2-33. Determine the horizontal and vertical components
of reaction at the supports A and B.The joints at C and D
are fixed connections.
30 kN 40 kN
20 kN l
Th [ ]
¢ 20Kk Joxa Foxa
P [~ 8m ‘
X 1
A L

A, 8« ___J

(+IMs = 0: 20(14) + 30(8) +843.5) - A, ()= 0

A, =10L.75KN = 102kN Ans

LIF, =0 B, -8 =0

B, =84.0kN Ans
+TEF =0;101.75-20-30 - 40~ B, = 0

B, =1175kN Ans
29
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2-34. Determine the reactions at the supports A, B,
and E. Assume the bearing support at B is a roller.

—IS Ao
D B B
fe——6 ft 3ftJ—76 ftg—l-ﬁ—‘ From FBD (b)

FIMy =0, F(s>-5[§)<2)=o F=100k
+ TR, =0 E,+n.oo—5(‘§‘)=:o =300k Ans.

+ - XLF =0 EJ+1.00—5(§]=0 E =300k Ans.

From FBD (a)

+IM, =0, B,(6)-36(6)-100(9=0 B =375k Ans.
+J,);I«‘_“=O; A, -375+36+1.00=0 A =050k Ans.
+ = LF =0 A =0 Ans.

2-35. Determine the reactions at the supports A, B, C,

and D.
2k /ft 8k 3k /ft
FERR! Y by
. —p IF \\)F b
S U 1 R
12 ft—efe—12 ft—==-9 ft 12ft#12ft
3 ft
E
Member EF : s
C+I:MF=O; 8K(3 f0—E (12 )= 0 , R

E',=2k

By

. | !
B . i D,
+TZF =0; 2k-8k+F, =0 ‘L ' ! iur 435{* ’; EC}J |
F =6k o4 Of b 12f—] L—mﬁ—-—f L-)Zﬁ‘/éﬁ bﬁ/L

Member ABE :
+IM, =0; -24Kk(6f)+B,(12f)-2kQ24f)=0
B, =16k Ans
+TZE=0; A -24k+16k-2k=0
A, =10k Ans
Member FCD :
GEMD =0:  36K(6f1)-C,(12 f)+ (24 f)(6 k) = 0
C, =30k Ans
+TZF =0: -6k+30k—36k+D, =0
D, =12k Ans
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#2-36. Determine the reactions at the supports for the 30k
compound beam. There are pins at A, F, and F. 40k S0k
A l 3 D
(RN
Member DF : \20 ft‘ZO ft‘ 40 ft 1\0 f\t 30 ft 40 ft 30 ft o
JEF, =0 £=0
Member EF :
SIF, = 0 E=0
(+ZMr =0 50(30) - E (40)= 0
E, = 375k
+T£f-;=0‘_ 37.5+F,-50=0
F, = 1250k ' F, Ek
Member DF : Fy . T Y
: 740t 30ft 10lft
(+2Mp =0 80(10) - G, (40) + 12.50(80) = 0 C, D,
C, = 45.0k Ans ok
+T2F,=0‘. -1250+450+D, —80 =0
D, = 415k Ans
E, F
Member AE : 10]fc 30 ft ‘]F
y
(+zM, = 0 -40(20) + B, (40) - 37.5(80) = 0 Y 40k .
B, = 95.0k Ans l | y
5F, = 0 A=0 Ans A %
+TZF =0 -A +950-40-31.5 =0 J0r20 R aon |
A = 17.5k Ans A B,

2-37. The construction features of a cantilever truss
bridge are shown in the figure. Here it can be seen that

the center truss CD is suspended by the cantilever arms - . N
ABC and DEF. C and D are pins. Determine the vertical A B‘ ¢ Y15k D E F
reactions at the supports A, B, E, and F if a 15-k load is FZOO fit— : } 200 ft ‘L 150 ft#lso ft‘_‘
applied to the center truss. 100£t 1100 ft
¢y
! D, S Dy
o A=y
AJ 200" Juo't G k (50 Iss’ 1 < ‘} } D
b — loo' oo’ x
y Bl’ Y El’ F‘I CY ‘
IsK
Truss ABC :
(’+2MA =0 B, (200) - 10(300) = 0 Truss DEF : Truss CD:
B, =150k Ans QWF =0 5(300) - £,(150) = 0 (reMp =0 15(200) - C,(300) = 0
+TZF, =0; 15-10-4 =0 E, =100k Ans C = l0.0i:
4 =350k Ans +12F, =0 “S+10-F, =0 +T5F, =0; —154 104D, =0
F, =50k Ans D, =50k )
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*2-38. Determine the reactions at the supports A, C, 15k
and D. 2k /ft

2k 6t 4ft 5t 6 ft ——

A T
T AT ‘+‘5; From FBD{(b) :
! 1:1, / S (+2My = O G(11) =15(5) = 0

. —it
3 : C, = 682k Ans
. +TIF, =0, B, +6.818 ~15= 0
b ‘ B, =8182k
> |__5_~_le I5F, = 6 8 =0
o)
( From FBD(a):
‘*w‘ =0 D,(8) — 8.182(10) - 20(5) = 0
5K D, =227k Ans
By , O +TEF, =0 A —20-8182=0
b : -
B, [ L a A, =282k Ans
1 ZIF = 0 A-2273=0
(b ¢ A = 2273 = 227k Ans

2-39. Determine the reactions at the supports A and C.
Assume the support at A is a roller, B is a fixed-connected

joint, and C is a pin.

A A

0.5 k/ft

10 ft

A A

"+):M< =0 5(5) + 16(4) — A (8) = 0
A = 11125 = 1.1 k Ans
+TEF =0 1125 ~ 16 +C, = 0
C = 4875 = 488k Ans
;217,:0‘. ~5+C =0
C =500k Ans
32
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*2-40. Determine the reactions at the supports A and B.
Assume the support at B is a roller. Cis a fixed-connected

joint.
7 k/At
e 5 q0%s 7
Y VYV VY ¥ Y Y VY ¥ y T _ *T
15 k——>an | B ; : o
= s P —— =
I c 1 1 By
41t 4
{0 I(' L
ok FIM, =00 B, (10)=70(5) - 10(4) - 15(8) =0
4/ B8.=51k Ans.
Uy
4t P +T5F,=0, A, +51-70=0
A ) !
y A, =19k Ans.
A0 +«IF=0; A -10-15=0
r‘ 101t A =25k Ans.
2-41. Determine the reactions at the supports A and B. 6k 10k
A A
i B
Dio=— ]
500 Ib/t 2018
YYVYVYVVY
A C
30 ft—+—15 ft——=-10 ft—=-10 ft—

Member DB :
(‘ffF-Ms =0; Foc(g )(20)—6(20)— 10(10) = 0; Fpc = 1375k
3
" IF, = 0 ~B.+ 13.75(_)= 0
bk ok B 5
} B, = 825k Ans
lOl (D, . 4
= = By +TZF, = 0; B,—l6+13.75(-5-)= 0;
S
v B, =5k Ans
Foe
Member AC :
F (esmy = o 13.75(‘-‘)(30)+ 15(15)-My = 0
Is K ot 5
Ma s M= 555k ft Ans
¢
14 5! Is! 3 . (3)
LM “IF =0 A-13752)= 0
A, — A c :
A = 825k Ans
Ay +T3F = 0; A,—15—13.75(-§)= 0
A, = 260k Ans
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2-42. The bridge frame consists of three segments which
can be considered pinned at A, D, and E, rocker supported
at C and F, and roller supported at B. Determine the
horizontal and vertical components of reaction at all these
supports due to the loading shown.

2k /ft
RN mm
A A"
T 151 8 30 ft DL s i
20 ft
L C F
St St
For segment 8D :
(FIMp=0;  200)(15)-5,(30)=0 B, =30kip Ans 2001 Kiff
SEE=0; D=0 Ans g _ At
sje + /5 f¢ )
+TIF =0; D, +30-230)=0 D, =30kip Ans 7 ’
. 2{15)eip
For segment ABC 22k 75 IJ’Jok:‘f
Q—}:/m:o; G (5)-2(15)(7.5)-3K15)=0 G =135kip Ans Av o J
5IF =0, A =0 Ans "y
+TZF =0; -A +135-2(15)-30=0 A, =75kip Ans 3 Cy
oderp , L%
o — — - E.'
Dezo0 \ r‘
For scgment DEF :

(+ZM¢ =0; =5 (5)+2(15)7.5)+3(15)=0 F, =135kip Ans

. E22
= LF, =0, E =0 Ans

+TEF, =0 -E +135-2(15)-30=0 E =75kp Ans
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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 F are fixed connected.

7 T
6 ft
1.5k/ft 101t
18 ft 18 ft
G;MA =0: ~—I8ft(B)+16fL(B) =0 (1
C.;. IMq = 0; 15k (5ft) + 91t (56.92 k (cos18.43°)) + 13 ft (56.92 k (sin18.43°))
- 16 fi(B,) - 18 ft (B).) =0 (2)
Solving Eq. 1 &2
B, = 2484k Ans
B, = 2208k Ans

L3E =0, A, =2484k =0

x

A, = 2484k

1"
o]

+TZE =0; A, - 2208k

A, = 2208k

L5E =0, G — 15k — sin(18.43°)(56.92 k) + 24.84 k

[
it

= 815k

+
-
Ing

<
]

e
)]
+

22.08 k — cos(18.43°)(56.92k) = 0

C, = 3192k

35
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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. ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
|

D

10(3) 730N C
I Sm | 1 Em IS,
F___.

/-

A

l 3m 1.5m

4
LIk = 0SB4 ¢ SRD - 0(19= 0

F = 9.375kN = 9.38kN Ans

+TIF, =0,A,+§(9.375)-30=o
&:215“ Ans

3
LIE =0 A - 30.3719=0
A = S.63KN Ams

2-45. Determine the horizontal and vertical components 20kN/m

of reaction at the supports A and B. l l l l l l l l l

Member AD :

£+EMA =

|
e

~48kN (3m) + D, (6 m) =0

D = 24 kN 6m 8kN/m

X

LSE =0, 48KN-24kN -4, =0

A, = 24kN

x

Member DCD :

Q-)ZME =0; l— Sm

100 kN (2.5 m)-24kN (4 m) + D,(S5m) =0

ENERERNEN

)
ES

D, = 308kN

+TEZF =0: 308kN - 100kN + B, =0

B, = 692 kN Po .
L5E =0, 24KN-B, =0
; om
B, = 24kN 48 KN — ——r
Member AD: ) B
+TZE =0, -308kN +4, =0
A, = 308kN

v
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2-46. Determine the reactions at the supports A and D.
Assume A is fixed and B and C and D are pins.
w
y Y Vv v Y Y Y ¥ Y VvV
w — 4
B C
> L
Member BC :
- 1.5L
(+IMp = O: C,(150) = (15wL)(—=) = 0
< 5wl
C = 075wl
+T3F, =0; B, - 1.SwL + 075 wL =0 : &y
B, = 0.75wL By  =—015L g o035L ¢,
Member CD :
(+Mp = 0; C.=0 By
LYF, = 0; D=0 Ans
+T2F_v= ; D, -075wL = 0
D, = 075wl  Ans Cy
Member BC : — Cx
SEF, = 0: B~0=0:8 =0 /
Mcmber A8 : L
—’-b)ZF,=0; wl—-A,=0
A, = wi Ans Dx
+TZIF, =0; A - 075wl =0
A, = 075wl  Ans D,
(M, =0 M, - wL(i) =0
2
M, = 125_ Ans

37
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2-47. Determine the reactions at the supports A and C.
The frame is pin connected at A, B, and C and the two
joints are fixed connected.
8 kN 6 kN
10 kKN/m %
! Y Y VY VYV VY I 2 kN/m
+— B e U =
I B T <
4m -
C
3m 2m 1m
Jo KN
|.5m
Member AB :
& (+My = 0; B.(4) + B,(3) — 30(15) = 0
B.(4) + B,(3) = 45 (n
Member BC :
A QEMC =0 ~B.(4) + B,(3) + 8(2) + 8(1) = 0
x ~B.(4) +B,(3) = -4 (2)
Solving Eqs. (1) and (2),
B, = 8.625 kN, B, =35kN
By 8 KN Lo Eflember AB:
—=IF, =0 A — 8625 =0
20—l h
B,,'”“‘" - - “[ i . = 8.62 kN Ans
1 +TIF, =0 A, -30+35=0
A 2m A = 265kN Ans
*I
gt N
! Bk Member CB :
i‘b‘# —IF, =0 -C, ~8+ 8625 =0
J»i G = 0.625 kN Ans
¢y +T2F, =0; Cy ~6-8-35=0
C7 G =175kN Ans
38
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*2-48. Determine the horizontal and vertical components
of force at the connections A, B, and C. Assume each of
these connections is a pin.

4k 1k
I
I |
rmﬂ.imﬁfsfj T
400 1b/ft ] : : :
'%T@B C : ]
I |
I : |
| [
. =
= 121t A=
I : |
I |
I
I |
A
Member AB :
(_’\+2MA = 0; B (12) — 48(6) = 0
B, = 240k Ans
CIF, =0 A+24-48=0
A =240k Ans
+TZIF, =0 A - B, =0 (1)
Member BC :
(+ZMC =0; —B,(13)4+4(9)-43(3) = 0
B, = 346k Ans
+TIF, =0 C, +3462 -4 -3=0
C, =354k Ans
“IF =0 C -240 =0 B, K 3K
C =240k Ans -4y RN R
From Eq. (1), - = C;
A =346k Ans B ,
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2-49. Determine the horizontal and vertical reactions at
the connections A and C of the gable frame. Assume that
A, B, and C are pin connections. The purlin loads such
as D and E are applied perpendicular to the center line
of each girder.
4001b 400 1b
600 1b 600 1b
800 1b
120 Ib/ft_
> A
}_7 6 ft 6 ft
Member AB :
12 5
(+IM, = 0; B(19) + B,12) ~(1200)(5) ~600(13)(6) ~600(-2) 12
—403(1—2)(112) —400(-5—)(15} =0
13 13
B.(15) + B,(12) = 18,946.154 {h
Member BC:
(+>:MC =0 - B.(15) + B,(12) +600(%)(6) +600(li3)(12.5)
12 5 )
400|—(12) +400(—](15) = O
(13)( ) (l3 ()
B.(15) — 8,(12) = 12,446.15 (2)
Solving Egs. (1) and (2),
B, = 1063.08 Ib, B, = 2500 1b
Member AB :
SEF, = 6 ~ 4, +1200 + 1000(1_55) ~ 1063.08 = 0
A; =522 b Ans
+TIF, =0 A, —800 - 1000(%) +250 = 0
A, = 1473 1b Ans
Member BC :
SEF, =0 -C, - looo(-%) + 1063.08= 0
C, =6781 Ans
+TEZF, =0 G —800 - looo(g) - 2500= 0
¢ =1973 b Ans
40
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2-50. Determine the horizontal and vertical components 20kN 12 kN
of reaction at the supports A, B, and C. Assume the frame l
is pin connected at A, B, D, E, and F, and there is a fixed

connected joint at C.

i

L 2 mﬁL 2 mAL 2 mﬂL 2 mA‘

Member AD :
{\+1MA= 0: -24(15) + D,(3) =0
D, = 12kN Dy
. Dy
—3IF, = 0 -12+24-4 =0 AT-J
A, =12 kN Ans
150
[
Member DE : H .l.‘}ﬂ-
(r2Me= 0: 20(2) - D,(4) = 0 o 38
D, = 10kN A 1
+TEF, =0; E -20+10=0 Ay
E, = 10kN
LrF =0 -E +12=0 Loy
E =12kN B, &
De Im ¢ 1
Member AD : ﬂ
+TIF, =0; A, -10=0
= 10 kN Ans
A 1oy
Member EF : o, E,
k : [ (]
(+EMe= 0; -12(2) + F,(4) =0 it
Y4
F, = 6kN 3m i
+TZF,=01 Ey-—12+6=0
E, = 6kN
Member BE : B.’
+TEF, =0 B, ~10-6=20
B, = 16 kN Ans
QW3= (13 -12(3) + E4(3) =0
Es = 12kN
5, = 0 -B.+ 12- 12=0 ol
B. =0 Ans \ ky
E" —Im Zln~1
l:dcmbcr EF: t , Fx
—IF, =0 12-F =0; E‘l
F. = 12 kN
Mecmber FC:
. ky
—IF, = 0; 12-G =0
C: = 12kN Ans __..T Fr
+TIR =0 G-6=0 3m
G =6kN Ans l
¢ 2
x
Q+):MC= 0; Mc - 123)=0 \f Mc
Mc = 36 kN-m Ans ¢
¥
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2-1P. The railroad trestle bridge shown in the photo is
supported by reinforced concrete bents. Assume the two
simply supported side girders, track bed, and two rails have
a weight of 0.5 k/ft and the load imposed by a train is
7.2 k/ft (see Fig. 1-11). Each girder is 20 ft long. Apply
the load over the entire bridge and determine the
compressive force in the columns of each bent. For the
analysis assume all joints are pin connected and neglect
the weight of the bent. Are these realistic assumptions?

8 ft

18 ft 77 x/5t

Maximum reactons occur when the live Joad is over entire span.
load = 7.2+ 0.5 = 7.7k /M1

R =77(10) = T7Tk

Thea P = -2-—_’@ =77k

-

All merabers are two - force members.

(,mgx(x ~778) + Fsin75°(8) = O 77% 77

F=7.7k Ans F F

It is pot reasonable 10 assume the members are pin connected. sioce such a framework is unstable. Ans
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3-1. Classify each of the following trusses as stable,
unstable,statically determinate, or statically indeterminate.
If indeterminate state its degree. All members are pin con-
nected at their ends.

@ b=9 r=3 ;=¢
b+r=2
12=12
Sarically determinate Ans

b)) b=29 r=3 j= 14
b+r>2%
32>28
Indeerminare o 4° Ans
© b=18 r=4 =1l (b)
b+r=12
2=22 g 5

X

b+r>2
1H>8 5 o
Indeserminax: © 3¢ Ans
(©) (d)
3-2. Classify each of the following trusses as statically
determinate, statically indeterminate, or unstable. If inde-
terminate, state its degree.
@ r=3
b=15
7 = j=9
3+ 15 = 9(2)
N A Statically determinate. Ans

]:
/ 3+ 11 =7(2)

Statically determinate. Ans
(b)
b=12
L id i=8
v \V 3+ 12 < 8(2)
L = 15 < 16
(©) Unstable. Ans
43
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3-3. Classify each of the following trusses as statistically
determinate, indeterminate, or unstable. If indeterminate,
state its degree.
(a)
) {© 0
(b) @ b=13 r=3 j=28
bvr=2
16=16
R . g 2 Suarcally dewrminate Ans
® b=9 r=4 j=6
b+r=12
s i 12=12
Statically indelerminate to 1° Ans
(© {©) b=9 =4 j=6
b+r>2
R Q 7 13>12
Statically indeterminate to 1° Ans
@ b=10 r=3 j=6
b+r>2
s a 7 13>12
Sutically indeterminaie 1o 1° Ans
(d)
44
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*3—4. Determine the force in each member of the truss. 8 kN 8kN
State if the members are in tension or compression. 3m 3m
3m
Joint C:
+TZE =0; -8kN - Fpsind5® = 0
Fp = 113137 kN = 113 kN (C) Ans Jowr C:
. B KN
SEE = 0; 11.3137 KN (c0s45°) — Fop = 0
Fs = 8 kN (T) Ans Eés;sj °
Joint D : Feo-
+TZF =0; ~113137 kN (sin45°) — F, sind5° = 0
JonT D:
Fpy = 113137 kN = 113 kN (T) Ans
55E =0 - 11.3137 kN (cos45°) ~11.3137 kN (c0s45°) — Fe = 0 Fom IL.313T kN
Fpr = 16 KN (C) Ans Foe. @o/{ 407
Joint B :
+TIE =0; -8kN + Fpsind5® = 0 _LLL._*——B—
Fpe = 113137 kN = 11.3 kN (C) Ans —'7““
558 =0 8 kN + 11.3137 kN (cosd5°) — F, = 0 &%{5_7,, o—="8KN
Fy = 24kN(T) Ans Foe— 7
Joint A : Joint A
53 =0 16 kKN + 11.3137 kN (c0s45°) + A, = 0
A, = 16 kN A .
ns Ay e 16 KN
450
+TEE =0, -A, - 11313 in45°) = —
¥ y 7 kN (sin45°) = 0 A‘T - L3137 KN
A, = 8KkN Ans
45
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3-5. Determine the force in each member of the truss.
State whether the members are in tension or compression.
Set P = 8kN.

t
Foc
Method of Joints : In this case, the support reactions are not required for 60"
determining the member forces. - > 7 X
e
Joint D
+TLE=0; Fyesin60°-8=0 8 kN
Fpe =9.238kN (T) =9.24kN (T)  Ans
—SIF =0; Fpg—9.238c0s 60° =0 ¥
Fpp =4.619KkN (C)=4.62kN (C)  Ans
Joint C >
& < x
+TEE =0;  Fegsin 60°~9.238sin 60° =0 ¢ a0
Fp=9238 kN (C)=9.24kN (C)  Anms
=4. kN
LI =0,  2(9.238cos 60°) ~ Fey =0 Fee Fpe=9.238
F.p =9.238kN (T) =9.24kN (T)  Ans
ks
Joint B
+TIF =0; Fyysin 60° - F,sin 60°=0
Bp=Ffu=F
5 XF =0;  9.238-2Fcos 60°=0
F=9.238 kN
Thus, Fe=924kN (C) K, =924kN (D Ans
BE BA I%-E =4.228 kn £ J
e 29238k
Joint E
+TIFE =0; E -2(9238in60°)=0 £ =160kN 60" co*
x
Fe Fop =619 kA
52E =0 By +9.238 cos 60°~9.238 cos 60° - 4.619 =0 ZA be *#-617
Fp, =4.62kN (C) Ans

Note : The support reactions A, and A, can be determined by analyzing
Joint A using the results obtained above.
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3-6. The truss shown is used to support the floor deck.
The uniform load on the deck is 2.5 k/ft. This load is
transferred from the deck to the floor beams, which rest 2.5 kit
on the top joints of the truss. Determine the force in each l l l l l l l l l l l l
member of the truss, and state if the members are in h | i
tension or compression. Assume all members are pin T
connected. it
5k T T Sox \,‘x .jlak 15‘: g o
! B C D E F G
Li 6@12ft =721t 44
&-¢4N% l\\J N lZJ
/zﬁTI:’/tTIZ/( Tr2 4t r/e 7t r 24t
Arwox - @ o-ox
Reactions : ‘{
A =0 A =90k G =90k o
Jomt A : Tae
3 IF =0 Fu =0 Ans rg.
+TZIF, =0 90.0 - iy =0; Fuy =9%.0k(C) Anms
900K
Joint N : ,{
+«TZF =0 90.0 — 15 —Fyp(sind5°) =0 1K
Fyp = 106.1 = 106 k (T) Ans Em__x
35 IFE =0 - 106.1(c0345°) = Fyu = 0 HINSS
Fus =75.0k (C) Ans ox P
Joint M :
S IR =0 75.0 - Ry =0, Far=75.0k(C)  Aps ‘Jo .
+TZF =0 Fus -30=0; Fy =30.0k (C) Ans
5o Jof _ x
Joint B : I -
+TIF =0 — Fy; sind5° + 106.1sin45° - 30.0 =0
Far = 63.64k = 3.6k (O) Ans {wo,_
5 IR =0 Fac — 63.64cos4S° - 106.1cos45° =0 106-1 & '
F.c =120k m Ans o 4% o5 —x
Joint C: ) Ac
5 IR =0 Fop-120 = 0.  Fep= 120k () Ans ¢
+“T2F; =0 Fer =0 Ans Feo
Joint L : 120K o
+TZF, =0 - Fipsind5® + 63.64sin45° ~ 30=0 = -
Fip = 21.21k= 212k (M Ans ?
IR =0 - Fix + 75.0 + 63.64c0s45° + 21.21cos45° =0 3ok
Fir =135k (C) Ans 750 K L R« %
4 49°
Jomt X : 636k Yy
+T£I~', =0 F{p‘30=02'
F‘p =30.0k (C) Ans
Due to symmetrical loading and geomertry 'f
Fea = 90.0k (C) Frg = Ans 3ok
Fgr =106k (T) Fy = 75.0k (C) Ans 135K Fq— )\
Fy; =750 k(C) Fir = 30.0k (C) Ans
Fr; =63.6k (C) Fegr = 120k(D) Ans
Foe = 120k (D Fe=0 Ans Fro
Fp =212k (M Fr; =135k (C) Ans
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3-7. Determine the force in each member of the truss. 3k 3k
State if the members are in tension or compression.
Joint A
Fag
- +2F_,(:0; FAB =0 Ans
“Fag  THEFR,=0; Fy =700k(C) Ans
1
3 T+IF, =0; Fpsin682° +3-7=0 fyp =431k(l) Ans -
;_;, — +IF, =0, Fy ~4308¢c0s682°=0 Fy =1.60k(C) Ans 3%
3)<
1N\F18
Tpint 8 } T4EF, =0, Fgy =431k (C) Ans K o
'M 5 +EF, =0; Fgo —24308c0s682°)=0 Fpo =320k(T)  Ams | /a7 F gt gt
° :
| Fec
:Zoinf [
Fex T +2, =0,  Fy =0 Ans
—>+EF, =0, Fp -320=0 Fp =320k(T) Ans
3.20 Fep
I E
¥re T+ZF, =0, —Fpgsin32.0°45 =0 Frg =943k (C) Ans
32.0
= - — +XF, =0, —Fgp +9.435c0s32.0°=0 Fpp =8.00 k(T) Ans
FE
s
Joint &
3 3 — +XF, =0, Fyg =943k(C) Ans
' AN T+2F, =0, Fp =3.00k(C) Ans
FGE 4‘435
deint €
R o _
"N T M 205 Fpemn SIT-320 F .= 334 k(r) Ans
513’/ © -
9 =0y B-3.M2csSI3-F . =0
e > 1"2* (VBN {33 pE FDE = S.60k (T) Ans
Jeint D
Fy F
.\iub —>+2.70; 5432 -Fcos 619" =0 F,= S0 k (r) Ans
ey T+7 =0y S.osmbla®—F =0 F,_ =450k (C) Ans
3~ 50 2'3 ? " "o "o
Jeint H
Fiu \j —+ 2,505 F,, cos 32.0°—‘3.‘f3§c0532.0°
I o8 S +3.3425~387° =0
a3
V.S'sm sty F(H = ‘60 k (C) Ans

438
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*3-8. Determine the force in each member of the truss.
State if the members are in tension or compression.
Assume all members are pin connected.
ﬁy < 1540
Gy =20kn | ¢ ¢
]
3m £
&
A‘% 4 8 c
2. oy Zn — Z A‘l
s st s
SN SN SN
Joint D :
+TEF, = 0 Fm(g) -5=0.  Fep =833KN(T)  Ans JoinT D
5 5, =0 Fep = %(3.33) =0 Foe
']
Fcp = 667 kN (C) Ans 2
E
Joint C: o< S
5 3IF, =0 Fgc — 6.67=0; K
Fge = 6.67 kKN (C) Ans
+TEF, =0 Fcg =5 =0
g I Ans
) Fies = 33N (1) Jordr ¢
Joint G :
5 IF, =0 For — 20 =0; For =20 kN (T) Ans Fee
+TEF, =0 15 — Fga=0: Foa = 15 kN {T) Ans E
& b7 KN
Joint A :
+T3F, =0 15 - F 4¢(5in56.3%) =0; Sk
Far = 180kN (C) Ans
3 5F =0 ~Fag — 180(c0s56.3%) +20 =0
Fas 008N (© s dowr &
Joint B : 15N
- 4 _
L %F, =0 -‘Fgg(g) + 100 - 667 = O; —_— _
Fae= 4.17 kN (C) Ans ¢F
3
'f'TZF, = 0; F;'n‘5—4.17(-5-)=01 FU
Fea =750 kN (T) Ans
Joint F :
3
+T5F, = 0 18(sin56.3%) - 7.5 - Fpg(g) =0;
Fre = 125N () Ans Joiut A
ISk
| Fir
_JdotdT F JoiNT B 4
—_—— Fis
= u
Zo kel ‘;2 Fee b
3
b fo
g LT
1% W Fre
15 kud Sk
49
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3-9. 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.

g
T
3m
H F
/ 3m
Af Ei
PP
10 kN 10 kN 10 kN

Jowt A

Fas—
U
Joint A @ £°
S “Fap -
3
IF, =0; —g,m+15kN=0 1
Fon= 25KN (O) Ans IS KN
4
TE =0, - (5KN) + By =0
Fg = 20kN
4B (D Ans Joint B>
- Fau
Joint B r
IE =0 Fye = 20kN (T) Ans ) ZQKW——-—O-—?“F&;'
IF, = 0; By = 10kN () Ans lU]iKN_
Joint H
3 3 3 .JorNT H
ZE =0, Z(2SKN) — 10KN+ ZFe— The = 0 =
o3
4 4 -
IE=0; z(25KN) — <Fye— <fyg =0 P
5 5 5 A5
Fye = 16.7KN (C) Ans ¢ Vs
Fye = 8.33kN (C) Ans N 4
i ‘@F
Joint G 25N ok HC
SE =0, S(1667KN) - oF 0
x T -5.( . ) EGF - JOINT G:
Fop= 16.7kN (C) Ans T
3 3
IF =0; 2(16‘67 kN) + Z(1667kN) ~ Foc = 0
,e .o
Foe = 20kN(T) Ans /‘z{ \%—E
/EETRN * nrys
The other members are determined from symmetry. : :%;:,_
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3-10. The Howe truss is subjected to the loading shown. S KN
Determine the force in members GF, CD, and GC, and
state if the members are in tension or compression.

(+m=o; E,(8)-2(8) ~5(6)-5(4)~5(2) =0 E, =9.5kN

CJ,.ZMD =0, - gFg,( 1.5) -2(2) +9.5(2) = 0

For=125kN (C)  Ans
G. Me=0;  9.5(4)-2(4) - 5(2)— Fep(3) = 0

Fep =6.67TkN () Ans

Jomt C

+TYJ'; =0; Ffoc =0 Ans

3-11. The Howe truss is subjected to the loading shown.
Determine the force in members GH, BC, and BG of the
truss and state if the members are in tension or
compression.

SkN

Qm. =0 <7502 + Foutin3687°(2) = 0

Foy = 125kN(C)  Ans
QLMA =0 ~5(2) + Fesin$631°(2) = 0
Fag = 601kN(T)  Ans

754 + S+ Fac (3) = 0

]
e

(o

Fge = 66TKN(T) Ans
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*3-12. Determine the force in each member of the roof
truss. State if the members are in tension or compression.

}-— 6@4m=24m 44

Reactions :

A =160kN, 4 =0, F =160kN Bew

Joint A : e

+TZF =0; - Fyrsin16.26° -4 + 16= 0 _ ; {

Fur = 4286 KN = 42.9KN (C) Ans 4 A@Vé AN

+.XF, = 0; Fyp —42.86 cos 16.26° = 0 e

Fip = 4LL14kN = 4L 1KN (D) Ans [4n T #a am | 4o Tan | +m

Aw</6-0 iu ,5 /%0t

Jomt K : Y

NEF, = 0; ~4cos 16.26°+ Fyg cos 16.26° = |

Frs = 4.00kN (O) Ans L/E‘

wLF, = 0; 42.86 + 4.00sin16.26° — 4.00sin16.26°~ Fg; = 0 S Z T

Fx; = 42.86 KN = 42.9kN () Ans ot
106-0ka

Joint B :

+TZF, = 0; Fp;sin30.26° - 4 = 0 ¥

Fp; = 7.938 KN = 7.94kN (D) Ans

“.EF, = 0; Fpc+7.938 cos 30.26° — 41.14 = 0 4ed

Fpc = 34.20kN = 34.3kN () Ans b+

[3 F‘J

Jomt J : 42 36 k0

*.IF, = 0; —Fy cos 16.26° — 7.939 sin 59.74° + 42.86 cos 16.26° = 0 Fos

Fy = 35.71kN = 35.7kN (O) Ans g

+TZE = 0; Fyc+42.865sin 16.26° ~ 7.939 cos 59.74° ~ 4 — 35.71sin 16.26° = 0 i

Eic =6.00kN(C) Ans e 2
. .24
47-/4/:4.——143" =X

Jomt C: ) F»sc
+TZF, = 0; Feysin4l19° - 6.00 = 0 .
Fo = 9.1I1KN = 9.11KN (D Ans {
*IF, = 0; Fep+9.111 cos 41.19° — 34.29 = 0 4
Fep =27.4KN (D Ans Faz n;u'
Due 10 symmetrical loading and geomexy 2 sn;

geom :
F = 35.7KN () ) Ans 7928 k17
Fap = 6.00kN (O) Ans ¢
Fas = 7.94kN () Ans .
Frg = 42.9kN (O) Ans Fer
Fap = 343kN (D) Ans 24290 wgr
Fp = 9.11KN(D Ans <z,
Fuc = 42.9KN (O Ans
Fos = 4.00KN (O) Ans
Fre = ALLEN (D Ans
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3-13. 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.

0 o
Lz.zs ft’LZ.ZS ftJ‘Z.ZS ftJ‘Z.ZS ftJ

Reactions :
A =0 A =800 D, =800I

Joint A :
+TZF, =0, - Fuysin33.69° + 800 - 200= 0
Fiy = 1081.71b = 1.08k(C) Ans
*IF, = 0; Fup—1081.7 cos 33.69° = 0
Fig =900 (T) Ans
JommtH :
+ IF, = 0; —400 cos 33.69° + Fyp sin 67.38° = 0
Fas = 360.56 Ib = 361 Ib (C) Ans
* LF, = 0; 1081.7-Fyg - 400 sin 33.69° — 360.56 cos67.38° = 0
Fag = T21.11 1b= 721 b (C) Ans
fomtB: 4000 +
LIFE, = 0; Fac+360.56 cos 33.69° — 900 = 0 P
ch = 6001b(T) Ans F‘;
+TIF, = 0; —360.565in33.69° + Fpg = 0 > .
Fac = 2001b (D Ans =

721111k Fac
Joint G : Zoo i
\ZIF, = 0; Fge cos 3.18° ~ 400 cos 33.69° — 200c0s33.69° = 0
Fgc = 5001 (C) Ans
wLF, = 0; -Fgp + 721.11- 400 sin 33.69° — 200sin33.69° — 500 sin 3.18° = 0 56 xE
For = 3611b(C) Ans

NP Wil —x
Joint C : ¢ Fep
LEIF, = 0; Fcp — 600 + 500 cos 53.13° = 0
Fcp = 3001b(T) Ans
+TZF, = 0, Fep - 5005in 53.13° = 0 T
Fer = 4001b (T Ans pER
Joint E : Fe3AE "
‘.,EF, = 0; ng =0 Ans Ef Ftp
+TZE =0, Fp-20=0; Fgp = 200b(C) Ans .
Joit D : Por 200 1
4 IF, = 0; =300 + Fpr cos 63.43° = 0
For = 670.821b = 671 b (C) Ans &4 x
+TIF, = 0; 800 - 200 — 670.82 sin 63.435° = 0 (Chock) Soon

8oo 1}
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3-14. Determine the force in members IH, BC,and BH
of the bridge truss. Solve for each unknown using a single
equation of equilibrium. State if the members are in

tension or compression. Assume all members are pin
connected.

W AYAYN

v \} Y
Ay=1000 15 600 16 Boors oo %’/M/é

sit
SH o_-"
L

Topt | rof¢ - sfe|
100016  bOOIL

Reactions due to symmetry,
A =0.A = E =1000b

(+IMy = 0. —1000(10) + Fiy sin 26.57°(15) = 0

Fig = 1490.7b = 1.49k (C) Ans
(4-2)(:, = 0; —1000(15) + 600(S)+ Fc(10) = O

F.c = 1200b = 1.20k(I’) Ans
(+£% = 0; 1000(5) — 600(15) + Fgy sin 63.43°(15) = 0
Fpy = 298 (T) Ans

or

+TZF, = 0; 1000 ~ 600 — 1490.7 (sin 26.56°) + Fag(sin 63.43°) = 0
Fay = 298 b(T) Check

54



c03.gxd 6/24/08 2:56 PM Page 55 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

3-15. Determine the force in each member of the roof
truss. State if the members are in tension or compression.

Entire truss : EB
me‘ =0 —F,(36)+3(28)+ 320)+ 3(12) + 2(6) = 0 STk 12k /T
F =533k Fa
+T3F =0 A +533-2-3-3-3=0
A =567k
Jowr B JoidT €
JointA: 2K

F
+TER =0 S61-Ful—|=0 [
: 19.24 Y5y 4 INK
Fu=726KC)  Ans Fe - £

“IF =0 FM—7.26(—£-)=0

1921
Fap =454k (M) Ans
JoinLJ : .
- 2 2 Joim G : JownT F
LIf =0 2.26| ——| - Fy|l——|= 0 . 8 8
19.21 19.21 LR =00 —100|— |« Foy|—| = 0
Fp=1726k(C) Ans 9.43, 9.43, Fre
15 15 Foy = 101k (C) Ans
+TIF, =0 Fu —2+7,26(———) —7.26(—-——) =0 5 5 = s
k 19.21 19.21 +T2F, = 0:  Fee-3-10.1 —-—)+10.l(—-—)= o ¢
Fis= 2k (C) Ans 9.43 9.43
Fee=3k(C) Ans S.23k
Joint B :
: 15 Joint £ :
+TLF, = 0: F 2=90
’ "’(16.x6) +TIF = o Fg,,(u“; )-3: 0 shotr_ 6
Fpr= 215k (T) Ams 81 E
6 Fey= 384k (T)  Ans s 3K
LIF =0 Fac-4.5442.15|——|= 0 . s h
16.16 LIF =0 8.53— Fep—3.84 _) =0 J
Foc = 3.74% (T) Ans 12.81 51 K
Fep = 613k (D Ans E
Joint C ; . ) se
+TZF =0 Fe;=0 Ans Joint D :
LIF =0, Fep=374k(T)  Anms LIF =0 6.13-3.74—&,,(-1-8;) =0 NewdT €
For = 5.10k (T A
Joint F: o Is ne Feu ak
5 +TSE =0 Si0[=)-Fu=0
+TEF = 0 533 Fro| 575 ]= 0 17 o
- Fou = 4.50k (C) A
Fro = 10.1k (C) Ans o IR ; 853K
[+
LIE =0 Frg - 10.1 & =0 Joimt H ;
9.43 CsE o 8 " .
o ) wls)-
Fre= 853k (D) A ”1(9-43) 9.43 230 Jowtr H
’ s Fyr = 723k (C) Ams e
Fac 3
Jotir B .
8
fr

' slol
:5%‘7[ N 1k
3Nk 8
b3 k. 4.5&364&
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3-16. Solve Prob. 3-15 assuming there is no external
load on joints J, H, and G and only the vertical load of
3 k exists on joint I.
3K
—_— - —51 R
15' — *___
_F_. N -
— 1 -
A c £ ~.
‘s 1.6'_.11._5‘..._ g’_T.B'_.%._g'a’F
AY ' Y
Entire truss :
+IM, = 0 3(12) - 36F, = O: F, =
+TEF, =0 A, +1-3=0 A, =2k
Joint F:
5
z o — =0 = 1.89 k () Ans
+TEF, =4 - F,;F(QAB) 0. For= LE9K(
5 IF, =0 186( 22 = Fer =0: For = 160K(T)  Ans
) 9.43
Joint G :
. 8 189(>) = 0
- H=0 Fro\gas) ~ "Plaw
Fuc =189k (C) Ans
+TzF, =0 Foe =0 Ans
Joint £ :
+T£Fy = Fye=0 Ans
5 zF, =0 1.6 — Fep =0
Fep= 1.60k (D Ans
Joint H @ .
- 8
=0 ) - 1.89(—| =0
= EE = F’”(9.43 (9.43)
Fi =189k (C) Ans
+TIF, =0 Fup=0 Ans
Joimt D :
+TIF, =& Fip=0 Ans
S IF = 1.6~ Fep =0; Fep = 160k (T) Ans
Joint C : ans
+TZF, =0 Fie =0
5 3F, =0 16 - Feg=0
Fea= 160k (T Ans
Joint A @
tzr Fol—2-)+2=0
mE S 1ozt
Fay = 256k (C) Ans
5 EF, =0 Fag— 2.56 _J_Z_ =
’ 487 S\ 1921
Fa= 160k (T Ans
Joint S :
- 15 15
=0 -F 2.56[——| = 0
- =0 ”(19.21) * (19,21)
Fi;=256% (C) Ans
+TzF, =0: Fpr=0 Ans
Joim B :
+T2F_\,=0: Fa =0 Ans

1.5bK
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3-17. Determine the force in members GF, FC,and CD
of the cantilever truss. State if the members are in tension
or compression. Assume all members are pin connected.

12 KN 2 T
12 kN E . qu - :
g a |
2 L T g
12ZKN / ) ‘1 X ~
= TN
651" e J
A e = = % o
- N
DS Al .
-t Am - I

7°) (4 m) + 12 kN (c0s26.57°)(2 m)

Fp = 97.5kN (T) Ans

QZMC =0; 12 kN (cos26.5
— 12 kN (sin26.57°)(1 m) — Fgpsin26.57°(4 m) = 0
Fyr = 330 kN (T) Ans
£+ZMA =0 —12kN (2236 m) + Fpr(4m) = 0
Fe = 671 kN (T) Abs
£+)ZMF =0; 12 kN (2.236 m) + 12 kN (2)(2.236 m) - Fop(2m) = 0
Frp = 402 kN (C) Ans
3-18. Determine the forces in members KJ, CD, and CJ
of the truss. State if the members are in tension or
compression. 30 kN
20 kN
1SkKN 15kN
2
A
Endre truss : 6@3m18mQ
LIF, =0; A =0
(«rZM. = 0: ~15(3) — 15(6) — 30(9) - 20(12) ~ 10(15) ~ 5(18) + G,(18) = 0
G, = 49.17kN Sl iSed Sml 30BN Zoew o SM
. i~ 3~ 2m | am | ap | am i
+TZF, =0, A -5 -15-15-30-20~10~-5+49.167= 0 Ay ! H v
han =
Section : *4 . “
(+IMc = 0; 15(3) + 5(6) ~ 50.83(6) + Frs(2) = 0
Ft[ = llSkN (C) Ans Sxn 15KN 15 kN
37 Sa 3 |
(+IM, = 0: —153) - 15(6) + Fe; sin 33.69°(9) = 0 Ad o 13
9 S I
Foy = 21.0kN (T) Ans .Zm! %q ;Y é_._ﬁ - s
(+IM; = 0. —50.83(9) +5(9) +15(6) + 15(3) + Fep cos 18.43°(3) = 0 b3 2 st
843
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3-19. Determine the forces in members JI,JD, and DE 30 kN 20 kN
of the truss. State if the members are in tension or 1SKN  15kN

. 10 kN
compression. SkN

6@3m=18m
Entre tuss :
LIF =0; A =0

(rzr = & -1503) - 15(6) - 309) - 2012) - 10(15) - 5(18) + G, (18) = 0
G, = 49.17kN

+T};F’ =0, A -5 -15-15-30-20~10-5+49.17=0

A, = 50.833kN

Section :

+IMy = 0. ~ Fy(2) = 10(3) - 5(6) + 49.17(6) = 0
Fp =117.5kN (C) Ans

+IM,=0; -20(3)-10(6)-5(9)+ 49.17(9)
- Fpgcos 18.43°(2) - Fpgsin 1843°(3)=0 ~ Fpg = 975kN(T) Anms
Fu =97.5kN m Ans

Jomt D :
:.ZF, = 0; 97.5 cos 18.43° - Fepceos 18.43° = 0O
Fep = 97.5kN(T)

+TZIF, =0, 297.58in18.43°) - Fjp = 0
Fp = 6L.7kN (O) Ans

#3-20. Determine the force in each member of the truss
in terms of the load P and state if the members are in
tension or compression.

Joint A :
SLE =0 Jil_?(rm) - —ﬁr,. =0
+125 =0, g-ﬁ(mw ﬁ(m) =0
Feop = Fip = 0.687P (D) Ans
Fea = Fu = 0943 P(C) Ans
Joint D :
+TEF, = 0; Foa — 0.687 P(—l——] - Loep-pP=0
yu) o
Fps = L33P(D) Ans

58



c03.gxd 6/24/08 2:56 PM Page 59 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

3-21. Members AB and BC can each support a
maximum compressive force of 800 Ib, and members AD,
DC, and BD can support a maximum tensile force of
1500 1b. If a = 10 ft, determine the greatest load P the
truss can support.

s

(<)
eo[ = |eco
1<)

<]

O,

[c]

S \

1) Assume Fyy = 800 Ib (C)

a \
Joint A : l
P
\SF, =0; 800| > | + F, [-1-)=0
—LF, =0, ﬁ AD Jﬁ

Fup = 583.0952 Ib < 1500 Ib oK

P 1
XF, = O; P L(800)+ —=(583.0952) = 0
t 2 2 '
P = 848.5297 b
Joint D :
P
+TEF =0 -848.5297 ~ 583.0952(2)[‘/%) +Fpp =0

st 53201520k

Fgp = 1131.3724 1b < 1500 1b oK

Thus, Pox = 849 1b Ans 34352971

3-22, Members AB and BC can each support a
maximum compressive force of 800 Ib, and members AD,
DC, and BD can support a maximum tensile force of

20001b.If a = 6 ft determine the greatest load P the truss
can support.

s

(<)
eo[ = |eco
1<)

<]

Assume F,p = 800 1b (C)

O,

[c]

S \

Joint A :

e oefg)onfiho *

Fip = 583.09521b < 15001  OK

-
=
«Q

P 1
+TXE = 0 = - —(R00)+ —==(583.0952) = 0
’ TR TR
P = 848.5297 b Fip
Joint D :
spsorsub S820951h
1
= 0; —848.5297 — 583.0952(2)| —= | + Fos = 0
+TLE, = 6 ( )(Jﬁ) DB
T43.52971
Fp = 1131372416 < 2000, OK
Thus, P = 849 1b Ans
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3-23. The three-member truss is used to support the
vertical load P. Determine the angle 6 so that a maximum
tension for 1.25P is not exceeded and a maximum
compression force 0.8P is not exceeded.

Entire truss :
(+IM4 = G 4L - P[Zan8) = 0
P
= —omné
4 2
Joint A :
P
“IE =0 Sunf-Ficsinf=0 s,

P 1
B =375 © B
P 1 3

TIF, =0, Fup -~ =—— =
+TZF A» zme(cose) 0

A

M

Fa =

Ny

Joim C:

P 1 A‘-J
LIF, =0 ~Facsinf + ———(sin®) =0

2cos 6

S [

2 cos

For compression requirement 2
0sp2f L s tans
2cos 6
6 s 51.3°

For tension requirement, Fa ¥

P 1
1.25P 2 —— —
2cos 6 ¢ A
8 S 66.4° e
Thas, .
# s51.3° Ans P
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#3-24, Determine the force in members GF, FB, and
BC of the Fink truss and state if the members are in
tension or compression.

Support Reactions : Due to symmenry, D, =4, .

+TEE =0; 24, -800-600-800=0 A =11001b
.
—IF =0; A, =0

Method of Sections :

G—ZM, =0;  Fyesin 30°(10) +800( 10~ 10cos” 30°) - 1100(10) =0

15 tan0'ft,
Fop = 1800 b (C) = 1.80k  (C) Ans :

G—):MA =0;  Fepsin 60°(10) - 800( 10cos’ 30°) =0
Fog =692.821b (T) =693 Ib (T) Ans

GZMF =0;  Fe(15tan30°) +800( 15— 10cos™ 30°) - 1100(15) =0
Fe=121243b (T) =1.21k (T Ans

3-25. Determine the force in members GF, CF,and CD

of the roof truss and indicate if the members are in L5 kN
tension or compression.

(+ IM, =0, E(4)-2(08)-15(250)=0 E =13375kN

Method of Sections :

(+wc =0, 1.3375(2) - F;(1.5) =0 A
Fzr= 11BN (T)

3 %lma
cnw,:o; |.3375(1)-Fc,,(§)(|)=0

Fep=2.23kN (C)

H

o P

i 2m ‘

Ans
(*W 0 F. [ 5 ](l) 0 F 0 A
e =0 CF ‘/— = (A ns
3.25
{5 KN
2Kkl 170
oBm
1-Sm
Ax
<4 m
C.
& !
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3-26. Classify the truss and determine if it is stable.

Compound truss Ans
where ACB and FED are connected by three bars FA, EC, and DB.
Since

b+r=12

9+3 =26) =12

Statically determinate

(+IMy = 6(0.5) — 8(0.5) = 0
Truss is unstable internally. Ans

3-27. Determine the force in each member of the truss.

. . . ) 2kN/m
State if the members are in tension or compression.
Assume all members are pin connected.

Reactions :
A =0, A =900kN, D, =9.0kN
Jomt A :
LIF, =0; Figcos45° =0
Fig =0 Ans
+TZF =0; — Fag +9.00 =0
Fiy = 9.00kN (C) Aus
Joint H :
+TZE =0; 900- 3- Fypsinds® =0
Fyg = 8.485kN = 8.49kN (D) Ans
LIF, =0; 8.485c0s45°— Fys = 0
FHG = 6.00kN(C) Ans
Jomt B :

LIF = 0; Fgrcos45°— 8.4855in45° = 0
Far = 8.485kN = 8.49kN () Ans
+TIF, = 0; 8.485c0s 45° +8.4855in45° - Fyg =

Fp(; = 12.0kN(C) Ans
Jomt G : #l
LEIF, = 0: 6+ 8.485c0s45° — Fgr= 0 3rd
Fgr = 12kN (C) Ans B
+TEF =0, —Focsinds® - 6+ 12.0 = 0 ¥ — %
Fsc = 8.485kN = 8.49kN () Ans
Fre
Due to0 symmetrical loading and geometry : Goka
Fpr =Fig = 0 Ans #
Foe = F4y = 9.00kN (C) Ans bxN
Fee = Fig = 8.49KN (D) Ans 6.0id
Fer = Fyc = 6.00kN (O) Ans o Fee __
Fcr =Fyg = 12.0kN (O) Ans €I
Fiz = Fgc = 8.49KN (D) Ans chc
120
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*3-28. Specify the type of compound truss and
determine the force in members JH, BJ, and BI. State if
the members are in tension or compression. The internal ‘F 20 ft i
angle between any two members is 60°. The truss is pin
supported at A and roller supported at F. Assume all
members are pin connected.

Type 1
é’-;m( = 0 3.63(10) - Fig(1732) = O: Fyy = 2.09 k(D)
+3IMp = 0. 3.63(30) - 3(20) - 2.09(17.32) - Fyycos 30°(20) = 0
Fry = 0722k Ans
Joimt A :
3.36
+T£}7y = ()‘_ F,\BZ"- - = 419k(C)
sin 60°
LIF =0 Fuy = 4.19(cos 60°) = 2.09 k(T)
Joint 1 :
\-r IF, = O — Fgcos 30° + 2.09(cos 30°) + 3(cos 60°)—2.09(cos 30°} = 0
Fa= 1L73k(D Ans
Joint B -
¢ LF = 0 1.73(cos 30°) ~ Fgs(cos 30°) = 0

Fay = L. 73k(0) Ans
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3-29. Specify the type of compound truss. Trusses ACE
and BDF are connected by three bars CF, ED, and CD.
Determine the force in each member and state if the
members are in tension or compression.

Type 2
GimMs = 0 2.5(6)- 1.5(6)— 0.25Fcp = 0
Fep = 24.0kN(D Ans
FiMp = O; 3(6) - 2(6) - Fepsin 26.56° = 0
Fep = 13.4KkN(C) Ans
GFome = o 26) - 1(6) — y/ 2Fepsin 18.43° = 0
Fip = 13.42 = 13.4kN(C) Ans
Joint A :
LIF =0 Ficcos 45° — Fugcos 71.56° = 0 .
+TEF =0 6+ Fycsin 45° — Figsin 71.56° = 0 :
Fie = 949kN(C) = Fpr Ans K
E(c =424 kN(C) = Fgc Ans
Joint C : q
“IF = 0.  24-13.42(cos 26.56°) Fic(cos 45°) - 4.24c0s 45° = 0 gl
FEC = 12.7 kNm = FDF Ans
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3-30. Specify the type of compound truss and determine
the force in each member. State if the members are in
tension or compression. Assume the members are pin
connected.

Type 2 wuss
4
(—+—WF = U Fgg(g)@)‘é(“) =0
Fse = 10KN(C) ADS
+TEF = 0 Fre= 10KN(O) Ans
4
“%F, = 0: FFE—(z)uo)(;)= 0. Fre= L6KN(D AP
Joint 8 :
. . 4
_IF, = 0 10(—5-)—-!-]3 =0
Fag = 8N (C) Ans

Frg = 2kN (O) Ans

3 3
+TEF = 0; lO(—)——-F =0
’ s 5

far = 10XN () Ans
By symmetry,

fgn = 10N () Ans

Fee = 2kN (©) Ans

Fcp = BkN (C) AHS
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3-31. Determine the forces in members IH, AH,and BC J I H G F

of truss. State if the members are in tension or compression. 1 9 - )
a / \

S R
10 kN 8kN 10 kN
Sm !‘ Sm ! Sm i Sm

:J__ = = = = 7 F
(+>:M,, = 0; Fu(5m) — 10KN (5m) = 0 ? ,,‘4,,,
i / 7
E, = 10kN (O) Ans Sm i vy
- \
(s -~ l
(+2m, =0 Fpe(Sm) + 10 KN (Sm) — 14 kN (10 m) = 0 | = . \
_ Q_KN il /2 A a1y
Izc = 18 kN (T) Ans = [ L/ e e F
A ie / =
s
?+zz~; =0 14kN ~ 10 kN ~ F,,sin26.56° = 0 [_uﬂ_r loxul &
Fiy = 894kN (C) Ans L—| — S m_ i Om
*3-32. Determine the force in each member. State if the 15001b 1500 1b
members are in tension or compression. S gt Aft 84t
D& 3C

Joint A :
LIF =0 Faccos 33.69° - Fypcos 45° = 0 ‘ 20 ft
+TIF, =0 1500 - Fypsin 45° + Fycsin 33.69° = 0
Fic = 54083 1b = 541 k (T) Ans
Fip = 636391 = 636 k (C) Ans
Joint D : M oidT D
+TIF = 0 6363.9sin 45° - 1500 Fpgsin 33.69° = 0 Fao P
Fpg = 5408.31b = 541 k (T) Ans Fic i
LIF =0 6363.9c0s 45° — Fpc + Fpgcos 33.69° = 0 4s* F,
Foc = 90001b = 9.00 k (C) Ans 3309 o
FDB
By symmetry, Fep= 636391b = 636 k (C) Ans A7= 1500 Ab L3639 1
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3-33. Determine the force in each member. State if the

members are in tension or compression.

Reactions :
A =0 A =300kN, J =300kN
Joint A :
+TLIF, = 0. =Fpsin60° + 30.0 = 0
Fip = 34.64kN (O
YIF =0 Far— 34.64cos 60° = 0
Fix = 173N (D Ans
Joint D :
+TIF = 0, Fprsin52.41°+ 34.64sin60° - 30 = 0
Fpx =0 Ans
LIF, =0; —Fpg+ 34.64cos60° = 0O
Fpc = 17.3kN (©) Ans
Joint A :
NIF =0 Fic = Fyg = F

#LF =0; —2Fcos7.5° +34.64 = 0;

F = 17.47kN (C)

Fie = 17.5KN (O) Ans

Fip = 17.5kN (©) Ans
Due w0 symmetrical loading and geometry

ch = FDK =0 Ans

Fig = Fix = 17.3kN (D)
Joint B :
WwZIF, = 0; 17.47c0s7.5° - Fgpcos7.5° = 0;

Fep = 17.47kN = 17.5kN (C) Ans
WIF = 0; Fac— 2(17.47sin7.5°) = 0

F,C = 4.56 kN m Ans
Due to symmetnical loading and geomeury
Fep = Fig = Fyg = Fiy = Fyy = 17.5KN(C)  Ams
Fy = 456kN (T) Ans
Jomt D :
+T2F, = 0: FDF = FDE =F
LEIF, =0; —2Fcos10°+17.32 =0; F = 8794kN (O)

Fpg = Fpr = 8.79kN (C) Ans
Joint E :
LEIF = 0; 8.794cosl0° — Fgg cosl0® = 0

Fec = 8.794 kN = 8.79 kN (C) Ans ¢ 4
+TZF, = 0; —Fer+2(8.7945in10°) = 0 0°
Fer = 3.05kN () Ans 1732 K o £ .
Due 10 symmetrical loading and geometry > Fog Pt o hg
Frg = Fec = 8.79 kN (C) Ans Feg
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3-34. Determine the forces in all the members of the
lattice (complex) truss. State if the members are in tension
or compression. Suggestion: Substitute member JE by one
placed between K and F.

Superposition required :
St =Sk +x5p =0

2+x1) =0

x= =2

Member 5 5 xs;' S
JH 0 -1.414 2.828 2.83(M
JK 0 1.0 -2.0 2.0
DC 0 0 0 0
DE -2.0 0 0 2.00)
EC 1.414 0.7071 -1.414 0
EH -1.414 -0.7071 1.414 0
CF 1.414 -0.7071 1.414 2.83(D
CB 0 1.0 -2.0 2000
AG -2.0 0 0 200
AB 0 0 0 0
BG 1.414 0.7071 -1.414 0
BF 1.414 -0.7071 1.414 2.83(M
GI -1414 -0.7071 1.414 0
GL 0 1.0 =20 2.0
LX 0 1.0 -2.0 2.0(0)
15 0 -1414 2.828 2.83(M
IF 0 -1.414 2.828 2.83(D
IX -1.414 -0.7071 1.414 0
HF 0 -1414 2828 2.83(MN
HK -1.414 -0.7071 1.414 0
JE 0 1.0 -20 2.0 Ans
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| |
complex truss. State if the members are in tension or 10 gt 201t ] 101t

compression. Assume all members are pin connected.

3-35. Determine the forces in all the members of the (

Superposition required :
Sor = Sge +x68" =0
19.8 + 1.262(x) = 0

x = —15694
Member S s, x5 S
CB 0 -0.8192 12.85 12.9(D)
(o)) -9.00 -0.5735 9.00 0
DB 7.847 0.5 -7.847 0
DE -7.847 -0.5 7.847 0
BG -7.847 -0.5 7.847 0
BA 12.857 0 0 129(D
AE -15.694 O 0 15.7(C)
AG 0 0 0 0
FG -15.694 -1.00 15.69 0
FE -12.857 -1.638 25.71 12.9(D)
CF 0 1.0 -15.69 15.7 (C) Ans

#3-36. Determine the force in members JI, DI, and DE 300 Ib
of the Pratt truss. State if the members are in tension or
compression. Assume all members are pin connected.

FrEM = O; 200(16) - 1150(16) + Fpg (6) + 8(400) = 0
Fpe = 2,0001b = 200k (T Ans

[+IMG = 0: FD,(§)<24)-400<|6>-400<8)= 0
For = 666.71b = 667 Ib (C) Ans

ofMp =0 400(6)+400016)+ 20028 115008)~ (T3 0D =0 ;
Fy = 1566416 = 1.57 k (C) Ans
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3-37. The wooden headframe is subjected to the loading
shown. Determine the forces in members JI,JD, and ID.
State if the members are in tension or compression.

~F,;c0s7.125°(6) + 25(5) + 30(1) = 0

(+ZMD =0
F; = 260k (C) Ans
(+ZMO = 0;  Epocos3L61°24) + Fpsin31.61°(3) — 30(2) + 25(2) = 0
Fp = 04543k = 0.454 k (C) Ans
(+>;M, =0, Fpcos7.125°(7) ~ 25(1.5) - 30(5.5) = 0 ~e
Fop = 29.15k (C) -
i— -
Joint D: .
N TR
+3F = 0; 04543c0s24.48° — Fpcos7.125° = 0 A
Ans

Ep = 0417k (T)

7i25* 1s' 1 Fep
Fzp
L4 "75 e x
V2T O 4543
%4
1‘?—‘1 ek
3-38. The wooden headframe is subjected to the loading
shown. Determine the forces in members HI, ED, and EI.
State if the members are in tension or compression.
0 —T—
1
1
Ih
l' !
1 \‘ ’
i 1
i |30]{
zsx" \30‘ i
ospLlBL st !
(4.2)10 = 0 25(2) - 3(2) + Fg cos 36.03°(20) + Fy sin 36.03°(2.5) = 0 t 'l \
Fu = 0.567k (C) Ans
(+IM: = 0 30(0.5)+ 25(4.5) — Fy cos 7.125°(5) = 0 22’ A,‘_r_.l_:_
Fg = 257k (O Ans B - 4 F7~I2’
- %
(+EIM = 0; ~25(1) - 30(5)+ Fyp cos 7.125%(6) = O T2 35030 2P
Fop = 29.4k(C) Ans hﬁ_“
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3-39. Determine the force in members EE EP, and LK
of the Baltimore bridge truss and state if the members are
in tension or compression. Also, indicate all zero-force
members.

A~
=

\ O Pg >]*2#m
NIZNZN, 2
D E| F| G 1 =

Y
Y okN

16 m,8@2m

Support Reactions :

(+xm, =0; 4 (16)-2(12)-3(10) - 5(8) - 2(4) = 0
[, =6.375 kN

Method of Jaints : By inspection, members BN, NC, DO, OC, HJ
LE and JG are zero force member’s, Ans

Method of Sections :

(+Wx =0;  3(2)+6.375(4) - Fr(4) =0
Fee = 7875 kN (T) Ans

(roMe =00 6.375(8)~2(4)-3(D) ~ Fr (4) =0
Fx=925kN (C) Ans

+TEE =0; 6.375-3~2-Fsind5°=0
Fyp= 194 kN (T) Ans

F;K- K

i : k

f?(n (Zml < m
S ZeN L=4 375

EN
),
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*#3-40. Determine the force in members HG, BG, and
BC of the truss. State if the members are in tension or
compression.

SkN SkN SkN

2.5kN
7 \ 24 YH YG YE
e -« 8 kN
/ / 2m

Ap
B C D ==
‘—-1.5 m‘Ll.S m«‘»l.S mJ—~1.5 mJ

Bkd S5k S5KN 25z

]
IBZZ

(+ZM, = 0; - 5(1.5) = 5(3) — 54.5)~ 2.5(6) + 8(2) + E,(6) = 0 A ~
E =7333kN 1Sm | 15m | r6m ] rem
LEF, =0, A -8=0 A ¥

A = BO0KN p 2
+T5E =0: A -5-5-5-25+7333=0 7L Jr &
A = 10.167kN

Bka

5

JomtJ:

“IF, =0, Fy =0 S

+TZF, = 0: By =0 % : A

Joint] Fre

Z.Zﬁ =0 F]H =0 qo

+TEF, =0; Fp -5=0 5:'

Fa =5.00kN (C) B0k A ”:"_—
AS

X

Joint A : 10-167 xal

+TZIF = 0; 10.167 —Fuy sin 33.69° = 0
Fag = 18.33kN (O)

LIF, =0; 8.0 - 18.33c0s33.69° + Fip = 0
Fas = 7.25KN (D

Joint B ;
+TEF, = 0; Fyosin33.69° - 5.0=0
Fs = 9.014kN = 9.01kN (D) Ans
“IF, =0; 9.014c0s33.69° - 7.25 - Fyc = 0
Fac =0.25kN (O) Ans
Joint H :
*IF, = 0; 18.33cos 33.60° — Fyg= 0 OB Ye,
Fye = 15.25kN (C) Ans
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3-41. Determine the force in members BG, HG,and BC G
of the truss and state if the members are in tension or
compression.

B cl
6 kN 7 kN 4 kN
12m,4@3m

(+2M£=o; 6(N+7(6)+4(3) -4, (12)=0 A, =9.00kN

HIF =0 A,=0

Method of Sections :

(+IMo=0;  Fc(45)+6(3)-9(6) =0
Fyc =8.00kN (T) Ans

NG

Fuc = 10.1 kN (C) Ans

(+£MB =0 F,,G[_l_](s)—g(s) =0

1.5
(M, =0; FBG( ](6) +9(3)~6(6) =0
\/125

a6 = 1.80kN (T) Ans

3-42. The Warren truss is used to support the roof of an
industrial building. The truss is simply supported on
masonry walls at A and G so that only vertical reactions
occur at these supports. Determine the force in members
LD, CD, and KD. State if the members are in tension or
compression. Assume all members are pin connected.

oM = o 18(1.9)~ 18(0.3)— 9(0.6) ~ 8Fcp = 0
Fep = 2925 =292K(T) Ans oty ol boolh
9 9
LEF = e Py~ ——Fy +2.925= 0
Jias T a2 ,
q
1
+TZF =0 I.9~0.3-0.6—-0.6~-8——Fw———-&x= 0
Juas /82
Fix = 3.02k(C)
Fip = 0.100k(T) Ans
Joim K :
+T2F = 0 2(_3-)(3.02)4[5,,{—0‘3 =0
J82
Fpx = 0.133kK(C) Ans
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3-43. Determine the force in members KJ, NJ, ND, and L K J 1 H
CD of the K truss. Indicate if the members are in tension ¥ @ 2l D

: 15 ft
Or compression. % < O\I%~P
15 ft
\ \

5\ o 2 @ /o G
A@ Bi c
Support Reactions : 1200 Ib 1500 b 1800 b gj» j‘ J
(+2M:=0;  120(100) + 1.50(80) + 1.80O(60) -4, (120) =0 20 ft----20 ft#‘” ft#‘zo £t 20 20 ft

©
J

©)
©)
0)

A, =290k
:) Ef‘; =0; A’ =0 AK. /W : \
Method of Sections : From section a~a, Fy,and F.p, can be obtained [
directly by summing moment about points € and K respectively. 'Zoﬁ 1-2'0# Izoﬁ ,  éoft 41}
A}"w‘ff’Z 1-Bokip
(+ IM:=0;  F(30)+1.20(20) - 2.90(40) = 0 teokp
Fe;=3067k (C)=3.07k (C) Ans K 5
K,
(K7
(+2Mc=0;  Fyp(30)+1.20(20)-2.90(40) =0
Fop=3067k (T)=307k (T) Ans
2
From sec b~ b, summing forces along x and y axes yields
. 4 " > ko
= IE =0; Fpl = |8yl < |+3.067-3. =0
"”(s) ”’(s)+ 067 20fc | 20f¢ }
Fup =F, 1 | l20KP  [BOK]
¥p = fyy (1} Arl-?ﬂbf P IEokp
3 3  fy=3067 Kip
+TEIE =0, 2.90—1.20—1.50-.3,,,&)-5,,(;):0 :
Fyp+E,, =03333 (2]
3oft
Solving Egs. (1] and [2] yields
Fp=0167k (T F,;=0167k (C) Ans Fep=3-067 kip
4
A1=2'9ab‘p 120 kip 150 Kip
*3-44. Determine the force in members IH, CD, and
LH of the K-truss. State whether the members are in
tension or compression. Suggestion: Section the truss
through IH, IL, L.C, and CD to determine /H and CD.
Assume all members are pin-connected.
1o’
lo!
Left section :
+EMe = O: Ep(20) + 3(30) — 7.2(60) = 0:  Fy = 17.1k(C) Ans {”
(FIM = O Fep(20) — 7.2(60) = 3(30) = 0, Fep = 17.1KMD Ans . nix 4 »
nL,, L 1o
Right section : Fip™ I lo’
o ——
(=M = O - 1741(20)~5(3O)+8.8(60)—FHL(ZO)(\/%_O): 0 TR 3 l 30'1
Fy =190k (O Ans sk Sk 8.8k

74



c03.gxd 6/24/08 2:57 PM Page 75 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

3-45. Determine the forces in all the members of the
complex truss. State if the members are in tension or
compression. Hini: Substitute member AD with one
placed between E and C.

E
e 600 Ib
30° 30°
F sD
12 ft
C
AR
¥ 1 A
é 450 450 _.L;l..

6ftA-Bf6ft

In a simiar manner :

§ =5+ z20s) Fig = 580 1C) Ans
Fec = Sec+(0Sgc = 0 Fep = 820 I(T) Ans
747.9+x0.526) = 0 Fac = 580 Ib(C) Ans
x= 1421.86 Fer = 473 I(C) Ans
Thus: Fer = 580 I(T) Ans
Far = S ar+ (X)sar Fep = 1593 1(C) Ans

= 137321 + (1421 .86)(~1.41) Fep = 1166 I(C) Ans

= 64631 Fpa = 1428 Ib(T) Ans
Far = 646 1b(C) Ans

P oot €
ped
toos. T4 (v) [ ~_ 1046 0, BI65 ()
F 1’ F ™~
/ D
1231.13% (o) 14‘7_’!(‘) rzrty o
i A
- 5 + | .
131320 " (1) [ 14 (0 15 [g)
i o
eoud 1200%(¢) o e 1.4 (7)
AN AN mae °7I< -
8%53*\')‘ 84653 U) N ‘(c) H,C) 0
a* \L/
B B
S, deeess 4] /(~or-:($
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3-46. 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.
K J
L@ o) /)1
e K H
/ 12ft
E
o, Q 2, Hf
6 ft
of |
& (@ P
Pm 12 ft : 6ft—-‘
\ ]
2k
S =S+ x(s) K , ) (1 ]
Fep= 15+ = Oix= - L5 /1
Thus; Fac = 1.00k(C) Ans LT s Tite) | eee) 1l T
FAB =90 Ans Fec = 0.707 k(T) Ans 1 10 {
Fic = 1.50k(C) Ans Fry = 212D Ans st}
Fog = 0.707 k(T) Ans Fey = 0.707 k(T) Ans 0w1(c) '
For = 0.500 k(& Ans Fy; = L.50K(C) Ans
Fg = 0.707 k(C) Ans Ey = 212k Ans
Fiy = 0707 k(D) Ans Fep = 0 Ans ¢ ,,.7,vwc> 0.7.,7{/0101«)( 5
FLK = 0.500 k(C) Ans FDE = 0.500 k(C) Ans D w— o 1 m o
Fx = 0.707 k(C) Ans Fce = 0.707 kKC) Ans T
Fe = 0707 k(T Ans Fue = 0.707 k(T Ans 0 [
For = 212K Ans fie = LS0KC) Ans .
e 21 feves
+
L im K °
L K J J
Lwylcy 180 0354 f€)
10 1L5m
3 2 AR o B
- 5:
¢ E
156 '7‘-8<ﬁ l.obi&n) °~"5“‘°’ omer) 0.5 (c)
L - .
A =0 , | ¢ e 44 lb um c 3 T
A b B8 1c ‘1 P
N o ——— -——-ﬁ-n- A « " .
A,:LSL t ) D’ZG-S‘& I3 s, g oG
ZK z 0(‘
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3-47. Determine the force in each member and state if
the members are in tension or compression.

4 kN 4 kN
1m 1m 1m

YE YD
1m
FO o) —1
= - -
2m
Al NN

Az""a‘ﬂ ﬁa%-aﬂ’
Reactions : RE T B
A =0, A =400kN, B, = 400kN 5631
Joint A : " 8
LEF =0: Fyp =0 Ans o
+TIF = 0. 400 - Fir = 0;  Far = 4.00kN (O Ans “0
+
Joint F : W 5‘ 4 1843
X+IF, = 0; 4.00sind5° ~ Frpsin18.43° = 0 5
Frp = 8.944 kN = 8.94 KN (T) Ans F
4EF, = 0. 4.00c0s45° + 8.944c0s18.43° ~ Frg = 0 4
Fee = 11.313kN = 11.3 &N (C) Ans
Due to symmetrical loading and geometry 4-0kN
Fac = 4.00KN (C) Fee = 8.94kKN (D Ans
B =0 Fop = 11.3 KN (O) Ans 3{
4 kA
Joint E :
S IF, = 0. -Fgp + 8.944 cos 26.56° + 11.31cos 45° = 0 &’._K
Fip =16.0kN () 45° 26-57°
+TEF, = 0: — 4 - 8.9445in 26.56° + 11.31 sin 45° = 0 (Check) P . 8:944 e
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*3-48. Determine the reactions and the force in
members BA, AD and CD.

Entire truss
LMy = O G (5)-6003) =0
G =360b Ans
EMcy = 0: 600(2) — A(6) = 0
A = 2001b Ans
ZF = 0; B, +200 + 360 - 600 = 0
B, =400 Ans

™M

wrl
1
@

B, =0 Ans
IF, 4-G=0
IM =0 ABR)+GCD=0
A =0 Ans

[
&

G =0 Ans
Jont B :
EF:=02 "LFBD*"‘O:O
V17

Fap = 43.871b = 43.91(C)

13/ 3
IF, = 0 —=(—==|43.87) - Fac =
Vil )58 - Fac = 0

Fge = 15.01b(D)
13/ 2

IF, =0; —|—=|(43.87) - =

_ 77( Jﬁ)( Fou =0

Fgqy = 10.01b(T) Ans

Joint A :

IF = 0; ——8—&9-0-200:0
J89
Fip = 23591 = 236 1b (C) Ans

£F, = 0; (——5—)(3)‘(235.9) — Fyosin39.8° = 0
V89/\s

Fic = 117.21b = 1171b(T)

S =0;  117.2c0s 39.81° —(%)(;;)(735.9) +100 =0  Check
29

Joint C :
ZF, =0 ——8—-FCD+360=0
7
Fep = 382D (C) ADs
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3-49. Determine the force in each member of the space
truss. Indicate if the members are in tension or
compression.

Joint A : z /‘i
IF, =0 0.577F 4 = 0
IF, =0 —4+ Fag + 0577 Fye =0 E\a
IF. =0 ~Fac =057 Fg = 0 A
Fac = Fag =0 Ans
Fas =3 68(D) e P-4 e
Fic
Joint B :
IF, =0 ~Rp(cosd45°) + 0.707F pg = 0 .
IF, = 0; —4 + Rg(sind5°) =0
IF. = 0 24+ Fap = 0707 Fge = 0
Rp = Fge = 5.66 kN (T) Ans
Fap = 2kN (C) Ans
Joint D :
IF, = 0; Fpe =0 Ans
IF, = 0; Foc =0 Ans
Joint C:
IF, =0 Feg = 0 Ans
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3-50. Determine the force in each member of the
space truss. Indicate if the members are in tension or

compression.
Joint C:
IF. = 0; F cg(sindS°) — 500 = 0; Fcg = 707.11b = 7071b(T)  Ans
LF, = O Fep — 707.1(cos45°) = 0 Fep = 500 1b (C) "Ans
LF, = 0: Feg =0 Ans
Joint B :
F, = 0; F,E(i) -0 Faz =0 A
N
IF. = O Far(sind5°) ~800 = 0; Fge = 113141b = 113k (T Anms
LF, = 0; Fgo — 1131.4(cos45°) = 0; Fga = 800 1b (C) Ans X
Joint £
IF. =0 Fgp — 707.1(5ind5°%) = 0; Fep = 500 1b (C) Ans
IF, = 0: Fegr =0 Abs
IF, = 0 707.1(cos45°) - E, = 0; E, = 5001b {800k} b
Joint F
£F, = O pm(g) =0 Frp =0 Ans .
IF. = 0 Fra —1131.4(c0sd5%) = 0;  Fea = 800 1b (C) Ans Fee
IF, = 0; 1131.4(sind5°) - F, = 0; F, = 8001b
= ) ) Fep /__ y
Joint D
IF, = O: Fpa =0 Ans . Fca !5’00 tb
LF, = O D,~- 500=0; D, = 500 1b !
IF, = 0; D, -500=0; D.=500

Fep= 500 1
— - — y
Foa Fep= 00 ib
b .
/ . B X ; Fae= sty
3-51. Determine the force in members AB, AD, and AC
of the space truss. Indicate if the members are in tension
Or COMpression.
z
e
ﬁ’ ;-.—‘-./
T " / |
jﬁ\ X 600 1b
0 A P,=4001b Joint A - ‘
x 8 ft Ty 25 = 0 mel4.04°-6m=0
Fip = 2473.91b(T) = 2.47KT) Ans
LE=0. Fu = Fac
P, =60010 IF, = 0; 400 + 2Fy sin79.38° - 2473.9cos 14.04° = 0
Fy = 1017B(C) = 1.2k (C) Ans
Fic = 1017 B(C) = 102k (C) Ans
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*3-52. Determine the reactions and the force in each
member of the space truss. Indicate if the members are
in tension or compression. The crate has a weight of 5 kN.
z
Joint C': é"
1 1 !
IF, = 0: Fac|—= -ﬁc(‘——)‘—‘o; Fac = Fac = F
3]t ol
F, = 0 L F = 40826 kN (C) Fe
V8 SKN
Fac = Fpc = 408 kN (C) Ans L
IF, = O 22@J,8.—261—Fcp=0
8
Fep = 57736 kN = 577kN (T)  Ans
2
Joint B :
Fg. = .17 KW
1.732(4.0826
IF. = 0 Fap(singe?) —~ L2020 i/_s "
8
Fap = 2.8867 kN = 289 kN (T) Ans
IF, = 0 2.8867(cos60°) — -—\}:(4.()826) +Fap =0
8
Fag =0 Ans
2
IF, = 0 B, - f(a.oazs) = 0; B, = 289 kN Ans
8
2
Jont A Fo
. 1.732(4.0826)
IF. = 0. Fap(singd’) - 22222 = 0
it /3 A, Fee= 408 kA
Fap = 28867 kN = 2.89 kN (T) Ans A Yy
2(4.0826)
IF, = O 4, - =0 A, = 28868 kKN = 2.89 kN Ans Ay
/8
b
IF, = O A, - 28868(cos60) + 22828 _ o 4, =0 Ans
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3-53. Determine the force in each member of the space
truss and state if the members are in tension or
compression. Hint: the support reaction at E acts along
member £B. Why?

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

Joint A

-6=0

Fip =6462kN (T)=646kN (T)  Ams

3 3

BE=0 Fclz)-60(3)0 Befo 1
4 4

IE =0; ac(-)u-;a(-)-s.m S
5 5 ﬂ/29

Ec+Ep=3.00 {21

Solving Egs.[1] and (2] yields
Foc = Fp=150kN (C) Ans

Joint B

3
IF =0, Fel—=|-Fp|l—==|=0 Fc=F {n
IC( 38 ‘D{ﬁEJ 8C BD

EE=0; F 2 +5p 3 -~ 6.462 =N =0
V38 38 29
Fyc+ Fyp = 1.397 (21
Salving Egs. (1] and {2] yiclds
Fe =Fyp =369 KN (C) = 3.70KN (C) Ans
16 =0, 23699 -2 ||+6.462 = |-Fe =0
Fap =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 obtained above,
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3-54. Three identical trusses are pin connected to
produce the framework shown. If the framework rests on
the smooth supports at A4, C, and E, determine the force
in members CD, DH, and CH. State if the members are
in tension or compression.

2 o

Zft 44t 25t
PANEVIE Y OF JRISS S5, S/EM

Ny h

G 23095t

,’3 h= /& - 2.309° = 3.2660 fi
2 ";32““ Due 0 symmetrical system and loading
1 A =C =E =20k
Joint C:
. 2660
IF =0, 20-2 7 fen=0
Fcp =2.449k =245k (C) Ans

1.1585
IF, =0; ~Fcpcos30® + ) (2.449) = 0

Fep =0.8165k=0.817k (1)

IF, =0; -—Fcp — 0.8165sin30° + %(2.449) =0
Fep = 08165k = 0.817k (1) Ans
Joint D :

Due to symmetrical yeometry and loading
Fbg = Fcp = 0.8165k m and FD” = FDF

2"; =0; 2FDHCUS30° =0
Fon =0 Ans
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3-55. Three identical trusses are pin connected to
produce the framework shown. If the framework rests on
the smooth supports at A4, C, and E, determine the force
in members DF, FH, and EF. State if the members are in
tension or compression.

Geomerry :
h= J4 - 2309 = 3.2660 f

Due to symmetrical geometry and loading

A =G =E =20k
Joint C:
IF, =0 2,0-5326_6_%;:0
Fer =2.449k =245k (C) And
IF, =0; 1";55(2.449) ~ Fggcos30° = 0
Feo = 0.8165k
LF, =0: Fgp + 0.8165sin30° - %(2.449) =0
FED = 0.8]65 k
Joint D :
Due w symmerrical geometry and loading
Fpc = Fgp = 0.8165k (T) and Fpr = Fpy
IF, =0, 2Fyrcos30° = 0
F[)F =0 Ans
Joint F :
EF =0 Freosd0° - l‘.?f(z.um =0
Fey = 0.8165 k (C)
2 .
IF, =0 1(2.449) — 0.8165sin30° — Fey = 0
Fp}] = 0.817k (C) Ans

#3-56. Determine the force in members BE, DF, and
BC of the space truss and state if the members are in
tension or compression.

Mathod of Joinmts : In this case, the support reactions are not required for

determining the member forces. Fc:-» /,,f
Joint C: '|
IE=0; Fpsin60°—=2=0 Fyp=2309kN () Fr ;w o
$E =0,  2309co0s 60°—Fyc =0 '
Fe=LI54kN (C) = LISKN (C)  Ans i/}i‘
Joint D: Since £, Ky and E,Flic within the same planc and £y is out j?, w

of this plane, then F,, =0.

1
IE =0 1«;,,(-}—2309:;;5 60°=0

75

By = 4.16 kN (C) Ans
Joint B:
=0 F, ‘jlf ~2=0
Far = 416N (T) Ans
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3-57. Determine the force in members AB, CD, ED,
and CF of the space truss and state if the members are
in tension or compression.

DO%E

2m

3m \/
B {-2k}kN z
% ]
{-2k}kN !
|
!
C
P
Method of Joints : In this case, the support reactions are not required for ?
determining the member forces. 7 E
£ [
Joint C: Since Fzp, F- and 2 kN force lie within the same plane and ZYKN
Fep is out of this plane, then
Fep=0 Ans z
IF =0; Fpsin60°-2=0
Fop=2309kN (T)=231kN (T)  Ans It 3m
P
1

IF =0; 230905 60°~Fe=0 K =LIS4kN (C)

Joint D: Since Frp, Fyp and Fyg lic within the same planc and £, is out
of this plane, then F,5 =0.

1
IE =0; FRyp|—==|~2.309c0s 60° =0
'[»/ﬁ]

For = 4163 kN (C)

3
EE =0, 4.163| — |-Fp=0
’ [m} = L,
Fep =346 kN (T) Ans A
l-732m§ “Fee Bs=0
Joint B : i
1732 \L”’)\‘
£E =0; F,;(\'/EJ—ho Fyp =4.163kN (T) o154 kol
Fas
3 i
IF =0; Fy-4.163| — =0
D =]
Fup =346 kN (C) Ans ;(/KJJ
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3-58. Four identical trusses are connected by ball-and-
socket joints to produce the framework shown. If the
framework rests on the smooth supports at A, B, C and G,
determine the force in each member of truss ABCD. State
if the members are in tension or compression.

|

o:Sm'  Im o.

Plan yrew Loe JRySS SKTEM

Geometry :

be=y(L5F+(05P+ (1.5 =2.1794m
bc=yO.SF+(0.537+(1.5PF =1.6583m
d=4/(1.658372-(0.3)2 = 1.58114 m

=71.565°

, LS
1.58114
Duc to symmetrical geometry and loading
A =B, =G, =H, =3.0kN

JointA: 3
y is perpendiculur 1o the plane that contains Eig, Fag, Fac-

8=sin"

LR =0 3.0c0s71.565° — Fygcos18.435°=0

Fop = LOOKN (D Ans
Joint B :
el F‘°(1.16§583)+3'0+55(2. 1794) -

Fap = 3.3166+0.7609F3¢ 8

1.5 ) 0.5 =0

=0 1 ‘OO‘F"‘(z. 1794) F“’(l.ﬁssa) -

Fap = 3.3166+2.2827Fzc @ *
Solving Egs. (1) and (2):
Fac=0 Ans
Fap =3.3166 kN =3.32 kN (O) Ans
Due to symmetrical geometry and loading
Fea =3.32kN (O) Ans
Joint C:

=0; - 66(-—9;2-) =0

IF, =0; Fcp+3.3l 16583
Fep= 1.00 kN (C) Ans
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*3-59. Determine the force in each member of the space
truss. State if the members are in tension or compression.
The supports at A and B are rollers and C is a ball-and-
socket. Is this truss stable?

]
Feg = Fey =4.71TKN =4.72k (C) Ans : .
5 (4) o
= - —|=|@.7111 =0
Fep =4.00k (T) Ans
Joimt D :
LF =0,  4.00-Fpcsin20.56°=0
Fpc=11.39k =11.4k (D Ans
IF,=0;  Fpssin20.56°~Fp, 5in20.56°=0
Fpg = Fp,
ZF =0 2Fp c0520.56° ~ 11.39¢0520.56° = 0
Fpa = Fpg =5.696 k=5.70k (C) Ans
Joint A :
5 \/4
IF, =0;  Ficcosds® -(--)(-)(4.717):0
Ve9/\s
Fea = 2.828k=2.83k(C) Ans
q
IF, =0;  5.6965in20.56° + (J_;_)(é)(4.717)+2.szssm45°—Fu =0
89
Fig = 5.50k(T) Ans

The truss is exzernally unstable since it can rotate about the z axis.  Ans
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3-1P. The Pratt roof trusses are uniformly spaced every
15 ft. The deck, roofing material, and the purlins have an
average weight of 5.6 Ib/ft>. The building is located in
New York where the anticipated snow load is 20 Ib/ft?
and the anticipated ice load is 8 1b/ft?. These loadings
occur over the horizontal projected area of the roof.
Determine the force in each member due to dead load,
snow, and ice loads. Neglect the weight of the truss
members and assume A is pinned and FE is a roller.
420k
420K 4.20x
210k D LK
Loading : % /, ,\ /”\
Atjoins H, G and F
F = (20 + 8)(15X8) + S5.6(15X10) = 4.20k 87t 8k 8ft Bt f
Al joinis A and E : *s=8 g0k L.
F = (20 + BY{15X4) + 5.6(15X5) = 2.10k
Duc 10 symmetrical loading and geomeny 200K
A =0 A =840k £ =840k o Fon
3
Joint A : —_—
TZF 0' 8.40 - 210 - F, 2 0 g K
+ A , 8. AH(‘S') = 840k
Fig = 10.5k(C) Ans ¥
“IF, = 0. FEyg - lo.s(g) =0 4
540
Fis = 8.40k(D Ans ~ 2=
Joint B :
tIF =0 Foce ~840=0 % 420k +
Fyc = 8.40k(M Ans 7
+TIF, =0 Fup = 0 Ans 3687° Pug
16.26°
JointH : Bic
NIF, =0  —4.20co0s 36.87° + Fyc cos 16.26° = 0 g
ch = 3.50k (C) Ans
kF =0 10.5 ~ Fyc — 4.205in 36.87° ~ 3.50 sin 16.26° = 0
Fuc = 7.00k (O) Ans
Jom G :
- 4 4
—)IE = 0: 3(7.“)) - ;ng =0
For = 7.0k (C) Ans
+TIE =G 2(7.00) + ga.oo) -420~ Fge =0
Foc = 4.20k (M) Ans
Due o symmetrical Joading and geometry
Fpe = Fpp = 8.40k (TN Ans
Fpc = Fae = 8.40k(T) Ans
Fer = Fug = 10.5k(C) Ans
F‘g = Fp; =0 Ans
Fac = Fpe = 3.50k (C) Ans
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4-1. Determine the internal shear, axial load, and 8k
bending moment in the beam at points C and D. Assume
the support at B is a roller. Point C is located just to the
right of the 8-k load. T ° ° |
A B c D B L
| 8 1t 8 1t : 8 1t .
Reactions :
LIR=0; A =0 B
(+3iMp = O 40000 +8000(16) - 24A, = 0 , A0k £t
A = 7000 1b b r \)
+TLF = 0; 7000 - 8000+ 8, = 0 At . rc , v,
B, = 10001b I}; 8 8 8 By
For C: 6K
+TEIF =0 7000 - 8000-V, = 0 M
81 [
Vo= -1000lb = -1k Ans H_.,;C
LIF =0 Ne=0 Ans ] v
(Mo = O M —T000(8) = 0 ¢
Mc = S60001b-ft = 56 k-fi  Anms (3
ForD:
+TEF = 0 7000~ 8000~ Vp = 0 oK
Vb= -10001b= -1k Ans I l 8 My
LIF = O Np =0 Ans i > l Ny
GHIMp = 0; Mp +8000(8) — 7000(16) = 0 1 V
Mp = 48000Tb-ft = 48 k-ft Ans N v
4-2. Draw the shear and moment diagrams for the beam
in Prob. 4-1.
8k lst
40k -ft
y 3 4& -$
[ 0 G |
A B c D B L 1k
| 8 1t 8 1t : 8 1t . "
M ) 2 V()]
- ivg —
/'///// o v
7 1/ : 1 x(fY)
x () -
4-3. Determine the internal shear, axial load, and 28
bending moment in the beam at point B. ‘ -8K
\
6k /it Me | l —
N~ '
t .L 8! |
w4 |
vwvvwvvwwm
4 E .B C LI =0 Ng=0 Ans
+TXE = 0; % -288=0, V= 288k Ans
3 ft 121t Z\q. IMp = 0; Mp +4(288)=0
Mg = —115k-ft Ans

89



cO04.gxd 6/26/08 4:12 PM Page 90 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

*4-4, Draw the shear and moment diagrams for the
beam in Prob. 4-3.

6 k /ft ekike

R kit
E \ Y VY Y Y VY ¥ Y

A 0 t5 K
B C
3 ft 12 ft Yio rr\(,\
, T ‘
M (efp)
—zz ¥
4-5. Determine the internal shear, axial force, and 10k
bending moment in the beam at points C and D. Assume 25 k-ft 25 k-ft
the support at B is a roller. Point D is located just to the
right of the 10-k load. [4'9 . . ‘|\
o= : 1
L—IO ft ‘ 101t ‘ 10 ft ——‘
Entirc Beam :
(+im, =0 B,(30) + 25 ~ 25 -10(20) = 0 €k
B, = 6.667k 25t L 25 4 ft
A 3 _J
A
+TZF, =0 A +6667-10=0 x o7 -+ o
A, = 3.333k M
¢ 8¢
SEF =0 A =0 25 £ ft M
2] e
Segment AC : —h v
+
—ZIF =0 Ne =0 Ans 3333k
A 25kft
+TZF =0 -V +3333=0 " Mp_ 3 v)
¥ = 333k Anps E T
. K
(M = 0 Mc — 25 - 3.333(10) = 0 6-667
M =583k fi Ans
Segment DB :
L2 =0 N =0 Ans
+TZF =0 W + 6.6667=0
¥ = —-6.67k Ans
(rzM, = 0; -Mp + 25 + 6.667(10) = 0
Mp =917k & Ans
90
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4-6. Determine the internal shear, axial 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.

250 1b /ft

Y Y Y Y VYY Y Y Yyyvyyvyy
| . . 5

C A D Bl
2 k-t

41t 4ft—4-;6ft4'k4ft4

Entirc Beam :
(+iMs = O; 4.50(9) +2 - A(10) =0
A =425k
+TLE, =0 B, +4.25-450=0
B, =025k
. 025(18) 460 &
—ZIF =0 B. =0
Segment © the leftof C:
53F =0; Ne=0 Ans
+TIF =0 -V - 100=0
¥ = - 100k Ans
(+IMc =0 Mc +1.002)+2=0
M, =400k ft Ans
Segment DB :
LIF =0 N =0 Ans
+TZIF =0; W +025-1.00=0
W =075k Ans
Q IMp = 0; ~Mp + 0.25(4) - 1.00(2) = 0
Mp = -1.00k- fi Ans
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4-7. Determine the internal shear, axial load, and 2500 1b 3000 1b
bending moment at point C, which is just to the right of 75 Ib /ft
the roller at A, and point D, which is just to the left of the
3000-1b concentrated force. Y V V| y vV
| * C *_A\B
Entire Beam :
«$F =0 B, =0 6 ft —‘r 12 ft St
(+IMy = O 2500(20) — A, (14) + 900(8) + 3000(2) = 0
A = 4514.291b 2500 1t T5(12)=Po0rh 3000 Ib
+TEF =0 —2500 - 900 — 3000 + 4514.29 + B, = 0 : N 7 8,
B, = 1885.711b ¢
Segment w© the keftof C: 2}1
53F =0 Ne =0 Ans By
+TZF, =0 -2500 - ¥ + 4514.29 = 0
¥ = 20143 1=201k Ans
(+EMc = 0; Mc + 2500(6) = 0
Mc = -15000 b- ft=-15.0k- ft Ans
Segment DB :
~IF =0 Np=0 Ans
3o0otb
+TZIF =0; ¥+ 1885.71-3000=0 M Yo
Bb=11143b=111k Ans Np
24t
(+IMp =0; 1885.71(2)-Mp =0 1885711
M, =3T71.4=3.77k- ft Ans
*4-8, Determine the internal shear, axial force, and
bending moment in the beam at point B.
8 k/ft
2k /it
Y
L C
n B
3 ft—= 12 ft ]
ngmenl BC: 44 B8)/2) = 28HK
—IF =0 Ny =0 Ans 20z)=240K
+TZF, =0 % -288-240=0 Vol I T
% =528k Ans " i
My < C
GEIMg = 0 -Mz — 28.8(4) - 24.0(6)= 0 | l t
My = -259k ft Ans Dase Jan] 6/ |
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4-9. Determine the internal shear, axial force, and
bending moment at point C. Assume the support at A is
a pin and B is a roller.

Entire Beam :

(+zM, =0 B, (18) + 200(4) - 450(9) ~ 200(22) = 0
B, =425h

+TZF, =0 A +425-200-450 - 200 = 0

A =425Db

SZIF =0 A =0

Segment AC :

-—)ZEI =0; NC =0 Ans

+TZF, =0 - —225-200+ 425 =0
=20 Ans

(+zuc =0 Me + 225(3) + 200(13) — 425(9) = 0

M = 550 b- ft Ans

200 1b 200 1b

50 1Ib /ft

Ax 2 ] ]
x| 974t | ot |+#t]
A I3
0 7b ¢ 3‘5154)(9):135'/6 4
e S ™
[ e

toe o7 1o %
2256

4-10. Determine the shear and moment in the floor
girder as a function of x, where 12 ft < x < 24 ft. Assume
the support at A is a pin and B is a roller.

800 1b 800 Ib 800 Ib 800 1b

S

.

- |

1B
x ‘
12t 12 ft 12 ft— 12ftJ
Bopis Bopip Soo b oo b
Entire Beam : f l Jr
c_,,m = 0 —44,(48)+8(X)(36+24+l2)=0 Ay l
4, = 1200 L L
S .- Urzpt T r2ft T2/t 1 12/t
- 1200 - 800 - V = 0 At 8y
+TZE =0 Boots
V=4001b Ans
2
(+IMs = O; ~1200x + 800(x—12) + M = 0 l'}m
M = (400x + 9600) Ib- ft Ans v
1200 16
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4-11. Draw the shear and moment diagram of the floor 800 1b 800 Ib 800 1b 800 1b
girder in Prob. 4-10. Assume there is a pin at A and a l l l l
roller at B. HA

L1 |

B
] X

w Baois Beoly Boos
T 1 121t 12ft 12 ft—e 121t

:
i2 fﬂ'/z ftT /2 ft 1= 7t MKt
1200 16 200016 8z
, 4-4
Y {ib) 44
1200
400 } { + — A(ft)
1 Il
AfE)
! —400' 4 g V, . = +1200 Ib Ans
M, =192 kft Ans
-/20,

*4-12. Determine the internal shear, axial load and
bending moment in the beam at points C and D. Assume A
is a pin and B is a roller.

6 kN
04m 3 4
- F3 20kN .- m
0.6 m
AT T m—
=T C D BT
NeleleN
Ll milm ‘ 2m ‘ 2m !
Reactions :
3
(+IM, = 0 2.4(f (6)-(0.6)(-)(6)+20-68y =0
. odn L KN
= 489 kN ’:,«4‘
. ) N . -
LIF = 0; Ax—(g)(s)— 0; A, = 3.60kN A C‘“J >2¢ il om
+13F, = 0; Bt —(3)(6)+4.39= 0; A, = 0.0933 kN A.!r_m il Zm Zn __T
For C: "

' Lk ! <
YF = 0; 3.6+N-= 0. Ne = —-3.6kN Ans 5LK~——-%—9——9 N(_
- 0.0933-V = 0; ¥ -0.0933 kN

+T2F = 0; e= -0 Ans | g
{+ope = 0 Me +(1)(0.0933) = 0; Mc = —0.0933kN-m Ans s
For D : Vb

LIF =0 Np=0 Ans M, .

= U 489 = 0; = -4 89 kN Ans m )
oo o 0 ND Zo kd-m
Gimp = 0; Mp —2(4.89)+20 = O
Mp= —102kN-m Ans
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4-13. Draw the shear and moment diagrams for the 1.8 ki
beam in Prob. 4-12. /}\014 KN-m
3.b kd _ 7 i ) o RJJ'lq
e 2y — 3l ki
[ — LIy
00933 KN 4m q N
6 kN V()
04m 3/,
W3 20kN - m
0.6 r 2
Ar— - — -0.0933 s *
Y~ vy C D BT ‘4,83 P /
Helolo N
leilm : 2m 2m ! M(kd'm)
x
V. =—4.89 KN Ans
M,...=—20 KN. m Ans
4-14. Determine the internal shear, axial load, and
bending moment at point C. Assume the support at A is
a pin and B is a roller.
10k 0.8 k/ft 8k
¢ Y Y Y VY VY VY VY Y V¥
| == : |
A C B
e6ft4i12ft——<—12ft4#6ftﬂ
Reactions
(+IMs = O 24 A, - 30(10) - 12(19.2)+ 6(8) = 0 M2k
A= 201k lox Bk
+3IF =0 20.1-10-192-8+B, = 0 i 17° (' } ¢! 4
By = 17.1k A! 1
LEf =0 =0
~ A, 8
LK
For C : e
+ LI = 0 U-+96-201+10= 0; = 0.5k APS ' 71 He
]
M = O - M - 6(5.6)+12(20.1)~ 18(10) = 0 o 1 ¢ qu. N.
Mc = 360k fi Ans 201k !
- % = O Ne=0 Ans .
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4-15. Draw the shear and moment diagrams of the
beam in Prob. 4-14.

10k 0.8 k/ft 8k

lox 0.8 /it 8K
| y \ Y y Yy y Y y \ Yy | & k l
Al C B I
2.1 14 K
V(n
t lo.}
e6ft4-712ft——<—12ﬁ—¥6ﬁﬂ T lm\w\il L x
~to i - ,,
———18.625—~ ’

Viax =—10k Ans /rrrfé\
M, =—60kft Ans 1124 ":‘le\l}/ x

~“¢o

*4-16. Determine the internal normal force, shear force,
and moment at points £ and D of the compound beam.

800N
200 N-m

(e .E _ég§

I 0 P 8

OEF, =0, Ng =0 Ans

) 2ooMim

+TZE = 0; W +50=0
7 SON

¥ = ~-50N Avs

(+1'.M;=0; ~200+ 50Q@) - Mz = 0 \!5'
'\)E )iocu'wx
My ~100N- m  Ans m: m
Sow

n

Segment DB :
LLF =0, Ny =0 Ans
+TLE =0, % -B00O+50=0 "
D _Tim! 4w
-
% =750N  Am N,
(+m0=0. ~800(2) + 6(30) - Mp = 0 Son

My = ~1300N- m = -L.JOKN- m  Ans
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4-17. The concrete girder supports the two column
loads. If the soil pressure under the girder is assumed to
be uniform, determine its intensity w and the placement d
of the column at B. Draw the shear and moment diagrams

(98]
—
~
(o))
-—
~

for the girder. d
A B
30k L0k
4 0 e st e s e e i
3 | 30 ft .
C 'S T
40 %
Viv
w=20230 500w A ' v — T
;) = = 3. ns |
30 a . /Mﬂ(] | i
(+ZMC =0 90(15) — 30(3) - 60(3 +d) = 0 -1 T - ‘ ‘
d=18f Ans
M (4t
3o K oK (2.5
1 l 135
3 (g 9! B 11\ ! x
£ T
|

T 1111 ,, R

-bo
4-18. Determine the internal normal force, shear force,
and moment at point C of the beam.
400 N/m
200N/m
)
C J
l 3m 1 3m
booN
Beam : 1200N -1
- 1
- '
Qzu. =0;: 600(2) + 1200(3) ~ A, (6) = 0 P B Rl
|
\
A, = BOON -p——i
. A |. ]
—XF =0 A =0 * R v By
Segmeat AC : A, 3.
DHIF =0 Ne=0 Ans tgoN
eOON -
+TLF, =0; 800-600-150~1% =0 -1«
~= {— 4 e
= 50N Anps !
¥ N,
(FIMc = 0: - 800(3) + 600(L.5) + 150(1) + M = O ooy
l-fm\/ i\‘
= M . §
M I350N- m=135kN- = Ans 8 60N 8. Som, C
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4-19. Determine the distance a between the supports in Wo
terms of the beam’s length L so that the bending moment
in the symmetric shaft is zero at the center. The intensity
of the distributed load at the center is wy. | ) |
_alts =2
| . |
\ \
L
Support reactions : FBD(a)
Moments Function : Iy A ¥(
1 L\(1\[L\ 1 .-"},“~~ ::—'j ) M=o
Grm=o; 0+*(w°)(-—)(-)(—) -_woL(f) =0 = =
2 2/\3/\2) 4 2 t x f (7
2wl fwil i’““-
a= 5 Ans 7y
#*4-20. Determine the shear and moment in the beam 400 1b /1t
as a function of x. Assume the support at B is a roller. 600 1b -t
v Vv Y ¥V v Y VY V VY
T
X
15 ft
Leco 1b
Reactions : — Bl |
[+IM, = O; 7.5(6000)~ 158, +600= 0; B, = 30401b AX‘T% 75’ 15
+TIF = 0 A +3040-6000= 0; A, = 29601b U
A., By
Segroent :
+TEF = 0 2960~ ¥—400r = 0 Yooy
V= 2960-400x Ans [T }
x % *h
(rEM= 0 M+ (4002) - X(2960) - 600 = 0 ( l ‘)H
— X ———*{
= -2004 +2960x+600  Ans 1901 \
4-21. Draw the shear and moment diagrams for the Yoo e/t
beam in Prob. 4-20. f L : !
woo ot { L
400 1b/ft _I
/ %o Ib 3atlo iy
600 1b - ft
v Vv Y ¥V v Y VY V VY v
> T
x -~ T4p—m [ f { ”
15 t “3ots
M{ndt) 55
beoo ! { ! ’ 1 , l
‘ x
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4-22. Determine the shear and moment in the function
of x, where 2 m < x < 4 m.

7kN

l 12kN-m
AP
]
2m 2m

Trad
4m l 12 b.lu
A, . in in )’ 4q X
' !
Reaction at 4 : AV 87
(+2Ms =0 A(8)-7(6}+12= 0; A, = 375kN 1wl
Segment : (4 — L )M
+TZF = O -V+375-7= 0. V= .325 Ans _;__.lv
M=o -M+375x-7(x-2) = 0
M= -325x+14 Ans 35wl
4-23. Draw the shear and moment diagrams for
Prob. 4-22.
7 kN
l 12kN-m
A V\ QB
]
2m 2m 4m
(L
l 12xsl-4
1 L 2\ 4-.
ri
l [ 3.25 rid
395 l
¥ () 1
335 |
[/ .
7 77 777 77 30s
M (=) J
= ‘\ Vinax = 3.75 kN Ans
1 [ [ 1 ! [ x M= 13kNm Ans
99
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*4-24, Determine the internal shear, axial load,and bend-
ing moment at (a) point C, which is just to the left of the 3000 1b
roller at A, and (b) point D, which is just to the right of 250016 . s
3000-Ib concentrated force. Assume the support at B is a pin. l l l l l l l l l l
E ~ ~
C WA D | BY
6 ft 12 ft 2 ft~
Reactions
YIZF = 0 B.=0
;+mr, = 2500020) - A, (14} +900(8) + 3000(2) = 0
A, = 4514.291b
+TZF, = O 2500 + 900 + 3000~ 4514.29—-8, = 0
B, = 188571
2500 16 Yoo lb
For C: }
+TZF, = 0 ~ 2500— V- +4514.29= 0 b f % 1 L ra B
V- = 201431 = 2.0t k Ans i *
£+ Mo = 0: M +2500(6) = O 8,
Me= —150000b-fu = —15kfi Ans ABL
LIF =0 Ne=0 Ans Bwib
: 9ooth He
For D: 25000 A :‘ MC
+TEF = 0: - 2500-900-15+4514.29= 0: 15 = 111431b = L1l k  Anms l R Ve
GIMp = O: 900(6) + 2500(18) - 4514.29(12) + Mp = O - 49'% Y514.29 Ib
Mp = 377141b-ft = 377 k-ft Ans L 1 g
LIF =0 Np =0 Ans 4514.291} v
4-25. Draw the shear and moment diagrams for beam
; _ 30001b
in Prob. 4-24. 2500 1b 75 1b /it
Y Y Yy v Y y
Tt To /bt Fooolb I P Py =
c WA p | Bl
I 6 ft 12 ft 2 ft~
.29 1 188571 1b
Vi
ol T T (A1}
[ [ ” 440 LTLTT x
-5
H (e-fi)
Vinax = — 2.5k Ans
A-rﬁé‘l,’\ M, =— 15 kAt Ans
[TT7T ~
-15™
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4-26. Determine the shear and moment in the beam as

a function of x. 600 1b /ft

w = (6x%) Ib/ft

{MVVV\\\\\E

ABKC Nl

10 ft

Reaction at AT
Fo= ['"6de=278" = 2000 b
0

L i
From the table on the inside hack cover for a parabola the centroid is alz( 10€) = 25 fi.

it

loea b
G

0: 2.5(2000)- 104, = 0. A, = 5001b
:;}:J-: =0 A =0 A !

"1‘___ 15 ———{ FAN -.6’-

Segment -
0 S |
F —joﬁx dr= 23 2
+TIF, = 0 500-2¢ - V= 0
V= 500-2¢ Ans ‘ *) M
(M= Me2?(D)-s00cs 0 Wk —ofi x v
M= 500x-0.5i" Ans Seolf
4-27. Draw the shear and moment diagrams for the w
beam.

Wo dex wol

F. =JAM=JOLde=F x T venmane

0 3
- _ ’AXJA _ é—l)dx _ 2& X
L‘ dA wol 4
+TEE =0; wol _wor’
12 32
x= (i)”’L =0.630 L
Wl
wol wox 1 1z
+ILM=0 —{x)~ “X)~M=0
( 12 @) 312 (4::) Y
_wolx  wour!
12 128
i M whl el
Substitute x = 0.630L 003k kyl 2L —
M =0.0394 wo 1.2 ——x
i T \
) t O-&3al
Vmax == W0U4 Ans i rx __&L
M, = 0.0394 w,L* Ans 4
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*4-28. Draw the shear and moment diagrams for the

cantilever beam.

+TZF =0
wx
V== =— -P Ans
60
l(w
= ~|mexlx (=) + Px =0
GzMs = 0 M= 2(30 Je(5) +
M= —-;3-3- - P Ans
4-29. Draw the shear and moment diagrams for the
beam, and determine the shear and moment throughout . ) 10 kip 8 kip
. 4 2 kip /ft
the beam as functions of x. o
B 40 kip- ft
. 1 vy v v vvyvvyY
Support Reactions : As shown on FBD. '
Shear and Moment Function :
r
For 0sx <61t
6 ft 41t
+TZE=0; 300-2x-V =0
V={30.0-2x} k Auns
<(p)=IRO0K 0k
Gm{,“ =0; M +216+ z:G)-:so.ox:o I 8r
16 k-4t T | l 40 k-ft
M= {—x*+30.0x - 216} k-ft Ans 26 koAt J)
3 EXAA 1
For 6 ft <x <10t 30.0k f § <+
- 8k
+TIE=0; V-8=0 V=800k Ans =t ¥
kR
| ) M 40 ¥4t

rﬂ
(;-EM,M=O; M —8(10-x)—40 =0 ‘
A o (ETE (I
ns 30.0k V.4m__)d

M = {8.00x-120} k- fi

Ve MEKS)

30-0 6
18-0
2 & S xcsrd

-00
}-x(fy ~$o-0
720

—-21b
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4-30. Draw the shear and moment diagrams for the
beam, and determine the shear and moment throughout
the beam as functions of x.

1200 1b
B 800 1b /ft l
;;J YyYyYyvyy A A ,
i |B
qa
f-y—xJ
g 8 ft 8 ft
Support Reacsions : As shown on FBD.
Shear and Moment Function :
For 0Sx<8(t]
+TEE =0, 7.60- 0.800x —V=0 AL} =LA -k 140 x
V = (7.60—0.800x} k Ans
M4BT
. — ,
(+ My, =0 M +44.8+0.800x(5)-7.60x =0 *
M = {-0.400x*+7.60x—44.8) k-t Ans 7-éoL’| ‘Fffl zft
o-B0X
For 8 ft <x S 16 £t 446k v
IE....._l L
+TEE =0, V-120=0 V =120k Ans tl‘%‘*’;é’l
Fe0 f2ok
QWN‘ =0 ~M-120(16-x)=0
M = {1.20r- 192} k- ft Ans
M {I
V{K) v ’ 76X l
7-é0 Mkt
120 172
" 100 £ ; +—x ()
< 8 1
—9-60
—44.6
103



c04.gxd 6/26/08 4:13 PM Page 104 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

4-31. Draw the shear and moment diagrams for the

tapered cantilever beam.
4k /ft

'vvvvwwrwm

i
p ",

12 ft 12 ft |
+
- Lf =0
A =0
+T2‘J~; =
s A, ~4Bk-24k =0
(x-f)
A, =72k T
ol 1Z fi
] Tl (+ZMA =0
-96 k- ff
—48 k (6 ft) — 24 k (16 fi) -M, =0
,qu);.‘ﬁ MA = 672 k-fi Ans

*4-32, Determine the shear and moment in the floor
girder as a function of x, where 4 ft < x < §ft. Assume
the support at A is a roller and B is a pin. The floor boards
are simply supported on the joists at C, D, E, F, and G.

200 Ib /ft

Yorib Bool, Bostb  Boolb oo

4' yr 4/ Yt -

Reacton at A 1 1 x
("+£Ma =0 —~A, (16)+800(12+8 +4) + 400(16) = 0 A B,

A = 16001 b

b it oo [},
Segment :
+TIF = 0 1600 —800-400 —V = 0 IS 1 _l’H
¥ ["‘""—"‘_—“’“

V= 400 Ib Ans e —
(':ZM =0 M — 800{4)— 400(x) = O

M = (400x+3200) Ib-fi Ans ltoo
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4-33. Draw the shear and moment diagrams for the
floor girder in Prob. 4-32.

ERERNENN ENE

levo |k, ]lkooll
)
| 2e0 L/-‘—l‘
////, 777/]4-0 N
t "'4‘0' - //
i v
1
M) '
LYoo
4800 Yoo
: ! Vi = = 1200 Ib Ans
l @ M, = 6400 Ib-ft Ans

4-34. Determine the shear and moment in the beam as
a function of x.

200 Ib /ft

1200 1b-ft

30 ft
800 Ib x
G=
OO
200 / 3o L
+TEF, = 0; ~V-800~ 24 = 0
60 l2o0 b ft 2xg %
V= (=333 - 800)Ib Ans ( ,J M
2 - K =
(+2M= 0; M+£(-2-0—(-)x')+800.x+1200= 0 1 ¥
3160
M= (= 1115 - 800x - 1200) Ib-ft  Ans oo I
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4-35. Draw the shear and moment diagrams for the
beam in Prob. 4-34.

200 Ib /ft

" 1200 1b - ft
Los 1o
. i L
- ' 1 I’A
100 - 55200 Ib.ft
:wt(l t ) 5500 o L
200 Ib 300 1h 30 ft
800 Ib
V(L)
~ boo H ! ! f f »
-3800
M (1h-Ft)
-Nes HI ] l ’ [ ¥
=-3.80k Ans

-55200 Vmax
M, =—552kft Ans

*4-36. Determine the shear and moment in the tapered
beam as a function of x.

8kN/m

5 b,
T
lofy ( i r\l\l\l\r\.g
N.
+TZF, =0 36 - l(gx)(x) - §(9—x)x— V=0 " T,
2'9 9
4 , 8, 3 kN
V=36 - —x —~ &+ —x~
9 9
V= 0.444x" - Bx + 36 Ans
X _E
(rzm =0 108+ 28000 Go+ 209- 0 (5y- 365+ M = 0 ({% h
29 3779 2 o L,__-D_&j — ’
2 ' (1
M= —108- S0 - 4+ 224 36 win f‘—"’—‘“_]“
27 18 e « - g
M = 0.148¢ - 4x + 36x ~ 108 Ans i
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4-37. Draw the shear and moment diagrams for the
beam in Prob. 4-36.
e,
8kN/m
X ———
| - A
X
M (k)
f T A
V, . =36 kN Ans
M, =—10.8kN-m Ans “log,
4-38. Draw the shear and moment diagrams for the
beam, and determine the shear and moment in the beam
as functions of x. Wo
YV VY Y VYN VMI
Support Reactfons : As shown on FBD. A V ‘ B
Shaar and Moment Funcilions —x——{ ‘
L L
For 0 S x <L/2: 2 2 !
L
2 =0 22 we-v=o
L
V= ’%(JL-—dx) Ans M”a"z. Uyl
4
Z_QLL" passmmnpenemas T“‘i
M., =0: Twol? 3wyl . e b =0 z*c - . L ——
ﬁ T ’"“’(E]* B IlL : ]
Wo P 2 L sL L
Mo (-126 + 8Le-TL")  Ans 3§L 7 7 3
uhx x
Forl/2 <x s L: Tul* ‘Z-I
= Y
+TIE =0; V—%[Z—':“-(Lq)]u-x):o (Imél)"‘
Wo 1 3—-—” * Lr=2ul.
V= (L-x) Ans F 4 Aol
20y~
EMy =0, M=o 200 l-n(E25)=0 N
QINL E[T oi-n(5)- M (T :
M:—%(L—x)’ Ans bt
v
s — X
3‘&’. _"U_U‘._g
k2 AN 24
4
-+ +— X -Zﬁ
B3
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4-39. A reinforced concrete pier is used to support the

stringers for a bridge deck. Draw the shear and moment
diagrams for the pier when it is subjected to the stringer
loads shown. Assume the columns at A and B exert only
vertical reactions on the pier. ) y y

C

35kN 35kN 35kN
Im]1S5m|15m|lm

Y Y
J

TM 35Kk 3500 35K ?m
lkkfff)

J
Vi {im| +5m

l i “~
Trsmlim]in

2.5 kN

V(KN)
5.5

1125 kn

M(knkm)

Go-0

75

<44

o 2.0
w2 PN

) o0 J
it

325

~60-0

Vipax = £ 60 kN
M. =—60kN-m

*4-40. Draw the shear and moment diagrams for the
beam. The bearings at A and B only exert vertical
reactions on the beam.

8oolb

Boolb
200 b/t

p 1 1]

Aiil

15NN N!

1

A
2t T 2ft

T 24

800 1b

8001b

200 Ib /ft

vy v Y v

Y

A 2

A

5 1B
}-—2 ftq-—z ftq——z ft——‘

1400 Ib

1400 1b

V{b)

Mlb-¢)
1400

2400

e
5 g . x@u

T

Np—-
[P S,

i X (fe)

~l400

108



c04.gxd 6/26/08 4:13 PM Page 109 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

4-41. Draw the shear and moment diagrams for the

beam.
800 Ib /ft
Y Y Y Y Y VY VYY
A B
A A A A A A A &
800 Ib /ft
8 1t -‘L 8 1t J‘
a3t 800 st
[T o,
) L A

8/ ul 8: 1

Mib-{t)
51200

+ x Vipax = — 640k Ans
M. =512k ft Ans

4-42. Determine the shear and moment in the beam as
a function of x and then draw the shear and moment % fqv
diagrams for the beam.

a 1 b Y

SW'I i |
mﬂl > ]\’ MG | |

- ForO0=x<a: i ‘M9 i
M, L
M = TX :
. X
Mo I’Y‘} Fora <;c{$ L: o
; ha | & M= —x=My e
T w ° Y T
My ’
— Vv
L
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4-43. The beam is subjected to the uniformly distributed
moment m (moment/length). Draw the shear and moment m
diagrams for the beam. AR ol
g Q o B
Support Reactions : As shown on FBD; ‘ ‘
Shear and Moment Function : L |
+TZ(§ =0, -m=-V=l V=-m Ans
( NI,
+IMy, =0 M+mx)-me=0 M=0 Ans O B A =
I-—————-——L
Shear and Moment Diagram : mb
, 4
PN 1
v " oy e
r>—de-y M
. m—all e
=3 L X
-m m
Vo -my
*4-44. The flooring system for a building consists of a
girder that supports laterally running floor beams, which Z4x /6K 5ok gk 50K
in turn support the longitudinal simply supported floor l l
slabs. Draw the shear and moment diagrams for the
. . - ———— T
girder. Assume the girder is simply supported. TR TR LT T
4k 688 x 72k
2kt | vik
21t %‘ # )
y 6448 28
+ + —z.;zj + X{t)
— L
Q S ft—we S ftse S ft—se— 5 ft—— S ft Q Mk O
w8 _E_e0s
! + + 1 t — x(ft)
4-45. Draw the shear and moment diagrams for the
beam.
12kN/m
30kN-m
12 kd/nm Y Y Y Y Y VY YYD
i i3 ()
L -——';-]——- Snm —-1
, 12 ko
48 el . Sm Sm
Vi) o Gy ——
“ i
? TS
L] T x
-
Vinax = 48 KN Ans
Mg
w M ax =96 KNam Ans
Ay
[/ 77
x
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4-46. Draw the shear and moment diagrams of the
beam. Assume the support at B is a pin and A is a roller.

100 Ib /ft

800 Ib - ft
Bt oot (
(=
+1t f 76 ft
750/
850 16 41t 16 ft |
veib)
’ 80
(\A | x

¥
} =Yy 7\?[‘-7 Vi =8501b  Ans

M(1b-H) M, =281Kft Ans
28125
t7 +— N2
“8001

4-47. Draw the shear and moment diagrams for the
beam. Assume the support at B is a pin.

8kN/m

1.5m 1‘— 6m

8 taidy
A
[} 1
1.5m I [
30.5 ksl 23.5 wd
Yo |
2.5
/
. %\I gobel
)
la— 30— 8.5
M (9 34.5
| l / I } [ V, =245 KN Ans
< 4
-3 M, .x =34.5 KN.m Ans
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*4-48. Draw the shear and moment diagrams for the
beam.
SkN/m SkN/m
m 24.8)=jzsk
ﬂf L5y LSRN
“lq ‘ ‘ L -3
45m 4.5m i b L
b= I
|
3m | 45m Tt-5m
From FBD (a) G375 kA 13125 KN
+TEE =0, 9.375-055567=0 x =4108m "T’“’,f,,m
1Ly
(rzMu=0; M+ (0.5556)(4.1031)(%@) = | bM @)
-9.375(4.108) =0 EZN
M =2567kN-m Ans G35 RN
From FBD (b) $5)4-5)01)25 kA
(r T M =0: M +11.25(1.5)-9.375(4.5) =0 1 IV
M=2531kN-m Ans - M o)
3m TI45M
Y(kn) 9375 kn
MEKNm)
9375 5] 253
5 3 xm) g )45 p xim)
1875
3125
4-49. Draw the shear and moment diagrams for the
beam. There is a pin at C.
P P
]
<J JB
A i
CRE
T % f L/4 L/4 Lib—A— L2
b
PL F——t———y
= 5 e te
2 Z 2
. |
Ty, Toy Ty Ty o
3
3f Te
> 1
Y S
- Vs = % P Ans
fr
/’/8\ Mmax: % PL Ans
TR
8
-PL
oo
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4-50. The concrete beam supports the wall, which
subjects the beam to the uniform loading shown.The beam
itself has cross-sectional dimensions of 12 in. by 26 in.

and is made from concrete having a specific weight of | | | | |
y = 150 Ib/ft?. Draw the shear and moment diagrams for | | | | [ |
the beam and specify the maximum and minimum : | : | : | : | ' | '
moments in the beam. Neglect the weight of the steel 800 1Ib /it I | | il 4 800 bt
reinforcement in the beam. | ' S = "l
—r— —r—
1 10 £t 3 1t 8 1t —J
0-325 £/ft
128 kfjt 1125 kfit
Weight of beam R i
_12(26) _ y RS
= e - Lleeree TR 15l 8k |
10-7<7 K 10-498 k
e = .1 =
Weone = 150(2.1667) = 325 Ib/fr ViK)
] 9.535
10-7
Viax =10.7 K Ans - i
max e x ()
~0-5
Vo = 51.0 K ft Ans

4-51. Draw the shear and moment diagrams for the
beam.

Support Reactlons ! As shown on FBD.
Shear and Moment Diagram : Shear and moment at ‘ L L L |
x = L{3 can be determined using the method of sections. 3 3 3

6 \9 33
SwoLl
]
1 5
Vinax =WoL/3 Ans Wi T
3

M =23w,L%216  Ans

5
N
]

&
Lol
N\

S

et
, ™,
GIS i
~ p
u.‘rm._..‘...
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*4-52, Draw the shear and moment diagrams for the

beam.

12 kN/m

12 xQf/m

4-53. Draw the shear and moment diagrams for the

o

beam. o
(G IM=0 M-MEL o gl /V/W m
. 12 . Y Y Y Y Y VYV YN .
A : B
Vinax =w, L/2 Ans \ o
2 \ L L i
Moy =wo L2/12 Ans ‘ 2 2 ‘
v .
e EXs ﬂt\ <3
@’e—‘,———;—- ==ai BN I
L . ! :
snL ! . et W : et
- b e ” —_=
4-54. Draw the shear and moment diagrams for the
compound beam. The segments are connected by pins B Goolh 4000 i
at B and D. 1000 th 222 6fte olb/it
INENY 1
é =1 F
8t 44| 6ft 8ft
2001b 150 Tb ft (60016t Boolb  1op0te  FOMB Ro0ib
[ l 1 l l 1) ¢ V(ib)
@ @ &
A B &C D 4 (000
L8 ft*-“4 ft#6 ftJ——8 ft——‘ 400
—+ t—ft- Xt
A |—Z-1 -200
~601 3281t
M-
SN )
~/600
2400
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4-55. Draw the shear and moment diagrams for the
beam.

15 k-t 15 k-t
Y YV VY VY

AE BEX

( i )15 rFt
. [ ! !

] T ‘ 6 ft 10 ft 6 ft
fok Gay
V(e
H— e
® \
2
£ Drem .y Vaax =+ 25K Ans
! My =— 45 K.t Ans
H{c-f [
ns ‘
I M BN y
-5 "Ill'} "lul!" -5
-¥5 45

*4-56. Draw the shear and moment diagrams for the
compound beam. It is supported by a smooth plate at A,
which slides within the groove and so it cannot support

a vertical force, although it can support a moment and P P
axial load. ﬂ l l
(e |
A B 2 D
] ¢
Support Reactions © E
From the FBD of segment 8D
—4 a a a

(+w¢=u, 8,(a)-P(a)=0 B =P

+TEE=0; ¢ -P-P=0 G =2P

S IE =0 B, =0
P By P
From the FBD of segment AB My l l
Ax 3 —, B ]
(+2MA =0:  P2a-P(@)-M, =0 M,=Pa El F
o a a. a
+TEE=0:  P-P=0 (eyuilibium is suisficd!) ) G
v M

Shear and Momant Diagram :
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4-57. The boards ABC and BCD are loosely bolted
together as shown. If the bolts exert only vertical
reactions on the boards, determine the reactions at the
supports and draw the shear and moment diagrams for
each board.

15 kd % by Jopw
i_ La jm ¢ |
5KN/m 10 kN g0 A 1"7% )
1 ]
AT TTIIINEY O et '
.;1.:4&}3 = = = 5 Kl n I el Y
¥R l = = f.‘la 7o v lu In ¢ (n
‘ J, J | b l ~ 18,5'““1 1
= 3m T 2m ~1m 1m [ER T ] (RN '
‘ V()
Vi Lkn
Using the FBDs of members ABC and BCD - 3l } <l P L
(Mo =0 C,(5) - B,(3) - 15(1.5) = 0 77 /7777l 2
(rivp = o; C,(2) - B,(4) + 10(1.0) = 0 Syl F T %
C =85TIkN: B, = 6T86 kN Ans 857 2y
+TIF, =0 A, — 15 + 8.571 - 6786 = 0 H(wd-w) i
A = 1321 kN : Ans - Ll M) e .
+TEF, = 0 D, - 10~ 8571 + 6786 = 0 11 //frﬁ\-‘
D, = IL78 kN Ans » I”N _%
4-58. Draw the shear and moment diagrams for the
compound beam. The segments are connected by a pin
at B.
8kN
S kN/m
YYVYVYVYVYVYVYVYY
Al G,
= B C
l 4m 1 m—Ll m-=
Py 10 ﬂakd
N L 28-0 kai-m
"1{)
l»—--r—-—-l
& m | 1moi
] 18-0 k4
10-C &nt 10-0 /N
V{kN)
(0-0
A = Vi = —18 KN Ans
Zm ' -0 -18:0
MxN-m)
/6.0
— + X (m) M 0 =—28 KN.m Ans
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4-59. Determine the internal shear, axial load, and

bending moment in the beam at points D and E. Point £ 4k
is just to the right of the 4-k load. Assume A is a roller, 0.5 k it
the splice at B is a pin, C is a fixed support.
Y YYYVYYYYY
| . 24 B’
A D B E C
Segment AB : ~—6 ft 6 ft 4 ft =4 ft —~
“IK =0 B=0
(+IMp = 0 ~A,(12)+ 6.0(6)= 0; A = 3.0k
+ TZF, =0; 3.0~6.0+B, = 0;: B, = 3.0k
Segment BC :
LIE =0 ¢ =0
+TIF, =0 -3.0-44G = 0;G = 1.0k
(+ZMc = ©; 3.0(8)+ 44)-Mc = O; Mc = 40.0k- ft
Segment AD :
+3F = 0; Mp=0 Ans
+TIF =0 3.0-3.0-%=0;%p =0 Ams
(+ZMp = O; =3.0(6)+3.003)+Mp = 0
Mp = 9.00k- ft Ans
Segment EC
IFE =0 Ng=0 Ans
+TZF} =0 W+7.0=0; Y =~7.00k Ans
(+ZM: = O; ~ M;-40.0 + 7.0(4)= 0

Mp= -12.0k- ft . Anms

#*4-60. Draw the shear and moment diagrams of the

beam CDE. Assume the support at A is a roller and B is 10kN 15 kN
a pin. There are fixed-connected joints at D and E. 6 kN 1 l
| b ;
— -
<104 kN/m
6kN 10 1en o —
IR Jiskd 15 kN Bl
i L 575 L nal — 7
S S - -
21725K0 98l 27 9.8 k0.m bl
FNSKN [ TG 275 i |
!
! 28kN
21725 KN I |
4275 KN
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4-61. The overhanging beam has been fabricated with
projected arm BD on it. Draw the shear and moment
diagrams for the beam ABC if it supports a load of 800 Ib.
Hint: The loading in the supporting strut DE must be
replaced by equivalent loads at point B on the axis of the
beam.

800 Ib

\— A ft

Support Reactions :

——Cx
3 4
(oM =0; 300(10) -5 Foe) - choe(2) =0
G Fpg = 2000 Ib
goaib 12001h 3
1b001 +TEE =0 ~800+3(2000)~C =0 G, =4001b
o fbaolb
S200ibp : 4
—SIF =0 -G +-(20000=0 C =16001b
4001b 5
65t 47t Shear and Moment Diagram :
Mg
V(i)
Vinax = —800 Ib Ans
oo
l 6 ) M, =—4000 Ib.ft A
& io x4y —+— +—XCt) e »
~/eco
8
-4800
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4-62. Draw the shear and moment diagrams for each 0.8 k /it
member of the frame. Assume the support at A is a pin
and D is a roller. B
Y Y YYYYYYYYYYYC
o8 kft >
7e8e4 [t =y 00K/
“lbk 20ft I > 16 ft
06 Kfst e}t l "l A D
416K S
pa— 7
9-60k ;
‘ =R ex | 20 ft |
1184k ’
416k
96k .
%k __ Broxft
T68 k£t '
Vo= -11.8K Ans
My =-87.6 K.ft Ans
4-63. Draw the shear and moment diagrams for each
member of the frame. Assume A is fixed, the joint at B is 20k s
a pin, and support C is a roller. 3 h
0.5k/ft B !
> 1
20k >
160K z 8ft —>
0.0k | A >
6~ro:< é’/ t T 6/ ¢t o
/6.0k 60k 4
1 la
8t
oK | | 6 ft 6 ft
6.0k
200k 160K .
K.
dkft. - 36-0 k-1t
6ok 60k
Vi = 20.0 K Ans
200K
My =144 K ft Ans
- 144 £ ft
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*4-64. Draw the shear and moment diagrams for each
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 simply supported wall and roof segments.
300 1b/ft
(o 351t
30° 351t
: !
s001b /it —{| |[]®
—
—> 7 ft
—>
—»
L
> Support reactions :
—> QIM, =0 ~3.5(7) ~ L75(14) — (420)(+ s 30°)(7cos 30°)
7 ft —-4.20(sin 30°)(14+3.5) + ,(21)=0
C, = 5133kN
L HIF =0 L75 435+ 1754 420 e 30° — 5.133 - A, = 0
A = 3967 kKN
+TZIF, = Ay, ~420cos30° = 0
A, =364 kN
7!
35k
Be 7
15K 35k 115k ’ hos K ik Les e — Y
115k *
s 90 7! t T i l
§ oot 59 T Ay
1433 K Iz.su K
3 33k
V(K [ Vo
1w 7777_, : :
"”—5, ARV A4 | £ " s ’3 — [/‘ v
o - gy AL L
Ml | M (e
‘5.5 [
- L3 L83 T T
m X 77T,
i
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4-65. Draw the shear and moment diagrams for each of
the three members of the frame. Assume the frame is pin

connected at A, C, and D and there is a fixed joint at B. sokN 40N

S0 kN 40 KN | ism I 2 m ll.Sm |
| l 45 kA H y N
Tl.Sm 2m 1.5 mﬁ g e d 5K
B j% j‘E C VIOEN . g T
- i HE _15kN/m 3 xn el
- AR
“ 73N ;
- HSEN
4m - \ N' PR
< /_.}156 re
< 17_'._.’
6m - A T -
< , R RELLIM
< Hon bm
D Bl goxw

) kN -l-‘qrflc”

M (u“\ [RE - H (.U)--}
' s

4-66. Draw the shear and moment diagrams for each
member of the frame. The joints at A, B, and C are pin 250 Ib /ft
connected.

A

L—6ft*—l-—

7506
250 16/4¢ |
A/\f\'\ } F201
587316 ;
‘ 1143214 ""‘;7“'—‘1
Gft N P41
750 I = Boocom-g¢ 75016
48016 20 Ib/{(

1} ~4E014
64

“4801h 143.2 1
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4-67. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be
simply supported. Assume A is a pin and B is a roller.
800 1b
50 Ib/ft
soo b
I ta’_se Wht 4 v v v v v %
753‘&-‘& ( { .% GA]
3
7501b - ft
5 1 |
s ‘ 10 ft 10 ft
0" M (ib-H)
) 59 1[5+ it
! ! J ‘*‘ / / /7
Soo b Seath
+
* H {ib- )
756 1 &t %o |
C _ /777
1 ’
3.5 1 31516
P
" H(1k-5)
T T / / .
oo 14 Yoo if
*4-68. Solve Prob. 4-67 by considering the beam to be
cantilevered from the support at A.
800 1b
50 Ib/ft
4 ¥ v ¥ v ] B
¥ b 5
b-ft T 750 Ib - ft
g T T \
T 1’ | 101t 10 ft
Be1s 1L 1 51516
M (1§
§o I{‘
——
= : 777 la
7 ~ to 6ao
i H Ub. £ -
) 13250
% // / 7 7 L, &
sl
+ H Ik # +
Boo I
/\;
/{ g
/ 7777 4
//\ ~“feeo -
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4-69. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be
cantilevered from the pin at A.

200 kN
40 kN/m
A A Y
Afe 0\
5 &) C
!— 8m !— 4m—J
00 KN
4D KN[mM M{KN M)
[T
—— il ] +— X (m)
B8m | Fm —_
2004 " [660m~ -2880 -
o &0 kN/m l—l
Beous A i
g e L I - _] :I'— J((M)
~ r—””
4BOKN + 2400
Z0OkKN
2400 ku-m J SZ‘EOL\
C frn—— J ~—
T ~ L em)
200 ku 4
660 KN
t= =
5280 kn-m T
060 kN

4-70. Draw the moment diagrams for the beam using

the method of superposition. 80Ib /ft
¥ Y Y Y YYVYVYVVYY
i 12 ft T 12 ft———
9 :
ot 128 12 ft y
{AH é,é&; 4—1 l
i MG
8o.ib/ (CYe> 600 1b
M L 1T 11 1z f
§ 24ff
)
{9201b »
— 23040
+..
M(x)
(o)
i (2ft
( R —— s o 2'4,&6
l———llﬁ — Ilﬁ
&Dle 6001b. —7200
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4-71. Draw the moment diagrams for the beam using
the method of superposition. Consider the beam to be
cantilevered from the pin at A.
50 kN/m
y Yy ¥ \
A .
B
‘ )12 kN-m
[ 6m | 6m l
50 K /m
T T
i 127K -
Ay - S ¥
!..—/ ©om &m “"
" () MG Gil-m)
@ 50 KN/m
My { L L LI T1] . B
ﬂW 1<m>
ccon i
i" 1Zm 1 -3600
@ + @ Mldknm)
My e A =y om oy
( 12K o VLTI o
}.‘——»ém bm
@ MeEKEm)
©) 3612
+ T
me S , ° ﬂ%\ x
2m (~
ol ki s01 ki ;
+IM, = 0
~600kN (6 m) + B,(12m) — 12kN-m = 0
B, = 301 kN
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4-1P. The balcony located on the third floor of a motel

is shown in the photo. It is constructed using a 4-in.-thick P H
concrete (plain stone) slab which rests on the four simply

supported floor beams, two cantilevered side girders AB ot

and HG, and the front and rear girders. The idealized LI TG
framing plan with average dimensions is shown in the B C D E F
adjacent figure. According to local code, the balcony live L 41t ﬂL 41t ﬂl« 4 ft J& 41t aL 4 ftﬂj

load is 45 psf. Draw the shear and moment diagrams for
the front girder BG and a side girder AB. Assume the
front girder is a channel that has a weight of 25 Ib/ft and
the side girders are wide flange sections that have a weight
of 45 1b/ft. Neglect the weight of the floor beams and
front railing. For this solution treat each of the five slabs
as two-way slabs.

Dead load = (4 in.)(12 Ib/f?- in.) = 48 psf
Live load = 45 psf
Total load = 93 psf

& = é =15<2 Two-way slab
L, 4
Floor beam load
!
+12F =0, 2R -3720) - 2(2)(372)(2) =0
R=74D
g T4t Taalhh Zen
Front girder
+TZF =0 2R - 4(744) - 5(%)(25 +211)4) = 0 ‘ Ll
A b b L1
R =26681b zittzpelepl2jel2ptlapl 2T 2it[2p 1
R,/ 2501
Maximum moment is at center of girder 3724 gg 2 &Jb
A ) 448 0667 11
(+zmM, = O = i i ly
M+ 186(0.667) + 744(2) + 744(6) + 372(4) + 372(8) + 250(5) — 2668(10) = 0 2 Tk 2
M =148%01b i = 149k ft Ans A | 7'4,....
L Jdo b lo v
2 T2ft 2ftT 2T 25t
Side girder
Maximum moment a Support. 2668 1 I Jft
45¢6) + 372()(2+6)=i
[/
(+zM, = 0; M - 1758(3) - S336(6) = 0 7 "/"7- -
M =37291b 1t = 373k ft Ans “5 bl 2668¢2)=533¢ 'l

Roof load on intermediate joist is (102 m/n’)(-;‘-i ﬁ)(x.s fi) = 51 b/ft

3f¢

R = %[1020 + 1351 = 5775 b

The loading on the girder

Re = 577.5 + 190 + 230 = 97.5 b
Ry = 577.5 + 250 + 290 = 1117.51b
Re = §577.5 + 310 + 350 = 12375 b
Re = 577.5 + 370 + 410 = 1357.5 b
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4-2P. The canopy shown in the photo provides shelter
for the entrance of a building. Consider all members to
be simply supported. The bar joists at C, D, E, F each have .
aweight of 135 Ib and are 20 ft long. The roof is 4 in. thick Al . : ! !
. o . . . [ C D E F
and is to be plain lightweight concrete having a density = B
of 102 Ib/tt®. Live load caused by drifting snow is assumed \
to be trapezoidal, with 60 psf at the right (against the wall) L5ft 15ft 1.5ft 15ft 1.5ft
and 20 psf at the left (overhang). Assume the concrete
slab is simply supported between the joists. Draw the
shear and moment diagrams for the side girder AB.
Neglect its weight.
‘:‘I‘ZDM'{ Fv/8)
?@01¥ﬂ }60)4“-%}01Vk- / f‘ﬂV &ﬁ
eIt - l
e X £1(30)=1022 b
s 2 S L. S ¥ d o { )
rSf| isfel /st rsft| 15K d . H
: t 1
[ rose ) sept
X 135 1k K
2915 % 1175 123060 357515
Ll
A ' N i .
+5RY sk SR T psitt rsp
2235 1p 24751k
v(ib)
Zzﬁi-r———‘L~—_——
12315
35015 370!6 4404: 450“ !
120
+ T — X(3t)
4
Roof Joad on inscrmediaie joist is (102 lhlfr’)(~1—2 fix1.5 fr) = 51 b/ .
—H7s
1 -2475
R = 5[1020+ 135] = 5TI.5 b
M{b-f¢)
The joading on the girder
5209 520
R-=57T1.5+190+230 =975 B2 S 5
Ry = 577.5+250+ 290 = 1117.51b
Re = 577.5 + 310 + 350 = 12375 1b
Re = ST1.5 + 370 + 410 = 1357.5 b — . | | — X
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4-3P. The idealized framing plan for a floor system H H
located in the lobby of an office building is shown in the c J
figure. The floor is made using 4-in.-thick reinforced stone 81t
concrete. If the walls of the elevator shaft are made from
4-in.-thick lightweight solid concrete masonry, having a F H
height of 10 ft, determine the maximum moment in beam
AB. Neglect the weight of the members. St Elevator
o shaft
4k A7y €I IS
PSS 950 1/H
— 3t 250 Hhfi A = p B
¢ E F
3t 4t 1 #ft 81t
4 Frbols Fieabooh D I
H H
tH 800 Bt ‘ ‘
? 8 ft 6 ft——6 ft—
} R
K= 25254 L2525 1
26004 .
(7506 2525 4950 Floor loading :
F200 14 L4
0 - L g PP 1030 Reinforoed coocrear swne siab = (150 /&%) (15 &) = 50 psf
i } . : c600 Elevator lobby bve Joad = 100 psf
p s Towl loading = 150 psf
T ! L ]
[ R T < T3pT3g Faq | 3
A : Concrete block wall ©
-é(losxw) = 350 Ib/fe
Mix-fE)
From slab ADIB :
w = (4)(150) = 600 b/ft
Beam E£F:
1
Fi = 305000) +(3 ) 600K8) = 2600
Beam HG :
Vix) K = %csoxx) +(§)450(2)+(%)(450)(3) = 2525 1b
Equalibeium for entire beam AB :

f X4t (+IM, = 0. B, (20) - 72004) - 2600(8) - 5700(11) - 2525(14) ~ 495K17) = O
B = 115900 = 11.59k

716, +TIE =0 A + 11590 - 7200 - 2600 — 5700 — 2525 — 4950 = 0
A, =113851b = 11385k

For Beam segment ©

(+IM = 0 M+ 7.20(4) - 11.385(8) = 0
Moo = 636k R
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5-1. The cable segments support the loading shown.
Determine the distance y. from the force at C to point D.

Set P = 4 k.
(+2Mp=0;  -Ti5 cos33.69°(13)~ Tus 5in33.69°(3) + 6(13)+ 4(5) = 0
Tus = 7.8521 k
+TEF, =0; -4-6+7.8521c0s33.69°+ D, =0
D, =3.4667 k
) Dy
5 EF,=0.  D,-7.8521sin33.69° =0 | aft sfe ¢
hY
T -
- 2 .
D, =4.3556 k 2365 © 3p¢

Joint D : —

HIF =0, —TpccosB+4.3556=0 Gk 3

4K
+TEF, =0, 3.4667 ~Tpcsing =0 L4
‘.a.uw K
Solving,
43556 %
b &
6=138.52° D%
Toc =5.567 k e

yc = 5mn38.52°=3.98 ft
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5-2. The cable segments support the loading shown.
Determine the magnitude of the vertical force P so that

(+ZMi =0 Tpccos39.81°(10)+ Tpc sin39.81°(6) - 6(2) - P(10]
11.523Tpc - 10P = 12 m
Joint C :
fEF =0 Tpcc0s19.25°—P cos 20.55° =0 @

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

P=840k Ans
Tpc = 8.321 k
Az
fat | Bt ,
A 4
Tes Tre
oH 55070 De 1925°
c rd
20~§5"A’
bk J P
P
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5-3. Determine the tension in each segment of the cable
and the cable’s total length. Set P = 80 1b.
B
77 T
From FBD (a)
3t 41t 3ft—n
Gm =0; Typcos 59.04°(3) + Typ sin 59.04°(7) - SO(7) - 80(3) = 0
Tho=78.1881b=78.21b Ans
DEF =0, 78.188c08 39.04°~A, =0 A =40.227 Ib
Ay ”
” +TLF =0: A +78.188 sin 59.04°~80~50=0 A, =62.9551b
e ,
Aa
3¢ Joint A :
stey’
LIF, =0  T,ccos-40.227=0 R
1t 'l A
oh Soly +TIF =0; ~Tcsing+62.955=0 )]
(os'\ Solving Egs.(1) and (2) yields :
9=57.42°
Tic=74.71b Ans
Jout D :
3 LF =0;  78.188 cos 59.04°~Tep cos = 0 3
+TXIF =0; 78188 sin 59.04° -Top1in8-50 = 0 7))
¥ Solving Egs. (3) and (4) yields :
Tas s78M/E
0=2296°
L2
) Tep =437 Ans
ol s
sorb Total length of the cable : = 3
| = o e A 1R
131



c05.gxd 6/24/08 3:25 PM Page 132 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

*5-4. If each cable segment can support a maximum
tension of 75 Ib, determine the largest load P that can be
applied.

B
B

Ay 6‘“‘* =G Tho (005 39.04%)3 + Typ (sin 59.04%) (T}~ 50N - P (3) = 0
244 ! Typ = 0.39756 P + 46.383
e
A 59.0¢ JLF, =0 - A + Tapcos 59.04° = 0
+TEF, =0 A -P -5+ Tpsin59.04° = 0
3
8
34t 4t 501k Assume maximum wasion iy n cabie 3D,
P Tio = 75D
P = 71981
A =385
A = S1.610D
Pin A
Taic = ¥(38.59P + (57.670¥% = 69.391b< 7510  OK
L (ST670Y | g6 ape
0 = w(3555) - 56
¢2391%
ch Jom C :
SLayo # L EF = 0. Tep cosg — 69.39 coe 56.21° = 0
< +TIF = 0; Tepsimd+69.39si5621° - 71.98 = 0
Tp = 4121 < 75 OK
71.981b
¢ = 20.3°
Thas, A =720  Ans
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5-5. The cable supports the three loads shown.
Determine the sags yp and yp of points B and D. Take
Pl = 4kN,P2 = 2.5kN.
At B
5HZE =0 2 Tc ~ L2 Lip =0
Vld-y 2 + 4 VR + 144
1.4 - yp /)
+T2F, = 0; Ty + Ty - 2.5 = 0
V(l.d—yp R + 4 ‘/y% + 1.4
3.2y; - L.
___Y’_._ﬁ_r,c =3 )
J.d=y P + 4
At C
1.5
-IF =0 Tco-—--z———-Tac=0 4
V(1.4=ypP +2.25 Jl4-yy + 4
Tae
1.4 - 4 -
+TZF, =0 W ooyt ® o _4=0 ,
Y=y + 2.25 Y-y P +4 HD
X
-2yp + 4.9 — 1.5y 8 (Lz_ T
Tic =6 2) 14-Yo ec
J1d-y P + 4
2.5KAN
-2yp + 49 - 1.5
2 2% =8
VLd=ypP +2.25
Toc Ti’y
ALD > N
. 1.2 1.5 < C X
SIF =0; Toe - Tp = 0 44 z
VO04+yp) + 144 Y(La=ypp +2.25
4 kA
+TEI’; =0~ 0.4+yp 7‘;25_ l.4—yp TE:D _2-5=0
V.44 ypP + 1.24 J(L.d=yp)2 + 2.25
Toe
-1.08 + 2.7
2 _Tp=3 @ l0-evys
V(ld4-ypP +225 z X
D
Combining Egs. (1) and (2) Tes "57
25 kN
7.9 + 2y = 8.26 4§ z
Combining Egs. (3) and (4)
4.5y5 + 27.6yp = 23.34
y» = 0.87m Ans
o = 0.704 m Apbs
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5-6. The cable supports the three loads shown.
Determine the magnitude of P; if P, =3kN and
yp = 0.8 m. Also find the sag yp.
4 %
0dm g~ 7 E
FAN
At B:
L3F = 0; 1.2 T =0 ¢
V \/2.08
03 Tas
+TZIF =0 J,__,C+J__1;,—3=O
Tip = 9.833 kN
Tz = 8.542kN
At C
SEF, = 0 -—2—(8.542) + L3 Tp =0 (1)
J4.36 JA.4=ypP + 2.25
1.4 - Yo
+TIF =0 (8542) Tp -R =0 @
V y(L.4=ypP + 2.25
AtD: g
_;}_‘I-; =0 1.2 TbE - ———E-S—'————TCD =0 ,%E
v(©0.4+yp) + 1.44 J(l.4~yp)2 + 2.25 lo"”p
L . x
+13E =0 0449 gp-——td2W 7, -3-0 - B
JO4+ P + 1.44 J4-ypP +2.25 Teo
14-¥o
Ty = 2O/ + (A= 3pF e TN
P 2.7yp ~ 1.08
Substinute into Eq. (1) :
yp = 0.644 m Ans
Iep = 9.16 kN
From Eq. (2):
P, =6.58 kN Ans
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5-7. Determine the tension in each segment of the cable ALB:
and the cable’s total length. IIF, = 0 5 Tac — 4 T = 0
vy + 25 65
+TIF, =0; e T s LTy -5 =0
: Syt + 25 J6s
B T - T -0=0 ()
Iy 25 Vr+2s
ALC:
5SIF, = 0 2 7 D Ty =
s =0 co - 8 =
Vo + 37 +9 Jy + 25
+TzLF, =0 y+3 Tep + b4 Toc - 10=0
’ Jo+3?+9 JP+2s
3y Sy + 3)
Y The + et Ty —30= 0 (2)
vyt + 25 vyt + 25
Solving Egs: (1) and (2) :
35-4y _ 2
15+8 3
y= 26196
TBC = 4.67 k Ans
Thus
T = 830k Ans
Tep = 881k Ans
Cable’s wtal Jength = V65 + /)2 + 25 + /(¥ +3) + 9 = 2021t Ans
*5-8. Cable ABCD supports the loading shown.
Determine the maximum tension in the cable and the sag
of point B. A D
At B:
- 3 1 B 2m
—IF, =0 Tac ~ —====Tus = 0
s—-2)* +9 vy + 1
-2
+TEZF, =0: 24 Tge + {B Tpp =40 =0 M C
Vi{ys=2* +9 ys +1 >
3va Tac+—-—-'yii——~Tsc -40=0 (D 1m 3m 0.5mp—
-2)2+9 Viys =22+ 9
(ye =2 . 40 KN 60 kN
AtC:
* AS 3
SEF =0 Fe=To - Tec = 0 To
V425 Jos =21 +9
1
-2 -2
+T£F‘=O: 2 Tep — L Tac“‘ﬁO‘—‘U bl L 3 e
' J4.25 Jog =22 +9 T Z
-2 127
12 TEC - 24 Tgc -60 =0
Js ~2)7 + 9 Jos -2 +9 bon
Solving Egs. (1) and (2): Thus
4yg-2 _ 2 Tag = 40.9 kN
14-y; 3 Tep = 64.1 kN Ans
vs = 2429m = 243 m Ans
Tsc = 157 kN Maximum tension is T,x = 64.1 kN Ans

135




c05.gxd

6/24/08 3:25 PM Page 136

—p—

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

5-9. Determine the force P needed to hold the cable
in the position shown, ie., so segment BC remains
horizontal. Also, compute the sag yp and the maximum
tension in the cable.

AL B :
* 4
—=LlF =0 Tac = ——===Tiy = 0
T“ Vy3 + 16
e @ +TXF, =0 ———ig———z‘, -4=0
¥ Tae Vios?® + 16
valpe = 16 (})
4l AL C:
5%F =0 2 Tp ~Tac = 0
(yg =3)*+9
+T):J:;=0; .__.._.y.s____'}___.TCD..P:()
(yp =32 +9
(ys ~3)Tac = 3P (2)
3
=—====Ip = — (3)
Jiys =3 +9 ys
At D:
+ 2 3
—IF, =0 —=Tpr —~ ——==———=—=Tcp = 0
Vi3 =37 49
+T}:Fy=0; _3_755—_.__'!3.:_3____1;:1) -6=0
Vi3 Jus-3t+9
15-2
3 - 2 12 (4)

————m——Tep =
Viya—3)*+9

Solving Egs. (1) and (2) :
3ygP — 16yg + 48 = 0

Solving Egs. (3) and (4) :

yg =353m Ans
P = 0.800 kN Ans
Tae = 45333 kN
Tep = 4.603 kN
Ipg = 8.17 kN Ans
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5-10. The cable supports the loading shown. Determine
the distance xp the force at point B acts from A. Set
P =401b.
AtB
+ . Xy Xa -3
—IE =0 Tia — Tye =0
d+25 0 Jog-reetC
5
#TEE =0 Ty — T, = 0
’ ,/13 + 25 ,/(x, -3 4+ 64
13xy ~ 15
e Tye = 200 (1)
(xp~3?* + &4
AtC
4 - 3
:)}J'; =0, <(30) +“““"__‘x. ? Tie -~ =Tp=10
5 J@ =31+ 64 J13
8 2 3
+TI5 =0 ————Tye ~ =Tep ~ 2(30) = 0
{(x, =312+ A4 {1—3 5
30 - 2x
=T =102 (2) ™
(X, "'3)1 + 64 K3 @
Solving Bqu. (1) &(2) "‘ Yo
13x, - 15 200 1
== 3
30 - 2x, 102 Tac
Iy =436 R Ans

5-11. The cable is subjected to a uniform loading of
w = 250 Ib/ft. Determine the maximum and minimum

tension in the cable.
50 ft .
? j
6 ft

==

wol? 250 (50)?

Fy = == T
NN NNy o 250 050
e B B0 s

oS B COS 25.64°

The minimuro tension occurs at 8 = 0°,

T = Fy = 13.0kKp Ans
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*#5-12. Determine the maximum uniform loading w that
the cable can support if it is capable of sustaining a

y -
maximum tension of 3000 Ib before it will break. Fy
N
y=—1_(___Wf + Chx+ Cl)
Fy 2
dy
ILx = O, = Qand — =
Al x Yy It
‘ 50 ft C\ = CZ = 0
: wo o
= X
Y AFy

Alxr=25fty= 61t

Fy = 5208w
Y Yy Y Y Yy Y Y Yy Y Y A 2
w d w
_Z = lan(emlx) = -
dxlmax Fy lz= 2508
Omax = 12n (0.48) = 25.64°
Fy
Thax = =
ma €0s(Grmax)
Fy = 2705 b

w = 519 Ib/ft Ans

5-13. The cable is subjected to the uniform loading.
Determine the equation y = f(x) which defines the cable
shape AB and the maximum tension in the cable.

y
‘F 50 £t 50 1t i
A “VWr
20 ft
T -
ERERRRENNE
150 1b /ft
From Eq. 5-9
A 20
)'=E =W
y = 0.008¢ Ans
From Eq. 5-11,
L = WuLﬁ:—(-g)_z
T = 150(50)‘/1 +(i(-5%—))z = 120 kp Ans

138




c05.gxd 6/24/08 3:25 PM Page 139 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

5-14. The cable supports a girder which weighs

Aty =40ft, x =(100- X)

2

Fg = 36459“)

850 Ib/ft. Determine the tension in the cable at points A, A4,
B, and C.
2(425
» 100 ft %-— ung, = HBE = 1.366
T tA Fy lra-sissa
401t 9j] - Ba = 53.79°
20 ft
B
; __fa 3849 i
cos8, c0s53.79°
T, = 61.7%p Ans
Setting x =0 at the lowest point B, ALB.
e s T = Fy = 36.5 kip Ans
r= o
2F,
AtC,
1
y = — |(} wodr)dx
,.-Hf J Y _ g = 18BE = 0.9657
dx Fy lx=ar422
1
y= -—(425.12 + Clx + Cz) Oc = 4.0°
Fy
Fy 36459
To = ————=—"—" =50683D
Q = @x + E’— ¢ cosfc cosd4.0°
& Fy Fy
T = 50.7 kip Ans
dy
Atx =0, - =0 C =0
* dx ! Also,

Applying Eq. 5-9 wwice,

20
y=5, y=5%
Fy and
Aty =20ft, x=X N 40
Y= 00 - Lp
w=475(l’)2
Fy

Dividing onc equation by the other and solving for L yeilds

1005 s
J10+45

T = /(36.4597 + [850(41.421)]2 = 50.7 k

0 < 425(100-x)?
- Fu 850(41.421)
Then Fy = § = et = 36459k = 36.5 k Ans
en Fg = 200)

20) = () - 200¢ + 1007

By Eq. 5- 10,
@) + 200¢ - 100 = 0

T. = /(36.4597 + [850(100 — 41.821)] = 61.7k Ans
Y= —2(!)4-\/200z + 4(100)2 = 4142 R0 Ane
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5-15. The cable supports the uniform load of
wy = 600 Ib/ft. Determine the tension in the cable at each
support A and B.

L
>
600
15 = ==
. s zr,,‘J
5 ,
4 10 = El?i(zs—x)’
15 ft "
10 ft
600 600
S0 2 S0 s
ST 2(15) X0 A
lll l lll 2 = 1.5(625 - 50x + 7)
Wo
‘F 25 ft } 0.5% — 75 +937.50 = O
Choose root < 25 ft
x= 1376k
%
wWo 6(!)
Fit = — X = e LR
A \S{t "= 35 (1376 = 788D
lo‘,
~ : ! i ALB:
FAYY % LM 600 2
Y IR T 20788
Y o wnby = 0.l58384. = 2.180
dx 1374
Gy = 65.36°
Fu 3788 .
- = —200 _ _Q085Ib = 9.09 A
vy o T bp Am
ALA:
wo 600
7 2Fy m}
2 i
pr wn 6, = 0.15838 s 1300, = 1780
9‘ = 6067‘
L e fo_ 3188 734
1T 6, T Gesoer T TPAR =TTk Am
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*5-16. The cable AB is subjected to a uniform loading
of 200 N/m. If the weight of the cable is neglected and y

B
the slope angles at points A and B are 30° and 60°, B d‘
respectively, determine the curve that defines the cable 60

shape and the maximum tension developed in the cable.

Here the boundary condinons are different from those in the wext
A A
Incgrae Eg. 5~2, I[V" x

Tsnf = 200z + C;

200 N/m
%— 15m J‘ /

Divide by Eq. $-4, and usc Eq. -3
1
y = —(100x" + Fy@n30°r)

& 1 Fu
& = ;:_;(m+ C|)

dy 1
i ;;(200:4- Fyan30°)

y= -’-(100:’ + Cix+ G3)
Fll Atx = IS dy_
™ g T @60 Fy = 2598 N

= Q, = 0; =
Atx =0, y G =0 y = (38.5¢ + S7TI(10°Y) m

Ans
Bhax =
Atx =0, & an30°; C, = Fyan3Q® bl
dr
= _ 2508
cos6, cos60° 5196 N

z;nax = 5.20kN Ans
5-17. The cableissubjected to the uniformloading. If the Yy
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.
From Eq. 5-9 H:KA B/d] ;

T 8 ft
O
SFPRE Wik -
12 (15

y = 0.03567 Ans Y¥ v ¥ Y ¥ v

500 1b /£t 500 Ib /£t
From Eq. 5-8 15 £t 15 ft

_ wol? _ 500(15F _ _

n,:Fg——y-l——-—z(ﬁ--7031.25lb—7.03k Ans
From Eq. 5-10,
Ty = Toax = ¥ (FgP + (wolP = /(7031.257 + [(SOOX1S)? = 10280.51b = 103k Ans

Also, from Eq. 511

L\2 15 2
N = Thax = WoLvl + (Eh-) = 5(»(15)\,1 + (E(%)) = 10280.51b = 103k Ans
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5-18. 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 :
;};ﬁ =0

Mcmber AB :
SIF =0

FBD I:

(rTM =0, Fu(1) = B,(10) ~ 20(5) = 0

FBD 2:
(#-m = (

-Fu(9) -B,(30) ~80(15)= 0

Solving,

B, =0. Fy=Fp,, =100k Ans

Max. cable force occurs a £, where slope is the maximum.
From Eq. 58,
2F
wo = 2o#E KW 5w NS
L: 307 Fq L
‘f:::_ —r
Zox
From Eq.5-~11, o' J
L. |
Froax = WoL t+ (-'L—): = 2(30) 1 ‘f(ﬁ)2 : (Ll
2k V 29) sil g
Frae = 117X Ans Y

Each- hanger casries $ fi of wy.

Q)

T=(Q2Kk/f)S ) =10k Ans

5-19. Draw the shear and moment diagrams for the pin-
connected girders AB and BC.The cable has a parabolic
shape.

T(S) + T(10) + T(1S) + T(20) + T(25)

Qm‘ = 0
+ T(30) + T(33) + C,(40) - 80(20) = 0

Set T = 10 k ( Sce soludon w Prob. 5—-18 )

C, =5k
~ 101t % 301t

TEF, = 0 710) + S - 80+ A4, = 0

A, =Sk

e )
Mpax = 6.25k Ans
T T T T T 7T v k) ¢as AN .
st tste fedse brdg ¥ s ¢ ¢ ¢ 5 s |
; h 3N _ X
N i A\[\:\}X\l’\ \?\\JI\ P -
N NN ~ TN
) bok C’) §-5 -y -7 -% —wg -
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*5-20. 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 E, and the force in each
of the equally spaced hangers.
D
B B B F
om Ty 17T
y 1 1
Ax 1 Be
_ o o] (o]
L In | Ya N
3kN SkN Ay 3k
L
2m2m2m2mi2m2ml2m D7
F ‘L'L
Foam .
Member AB ' H——'FF
’ . ’
L%F =0 B, =0 ke l
(M, =0 Fe(12) = FA(9) ~ 8,(8) - 3(4) = 0 L -
3Fr—8,(8) =12 n { iUm J Yoy
: 3!
Member BC : AT 1kN 1
S IF =0 A =0
(+}.‘.Mc =0 ~Fr(12) + Fe(S) —B,(B) +5(6) = O -
—3FF— B, (8) = ~30 (2) L "[ T
Solving Egs. (1) and (2), 84,1 r
B, = LI25 kN, Fr = 7.0kN Ans 7m -
B e Gy
From Eq.5-8
wo = 25k _ 2D _ 65625 kN/m
L? 82 :
From Eq.5— 11;
F .
T 1+ L)z 0.65625(8) 1+(8)2 )
= w — = Q. ——
mr e (2}: 2(3)
Tmn\ = TE = TD = 8.75 kN Am
Load on cach hanger,
T = 0.65625(2) = 1.3125kN = 1.31 kN Ans B sy Ly
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5-21. Draw the shear and moment diagrams for beams
AB and BC.The cable has a parabolic shape.

D
=TT ERRRRARN
) N P
Vi
- S o | oy
3le ’ SkI\‘I :“"5//, o /é/ 7
2m 2m—‘er 2m—‘r2m—‘er | ’

RS _ ] /// Z{'_/L/J...gw

EATE
Mcmber ABC :
[+EMA =0 T(2) + T(4) + T(6) + T(8) + T(10)
+ T(12) + T(14) + C,(16) — 3(4) - 5(10) = ¢

i
I
Set T = 1.3125 kN ( See solution to Prob. 5-20 ), ‘ .
C, = ~0.71875 kN , DLZX ﬂ/////x
; 70 /0 *
“TEF, = 0 NV AN 4

7(1.3125) - 8 — 071875+ A, =0 |-oms  -om -1
A, = —0.46875 kN !

M, 0 =3.56 KN-m Ans
5-22. The trusses are pin connected and suspended ﬁjg\ /}4
.from the parabolic cable. Deter.mine.the maximum fo.rce 14Tft' ~— -
in the cable when the structure is subjected to the loading P T
shown. 6 ft
+—— K7 —
16 ft / \
LA \é ghar 4R £ 1§ fotot aHr Ty ﬁc‘
ﬁ F |G H |B 3
T Sk Y4k N
~— 4 @12t =48ft —=— 4 @121t = 48 ft 4
Enure structure :
(reMc =0 4(36) + 5(72) + Fy(36) — Fy(36) — (4, + D,)96) = 0 . ; ’
A, + D,) = 5.25 1 —P t
b4 (1) [P I~ ///4 - b
Section ABD : of i L, ]
(+EMp =0 Fa(4) = (& + D,X48) + S(24)= O o 3 S~ T4
“ : I i e
0 (2K R
Using Eq. (1): : o b . Ax 4N%B 8.
FH =9.42857 k b AL R Y b PRT Y -, ’zqﬁz‘]
R - t
il Ezq} 51: ’ 29.42857014) % E oS
wo = — 8% = ZZEE IR S 011458 K 1 Y
1 432
g A
PR ¥ B
o s | —
TR « | NNANY
T = -.,L‘/l + (%)2 = 0.11458(480/1 + [5(‘%]: = 109k Amns - AB ABAP‘AB
IR DT MET
A S5k 4K
t s
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5-23. Determine the resultant forces at the pins A, B,
and C of the three-hinged arched roof truss.

Member A8 :
(+EMy = O B,(5) + B,(8) ~2(3) ~ 3(4) - 45) = 0
Member BC :
(tIMc =0 =B.(5) + B() + 52 +45 =0
Solving. F ‘
3m 3m 3m
8, = 0533k, B, = 67467 k T om | Y Tom |
Imlm
Member AB :
SIF, = 0; A, = 67467 k
+TEF, =0: AT-9+0533=0
A, = 8467 k
Mcmber BC :
SLF, = 0; C, =6.7467 k
+TzF, =0 G -9-0533=0
C, =9.533k

Fag = ¢(0.533)7 + (6.7467)* = 6.77 k Ans
Fuo= Y(6.7467)7 + (8467)F = 10.8% Ans
Fe = /(67467 + (9.533)? = 117k Ans

*5-24. Determine the horizontal and vertical component:
of reaction at A, B,and C of the three-hinged arch. Assume
A, B,and C are pin connected.

Member AB :
[+ = —B,(12) + B,(10) - 5(6) = 0
~6B, + 5B, - 15=10 )
Member BC :
4 3
(+imc = 0 - B,(32) - B,(25) + Z(8)20) + (8X8) = 0 | s
—-32B, - 25B, + 1664 =0 (2)
28, e 24 fit . 8 ft
Solving Egs. (1) and (2) yields :
B, = 1.474k = 1.47k Ans
B, = 4768k = 4.77k Ans
Member AB
IF, =0 A —-4769 =0
A =471k Ams
+TLF, = 0; A -5-1414=0 wm
- —d
A =647k Ana o
Member BC
- 4
=LIF =0 4769 + '3(8)=0
C = 163k Ans
3
+TIF =0 1.474 + G -3(8)=0
G = 333k Ams
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5-25. Thelaminated-wood three-hinged arch is subjected
to the loading shown. Determine the horizontal and
vertical components of reactions at the pins A, B, and C,
and draw the moment diagram for member AB.

2K BY

. AT T

0
—;1————— W —

Y

Member A8 :
(roMy = o B.(12) + B,(16) =3(5) ~ 2(20) = 0
Member BC:
C+Wc =0 ~B,(12) + B,(16) +3(5) + 220)= 0
24
Selving :
B, =4.583 K, B, =0 Ans
Mcember AB :
L1F =0 A, - 4583 + (3+2)(§) =0
A, = 1.58k Ans Ax A
+TIF, =0; A —(3+2)(§) =0
A, =400k Ans
Mx-f)
By symmeiry :
C, = 158k Ans
C, =400k Ans
) 1B My
Using the second FBD for member AB : A ¥ )
C+EMA =0 ~3(5) - 2(20) + B,(20) = 0 A
B, =215k W
Nt IF, =0 Ay -3-24275=0
A, =225k
5-26. The arch structure is subjected to the loading B 2k /it
shown. Determine the horizontal and vertical components I 3
of reaction at A and D, and the tension in the rod AD. 3t z E
31t
|
53E =0, A +3k=0; A =3k Ans

£+2MA =0, -3k(3f) - 10k (12f) + D,(16 f1) = 0
D, = BO6k Ans

+TZF =0; A —-10k + 806k = 0

A, = 194k Ans

£+)2MB =0; 806k(8f) — 10k (4ft) - T,p(6f) =0

T,p = 408 k Ans
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5-27. The three-hinged truss arch is subjected to the
loading shown. Determine the horizontal and vertical
components of reactions at the pins A, B, and C.

® 10 f 10 f LK
v y

151t

~J0f

GZM" =0, B (15f)+B,(20f) ~4k(10f) =0

£+ZMC =0: B,(20ft) - B (15f) + 1k (10f) =0

B, =167k Ans
B, = 075k Ans
LSE =0, A -167k=0; A =167k Ans

+T2E =0, A, ~2k-4k+075k=0; A, =525k Ans

’

535 =0, -G +167k=0; C =167k Ans

C, =375k Ans

It
e

+TZE =0; C -2k-1k-075k
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wx_ . . L
5-28. The bridge is constructeq as a three hmged 60k20k 20k 40k 40k
trussed arch. Determine the horizontal and vertical J
. : ; y Y DIORE
components of reaction at the hinges (pins) at A, B, and : D=0
C.The dashed member DE is intended to carry no force. B
hy |
fox 20k 20K LN J
A q
| ) Y
k
— &« 230 ft 30 ft 30 ft 30 ft 30 ft 30 ft 30 ft 30 ft-
B
Joft
Member AB :
Ax (+IM, =0 B.(90) + B, (120) — 20(90) — 20(60) ~ 60(30) = 0
’ l : — 9B, + 12B, = 480 m
30.# r J‘ff.' 3,}‘ rspjt‘I Member BC -
A (+IM = 6 ~B,(90) + B,(120) + 40(30) + 40(60)= 0
] -9B, + 12B, = -360 (2)
Solving Egs. (1) and (2) yields :
40k 40K B, = 46.67k = 46.7k, B, =5.00k Ans
b+ l Member AB
: L . SIF = 6 A -4661=0
= | A =467k Am
' +TZF, =0 A ~60-20 ~20 + 5.00 = 0
it ! A =950k Ans
i Member BC :
| SzF, =0 -G +4667=0
Y G =47k  Am
|- . ol h e
[ eoft | 3ck | Joft +TZF, =0 G ~500-40-40=0
‘ G G = 8k Ans

5-29. Determine the design heights /4, /5, and s5 of the
bottom cord of the truss so the three-hinged trussed arch
responds as a funicular arch.

60 k

20k 20k 40k 40k ,
J'ﬂ t D{}_Qﬁg)E o 5 y = _Cx
B 100 = —C(120)*
hy |3
2 C=0.0069444
B |
N
ca 61 Thus,

gl

780 £ 30 ft 30 it 30 £t 30 £t 30 fi 30 ft 30 ff y = 0.0069444 "

¥, = —0.0069444(90 ft)? = -56.25 ft
y, = ~0.0069444(60 ft)* = ~25.00 ft
¥, = ~0.0069444(30 ft)* = -6.25 ft

30 ft 60 ft 90 ft 120 ft )
/ ) ! ) =100 5625 f=4375ft  Ams
o b, =100 £ 2500 ft=75.000t  Ams
h, =100 ft - 625 ft =93.75 ft Ans
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5-30. 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 :
LI =0 A=0 Ans

GIMg =0 G55 - 1505 - 106.9=0

G = 9545 kN = 9.55kN Ans
1508 10 kN

+TEF, =6 9545~ 15-10+4 =0

A, = 15.45kN = IS.SkN Ans

Ax

Section AB :
Qzu, =0 ~15.45(2.5) + T(2) + 15(2) = ¢

T=432kN Ans

5-31. Determine the horizontal and vertical components
of force that pins A and C exert on the frame.

BC is a two - force member

Mcmber AB :

2
(oM =0 -50005) + Fac {—3—](0.9) + Fac {

e /i

](049) =0

Fae = 2003N

Thus,

c - m(i]
13

I
>
~
z
>
2

£
1
[5°4
8
w
/—
>
w
N’
]
z
>
&

7

A =16IN  Ans A =389N Ans

_'.)};p;=o; A‘_zoo,a[i)=o +TIF =0 A,—500+(200.3)(—2—]=0
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*5-32. Determine the horizontal and vertical
components of force that pins A and C exert on the frame.

Member AB :

G»ZMA =0, B, (04) - 1000(02) + B, (0.4) = 0

c
Member CB : 02 m =~ 02m~02m 04m—

QXMC = 0; B, (06) + 500(04) - B, (0.4) = 0

Solving :

Member AB :

—=LIF =0, A -500=0
A = SOON  Ans
+TEF, =0; A -1000+0=0
A, = 1000N  Ans
Member BC :
L% =0, 500-C=0
G = 500N Ans
+TIF, =0, 0-500+C =0

C, = 500N  Ans
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6-1. Draw the influence lines for (a) the vertical reaction
at A, (b) the shear at C, and (c) the moment at C. Solve
this problem using the basic method of Sec. 6-1.

6-2. Solve Prob. 61 using Miiller Breslau’s principle.

Al o

&
o
A

3
%
L3

015

b) R T'\d

1
" 1-50 i |
o 2 8 # '

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.

*6-4. Solve Prob. 6-3 using Miiller-Breslau’s principle.

A B
Sm ‘ Sm |
At
ol 4!
a) I u
0
M,
1
b &
5 T\
-10

=)

L}
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6-5. Draw the influence line for (a) the vertical reaction
at A, (b) the shear at C, and (c) the moment at C. Solve
this problem using the basic method of Sec. 6-1.

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

_ - d

‘ @) \C XX B
T 10 ft 1‘ 10 ft i 10 ft 1
|
Ay ?‘
" L \r\
Y M x N -
o' 2o’ 3o’
v {'
0.5 X3 — *——_'%»
b) N b'F/\ I X - ‘, *
3 %
o {-‘
Me

6-7. Draw the influence lines for (a) the shear at the fixed
support A, and (b) the moment at B.

*6—8. Solve Prob. 6-7 using Miiller-Breslau’s principle.

o
.
= 4
\
: |
Sm ‘ Sm |
Vﬂ
\ \ 8
[ /77 //
a) / llm p '
My,
5 !
b Sm om
) \/\% e 3‘ e Sy
-5 -5
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6-9. Draw the influence line for (a) the vertical reaction

at B, (b) the moment at C, and (c) the shear at C. Assume 4 S
A is a pin and B is a roller. Solve this problem using the ¢ H B
basic method of Sec. 6-1.
6-10. Solve Prob. 6-9 using Miiller-Breslau’s principle. ‘ ‘
| 5t 5 ft—! 5t
B r5
1-Q
) . /
i }
R &
M
“ 25 t 1
: 5
® ; ‘ s i
- I"’\] ;
25
Vc 1 T
o5 =~
R /\5 T \“"
o) 5 ,N 1
-0:5 05
6-11. Draw the influence lines for (a) the vertical
reaction at B, (b) the shear at C, and (c¢) the moment at | /"'\! 2 Q’?
A

C. Solve this problem using the basic method of Sec. 6—1. L ‘
10 ft ——

*6-12. Solve Prob. 611 using Miiller-Breslau’s principle.

1
-0
B, 05 T
a) " 10 4; |
/ 20 20 4
-0S

05
v >,

c)
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6-13. Draw the influence lines for (a) the moment at A,
and (b) the moment at B. Assume the support at A is
fixed. Solve this problem using the basic method of
Sec. 6-1.

6-14. Solve Prob. 6-13 using Miiller-Breslau’s principle.

| 10 £t ‘ 10 £t -

b) IO

6-15. Draw the influence lines for (a) the moment at C,
(b) the vertical reaction at A, and (c) the vertical reaction
at B. There is a short link at E. Solve this problem using
the basic method of Sec. 6-1.

*6-16. Solve Prob. 6-15 using Miiller-Breslau’s principle.

Ab\ . |
D
C O E O

Stt Stt 1 10 ft 1 10 ft

b)

c)
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6-17. Draw the influence lines for (a) the shear at C,
(b) the moment at C, and (c) the vertical reaction at D.
Indicate numerical values for the peaks. There is a short - '
vertical link at B, and A is a pin support. Solve this \ D
problem using the basic method of Sec. 6-1. C ‘
6-18. Solve Prob. 6-17 using Miiller-Breslau’s principle. 101t ‘ 101t I_UJ 101t
V}‘ S~ \
a) i\jw o' B 4 ja { = =
—0 G '
He
S s
b) N X D/ \
TS 307 p=s I AR 4
Dy "/ {
‘ &
) M . - ~
' EL
6-19. Thebeamsupportsauniformdead load of 500 N/m
and single live concentrated force of 3000 N. Determine
(a) the maximum positive moment that can be developed
atpoint C,and (b) the maximum positive shear that can be
developed at point C. Assume the support at A is a pin
and B is a roller.
it
A C
B
@ K M .
£ a) '
I : [ 1 1
o 10 £0
10m 10m
e 0s
b) '\.
° 100 w
-0s
(M = 500(3)(5K20) + 3000(5)
= 40000N- m = 40.0kN- m Ans
Kmax = 5(!)(%)(0.5)(10) + 3000(0.5) — 5(1)(%)(0‘5)(10)
= 1500N = 1.50kN Ans
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*6-20. A uniform live load of 0.7 k/ft and a single live =
concentrated force of 10 k are to be placed on the beam. =

. . e . . A C B
Determine (a) the maximum positive live vertical reaction
at support A, (b) the maximum positive live shear at
point C, and (c) the maximum positive live moment at
point C. Assume the support at A is a roller and B is a pin.

10 ft 10 ft —

10t
T

A C
I NN

a) ! o< 75 b) ! vl ol

| ! : 1 °o s 1S

5 s 25—

° o5

(A )aaxer = QO.T3K1-25%25) + 101.25)

=234k Ans © o {
AR AN
-Z5

! !
(Elmarey = (0.7)(3)(0.25)(5) + (0.7)(3)(0.5)(10) +100.5)
= 7.19k Ans

1
(AIC )max(ﬂ = (0-7)(5)(5)(20) + 10(5)
= 85.0k- ft Ans

6-21. Draw the influence lines for (a) the vertical
reaction at B, and (b) the moment at E. Assume the
supports at B and D are rollers. There is a short link at C.
Solve this problem using the basic method of Sec. 6-1.

6-22. Solve Prob. 6-21 using Miiller-Breslau’s principle.

- |
e _Is» c I°

10 ft ‘ 15 ft 151t ‘

L
AEK

LIO ft

B
y -
a)
/ Id X
‘ Y — 7
MC
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6-23. Thecompound beamissubjected toauniformdead
load of 200 Ib/ft and a uniform live load of 150 Ib/ft. .
Determine (a) the maximum negative moment these loads " C
develop at A, and (b) the maximum positive shear at D. B p —
Assume B is a pin and C is a roller.
e 51t ‘ 5ft ‘ 5ft —
M, L \ <
L2 0 5 ' 0-
0 i B ; i m’\f
-5 (] \I
- e~

a) (Ma)max(—) = (200 + 150) l(—-S)(lS)
= -13125b- 1t Ans

1
b)) (Vodmaxey = (200)(5)(5)(-0.5) + (200 + 150) (%)15)(0.5)

*6-24. The beam supports a uniform dead load of
500 N/m and a single live concentrated force of 3000 N.
Determine (a) the maximum live moment that can be
developed at C, and (b) the maximum live positive shear
that can be developed at C. Assume the support at A is a
roller and B is a pin.

| . 58]
A ) B

F—Sm 15m —}w

iw
/1 ////.,- .
5

X
H)
V.
8,78
1
max = — . .5 375 3 = B Ans
§ Mol = ZEOXBTSIOS)+3T503) = 0kN - m %\
X
b (Wdpa = 500(%)(5)(—0.25)+(%)(0.75)(15)(500)+0.75(3000) o
= 4750 N = 4.75 kN Ans
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6-25. A uniform live load of 0.5 k/ft and a single Re
concentrated force of 20 k are to be placed on the beam. IS
Determine (a) the maximum positive live vertical reaction g /m
at support B, (b) the maximum positive live shear at - B 2t 3 85 *
point C, and (c¢) the maximum positive live moment at
point C. Assume the support at A is a pin and B is a roller.
. - . Ve
A | B
¢ B) s s .
] A > N
101t 101t 101t 51t Io* 3 o2
| ] | [ o3
a) (Re)mss = 5‘(25)(1.25)(0.5) + 20(1.25) = 328k Ans N
1 1 5
b) (Vmax = =(0.5)(10)(0.5) + - (0.5)(10)(0.5) + 0.5(20
6 5(0.5)(10)0.5)+ S(O.SKI0N0.5)+0.5(20) ) P
=125k ‘ Ane -5 [l e T
) (MeYms = 2005)+05(3]2015) = 125 k-5 Ans

6-26. Draw the influence line for the tension in cable
BC. Neglect the thickness of the beam. What is the
maximum tension in the cable due to the 6-k loading?

Toc 26

—
-

5t c 2
(Trc)mus =6(2.6) = 15.6k Ans
6k
12 ft
6-27. The beam supports a uniform live load of 60 1b/ft
and a live concentrated force of 200 Ib. Determine (a) the A
maximum positive live moment that can be developed 5
at B, and (b) the maximum positive live yertlcal reaction ‘ i .
at D. Assume C is a pin support and D is a roller. 1y s W
-5
R
. - G . R
1 Y
A D C
B /// d / // Yy X
‘ bt % 35
15 ft

M 10 ft i 10 ft ‘

! Ans
(2) (Mi)mer = 5(200)+60(5)(20)(5)= 40001k = 4.00k
i Ans
() (Rp)aus = .2.(35)(1,75)<60) + 1.75(200) = 2187.51b = 2.19k
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*6-28. The compound beam is subjected to a uniform H‘ Y, 0
dead load of 1.5 kKN/m and a single live load of 10 kN. L 5 5 s
Determine (a) the maximum negative moment created by o -+ ] ,\
these loads at A, and (b) the maximum positive shear at B. \l/' { t
Assume A is a fixed support, B is a pin, and C is a roller. iy o 5
L 1
| Modmas = 15[3JA5X5) + 10-5)
A B € = —106kN- m Ans
| : I
1
o ($dawe = (15)3]A0XD) + 100D
~— Sm 10 m o = 11.5kN Ans
6-29. Where should asingle S00-1b live load be placed on '
the beam so it causes the largest live moment at D? What Atpoint 81 (Mplmus = 500(~8) = -40001b-ft = -4k ft
is this moment? Assume the support at A is fixed, B is
pinned, and C is a roller.
H,
hA B C
g 8 fe! i
9 .\‘ 7 PR ,f/ X
- D Ans ! /
8 ft ‘ 8ft ‘ 20 ft ‘ 8
6-30. Where should the beam ABC be loaded with a
300-1b/ft uniform distributed live load so it causes (a) the
largest live moment at point A and (b) the largest live A B ¢
shear at D? Calculate the values of the moment and shear. 3 Lt '
Assume the support at A is fixed, B is pinned and C is a o D
roller.
— & ft ‘ 8 ft ‘ 20 ft ‘
x
(a) (My)ans = %(36)(—16)(0.3)= 864k fi Ans
{
[y !
| / / /7 / >
L g W' X
(b) (Blmas = [(DB)+ S(NRONO3) = 540k Ans
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6-31. Draw the influence line for (a) the shear in panel Y os

BC of the girder, and (b) the moment at B. Assume the g5

support at B is a roller and D is a pin. 2) i ‘"f

! +
0 10 /s'\]
L L L L I s
A B C =D E "
R
~—35m ~—5m =5 m 5 m—= /; g
=50

*6-32. A uniform live load of 0.5 k/ft and a single
concentrated live force of 2 k are to be placed on the floor
slabs. Determine (a) the maximum positive live shear in
panel DE, and (b) the maximum negative live moment
at C.

B C D E|
Ve 1-0 Sft Sft Sttt —
Nl 4 l/]
I T T 1 J
o] 5 o s 20
Me " 15 20
1 + t
®  (bedmacw = (0.5)(5)(1)(5) +2(1) = 3.25k Ans ° s T
5T
—Io
1
®) M )mar -y = (0.5)(5)(—10)(10) +2(-10) = ~-450k f Ans
6-33. Draw the influence lines for (a) the shear in panel a) Vor '
DE of the girder, and (b) the moment at C. 31.5
(UM -
7, /7 4 50 X

E' 12
. . .F ///
20

LFlO ft 10 ft 10 ft 10 ft 10 ft—J

50'

6-34. Draw the influence lines for (a) the shear in panel
CD of the girder, and (b) the moment at E. Vo

20
L T 1 1
I T T T T ! "\V"f 3o 40 50
AF B C D E -04
10 ftJflO ftJ»lo ftJflO ftJflO o Me 800
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6-35. A uniform live load of 0.4 k/ft and a concentrated
live force of 2 k are to be placed on the floor slabs.
Determine (a) the maximum live shear in panel CD, and

(b) the maximum live moment at B. Vo
) !
a) . ; /Z/] X
Bl R
i
10 11 10 ]
b 1 1L 1L ] Hy
I B . 1
v B c D E )
b) Pl 2/ X
k— 51t 5 ft 5 ft i Sft—m l %
/|

*6-36. A uniform live load of 1.8 k/ft and a single
concentrated line force of 12 k are placed on the top
beams. If the beams also support a uniform dead load of |
350 Ib/ft, determine (a) the maximum shear in panel BC Af 1B 1b E]
of the girder and (b) the maximum moment in the girder

[ Tc
at C.
3 ft 3 ft 3 ft 3 ft —

(a) \/BG

——

o 3t GE 12/ < }CD

(Vac)max = 12k (=1 ft) + (1.8 k/ft + 0.350 k/f)[(=1)(3) + —;(—I)((:-S)]
=-217k Ans

(®) ™.

o
o e K (ﬂ)

e

1
(M) = 12K (=6 ) + (L8 /it + 0350 K/W[(~6 (6 )] = ~111 kRt Ans
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6-37. Draw the influence line for (a) the shear in panel
BC of the girder, and (b) the moment at C. Assume the

support at B is a pin and D is a roller. {
s
[ T i i ] erp
" A7
0 B ] /7\";/.?” />\\‘€‘" Lo
A ' D E Sm 10w J 7
Te.q
i
Sm Sm 1 Sm Sm }{c
.5

. V]S-u {om &5:4(/( cas

6-38. A uniform live load of 0.25 k/ft and a single
concentrated live force of 3k are to be placed on the floor

slabs. Determine (a) the maximum positive live vertical Tlo ft*rlo ft’rlo ft’rlo ft*rlo ftj“lo ftﬂ
1 1 1 L 1 J

reaction at the support D, (b) the maximum positive live

A
shear in panel EF of the girder, and (c) the maximum | .
positive live moment at F. Assume the support at D is a B c V_HD E F G

roller and G is a pin.

o-
4.
yt--
wl.

[+

e

8

() D) assiny = (0.25)(%)(1.667X60)+3(1.667) = 17.5k Ans
® (%F)mas) =0 25(%)(0.667)(30)+0.25(%)(0.333)15 +3(0.667)= 5.12k  Ans

© (MF)max () =(0.25)-§(6.667)(30) +3(6.667) = 45k fi Ans
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6-39. Draw the influence lines for (a) the moment at D Mo
in the girder, and (b) the shear in panel BC. o7
A1
[ l l l; | 777 f fe Nm {im x
L L 1L 1L J -5 n
)
A B B c D X E
Vae
4m *’Lﬁ 4m T 4m T 4m !
0407
0.333 2323
bx / L x
Yo Bo iln fbm
*6—40. Draw the influence line for the moment at B in
the girder. Determine the maximum positive live moment
in the girder at B if a single concentrated live force of 10 k
moves across the top beams. Assume the supports for these
3.0
beams can exert both upward and downward forces on Ms
the beams.
40
40

f8ftﬂﬁ8ftﬂh8ftﬂﬁ8ftﬂ7ﬁ8ftﬂ1 é é ':6 ‘a;' ;"&N.
A B E C D

(M3 )maresy = 10(12) = 120k ft Ans

6-41. Draw the influence line for the moment at F in

the girder. Determine the maximum positive live moment FZ m 2m 2m 4m "
in the girder at F if a single concentrated live force of q b
8 kN moves across the top floor beams. Assume the ’.:_: A B C D E -:'j;
supports for all members can only exert either upward or : ] ’—‘ . Al b
downward forces on the members. 1¥ ] F :
He
1933
.yl )
DN (Miawr = 1333(8) = 10.7 kN'm Ans
m Ym b [om x

6—42. Draw the influence line for the shear in panel CD
of the girder. Determine the maximum negative live shear
in panel CD due to a uniform live load of 500 Ib/ft acting

on the top beams. ﬁ 8 ft 8 ft 8 ft 8 ft 8 ft ﬂ

C T T T
£ - N
" AT B J\E C _EX |

[h1g
LA (S /A . 1
J e, SN (VCD)maxz500(5)(32)(—0.75)=—6K Ans
=18
Ly
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6-43. Draw the influence line for the moment at £ in
the girder. Determine the maximum positive live moment

in the girder at £ if a concentrated live force of 8 kip 8 ft 8 ft 8 ft 8 ft 8 ft
moves across the top beams. r;

L 1L 1L 1L
_4

. N ]
He AY B ] C =D
k-]
AW v
B 3 dq
%
(M) iy = (8)(8)= 64Kk fL Ans

*6—44. A uniform live load of 0.2 k/ft and a single
concentrated live force of 4 k are to be placed on the floor

slabs. Determine (a) the maximum live vertical reaction
10 ft%lo ft%lo ft%lo ft%lo ftﬂklo ft
at the support D, (b) the maximum live shear in panel k ﬂ
[ 1[ 10 1f 1[ 1[ |
L AL L L 1L 1L J

DE of the girder, and (c) the maximum positive live

moment at E. Assume D is a roller and G is a pin. G
B c D E F ]
85
@ Ty e NN ;
i- N ' @ Do dman = l.67(4)+60(5)(1-6f)(01)= 167k Ans
1 .
(®) (Bt daax = 0.667(4)+0.2(5)(0.667)(30)
Ver +0.2(%)(30)(0.667)= 6.67k Ans
FY7Y] 47 S | .
. (©) (Me)max = HE6T)+—(6.67H30X0.2) = 46.7k - fi Ans
& W e AT . 2
ot 3! 4t [*}
Me
. (7
l‘i' £ I
© e v
133

6—45. Draw the influence line for the force in member
GF of the Warren truss. Indicate numerical values for the
peaks. All members have the same length.

Far {

20 40 &0
1 L I
W L 20ft e 20ft o 20ft
-0:38S5
~070
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6-46. Draw the influence line for the force in member
FC of the Warren truss. Indicate numerical values for the
peaks. All members have the same length.

Fre

0385

0 60

2

o

20 ft——20 ft———]

)
4’-.
[\
<
=

~o038s

6-47. Draw the influence line for the force in member
DE of the Warren truss. Indicate numerical values for the
peaks. All members have the same length.

20 ft———e——20 ft———e—20 ft———

*6—48. Draw the influence line for the force in (a) @

member EH and (b) member JE. otz 11t
0.55% i
u. .a .a M g /w'”/‘//:\ »

6-49. Draw the influence line for the force in member J1.

6-50. Draw the influence line for the force in member B

AL.
L K J I H 4 8 lf /.‘ 2‘0 ‘_fﬁ-
. :. -;- =-4 t + 1 H

TN 3m o\ i i
A o" ;,8\, '::' "‘ i ' :
Al ia ]
Lt L L L
L4m 4 m—»4 m—=4 m—~=4m 4m*j ~i-389
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6-51. Draw the influence line for the force in member
HG, then determine the maximum live force (tension or
compression) that can be developed in this member due
to a uniform live load of 800 Ib/ft that acts on the bridge
deck along the bottom cord of the truss.

=
;Lzo fit 20 ft —»)

A —| =
AL I 3
h] 20 %0 o 80 20 ngo ft
4 T .
Ws—
-'.o
(Fuc)marc) = (0.8)(%)(—1.0)(80) = =320k = 320k (C) Ans
(Fyg)maam =0 Ans

*6-52. Draw the influence line for the force in member
HC, then determine the maximum live force (tension or H
compression) that can be developed in this member due
to a uniform live load of 800 Ib/ft that acts on the bridge
deck along the bottom cord of the truss.

(Fac)maed = 0.8(%)(0.7071)(53.333) = 15.1k (D) Ans

1 0354
(Fac)mua = 0.8(5)(—0.3536)(26.67) = =377k =3.77k(C)  Ans 20 _/i\l\\

6-53. Draw the influence line for the force in member
AH, then determine the maximum live force (tension or
compression) that can be developed in this member due
to a uniform live load of 800 Ib/ft that acts on the bridge
deck along the bottom cord of the truss.

C
20 ft ‘ 20 ft —»—20 ft —

Famdaax©) = (0.8)(%)(-1.061)(80): -33.9k = 33.9k (C) Ans

(Fa)mam =0 Ans
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6-54. Draw the influence line for the force in member Fas
RN of the Baltimore truss.

I S R QP = I /wf
N D2 Z\

I&.K|k I& /] NN a2t

/1N

—o——h—— o e e e

C D EF GHI J K L+ “0-47

L—————————lZ@ZSﬁ:300ﬁ4—————————4

6-55. Draw the influence line for the force in member
NG of the Baltimore truss. 5¢

T § R Q P

DD

B ¢ D E F G HI J K L==

L——————u@%ﬁ:mwp——————A

*6-56. Draw the influence line for the force in member

CO of the Baltimore truss. =
AR T =
pFOR B

=~ B C D E F G H I J K L

P——————u@%ﬁ:mwp——————#

6-57. The roof truss serves to support a crane rail which

is attached to the bottom cord of the truss as shown.

Determine the maximum live force (tension or compres- = 24 f Ans
sion) that can be developed in member GF, due to the x =

crane load of 15 k. Specify the position x of the load.

Assume the truss is supported at A by a pin and at E by (Forima = (15)(~1.118) = 168k (€ Ans
aroller. Also, assume all members are sectioned and pin-

connected at the gusset plates.

y F { Fer
S PSS 12 ft
A oo @E)@ T:@Ha@m ®Q® ®:®@0 E ! ql’

E ' x

‘ B C D 1 ~Z // ;4 P

i | |
RIS

15k
12 ft 12 ft 12 ft 12 ft
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6-58. Determine the maximum live moment at point C M.42 kd
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. , |I;
. o
- m
| A %5 b
A C
L W15 v
%%s
Sm -{ Sm Sm 1
~ x
towm 15m
(Mc)max = 14715(2.5) + 4.905(1.5) = 44.1 KN.m b
6-59. The 12-k truck exerts the wheel reactions shown Ve
on the deck of a girder bridge. Determine (a) the largest «1
live shear it creates in the splice joint at C, and (b) the >
largest moment it exerts at the splice. Assume the truck %i\
travels in either direction along the center of the deck, and - £ ‘ P x
therefore transfers half of its load to each of the two side
girder. Assume the splice is a fixed connection and, like ~on3
the girder, it can support both shear and moment.
1
X
 B(0.667) + 4{0.417) _
(@  (Ve)aax = 5 = 350k Ans N, Bx 4x
. 4(8.
(b) (Mc)pax = w = 10k ft Ans l
l”-’ . .33
X
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*6-60. The 9-k truck exerts the wheel reactions shown
on the deck of a girder bridge. Determine (a) the largest
live shear it creates in the splice at C, and (b) the largest
moment it exerts in the splice. Assume the truck travels
in either direction along the center of the deck, and
therefore transfers half of the load shown to each of the
two side girders. Assume the splice is a fixed connection
and, like the girder, can support both shear and moment.

@)  (Whaua = 3(0.6667) + 1.5(0.4167)= 2.62k Ans

®)  (Mc)maa = 3(13.33) + 1.5(8.333) = S2.5k- f Ans

6-61. Determine the maximum live moment at point C
on the bridge caused by the moving load.

100 kN 100 kN

(M )max = 25(4.0) + 100(5.0) + 100(2.0) = 800KkN- m Ang

169
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6-62. The car has a weight of 4200 1b and a center of M
gravity at G. Determine the maximum live moment created ¢ #as’

in the side girder at C as it crosses the bridge. Assume the e
car can travel in either direction along the center of the m // / / 7>
o~

deck, so that half its load is transferred to each of the two
side girders.

(M) maa = 1200(11.25) + 900(9.5) = 22,050 b.fr = 220 k-ft Ans

6-63. Draw the influence line for the force in member
IH of the bridge truss. Determine the maximum live force
(tension or compression) that can be developed in this
member due to a 18.5-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 0Tt 20520 f1720 £t 20 £t
the members are pin connected at the gusset plates.

10 £t
101t

1.25k 4k 4k

" 1SFt| 25ft ["
+

(Firdmas = 2.5(=0.75) + 8(-1.2) + 8(-0.7) = ~17.1k = 17.1 k(C) Ans

*6—64. Draw the influence line for the force in member
CD of the bridge truss. Determine the maximum live
force (tension or compression) that can be developed in
this member due to a 18.5-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 DOt 20£t )20 £t 20 £ 120 £t
the members are pin connected at the gusset plates.

110 ft
101t

1.25k 4k 4k
ISH]| 25§t
2 (Fcplmax = 2.5(0.75) + 8(1.2) + 8(0.7) = 17.1k(T)  Ans
0'75 | or
' 1 !
et t ~— x(f¢)
25 40 o5 100
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6-65. Draw the influence line for the force in member
BC of the bridge truss. Determine the maximum live force
(tension or compression) that can be developed in this
member due to the 18.5-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.

(10 £t
101t

(Fac)max = 8(0.8) + 8(0.55) + 2.5(0.4) = 11.8 k(T) Ans

6-66. Determine the distance a of the overhang of the
beam in order that the moving loads produce the same
maximum moment at the supports as in the center of the

span. Assume A is a pin and B is a roller. P P
El; &y
For Su A ;
ppoct Require L J ! . = !
2m
Mo, = P(a) + P(a-2) 2P(a-1) = PG - a) - |
8m
= 2P(a-1) 2a -2=3-a
For the center 3g =
a2k a=16Tm Ans -
@ T .
Mienren p P P

[ SR
]
U)A
{
[~}
3
3
lm
|
o
&
l3
-b
R
&
+ o

£ m)

_3-a % i ~—X(m) ~a-2)
2 ‘\J

—aL
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6-67. Draw the influence line for the force in member
ITH of the bridge truss. Compute the maximum live 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.

4o’ Ba’
S g
3k 2k
~1.33
F.u 31
2x
s

ta3| jle

>

)]
(FIH)mAl. = 3(1-33) * 2(l.m = 3.00k(C) ADS

-

*#6—68. Determine the maximum live moment at C M
caused by the moving loads. o
k™
80 kN 4 j Jeo 4%&
40 kN 20 kN ;
N\ V s ‘11,0
e
! 1 i)
7 . 7
1m é—n’ll 9
10m Sm Sm (Mc)max = (40)(=5) + 20(4.5) + 80(-3.5) = ~STOKN- m Ans

6-69. Determine the maximum live shear at C caused
by the moving loads.

80 kN
40 kN 20 kN
N
| A
T \ - gl L w

1m2m C 40

10m Sm Sm tL ' o7 oS
|

(K)max = (40)(1) + 20(0.9) + 8(0.7) = 114 kN Ans 61 3 0 o5
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6-70.

Determine  the

maximum live moment at €
caused by the moving, loads.
6k
4k

2k 2k

5 D |

P - —
20 ft—— 20 £t !3 ft 46031t

The worst case is

(Mc)max = 2(10.2) + 4(12.0) + 6(10.4) + 2(9.2) = 149k fi Ans

6-71. Determine the maximum live shear at C caused
by the moving loads.

A
4 k6 k !
2k |2k N 2
: : I
§a= - —
(Ve )max = 2(0.6) + 4{0.54) + 6(0.46) + 2(0.4)
=692k Ans
*6—72. Determine the absolute maximum live shear and 4
absolute maximum live moment in the jib beam AB due m
to the 10-kN loading. The end constraints require I e |
01m=yx=39m 9/
A ﬁé B
i U
10 kN

Abs. max. shear occurs when 0.1 € x £ 39 m

Vrnn = 10 kN Ans
Abs. max. moment occurs when x = 3.9 m 5
Mpx = —13.9) = =39kN-m Ans -
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6-73. Dectermine the absolute maximum live moment in 15k
the girder bridge due to the truck loading shown.The load 10k |5,
is applied directly to the girder. 3

80 ft \

fa3s K (?

{
0K o Lk 7‘[ 3 wor s 1x3%
f I"ME}:“ K| A 41t 10K 5k
t 4| b l

‘._mm r% Py ':r 40 ft | J'i )”5

i
18-175 k 16825k 315431 Zafe |
18175 &

- 2 7 32
= 150) + 3‘?8) + 362 = 16.914 ft

-

IM; = 0; Mg + 10(20) - 18.175(41.543) = 0

D

My = 555k ft Ans

6-74. Determine the absolute maximum live moment in
the girder bridge due to the loading shown. The load is

applied directly to the girder. 4 ;
(k1o 1333 R
« - }B‘iﬁb(
U .23 T
; : l v!v
—
I ]
L.........I._v’ ?‘; . ’f
- ISfE [ /S ft
FER T remk | /367K
<K
x = E(E = 5333 f
3 +

(+m(g =0 —Ms + 1.367(13.667) = 0
/3-667 fr

M = 18.7k fi Ans 1367 %
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6-75. Determine the absolute maximum live moment in F
the bridge due to the truck loading shown. R
b 20k Tk,
20k I ¢
8k R T L '
& <2 qiy8 v 47
¢
B b L
ILe7
~ 2 tl'l
Yo'
(1) 2347
Fr=15+20+8+ 6 =49 kN N
) ) Lo g
S 20(20) + 8(28) + 6(32) oo L
49 , H £ %'y 533
Placement of load on bridge is shown in FBD (1) C] [
From the segment (2 ): y 247K

Muax = 8(8) + 6(12) ~ 23.46{38.33) = 764 k-fr Ans (2)

*6-76. The maximum wheel loadings for the wheels of
a crane that is used in an industrial building are given.

The crane travels along the runway girders that are simply 15 X
. 2F 5 8
supported on columns. Determine (a) the absolute
maximum shear in an intermediate girder AB,and (b) the
absolute maximum moment in the girder. s
¢

&

= LI

Rkey CIAY 3¢ BOK
|

B!
|

. L

S ft

|
A B 9 f aft
J 5889k i K
18 ft Va

in&x lﬂm
(a)  The absolute maximum shear occurs at a point near the support A. 0 0.7222
¥ = 12(1.0) + 8(0.7222) = 17.8k Ans ;
- —x (ft)
e I 5 8

(b) Fr=12+8=20kN

- 12(0) + 8(5) _ 2K

x = 5o =2ft

—— I~
+IM; = O —8.889(8) + M; = 0O = ¢ S
( 57

M= 711k ft Ans 8869«
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6-77. Determine the absolute maximum live moment in
the girder due to the loading shown.
§
3ft 22 ft ‘ ‘
;= 83) + 305 + 7) _ 2.68 fi
25
Ff-.zsx
Casel 0K 1K K 4R
x '
(+ IM; =0, Ms + 10(3) — (12.66)(12.66) = 0
34t ‘24t 24t
My = 130k- fi Ans #
Case I
G M5 = 0; Ms - 11.16(11.16) = ©
My = 124.5k f1
¢ L IPFIIY
0""“‘;&5: 4K oK) 1Bk 3K 4K
10 20 [ 25
268K 1 ez |
4 ] ‘] 4 i
1Z 5 f¢ N 128t JZ57¢ 2 72 87¢
Rk 2 34K /116 = 1384 K
10k BK 10K
L )MS 1'5,43'
CYAYTIRET ey
12-66 & /{16 K
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6-1P. The chain hoist on the wall crane can be placed
anywhere along the boom (0.1 m < x < 3.4 m)and hasa
rated capacity of 28 kN. Use an impact factor of 0.3 and
determine the absolute maximum bending moment in the
boom and the maximum force developed in the tie rod BC.
The boom is pinned to the wall column at its left end A.
Neglect the size of the trolley at D.

_

C

0.751: \B
1|15 _— R
I

311128kN+

05m

Absolute maximum moment occurs when the trolley is atx = 1.5 m.

Load = 28 + 0.3(28) = 36.4kN |
+IM, = 0; Tsin 12.23°(3) + Tcos 12.23°(0.1) — 36.4(1.5) = 0

T = 7449 kN

+T2F.; = A)' — 364 + 74.49sin 1223° =0
A, = 2063 kN

+IM; = 0; M; — 20.63(1.5) = 0
M; = 309kN-m Ans

Absolute maximum tension occurs in the tie rod when trolley is atx = 3.4 m.
+EIM, = O; T, 5in 12,23°(3) + T, cos 12.23°(0.1) — 36.4(3.4) = 0

T o = 169XN Ans
T 12230 O-tmm
Ax %":—1-1—
’F - T
[ #5m= I CELE
Ay 36-4 kA

1
:Ms

/- Sm
20.63 ga

T;vca 12.230 Olm
- ¥
am [0
1:& v
) 364 )
177
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6-2P. A simply supported pedestrian bridge is to be
constructed in a city park and two designs have been
proposed as shown in case a and case b. The truss
members are to be made from timber. The deck consists
of 1.5-m-long planks that have a mass of 20 kg/m? A local
code states the live load on the deck is required to be
5 kPa with an impact factor of 0.2. Consider the deck to
be simply supported on stringers. Floor beams then
transmit the load to the bottom joints of the truss. (See
Fig. 6-23.) In each case find the member subjected to the
largest tension and largest compression load and suggest
why you would choose one design over the other. Neglect case @
the weights of the truss members.

Dead load case a
wyg = 20(9.81)(1.5) = 2043 N/m

Live load

w; = 5000(1 + 0.2)(1.5) = 9000 N/m 125 5.0 !
f ——t—x(m) +— =X (m)

For each truss : H

L. /.0
Wi = 2-9‘24‘3 = 147.15 N/m 6/

w; = 4500 N/m Pre
Casca: i
Largest compression members are AH or EF.,
Fig = Fep = (147.15 + 4500)(%)(1.061)(5) = 12.3kN(O) Ans le6]
Largest tension members are AB, BC, CD, DE. Fae
Fip = Fac = Fop = Fpr = (147.15 + 4500)(%)(0.75)(5) = 871 kN(D Ans Lo

Cascb: 126 25
Largest compression members are AH and EF. F;vq

Fig = Fgr = (147,15 + 4500)(%)(1.061)(5) = 12.3kN(C) Ans
Largest tension members are BC and CD. i /14 X{m)
Fye = Fop = (147,15 + 45(X)}(%)(1.0)(5) = 11.L6kN(T) Ans l

Choose case a to avoid the larger ension forces in member BC and CD. In timber construction, the
of joints subjected 10 large tension should be avoided.

case b

-
A

° L ' B c D 2
. Xn) 3 125 -\/'
, o707/ Pl.zs m#l.zs m#l.ZS m#l.ZS m#

he 2

case b

? l i
! . X(m)
T r—Xm) T3 125 2§ 3 50

i — ¢ t
- = Xlm)
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7-1. Determine (approximately) the force in each
member of the truss. Assume the diagonals can support
both tensile and compressive forces.

Assume F];D = Fsc

+TXIF, =0 21"5(_-(;—%) -4=0
Fec = 3.333kN = 3.33 kN (T) Ans
Fap = 3.333kN = 3.33 kN (C) Ans
2
(+zM =0 Fep(1.5) - (IE)(3‘333)("5) =0 Vedd .
Fep = 2.67kN (D) Ans
L3E =0, Fpe = 2.6TKN (O Ans
Joint C :
+TIF =0, Fop+ 3.333(%-‘;) -4=0
Fep = 2.00kN (1) Ans Y
3-333 ka
Assume Fiz = Fig 25 Fo
'S
+T2F, = 0 ZF;-,(%:—;)-S—‘t:O 268700 —% X
. c
Frs = 10.0kN (D) Ans ol
Fue = 10.0kN (C) Ans
(+3IM =0.  Fee(1.5) - 10.0(215)(1.5) -42)=0
Frz = 13.3KN (D Ans Fre - -
LEF =0, Fas = B3N (©) Ans e ils
Joint B : V=IZMT o z Logm
+T3F = 0 F,E+10.0-1'—5-)-3.333-1'—5)-8=0 Fs
v 2.5 2.5 i
Far = 4.00 kN (T) Ans =
Joint A : Bra 4k
+T2E = 0. Fup - 10.0(;‘_;) =0 T
Fur = 6.00 kN (T) Ans fae

179



c07.gxd 6/24/08 3:46 PM Page 180 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

7-2. Determine (approximately) the force in each
member of the truss. Assume the diagonals cannot support
a compressive force.

Assume Bp=0 Ans
+TIF =0 Fx(_’% —4=0
Fec = 6.667kN = 6.67 kN (T) Ans
(+zMc =0, Fp=o0 Ans
L35F, =0 Fye - 6.667(2—23) =0
F3C= 5.33kN(C) Ans
Jomt D :
From Inspection :
FCD = Ans
Assume Fig = Ans
1.5
+TIF, =0 Fpl)|-8~4-=
’ "(2.5) 8
Fr2 = 20.0kN (D) Ans
(;zu. =0,  Fg(l5)-42) =0
Frg = 5.333kN= 5.33 kN (T) Ans
5IF =0 Fus - 5.333 - 20.0(2—23) =0
Fpp =21L3kN (C) Ans
Joint B :
+TIF =0 -Re-8+ 20.0(5) =0
Fac = 4.00 KN (T) Ans
Joint A :
+sz, =0 Fr =0 Ans
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—p—

7-3. Determine (approximately) the force in each
member of the truss. Assume the diagonals can support
either a tensile or a compressive force.

10k

10k

10k

20 ft l

20 ft ‘
lok
Voes = 833K !
Assume W 15 carried equally by Fyp and Fag. 5O QQF“
333
Fug = ‘:50 = 589k (T) Ans Fre l
cos y N
833 3 vnu—?:. 8'3§L
Fig = —2— =589k (C) Ans Fre
cos 45° A= 5k / 7
Joint A - e
LEE =0 Fag -5 - 589cosds® = 05 Fag = 9.17k(T)  Ans A 1833 K
+T2F =0 —Fyuy + 1833 — 589 5in45° = 0: Fpy = 1416k (C)  Ans
Joint H
LIFR =0 —Fuo + 589cosds® = 0: Fyg = 417k (C) Ans 5894 lok
Yoo = 1667k .
1.667 5 45 F“ @
Foc = —2— = LISk (C) A @ 2
GC 0 - ns
cos 45 3K
1667 ik 5.5k
= —2 _ =118k A )
i cos 45° M i
Joint G
SER =0; 417 + 589 cosds® — 118 cosds” ~ Fgp = 0 . e
For = 7.5k (Q) Ans ¢
+TZF =0; —10 + Fop + 5.89 sinds® + .18sin4s° = 0 4 N fee
Fos = 50k (O) Ans , e b K
. 2o Y - wa-’
Joint B /(F,,; oL
BEE = 0: Fac+ L18 cosds® =9.17— 539 cosds® = 0 sk, 4 N
Fae = 125k(D Ans 8
33
Yasa = 21667 = 10 = 11.667 k 1B.32x
11.667
Fee = —2— = 825k (T, A
BT cos 450 D =
11.667 59 E13 8
Fpr = —2— =825k (C Al 9K 8¢
bF cos 45° © ns “t s/_:
Joint D 97K S5 Fﬂc
:
—If =0 Fep = 825c0s45° =583 k(T)  Ans
+TZE =0 21.667 — 8.25 sinds° — Fgp= 0
Fep = 1583k (C) Ans
Joint E
- 5 tox
—=If =0 5+ Fop—825c0s45° = g £
Fg = 0833k () 5
A
ns Fsc 1/45‘,
Joint C VJ r S
*TIE =0 —F+ 825545~ 118 gin4s° = g PaEL ”‘: et
Fee = 5.0k (C) Ans !
Fes I
26K Feo Jox Dy= U x
[
Foet ® Fee G Lise ™ gasx
© [ L ] //
FINTY g
8.25¢ 15.03 & sk

flsk @
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*74. Solve Prob. 7-3 assuming that the diagonals

cannot support a compressive force.

, tok
1
-
2 h&o
Vpanel = 833 k e Vpanel = 833 &
Fig =0 Ans 4,=SK :
=33 s = sk Ans e
M7 Gnds® ’ {
Joint A : 1835k
LIF =0; Fy=5k(D Ans ok
+TIF =0 Fy =183k(C) Ans
Joint H :
5IF, =0, 11785c0sd45° - By = 0 o Fis
Fye = 833k (0) Ans .82
18.33¢
Vpanel = 1667 k 18.33K
foe =0 Auns Iok. lok
1.667 d 4 a0
= —— =236k Ans (3
8 7 sin 45° ™ "y 'ﬁ;ﬁ
Jont 8 : k.
> —-0- 50 _ o _ — BK 11 A: °F
L5F = 0;  Fe + 2.36c0s45° - 11.785 cos45° — 5 = 0 AN
Fe = 11L7k(T Ans
+TIE =G  —F + 11785 5ind5° + 2.36 sin45° = 0 23K
Fgg = 10k (O) Ans
Joint G : . ok
LI =0 By o= 833K(0) Ans w0,
%E { [REN Fee
jo 5
Vpanel = 11-667 k R - fee ®
For =0 Ans
11.667 sk
Fer = = 165k Ans
ec = Sase M lok
Joint D : fg -
L5 =0 Fep =0 Ans . /
+TIE =G Fap = 217 k(O Ans i _‘
Joint £ : Vbanel e
SEF =0, Fp ¥ 5 16500545° = 0 N
Fee = 667k (C) Ans Foe T
Joint F : j btk
+TZE =0, F—10-236sin45°= 0
Fe = 117k(0) Ans
o |FED ilok lox
F $.33x
L‘ 6 “——7{—~4,. st L LT
E
° sk lg003 lak Fre @
2ukél K
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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.
4k 8 k 8 k 4k
/}lk
3K Fq-f
Assume ng = Fa‘
205t - For | vz
+TIF, = 0; ~2Fpu(cosds®) -4+ 11 = 0 raa
Fay = 4950k = 495k (1) Ans 3K < . Fia
Foa = 4950k = 4.95k (C) Ans A
(+ M, = 0,  Fou(20) - 4.950(sin45°)(20) — 3(20) = 0 E
Fey = 6.50k (C) Ans T
L%F =0, Fy-65+3-3=0
Fga = 6.50k (T) Ans
Joint A :
+TZIF, = 0; -Fy — 4.950(sindS°) + 11 = 0
Fug = 7.50k (C) Ans 4K
Assume Fyr = Fgc Fer
+TIF =0, -2Fr(cosd5)-8-4+13=0
Fgr = 0.7071 k= 0.707 k (T) Ans P 20
Fec = 0.7071k = 0.707 k (C) Ans v=ik ) p. f
(+IMc = 0, —Fur(20) - 4(20) + 0.7071(sin 45°X20) + 13(20) = 0 ) ]
Fer = 9.50k (C) Ans F‘z c
53F =0, Fc-950=0 zoft 1
Fpe =950k (M Ans
Joint B :
- : o ; 0y —
+TIF, =0 Fpg + 4.950(sin 45°) + 0.7071(sin 45°) . 0 pTOTIE
Fp(; =400k (C) Ans
Assume FCE = Ffp — X
+TEF, = 0, -2Fp(sind5°) -4+ 13 =0 950K 4K
Feg = 6.364k= 6.36k (T) Ans
Frp = 6.364k= 636k (1) Ans Frs
(+IMp = 0. —Fpe(20) + 6.364(cos 45°)(20) = 0
. Fep = 450k (C) Ans 2oft
-—)ZI'} =0; FCD =450k m Ans
Joint C : 3
+T2F,v= O; —Fep — 0.7071(sin 45°) + 6.364(sin 45°) = 0
Ferp = 400k (C) Ans 13K
Joint D :
+TZF, =0, —Fp-6.364(in45°) + 13 =0
Foe = 8.50 k (C) Ans
X
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7-6. Determine (approximately) the force in each
member of the truss. Assume the diagonals cannot
support a compressive force.

Assume Fea =0 Ans
+TZF, = 0; ~Fau(sin45) -4+ 11 =0 oK
Fag = 9.899k = 9.90k (D Ans A
(+ My = 0. Fou(20) - 9.899(cos45°)(20) - 3(20) = 0 "k
Foy =10.0k (C) Ans 8k tx
2EF, =0, Fga +3 +9.899(cosd5%) = 10 -3 = 0 Fer -l
Fas =3.00k (T) Ans 1
Joint A : Y &
=/ & R
+TEE =0, Fug =110k (O) Ans o ft
Assume Foe =0 Ans - .
+TZIF, =0; ~Fae(sin45?) ~-8-4+13=0 Re €
Far = 1.414k= 141 k (D Ans ; 208 Ny,
(+EMc = 0, - For(20) + 1.414(cos 45°)(20) ~ 4(20) + 13(20) = 0 /
Fer = 10.0k (C) Ans
5 ZF, =0; ~Fpc - 1.414(cos 45°) + 10 = 0
Fac = 9.00k (D Ans
Joint B : .
+TIF, =0, ~Fag + 9.899(sin 45°) +1.414(sin 45°) = 0
Fac = 8.00k () Ans B
Assume Frp =0 . Ans
+TZE =0, -Fe(sind5°)-4+13=0 Vadx E,:o 25
Fep = 1273k= 127k (D) Ans ‘ pA
(+2Mp = 0 —Fep(20) + 12.73(cos 45°)20) = 0 o
Fre = 9.00k (C) Ans i{ ;L
L3F =0, —Fep - 12.73(cos 45°) + 9.00 = 0
Fep =0 Ans
Joint C
+TEF, =0, —Fep + 12.73(sin 45°) = 0
Fer = 9.0k (C) Ans
Joint D :
+TIF, =0, Fpg =13.0k(0) Ans 0 N
»
3
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7-7. Determine (approximately) the force in each
member of the truss. Assume the diagonals can support
either a tensile or compressive force.

400 1b
Fep
S
N
Assume Fgr = Fe A;J e | va400 14
| ‘;nFsA
3 . F"
+TZF =0 —2&,,--5--400+800=0 A
= = A
Fer = 333.31b= 3331b (D ns oo
Fes = 333.3Db= 3331b(C) Ans T
4
G, IM, = 0;  Fgr(6) - 333.3(;)(6) =0 5; 233.3/4
3
Fer = 267 1b (C) Ans . —x
L%F =0, Fpy =2671b(D Ans be11b
Joint A : 8eo " oo ib
+TZF =0, -Far - 333.3@) +800=0
Fir = 600 1b (C) Ans

MmmchD = FEC
3
+TIF, =0, -21-',9(5) - 600 + 1000 = 0

Fpp = 33331b= 3331 (M Ans
Fge = 333.31b= 333 1b(C) Ans

(+TMc = 0:  -Fep(6) + 333.3(%)(6) =0

Fep = 267 Ib (C) Ans
L5 =0, Fac =260 Ans
Joint B :

3

+TZF =0, -Fs+ 2(333.3)(3) =0

Far = 400 Ib (C) Ans 33330 |Fos
Joint C - 3

3 X

+TEF, =0, -Fop - 333.33 +1000 = 0 P2y v

Fep = 800 b (C) Ans

1000 1k
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#7-8. Determine (approximately) the internal moments 400 1b /ft

at joints ¥ and D of the frame. Fii &ililililllil iD

(+IMp = 0: Mp— 0.6(0.75) — 2.4(1.5) = 0

My = 4.05k ft Ans
(+IMp = 0 - Mp+ 0.8(1) + 3.22) = 0
My, =720k ft Ans ‘ 15 ft ‘ 20 ft |
04(2)*40K
---------------- - +c bfit 00 'b/ft
r L T IBEBE
bws)i)eef‘r._" - i?
Nrea of Jax

Mg (. =
" &o75 54
04(/4)* 64 K

= 3

F R - R = p; c:'-uz):oe

3ok

QP“’
1t
7-9. Determine (approximately) the internal moments 2 k /it
at joints £ and C caused by members EF and CD, El l ¢ ¢ l l ¢ ¢ l l ¢F
respectively. -
10 ft
(+IM: = 0; Mg — 3(0.75) - 12(1.5) = 0 35 k/ft
Mg = 2025k f Ans Iy N

(+IMc = 0, Mc- 5.250.75) - 21(1.5) = 0

M- = 354k ft Ans /
Z K/ 12 ft
202)=24K e L;L% ﬁ] F
} ........ A
) H e
WsEIR g T elt | 15 £t .
- 120Kk 120k 3.5 x/1¢
" (4 T
N W c ] = o
o-75f¢ 35¢2)* 40k
' —
o
S N L T
rh ok 0% .
; A .
& C 1 l R
H K 2/t 1.4
Ve
o754¢
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7-10. Determine (approximately) the support actions at
A, B, and C of the frame.

400 1b /tt
IRERREERRRRRRRRN
F H
G

1200 1b /ft
Y VYV VY
D E
A B C
| 15 ft | 20t |
D.AK 213
435[-“ g 0.15" @ L
(1 | e
K T Lt
1.8k e
ORR e e R
I 12K 122 12K

08K t4x
PR v i [ e e
" 31K 2K 3k

x ESTS e
) os it 4wt{l l)‘).l.bﬁ‘ T2kt c l
)17..15 K-Ft Iz.:st»ff(l
e I
Ay=0 By=0Q,__ CX:O‘—
M.=72k-ft
M, =162k ft WY My =9 k-ft .qc 4k
— y_
A= 12k By=lok
A =0 B, = C =0 Ans
A =12k 8, =16k G =4k A
M, = 162k My=9kfi Me =12k A
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7-11. Determine (approximately) the internal moments 0.5 k /ft

at joints 7 and L. Also, what is the internal moment at
joint H caused by member HG? 1lll¢£llllllillllL

Joint 7
(+2M = 0: M~ 1LO() - 4.0) = 0 15 k fit 15kt

M = 9.00k fi Ans TN "y

G F

Joint L :
(+IMp = 0; M- 6.0(3) - 1.5(1.5) = 0
M, = =2025k-ft  Ans

Joint A :
(+ZMy = 0; My - 3.0(1) - 12.02) = 0
My = 27.0k-ft Ans

056,280 & C5R4) zf2-0K

d

11760k

#7-12. Determine (approximately) the internal moment
and shear at the ends of each member of the portal frame. b
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.

h A~
a

h
(+zme= 0 6,0 - AT = 0 —t
=
G, =P(2—")
3b 2Zh
+ }:"; = 0, E," ?b— =
2Ph e P
= —— h E —_—
3b z 2z
1'
G, E
., _P(h _ Ph P
M“M"‘E(§)“'§A“’ ’ bz % b/2 I
P (/2
P(2n Ph
3
Member BC :
2P 73 773
V=l =— Ans 28h 2eh
3b 3b 3b
Mem! Ci e T £
bers AB and CD :
s Ih/s
P = 2,
Vi = =V = = - A P
v =B =k =% 2 as %/ 2o oh (3
T ¢ zrh
3h
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7-13. Determine (approximately) the internal moment
at joints D and C. Assume the supports at A and B are
pins.
s001b B c
—EE N
| 1
12 ft
4 sl
- 10 ft ~
Entire Frame (1)
+IM, =0 108, — 12(500) = 0; B, = 600 1b
+TZIF, =0: A, = 600 Ib
FBD (2)
,(I+2Ms =0 5(600) ~12(A.) = 0; A, = 2501b
SeF, =0 E, = 2501
FBD (3)
(j+2M0 = C: Mp - 12(250) = 0:  Mp = 300kft  Ans
No = 600 Ib
Vp =250 1b
FBD (4)
{rome = o Mc - 12250) = 0:  Mc = 300kft  Ans
Nc¢ = 600 1b
Ve =250
6o 2 10 € D_5 -jEy——E
E X
12']
12'
B
Ax_ j A .__[ B A M4
B
Ay y 600 Ib
@ ()]
Nd Nc
M,
My 5 Va <y,
12'
12'
250161 4
2501b_f p
600 Ib
600 Ib
3 “
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7-14. Determine (approximately) the internal moment | 12 it |
and shear at the ends of each member of the portal frame. 10k 5 . 1 c
Assume the supports at A and D are (a) pinned, (b) fixed 7
and (c) partially fixed such that the inflection point for
the columns is located h/3 = 6 ft up from A and D.
@ My = Mp =0 Ans 181t
My = Mc = 5.0(18) = 90.0k- ft Ans
or
My = Mc = 15.0(6) = 90.0k- ft Ans
For members AB and CD :
i =% =% =% =500k Ans 4,44_ D |
For member BC : - }.__.16 ft
. )
% =V =150k Ans 10K 5.0k
(b} My =Mp = 5009 =450k ft Ans 150K
Mg = Mc = 5.0(9) =450k ft Ans
or B
My = Mc = 7.5(6) =45.0k- ft Ans
For members AB and CD: X So K
W=Wh=¥=%=500k Ans
150K
For member BC: b) oft
l-——-l c: oft
% =% =750k Ans 10k 50k’ —
10 k: } 50k
© My = Mp = 5.0(6) = 30.0Kk- fi Ans gx 75 K
Mp = Mc = 50(12) = 60.0k- fi Ans 24 10-0 K
or 50Kk
My = M = 7.56) = 600k ft Ans
s 50K
For members AB and CD : 5.0 l
Wi=%=%=1% =50k Ans 10.0 kK
9nt 50K
For member BC: J
% =% =100k Ans 5ok
S0k
450 x-ft 75k 30.0
10-O0K
7-15. Draw (approximately) the moment diagram for
column ACFE of the portal constructed with a rigid girder (+ My = 0 Fcp(sind5°)(5) — 4.0(12) = 0
and knee braces CF and DH. Assume that all points of
connection are pins. Also determine the force in the knee Ferp = 13.6Kk Ans
brace CF.
Et
<fotj ’——Sft*—‘ J(]t)
T : e e
| E g i af T S
F .
5 ft 5 ft ‘-35/‘ fee
G e 280 + 74¢
7t ft
v A B e Mk ft o
; j 4.0k
\ 201t | 4-8k
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*#7-16. Solve Prob. 7-15 if the supports at A and B are
fixed instead of pinned.

5 ft j ’_;5 ft*—‘
8k (0]} ) 5 o
| E F H al I
Sft Stt
I :)C Do
7 ft
A BE
\- 20 ft -‘
~14.0
Q I = 0 Fer(sindS°)5) — 4.0(8.5) = 0
Fcp =962k Ans
7-17. Draw (approximately) the moment diagram for
column ACE of the portal. Assume all truss members and
the columns to be pin connected at their ends. Also
determine the force in members EG, CG, and EF.
3
+TZF =0 ‘S‘(Fg[;) - 24375 =0
Fre = 40.625 kN = 40.6 kN (C) Ans
(+ £M: = 0 Feo(1.5) + 1(1.5) - 7.5(1.5) = 0
Feg = 27.5 kN (1) Ans
+ 4
—IF =0 —Fgr = 7.5 - 3(40,625) +15+27.5=0
Fgr = 2.5 kN (C) Ans
o
E 4
5k4 Re T 75
olflm s 45.0
10 k- g : 6
bm
—t [,_,_75 o Mkm) -7

24375 Kl
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7-18. Solve Prob. 7-17 if the supports at A and B are
fixed instead of pinned.

+TIF, =0 %(Fm) -13.125= 0
Fec = 21.875kN = 2L9KN (O) Ans

C+ Mg = 0,  Feg(l.5) + 1(1.5) - 7.5(4.5) = 0
Fcc = 12.5kN m Ans

53F =0, —Fgp— §(21.375)-7.5 +154125=0

Fgr = 250 XN (O) Ans
. 5
K e Fer gim)
1:9m g Feg / 75
oK e
i 225 <+ 6
3Im l
W
} ;
13-125%)
75kl
3m Mloim) ] 0 275
% 75k
Z2:5 Ki-m)
13126 kA
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7-19. 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 truss to be pin connected at their ends.
101t
12 ft
P | || L . B
‘ 101t 10—
8K th
foit 1500 Fee
By inspection of joints E and F 4K Fes
ojt
Feg =0 Ans
= 6-0
Fp[ =0 Ans K
76k
+TEF, = 0, Fee(cosd5®) - 7.60 = 0 60K
Feg = 10.748k = 10.7k (D) Ans
ojt
(+IMc = 0;  Fen(10) - 8(10) — 6.0(6) = 0 ’ 6ok
Feu = 11.6 k (C) Ans 36-0k4€
6K
B5F =0, —Fop -6~ 116+ 8 + 4 + 10.748(sin 45°) = 0 !
Fep = 2.00k (C) Ans Mok |H P x
45 45°
M, =M =360k ft Ans
A =B =600k Ans 1074k Fee
A =B, =760k Ans
Joint E :
“A\ e P
;ZP; =0, Fgy = 107k Ans Few
Joint H : E
074 &
+TZF, = 0; Fyrsind5°- 10.7485in45°= 0
Far = 10.748 = 10.7k (C) Ans
* . X +
—ZIF =0; Fgr+ 11.6 — 2(10.748)cos45°) = 0 N/oMe
Fy =3.60k (D Ans Fre
Joint F : F
\tIF =0 Fp = 107K (©) Ans Fes
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#7-20. 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 truss to be pin connected at their ends.

Im;Im1m 1m
10kN G H

1
—> -F
;{“

D E 1'm
8kN |k '

C F
6m
A = BJ,

Support Reactions :
(+2Ma =0
+TZE =0

+
—ZIF =0
Joint D :
+TZF =0;

—:PZF, = (;
Joint H :

+TZF =0;

SXFE =0;

Joint E :

\+ IF =0

#EF = 0

M, =M =27.0kN- m Ans
A = B. = 9.00kN Ans
A =B, = 185kN Ans

Fep sin 45°(2) + 8(2) - 9.0(S) = 0

Fep = 20.51 kN = 20.5 kN (T) Ans

Fgp cos 45° + 20.51 cos 45° - 185 = 0
Fgp = 5.657 kN = 5.66 kN (C) Ans

—Foy - 5.657sin45° — 9+ 20.51sin45° + 8 + 10 = 0

Fey = 19.5kN (C) Ans

Fpg sin 45° — 5.657 sin 45° - 20.51 sin 45° = 0
Fpy = 26.16 kN = 26.2kN(T) Ans

—Fpg — 20.51 cos 45° + 5.663 cos 45° + 26.16 cos 45° = 0

Fpe = 8.00kN (C) Ans

Fyg sin 45°— 26.16 sin 45° =
Fyg = 26.16kN = 26.2 kN (C) Ans

Fyr + 19.5 ~ 2(26.16) cos 45° = 0
Fy = 171.5kN (D Ans

~Fer + 8.00 cos 45° + 26.16 = 0

Fgr = 31.8 kN (O) Ans
~Fg '+ 8.00 sin 45° = 0
Fg = 5.66 kN (C) Ans

G
! Omﬂ—'PK Fan
im Fap
st W%
3m
18.5 &n
ool
dm
27.0 kA-m 90kn
18.6 kn
¢
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7-21. Determine (approximately) the force in each truss
member of the portal frame. Also, find the reactions at
the column supports A and B. Assume all members of the
truss and the columns to be pin connected at their ends.
10 kN —»]
12 kN ——p
8m
10 KN —-qu———FFQ
2:1 Req
12 XA ~ Pf,
_Alnl EIEE
Bm
L—3 m—+—3m 4
- 10k
Support reactions :
A = B,.= 11.OKN Ans 3267 xn
A =B, =327kN Ans
+TZF =0 %F._—.; ~3267=0
Fee = 40.83 kN = 40.8 kN (T) Ans
(+ ™ =0 Frc(2) - 1) - 11.0(8) = 0
Frc = 54.0 kN (C) Ans
SEIF =0 Fop +10+ 12+ %(40.83) -54.0-11.0=0
Fcp = 18.5kN m Ans
Joint G :
- 4 4 -
+T£F, =0 EFGD - 3 (40.83) = 0 SO0kl |y Prx X
Fop = 40.83kN = 40.8 kN (O) Ans AN
. 3 *
—XIF =0 - Fon ~ 2(-—)(40.83) +540=0 3|3
oS sobsm ™
Fey = S.00 kN (C) Ans
Joint D :
4 4
+T£F; =0; EFD”—S(MS3) =0
Fox = 40.83kN = 408kN (T)  Ans
5EF =6 ~Fpr - 18.5+ z(g)(w.ss) =0
Fpe = 30.5kN (C) Ans
Joint H -
4 4
+TZF =0 3,,5-§<40.83)=0
Fge = 40.83 kN = 40.3 kN (C) Ans
53K, = 6 Fu + 5.00 - 23)40.83) = 0
Faip = 4.0kN (D Ans
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7-22. Determine (approximately) the force in each truss G .
member of the portal frame. Assume all members of the 7 ; 6 ft
truss to be pin connected at their ends. e >
4k Dg , i Oft
> & llee I o Y
A,=B,=2k Ans E H I 73ft
c L
Ay=B,=1.125k Ans
My =Mg=12.0k-ft Ans 12 ft
4 B l
8
=0; —(Fee)3-209=0 8 ft 8 ft 8 ft 8 ft
+ZMp ﬁi
Feg = 6.408k = 6.41 k(M Ans
3 .
+TEI'; = 0; —2—(6.408) - 1.125 - g(FDF) =0;
V73
For = 1.875k= 1.88k (C) Ans
4 8 9=
NEF, =0; 4- g(x.s;75) - Fpe + _,/7'3'(6'408) 2=0 iy f"
Fpe = 6.50k (C) Ans 4k T o
Joint E : 34 .
3 (13
+TZF =0 Fer —‘/—-7;5(6.408)=0 B .4
= A
Fgr = 225k mg ns »
L5F =0 —Fm+6.50—T—7_3(6.408)=0
Few= 0500k (C)  Anms —4 20K
Joint F: 2o
+ LF =0 —2.25(c0s36.87°) + Frg(cos16.26°) = O:
Fry = 1.875 = 1.88k (C) Amns Z0k
+ LE =0 1.875 - Frg - 2.25(sin36.87°) - 1.875(sin16.26°) = 0
Frc =0 Ans AT
Joint G :
5EF, =0; Fu=0 Ans 12ocp P 2Ok
= 0; = Ans oK
+125 =0 Fom =0 j’r.lz.s x
Joint H : t
3 3  Fer
+T2'.P; =0 §Fm —3( 1.87) = 0 ok
—x
Fy = 1.875 =1.88k (T) Ans -Z*;—F;
4 6408k
SEF =0:  —Fg +0.5+ (187152 = 0 .
>~
Fy = 3.50k(C)  Ans ; /
Joint J : F;q ]
wEF =0 -LE15(0s16.26) + Fyi(c0s36.87°) = 0 lo.26
Fy =225k (C) Ans re7é e g Fea
NIF =0 Fr - 1.875(sin16.26°) — 2.25(sin36.87°) = (14 225
Fr = 1.875k (D Ans
& x
Joint [': 3';—
3 = o F&3
+T3F =0 ('ﬁS)FIL'z'?j‘O Fan
Fy = 6.408k = 6.41k(C) Ams %
8
* o e .50 = 0
_.)z"; =0; F" (_',ﬁ)6.408+3
Fr= 250k () Ans 225K
350k Fx x
I Fr
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15k G

[~

H

[eogo] T
50 5

|\

7-23. Determine (approximately) the force in each truss
member of the portal frame. Also compute the reactions
at the fixed column supports A and B. Assume all mem-
bers of the truss to be pin connected at their ends.

10 ft

12 ft

101t 101t ‘

Inflection points arc ai 6 ft from A and B, 15k —w
(+IM. =07 K(20) - 15016) = 0
: K =12k
+TZF, =0 -12+1L, =0; L =12k 1o 20
Joint E
IF, =0 Feo = 0 Auns K L
FBD (1) 75K w—t> 7.5 k==
+TIF =0,  -12+ Feclsind5®) =0;  Fge =1697 = 170k(T)  Ans :
(FEMc = 00 15(10) + 7.5(6) ~ Fo(10) = 0:Fgy = 19.5 k (C) Ans K, L,
—=LFf =0 ; 15 = 195 = 7.5 + Fcp + 16.97 (cosd45°) =(:
Fep=0 Ans
Joint £
JHIF =0 Fey = Fge=17.0k(T) Anms
Joimt H o« ('4_1:1
) - n
+TEF, = 0;  —17.05ind5° + Fyesind$® = 0;  Fyr = 170k (O) Ans T < v £
LSER =0, Fy o+ 195 - 217.0)cosdS® = 0 Fyy = 450k (T) Ans W -
Joimt F /’ ec
S N F L
AEF, = 0 Fpp =0 Ans 4 Fea
WHEF, = O Frp = 17.0k(C)  Aas ¢!
From FBDs (3) and (4) -
A =75k B, =15k T
4 =120k B = 120k ik
M, = 450kf My = 450Kk M
]
15«
v Py
s 12 Y S O
7;‘K 15y
I I KF ¥
G
A B /
Vo1t <Tr Vy=75k ye
M, =45Kk-ft \f}Mb=45k~ft €
A, =12k =
y B =12k  Fe,
2) 3) €}
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*7-24. Use the portal method of analysis and determine
(approximately) the reactions at A, B, C, D, and E of the
frame.
15k J 1 H G F
18 ft
[ A |lB c D |E
10 ft——20 ft———20 ft—10 i
<IF =0 8V-15=0
V=1875k
A =3375k Ans B, =169k Ans
A = 1.875k Ans B. =375k Ans
M, = 169k ft  Anms My = 3375kt Anms
G =0 Ans D, =169k Ans
G =375k Ans D, =375k Ans
Mc = 33.75k- ft  Anms Mp =3375k ft Ans
E =3.375k Ans
E, = 18715k Ans
Mg = 169k ft  Ans
/O}t‘l Zoft | 2oft J /oft_;
=
15: 7 i1
33k ide 14875K EE
5ft [ 5 ot /0 ft /oft | 10t ,5]1‘ 5!(}
J | 13.025% I: I 9.375¢ A 1 sazse ‘¢ ! Lase £
H 335k 1815 % 16675 3375k .
1-8I5K —— 35k 375K 75 k -fl-—
3.3715K 16875 K 0 L eezsk 3.3k
875k 37 25K 375k
aft
1- 875K 8 }ISK _c__3.75k =
"‘f"ﬂwk Jt 33785kt A 33754 337;: _ﬁ. 16 BSE
3375k LS l-0B]5k 3.375-
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7-25. Use the portal method and determine (approxi- Sk E F G H
mately) the reactions at A, B, C, and D of the frame.
20t
| Roft 3oft 4 2oft | LA B
g Ef TE e 1n
@* 20 ft— 30 ft 20 ft—
| v v Y v
" l'.’as%ft 5 o&ﬁx ; 1333k
10 /0 ' 155t { 1 I54t 104 oft
Bk ‘_iw 4.00k 1-333x
ot E F G 1
1-333K 08889k /333K )
333 k 2667 2.6l L3
1-333 K 0-4444 x 0-4444 k 13%3x
-333x 2667 2467 k—my 1333k
10 ft
A 133k &2 zsir« 267k e
123>xpt 26-61 ¥ ft 267K §t 1333 K4t
[333K 04444 K< O- 4444k 1333k
SIF, =0 -6V+8=0
V=1333k
A =133k Ans B, = 0.444k Ans
A =133k Ans B, =267k Ans
M, = 133k fi Ans My =267k ft Ans
G = 0.444k Ans D, = 1.33k Ans
G =267k Ans D, =133k Ans
M: =267k ft Ans My = 133k ft  Ans
7-26. Draw (approximately) the moment diagram for
the girder EFGH. Use the portal method.
Sk E F G H
20t
i A B C D
20 ft— 30 ft 20 ft—]
M=x+133k-ft Ans
Mc fe)
3. 13.
33 3 IN
\ [\4 {\ 710 Gt)
x (§t
6 ,o'\lzo ;s\lso g.\l §
-13.3 “133 =13-3
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7-27. Draw the moment diagram for girder I/KL of the
building frame. Use the portal method of analysis.

‘g—”’f
Rt

Ny

/n 25«3\5
F N S

ZJKA/

+YF, =0 6V-20=0 V=3333kN Ans

| 338
1667607 2m "

1
T

ZSm

? 10Ky
R.66TAN

6 467k0
0-6667 kn

3333 kN
6-66TkN

T 3.333kN

0-66TKN 3.333kd

moment - diagram for _gn’rg@r KL

CoTkAm  G6TRN-M  b6TKN-m
1 J < -
~6-6TKN-m -6 6TKNM —G.6 kMM

M=%+6.67kN-m Ans

#7-28. Draw the moment diagram for girder /KL of
the building frame. Use the cantilever method of analysis.
All columns have the same cross-sectional area.

LR Rem  RSm /3«5,-1 Em 2/»1 *
R0k TG F 7'&
£
P Ol NLLN, Ml m,
.F” F |3F \\ .
5 5
I)ZMPZO EF(9)+F(13)—§F(4)—20(2):0 Ans

F=2.680 kN

[-031kN

zéol
2w T

K L] |2m

‘ P
L6830k

Moment daaaram for Qirder TTKL

70,28 knim

536 kKN-m

~5-36 KNem

=536 kN-m
~9.28km
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7-29. Draw the moment diagram for girder I/KL of the I J K L
building frame. Use the portal method of analysis.

S3F =0, 10-6V=0. V= L667TKN
The equilibrium of each segment is shown on the FBDs.

P4m 7‘- Sm 7" 4m4
I

I I I
10 kKN I 4m J 5m K 4m L Area24 (107 m’ 16 (107%) m? 16 (1073 m? 24 (107%) m?

2m

- e -l .
Vﬂr 2 VY ZVl {V

1.667 kN g W 1.667 kN
(D om §_ 8333KkN | 2m—25mf  SkN | 25m 2m 4 1667kN | 2m ®
10k i ! 1 1 | ]
2m L667kN 1y m 1333kN  |om 1.667 kN ym
1.667 kN
-—_ 3.333 kN *—f— 3.333 kN et 1,667 kN 4—t—
v 0333 KN ¥ 0.333kN 1.667 kN
1.667 kN

1.667 kN 1.533 kN 1.667 kN
4.0 J 4 K 4

K ¥ i
L woo o v/
3.333kN-m 3.333kN-m
6.667 kN-m
.3.333kN-m
Sa— x
--.== 3.333kN-m M=+333kN.m Ans
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*7-30. Solve Prob. 7-29 using the cantilever method of
analysis. Each column has the cross-sectional area 20 kN
indicated.

The cenoid of column area is in center of framework. Since ¢ = ;. tes 40 kN

o = [Z) o A 83 A) F =3%h
25) 12 25\ 8
o, = gy ¢ Fo = R
oy = Oyt R =58/
(*WN = 0; ~2(i0) ~ 4(R) + %) + 13390k} = 0
£ =039k P4m 7‘— Sm 7‘— 4m4

. Area24 (107 m? 16 (1073 m? 16 (1073 m? 24 (107%) m?
The equilibdiuro of cach scgment is shown on the FBDs.

10 KN
M “hne 36w | 25n]| Y
/-Jb//\\l 04(8)
0,(8 0,(8
o2 (8) 3(8)
R ‘L l.49k
Isk - 1.4aK IALLTY "[
“""E—Z_“'f“"‘"‘&‘ok shok | °z %!.1,5 g o] - X *Ll‘ kl‘lu | _2m &
1 : 1 - VL % Y
i Mok " S0kl [ o ok !Zm
—— LK #5208k ; TR
J la-mx J.aok 1“‘“
|"JQK [} Ss?k
e
%0 ?\ .80
1217/ ﬁ{?/h Lo,
gy 4
-2.80 /i -2.80
- {4
M =%4.40 K.ft, £2.80 K.ft Ans
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7-31.

Use the portal method and determine (approxi-

mately) the axial force, shear force, and moment at A.

«—3k
G H 1
12 ft
4 06k
D E 7 ) 204t ‘H 2ot |1
J 3k
18 1t e S e
c _3:
R AR IR AR 2t
ok
‘ 20 ft ‘ 20 ft : 9it
[ = =
12 in? 8in? 10 in?
075K
045K
075k 2'47;K
4 |
fe—1.50 K
o4t
2.l5r |
2925
2-25k
9
R A
25 —‘T’b 2025 k-t
24915k
35EF =0 v -3=0
V=075k
S5E =0 4v'-9=0
V= 225k
A = 2925k Ans
A =225k Ans
M, = 2025k ft Ams
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#7-32. Solve Prob. 7-31 using the cantilever method. «—3k
Each column has the cross-sectional area indicated. G H I
12 ft
G H I 3x
ojt —+— 6k
D E F
18 ft
3k
124 A4 1B ¢
GK 8L et el et 0l oY L3 L AATER LT L] L34 e
oK ‘ 20 ft—— 20 ft |
i~ = =
12 in? 8 in? 10 in®
18-6874¢ ) - 20/
0461 <
1333 f¢ 104
q
- _ 3(20) + 10(40) 07683k
= = 18.667 ft
* 30 62(
oJ6P3L: f
(}. Myy = 0; - K, (1.333) - L,(21.333) — £ (18.667) + 3(6) = 0dbl K
67683
535 K
1333 K _ 138 4, " li‘ 2535
= —0y; = = ——(= P
18.667 g 18.667 12 , 1537 K
K, = 0.04762J, o
' 2:3 k.
o o 3B L _ 2385 43 soox
LT 18661 10 ~ 18.667 12 z
T —2-3049 k.
= 0.9524
L = 0.9524 le
! A
L =0461k K = 002195k 23049 k3
2074 £:ft
L, = 0439k 2996K
Gzm =0 - M, (18.667) — N, (1.333) — 0, (21.333) + 6(9) + 321) = 0
N, = 0.04762 M, 0, = 0.954 M,
M, = 2953k N, = 0.1427k
0, = 2.8537k
A =300k Ans
A =230k Ans
M, =207k fu Ans
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7-1P. The building bents shown in the photo are spaced g ftﬂ.; 8
10 ft apart and can be assumed pin connected at all points

f——r— 4t
B
of support. Use the idealized model shown and determine i _|_ X ”

H

the anticipated wind loading on the bent. Note that the 5t D
wind loading is transmitted from the wall to the four B
purlins, then to the columns on the right side. Do an
approximate analysis and determine the maximum axial

load and maximum moment in column AB. Assume the .
columns and knee braces are pinned at their ends. The 15 ft
building is located on flat terrain in New Orleans,
Louisiana, where V = 125 mi/h. Take I = 0.87.

zj«zJ
!

C wind

w2
=

L

Wind loadings A E
V = 125 mph
K, =1
q, = 0.00256K Kk, V2]

= 0.00256K, (1)(125)*(0.87) = 34.80K,
@ =15 = 34.80(0.85) = 29.58 psf
G =20 = 34.80(0.90) = 31.32 psf — 5

P = 9GG - a(GG,)) 54t
GGi =0 / \ 3

G = 0.85 45
G =08

Py =15 = 29.58(0.85)(0.8) — 0
31.32(0.85)(0.8) - 0

Zﬂl-/u//kr

20.11 psf
21.30 psf nh

[}
n

Pz =20

Distributed loading on bent is therefore Y V. S
wo - 15+ = 20.11(10) = 201.0 Ib/ft T6 R
wise_n0- = 21.30(10) = 213.01b/ft Ag 5&

For the bent :

V  213.0(5) + 201.1(4)
- T =034.701b
77" 3 )

—tx 20
(hEM; = 0 —A (16) + 201 1(4)13) + 213.0(5K17.5) = 0 st ﬂs’/ )
A = 1818.4 |- 54 ) o

For the column :
(+IM. = 0; =B, (5)+ 934.7(15) = 0 isft
B, = 28041

Maximum moment occurs at C : ‘ Merfe)
9.7/ °

My, = 934.70(15) = 14.0k- ft Ans 10 —T

Maximum axial load occurs in region AC : 18184 1h

Np = 1.82k Ans
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8-1. Determine the equation of the elastic curve for the
beam using the x coordinate thatis valid for 0 = x < L/2.

Specify the slope at A and the beam’s maximum
deflection. EI is constant.

p
P
l \
A g Z_ _irr‘ =
TS eAIegs 2 “ “ _ii
X—> 2 (a) F2)
L L V)
! 2 2 l o
Y M=%
X
£ (b)
Support Reactions and Elascic Curve ; As shown on FBD(a).
Moment Function : As shown on FBD(b).
Slope and Elastic Curve : The Slope : Substuie the value of C; into Eq.{1],
d*v dv_ P 12
— ——= e 4x =
H— = M) = = el L)
2
32_0 = fx OA = .d—u = -_.P_L_. Ans
&t 2 dxlzwo 16EY
dv P 2 {n
g ot G The negative sign indicazes clockwise roration.
P,
=—x + C [2]
Hov=pr+ar+G The Elastic Curve : Substimiz the values of C,and C, into Eq. [2],
dv L Px
Boundary Conditions : Duc , —=0 ==, =" (4x*-1r?
oundary Conditions 10 Symmetry, ™ at x 7 v 4851(4: 3L ) Ans
Also,v =0 at x =0. L
V,,, Occurs at x = E,
o= Z(E z c C = PLA L
From Eq.{1] = Z(i) +(,4 Y Vs ary- Ans
FromEq.[2] 0=0+40+C, G =0 The negative sign indicates downward displacesnent.
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8-2. Determine the equations of the elastic curve using
the x; and x, coordinates. £7 is constant.
P
A !o ! B
a ‘ b P
Xy -4
o —
L f' ------ é..r
a4 4
dv Pa
B =M £t e
For M _ P d*v, _Pb ’V’ Ph
or l(“l)"’i‘xl’ H-Er—‘z——-rx, E )MFT;I
o
dv Pb _Pb_
HZI—‘ = Zx,Hc, ) L
P
Pb o
Evy, = EI—_X‘B + Cx + G ()] ")M,_
AL "V,
Pb n
FOI'MZ(Xz) = TXZ - P(X2 - a) L
X, dv, dv,
=L-a. i M = Pa(l - = — = —
Butb = L — a. Thus L (x5) a ( L) o P
dzvz Xy Pb a?
—2% = Pa(l - -%) —d +C, = Pa(a- —
% L L 1 a(a 21.) + G, V)
dv, 3 Solving Egs. (5), (6) and (7) simulaneously yields :
E—= = Pa(x, - =) + G, 3 Pb , Pa
dx, 2L G = - - By, C= —E(ZLZ +ab)
x5 _x
HUZ =Pa(?—32)+C312+C4 (4) C‘ =f£
6
Applying the boundary conditions :
= Thus,
v, = 0at Xy = 0 Pb Ph
Therefore, C; = 0. v, = —x; - —(L* - b')x,
6L 6L
vV = 0a X = L or
Pal? v, = —irz-(xi - (L - b*)x;) Ans
0= == +GL+C, O] 6EIL
- . Py “
Applying the continuity conditions : 2 g3 Pa_, P
vl]x‘.‘ = vzlx,-a H‘Dz = Pd(—z— - -6—L—) - a—i(u + a )Iz + T
Pb & a Pa . 2
Ea’ + Ca= Pa(—z- - 6—1:) + Ga+ C, 6) v, = Ezlale- - x; —-(@L + az)xz + azL] Ans
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8-3. Determine the equations of the elastic curve for P
the beam using the x; and x, coordinates. Specify the
beam’s maximum deflection. EI is constant. A
Support Reactions and Elastic Curve ! As shown on FBD(a). J
X1 *’{ B _‘%_ sz
Moment Function : As shown on FBD(b) and (c). . I
\ \ 5 \
Slope and Elastic Curve :
&
BT =M
P
For M{x,) =T3F0 P
dv, P e 1
dx? - 2X| = e 1
d ) =
E %L=--x}+cl (] ™~
P * L L
Z
Bl oy ==2xl + Oy + Gy 3] _zP_ ;{;
=)
ForM(x;) = - Px,,
Ao,
Hgg =Pm Vi)
dv P
EI;;:— =-55+G 13 lﬁb M&)= -4,
Elv, =—-§x§ +Cx +Cy (41 ¢ X o
)
£
Boundary Conditions :
P
v, =0 at x, =0. From Eq.(2], C =0
L)
v,=0atx; =L FromEq.[2]}, MO = ( ;:
0=-"Ehct q="E “ |‘”—"1
T te v €y X
L
v, =0atx, = 5 From Eg. [4],
PLY L
O=———-+-C, S
a8 T30 s The Elastic Curve : Substiute the values of C;, C;, Cy,andC,
into Egs.[2] and [4], respectively,
Continuity Conditions : Px
.=—-—'-(—x}+Lz) Ans
L dvu, dv, L&
Atx,=Landx, = 7 T From Egs.{1] and (3]}, p(%) G, 0.0321PL3
S Vo=t ’mFﬁ‘(‘?*‘ TE
pL? +PLz _ ( PJ}+ ) _wee
A T U R T
vy = 7 (~4x3 +70%x, -307) Ans
2471 7 2
From Eq.[5) PO P
(), Co=—n o=yl o=
8 c= V2lsa0 _“SE
The Slope : Substimte the value of C, int Eq.[1], PL?
Hence, v = [ p—— Ans
P gy S 75
dx, 12E !
dvy _ - P 2 .2 - L
&, =0 lw(L ) x %
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*8—4. Determine the equations of the elastic curve for
the beam using the x; and x, coordinates. Specify the
slope at A and the maximum deflection. E7 is constant.
P P
- ;]
A 4 4 .
A !0! ! B
Xy
L !
d'v
El— = M(x]
@ =M
P
For M, (z)} = Px; l
Eld’v' < P1 : )H,(U ® le
asq ' P, K,' F
o _ PR
El—= = —+C 1) 1
&2 Y M, ()= Pa
E/V'Hix—{-'Q'C.-h*C; [w}) _1 Q £ -a
6 P L
For My {x) = Pa
dlv
El—=afo
dx
El—-‘hl = Paxr; + Cy 3)
dx
Eiv; = E’?—i +Cyxy+ Cy {4)
Boundary Conditians :
vy =0 at x=0 Subsdne C; inw Eq. {3}
From Eq. (2) Pa?
Cl % ¢ Ca b4 _6-
Due to symmetry : dv,‘ P(.x’ eat
S EPRL I SRS
:—:‘--0 3 _t,wé-' dq  2E1 1+a" ~al)
1
From Eq. (32 0y = L o Pale-1)
0”43+C) Ayl w0 2K} Any
PalL
Gy oem— P
) 2 " "“'ﬂh% +3a{a~L)Y) Ans
Continuity conditons : 6&/
v) oy a nen=a
1 2
» z Pal PaL w -a{m—L)-'u ] Ang
Cia-C4 -f;-;——-—-——-h;l' (5) ‘IL*C:'J'G‘——;—
b
dn dw ¢, < Fo _faL | BRI I VLN Ans
Z;ng 13 nEn=a ! 2 2 Vnu“'l"* 2El
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8-5. Determine the elastic curve for the cantilevered Elastic curve and slope :
beam, which is subjected to the couple moment M. Also d*v
compute the maximum slope and maximum deflection of E’E =M(x)
the beam. E1 is constant. div
El— =-M,
dx?

dv
M, EI— =-Myx+C, W

|

-

| +— Ezv=“‘?*2+c,x+cz @
L

Boundary Conditions :

-d—v=0 at x=0
dx

L] &

From Eq. (1), C; =0

M'(E‘M(rﬂ‘/‘fo v=0 at x=0
' A

From Eq. (2), C; =0

jl_V _ *‘MDX
dx  EI
dv —MoL
Omax = — = A
™ PRV e

The negative sign indicates clockwise rotation.

v= Mol Ans
2E]
M 3
Viax = vl =- oL Ans
x=l 2EI

Ncgative sign indicates downward displacement.

8-6. Determine the maximum deflection of the beam M, =0
and the slope at A. Use the method of double integration. 4y, du,
EI is constant. z o 03 HZI‘ =G

Elv, = Cyx; + G

Aty =0, v, = 0; G =0

M, M, 2
Myow My:  EIEML o
PE]

& . . 4
Ag \ gl B 5/—4‘3 = Moxg + G,

1
pa—C \ a \ a 1 Elu; » ~2-qu§ +Gx o+ G
Al xy -f,f&.(}, o) w “HMoa
7' dq
dv d
_ Al 2y = g, x; = D, v = Uy, __!..,__”_1_
[ 1)M=0 ' & " &
F——}—(—-’—-ﬂ Cia = £,
- M. ot
— o ) ox M g
2 2
Hoixbl Atz =0,
A% o Mos
dx, 2
M,
6 ""Eu; Ans
a
Alxy w =,
X 2
{ a Moa, o Moa
Elvg,, = —Mo{— 2-) - 28
3 2 0<4) 2 ‘2) 2
SMqal
Uy - -
Y SET Ans
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8-7. Determine the equation of the elastic curve using
the coordinate x, and specify the slope at point A and the
deflection at point C. EI is constant.

w
\ Yy v Y Y Yy Y Yy v i
N k| 5
L
2
WL
r i
]
T L ™ L
WL = ML
z Z
wr
V)

Support Reactions and Elastic Carve ; As shown on FBD(a).
Moment Function : As shown on FBD(b).
Slope and Elastic Curve :

vy
HE~M(X)

d*v wl w,
=X - —X
dxr 2 2
dv wl , w4
—=—x" = —x"+(
& 4 g tn
L
ETv =%x’-lv-x‘+clx +C, (2]
. dv L
Boundary Conditions : Due to symmetry, —J;=0 at x =§-.
Also,v =0 at x =0,
wLrL\? wrLy? wlL?
[, =—i~| -=[=] +C C, =~—
FromEq.ll}. 0 4(2) 6(2)+ T
From Eq.{2], 0=0+0+C; C, =0
The Slope : Substimting the value of C, into Eq.{1],
dv_ w 3 143
[— — -~ [
. zm( 4 +6Lx* - L")
du' wl?
8, = — = ——— A
AT dxlao T 24E1 "

The negative sign indicates clockwise rotation.

The Elastic Curve : Substtuting the values of C, and C, into Eq.[2],

W3 1_ ;3
0—2451( <0 +2Lx" - L7) Ans

SwLt

<
¥ ve =t = Ans
The negative sign indicates downward displacement.
*8-8. Determine the elastic curve for the simply Elastic curve and slope
supported beam, which is subjected to the couple moments d*y
o- Also, compute the maximum slope and the maximum 42
deflection of the beam. EI is constant. aly
El— =M,
ax?
dv
El— = M, < }
M, M, e ox+<, 03]
. Mox
Qo “ Elv= ; +Cix+G )
Boundary Conditions :
x v=0 at =0
L | From Eq. (2), C; =
v=0 ar  x=L
From Eq. (2),
ra
0= Ml | G L
Me 2
(1) MM, !
= 1 l 2
dv M
— = 2 (2x—L)
dx 2EI
MoL
Bnxl =184l =18y = — Ans
| | =184l ={8y] SET
v 1) Ans
E{
L
Due ta symmerry, v,,, occurs atx = 5
2
Vaas = —MOL Ans
8E7

The ncgative sign indicates downward displaccment
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8-9. Determine the maximum slope and maximum Support Reactions and Elastic Curve : As shown on FBD(a).
deflection of the simply supported beam that is subjected Moment Function : As shown on FBD(b).
to the couple moment My. Use the method of double Slope and Elastic Curve :

integration. E7 is constant. d*v
El —— = M(x)
dx?
d*v M,
LT
dv M, ,
—_—=— C, 1
El iy +C; [1
Mo Elv =%x’+qx +G (2]

Ag 5
0O Boundary Conditions :

v =0atx =0 - FromEq.f2],

L L x

0=0+0+C, €, =0
v=0at x sL  FromEq.[2],
My, s = ML
O_EE(L)+C,(L) Ci=-—
Mo The Slope : Substitute the value of C; into Eq.[1],
dv M, 1_ 42
If - —— -L
C Sy a % aatx L)
e X dv M, 2,1 3
—=0=——(X&"~L x==L
Mo L M, dx aat ) 3
3 @) T oo dul ML
P dxlime T 6H
Bonx = 04 = Z—:[ = —’;{%. clockwise  Ans
Moo=Llex ¢ e
Eﬁ? The Elastic Curye : Substimting the values of C, and C, into Eq.[2],
IS M,
ViIx) D=0 (A2
e 6LEI(x L x)
[ z
V. Occum at x = -ﬁ—al..
V3M, L2
T e ———— A
Vpux B ns

‘The negative sign indicates downward displacement.

8-10. Use the moment-area theorems and determine
the slope and deflection at B. EI is constant.

S001b

|4

'; B
|

L

‘ 5 ft
1 (-PL -PLY _ pPL?
= | (L) = ——— = ——
o 2( el )( T T
By = Bpp + 64
2 2 P
9y = .F_L- + 0 = —.)_).L.’_. Ans A’ J
2E] 2E7 PLQ y ]8
PL\, (L) _ PL’ ,jiL L
bp = ltaal = ‘(-T)(L)(—B-) = 3ET Ans
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deflection of the beam. Assume A is a roller and B is a
pin. Take E = 29(10%) ksi, I = 500 in*. Use the moment-
area theorems. D| /i | E

C B
10 ft ——\-—10 ft

8-11. Determine the slope at B and the maximum l4k le l4k

14 2Kk 4

1 -
- Ju’ 10 ft#lo ft
f Ioft |/aft I 10f¢ ’ joft:

5.0k

s5o0x

1\ (-30 40) -350 -350( 144)
= = |=|[— + — = — = ———— = -0.00348rad A
O = Bcn (2)(51 Y70 TE T 10500 ”
:
Ac = ‘42/—5 = o 4
-40 =30 1 7000 ‘
wa = 2(57 + Fj003)ao = -2 At
-30 -10 1\(2 —-1833.33
= |—— _— ~|[=-10] = ———
o (u)“o)(s) * ( 5] )“0)(2)(3 E _
A 1666.67
<t T EH=
3
A" = St
Ap = A"~ 1y E1
—40 =30 1 —40 1\/2 ~15333.33
= — —_— | (=10)( - — | [
fors z(u M EI)( ”(2)(20)+ (a)(m)(z)(sm) Z o 0w o Y
An = 3(—7@) (—15333.33) ¥ T !
o2l |\ 5
4833.33
- -30.
%="F o B
A oa o WBBATE o z
PR T 29(10%)(500) ‘
Negative sign indicates that the direction of the slope is opposite to that shown on the diagram
*8-12. The beam is subjected to the two loads. Use the Moment- Area Theorems : The slope assupport C is zero. The
moment-area theorems and determine the slope and slopes at A and B are,
displacement at points A and B. EI is constant.
0 8 1 _PL)(L)+( PL) L +l _PL)(L)
P P =100 =335 )5 w(z) Z(EJ 2
l l _SPL} Ans
c T O8Er
Alfe B
8, ={8yscl (PL)(L)+1( PL)(L) PL? Ans
t Il R 71l Bl Rweil | (Pl g =il | gl ot
‘ . ‘ . w2 e E
! 2 ! 2
The displacements at A and B are,
£
P P % o V¢ PLNLYLY [ PLYLYL L
1 1 font j) e ’5(‘55)(5](5)*(‘&)(5)(5*2)
A B < 3L + O +l PLN(L L+L
L 2 " tans 2( EI)(Z)(I 3)
}. J] — 7PL
£ 4 =— 1
% % an 4 &1 Ans

= vt (55 )56 102 ))

)
::’_}:.L.'_. Ans

X 48ET
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8-13. The beam is subjected to the loading shown. Use
the moment-area theorems and determine the slope at A
and the displacement at C. Assume the support at A is a
pin and B is a roller. EI is constant.

p P P Support Reactions and Elastic Curve : As shown,

M/EI Diagram : As shown.
|1 l l l Moment- Area Theorems : Dueto symmetry, the slope at
s 3 midspan (point C) is zero. Hence the slope at A is
A C B 1/3Pa Pa L(Pa
8, = = | — —— | ——
}‘i a l a—ea l a s = Ouc 2(2&)(“) +Gﬂ)(") * 2(21.»7)(“)
_ 5Pa?
2E Ans
P P p
1 l 1 The displacement at C is
= 1 1/3Pa 2a 3Pa a
—— e ) 33
e e g ) UF S e N
3p ab . | (Pa )( 2a
Z = 328 ("*'3_)
9P
tana T TeE Ans
{”_‘r B =
‘ta/lc AC
8-14. The beam is subjected to the load P as shown. Use
the moment-area theorems and determine the magnitude
of force F that must be applied at the end of the overhang
C so that the displacement at C is zero. EI is constant.
F
| l
A l D B , Support Reactivas and Elastic Curve : As shown.
zo A<
—— ‘ _,.%._ M/El Diagram : As shown.
| . 1

Moment-Area Theorems :

L[ Pa \f Fa 2 a?
tera = E(E)‘z"’ @ +§(—-§)(2a)(5a) - Z0P-4p

2

p F
A [ 8 1 . o tern = %(2%)(2“) (a+a)+ %(-g‘.’](zq) (a,,;a)
] J1I /‘L\fi 3 . % (_%1) @ (24)
Fa
E£L
f&n(.

2 | a a 0 , 3
a
F1P =Z(p-2
.%:E 3'2’ Ef{ F)

Require A = 0, then

Qe =0={lgu]—

3
3 81a

a’ &
0= 7:_7,(1’-217)~5[6--Er(:w—u~')]
_ P
T3

F
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8-15. The beam is subjected to the load P as shown. If
F = P, determine the displacement at D. Use the moment-
area theorems. E1 is constant.

[

Lde—

F
i F-
A lD B I a | a a
C M 2P
_A ‘ 2 " £
| a \ a . a 1 " 2e 3
T — X
Support Reactions and Elastic Curve : As shown. v
M/EI Diagram : As shown. y-ra
Moment-Area Theorems : I
A l( Pa)(a)(a)— pPad
M E)TG) e tan A
Ipy =0 \ g i'f.A
The displacementat D is ( 2 % tang
1 4 \\
Ay = il‘sml ~lpul
1(Pa®
“lez)°
3
= f—a—- Ans
1281
*8-16. Determine the slope at B and the maximum 15k
deflection of the beam. Take E = 29(10°) ksi, I = 500 in*.
Use the moment-area theorems.
~ 1(90)(6 oo HO L 20D s |
Y TEH 29060 | & S 3 c

1/90
D = 5(5)(6 f(10ft) = — = —————_ = (0322 in. Ans ‘F 6 ft | 6 it

1(-Pa I[ 3Pa _2Pa | 1Sk
8, = 6 = —|— - .
o = o 2(51 )(") * 2[ EI EI](a) 4
7] C
= 3pa’ Ans ;m T 3 .“A dut
- A =) = c
B 1 M
1, (~2Pa 2, [(1\~Pd tone
Ac = 2(") (——El—)<a> + 5(0)[(5)-5] (a)
iy "
_ 3P Ans ET
3EI of 1z
|
~%0 —_—
o e
270
EL
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8-17. At what distance a should the bearing supports at
A and B be placed so that the deflection at the center of
the shaft is equal to the deflection at its ends? Use the
moment-area theorems. The bearings exert only vertical
reactions on the shaft. £7 is constant.

Support Reactions and Elastic Curve : As shown,
M/EI Diagram : As shown.

Moment - Area Theorems : Duc to symmetry, the slope at
midspan (point E) is zero.

Pa\(L—-2a\(L-2a\ Pa 2
se=tud = (- 75 = am -

e (BN 52 o)

Pa 2 2
=% (317~
2451(3 4a)

Ac =1acsel = |46l
Pa 2 2 Pa 2
=2 (312 ~4d?) - 25 (L-24
24EI(3 . ) SH( )

Pu-
= ——(3L~4a
3 I( )

Require, A; =A., then,

M
£1
a L a Pa ., Pd _
0 } — X BEI(L 2q) —G—E’—(BL 4a)
28a’-24aL+3L% =0
~Pa _
= a=0.152L Ans
8-18. The beam is subjected to the loading shown. Use The slope :
the moment-area theorems and determine the slope at B _ 1 ~Msa 2
and deflection at C. EI is constant. lwa = 2\EKa+b) (a) 34
M, + l(_."_@f....) (b)(a + é)
—— 2\EKa+b) 3
N - i'B _ My(¥ + 3o ~ 25°)
=2 ‘ \C 6EI(a + b)
F b |
o | s _ Mo(B + 3ab? ~ 247
Oy = = Ans
,gf a+ b 621(0 + b)l
[L— “ .;j < The deflection : ;
< ¥ 1 M
e al = Jgrelo)n2) - 2
a - ,{ 2\El{a+b) 3 6EN(a + b)
Wt
"& ath) "
L _ Mob (B 430 ~20°) Myt
6EKa + b)? 6EXa + b)
= Moa b(b—a) A
- 3EKa + b) s
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—p—

8-19. The shaft is subjected to the loading shown. If the
bearings at A and B only exert vertical reactions on the
shaft, determine the slope at A and the displacement at C.
Use the moment-area theorems. EI is constant.

MIEI Diagram : As showa.

Moment- Area Theorems :

il

1

()3

2
MO MO SMQEJ'
= — T
‘ A ‘ \C B ‘ 1( Mo)()u M, a?
T 2o —— U = .
| a | a | S5 E M (3) 6ET
Me M, The siope at A is J
X,
fsal _ g _ SMya
9 T ——— T 2 ———
i F L VI T Y77 Ans
v ax T K
%1- %_—7- The displacementat C is
L
% Aczl‘iﬁu!““cm‘
_ l(SMnal) Mya?
2. x 2 s& 6ET
M,ya?
- t
A5 Ans
#*8-20. Use the moment-area theorems and determine
the slope at B and the deflection at C. EI is constant.
P
MO = P[l l
4 B ‘B
i
C
—Ls
ipa. H,~Pa !’
b
I = ]
i 1 J
P" Y T qQ 1
4 -
— [ tan A 6 = 6oy = L(F9)(a) + 1|-3Pa _ 2Pa
= \9:/‘ 8 B/A 7 (a) s I (a)
tanl
. {4'6
’Eﬁi 3pat
| | = Ans
T EI
~Pa
51
e Az 1, [-2Pa 2 1\-Pa
33 EL Ar = ~ + = ii~fa
c 2(a)( 7 )(a) 3(a) (2) B (a)
3
_ 4Pa Ans
3EI
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8-21. Use the moment-area theorems and determine

the deflection at C and the slope of the beam at A, B, A B 8 kN -m
and C. EI is constant. ! |
)
i
‘L 6m -‘L 3m |
Y e mid:4
Iaa = 2(5!)(6)(2) I g &rem
_1-=8 -8 . o156
tesm = i(a)(s)(sn) + (EI)(a)(x.S) i
- 9 =138 %18 84
Ac =il 6llu4| EF EED - E | Ans
B = Laal . 8 Ans
6 EI
1(-8 24 24
w= By =222
e (El)( "B T E
Op'= B + 8,
24 8 16 M
=222 = A <L
YT e ' E . k1 ,
i I
-2 —48 _ 43 i
Besp = —|—|(6; R e o
c/a ( )( )+(EI)( ) - I
-8
B¢ = Beia +6a £I
o =38_8 _% Ans
EI EI EI

8-22. Use the moment-area theorems and determine
the slope at C and the deflection at B. EI is constant.

4 ] I A rE- | B
c [* | 7
a + a { c ‘ ‘
a ‘ a |
s
2pa f Q Pa\
rl, ;f’ ﬁ,a ( 2Pa) 1( Pa\ [ SPa*\_(5Pa®
Bcip = |~——]a + -|[~—|a =|-—]=
a | a | ET 2\ Er 2E1 2E1
9‘/‘ fanh 8¢ = Ocia
2
.. '{c/.\ o = 5Pa Ans
‘é”f_ Tane NG 2EI
1[ Pa 2a 1 Pa 2a 2Pa a
! + ) Ap = [tpul = 5(-5)(0)(?) + E(—Ei)a(a + —5-)+ (——E)(a)(a + 2)
~a _ 25Pd Ans
pa EL 6EI
=204 -,
v s
I
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8-23. Use the moment-area theorems and determine

the value of a so that the slope at A is equal to zero. EI
is constant.

Moment - Area Thaorems

1PLYLYy PO
(8, = (80, -5(—)(-)-—

P
A lC B

T [~

aEN\7)" 1w === ‘ =
L L N
L¢ pa Pal? a QF; E=2
Uris z( b4 )(")GL)"‘?E 2 | 2 |
(8, = eadal 5 paL
4 L L 3g
Requice, 8,=0=(8,), ~(8,), +an & 69*)1
0= FU _Pd l_ﬁzﬂg
16ET 3E -
) fﬂlic 9‘:[‘);
a= TEL “Ans
P
A lc
| — - a
. L L
3 A J:
2 .
24
¥,
PL
AEL
4 —+ —3-
el a ﬂ‘.L'.( &t
P
l #
L
4 T B i & AZ;L ajL

*8-24, Use the moment-area theorems and determine
the slope at C and displacement at B. EI is constant.

Support Reactions and Elastic Curve ; As shown.

M/EI Diagram @ As shown.

Momant- Area Theorems :- The slope at support A is zeto. The Wa
slopcat C is
pe wa, ct
1( wa® a? %‘E‘q 8
w W . | J_
9c=|6cmi="2'(“—ﬁ-)(a)+( m)(“) T TEZT%

wa® N
= ™

The displacement at B is

Ag =ltgl = %(_YE}‘_{)(,‘) (a+ §4)+(—g—}(a) (¢+ g)

55z o) ,

@ 2
- ——
4lwat A Zwat
-yr—2 ns ZEL
24El awe®
T2EI
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8-25. Use the moment-area theorems and determine
the slope at B and the displacement at C. The member is 5k
an A-36 steel structural fee for which I = 76.8 in*. l 1.5k/ft
S XY VY VYV VY Y I Y Y YV VYYY
Support Reactions and Elastic Curve : As shown. J - |
g B
A e N,
M/EI Diagrams : The M/EI diagrams for the uniform distributed load C rEeeaT
and concentrated load are drawn separately as shown. 2t | 2t _4
Moment- Area Thearems : Due to symmerry, the slope at midspan
C is zcro, Hence the slope at B is .
skip
1(1.50 2/6.75
8, =0y, = -2-(?)(3)4'3(-&-)(3) ‘ | F5¢6)=90 pf:
24.75 kip- & A lg
- — .
_2475(144) EX73R T}
" 29.0(10°)(76.8) 70 £p Jokip
= 0.00160 rad Ans
The dispacement at C is Oy tfans
107.50 . (2) . 2(675) . (S & =T g?;;,t
il = N D3+ 2NNy 0¥ =L Al e
se =t =3(57 )5 )3 (57 ) 5 ) ___.l«_z;_;[:
_ 47.8125kip . £ b
- 5] > Kpit
_ 41.8125(1728) j lji—zLj'
29.0(10°)(76.8)
=0.037lin. 4 Ans
5 J‘ ‘ﬁ.x({u
# 675 Kipt
- EFI
+ —X
° 3 [4
8-26. Use the moment-arca theorems and determine
the displacement at B and the slope at A. ET is constant. M.
-SL
d
MO V473 13 ‘/2, A
S M, Mo
A =aty T =
B
L L
\ 2 \ 2 |
Ac + %I'l =i
Icia
Ay = Iy — =
2 = g 3
(281 (3)l6) - 3l 2l 5 +e) | - 3l- 383 5)
Ay = =|—= - = | = =[-== - = Ans
2\281/\2/\6 2| 2\2&1/\2/\2 6 2\ 27 3
8 = e My
e = _Z_ REI
L M
o, - HEIE)(E+E) + HHE)S) .
L L
MoL = i/,_‘_
= — Ans -M
2451 ZFr
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8-27. Use the moment-area theorems and determine 15K
the displacement at C. Take E = 29(10%) ksi, I = 1200 in*.
J
15k L 3o/t [EX
4 2Z-5 k.

A!°! C
B ="
 en

‘ 30 ft r

_1(_22_5_)(30)E(30)] _=33750 \

fya = 2 =
_1f-225 1 1 —225) (2) _-101250 ™~ tanc
tn = 5(—3)(30)[3(30) +15] + 5( = Jas|(3)as =—x 2
!
3 101250 3(33750) 50625 :
Ac =teu ~ 3lan) = —g—+ 5( 51 ) T Tm 2] A 97
50 625(1 728) ) !
= 2020 T 2stin Ans |
25(10°)(1200) | Zzzs
EI

*8-28. Use the conjugate-beam method and determine
the slope and displacement at A. EI is constant.

P
B
A L
PL
L " 41)
4P
L 1
. 1\ PL (
+TZI-; = 0; V"(—) E(L) =0 M: ,
2 v v
6, =V = el Ans L
251 EI
L}
. PL*(2L
(+zmy =0 M +—(-3—) =0
pPL?
(i A
A= M 38 ns
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8-29. Use the conjugate-beam method and determine

the displacement at C and the slope at A, B, and C. El is M,
constant. -
ks |
Y C ! C i
A c Me Mo
+) M, . Z
)
L L ot ot J
o
\ \ | o [ ré c
Segment AB
+IM, = 0. B, = (1) - %(ﬂ)L(ZL) =0 By -;—} p
M,L /3 s /) £/ Yz ,V(_
B = . b !
Y] — i = In!
Segment BC B B G
ML ML Ay (LyMey By
+1TEE =0 - -2 = I @EV :
; - e 532G
aM,L
BC y - -—52,—- Ans
MoL(L) M,L
+IM =0, — ||+ —L)+M =0
(+ 2 2 (3) + S + M
. SM,L?
AC = % = 6E Ans
8-30. Use the conjugate-beam method and determine Pl » Pra,
the slope at B and displacement at C. EI is constant. ' ! i
X L ¥
—
r’a_ T o a | a T a
P P
2P
o I
£ AT
i
1 | J
J a | al al a
Reaction &t B’ is the same as the siope at B 7;!,* 7;:1."
1Pd %71
8 = Vy'= fhicas Ans $£1 fz
4£]
P2 (a P& (a Pd® (4a) P&
oo -0 B 05 e o
4EI\3 El\2 2EI\3 41
9Pa’
Bc=Mc: = — 5
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8-31. Use the conjugate-beam method and determine S KN
the slope and the displacement at the end C of the beam.
E = 200 GPa, I = 70(10°) mm®. 4kN
\ 4
36.0 A)'!
(4'7-“"= 0; —El—(l) - B,(6) =0 == C
g= 80 Lf3m—><—3m—-L—3mJ
’ j a4
60 180 _ o AKA
+TZIE =0;——§+?—Vc =0
Lo 20
c =g : ‘
4.
6 = V' = M) o071 Ans 3m T dm 3m
200(10°)(70)(10-%) 2-0kd 10-0 KN
18.0(2) 6.0 .
‘= 0 . e =
(vIM = 0 M+ — =+ = () =0 a2 -
54.0 T
M == 2 % 42 |
El : c
A & -
54.0(10%) e
=M = ————————— = —0.003857m = - 3.86 mm Ans
fe = M = 3560109y (70)(109) <
3e.0 E2
3m 173 3m 8. s
’,/‘\\\\ Jm, 2m , Ve
= |
1; ‘ F-{ i i ’1’/
Y
N im ¢
q 360 By o
£I =
*8-32. Use the conjugate-beam method and determine i ‘ F
the slope and deflection at C. Assume A is a pin and B is B3 Je! b1 (
a roller. EI is constant. /—J\‘\JW
15k w5
=3
A_&_ 1 |
B C
as,
| 7]
‘ 30 ft 15 ft “
s
T »s
EL
- TN L B
: £l El
2 2
6c = Yoo = -3938 k-ft° - 3938 k-ft Ans
El El
2250 1687.5 _
GImMe =0 S (9 — = (10) + Mo =0
e = M = 0625 kf? 50,625 k€ | Ans
EI El
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8-33. Use the conjugate-beam method and determine
the slope and deflection at C. E = 29(10%) ksi, I = 800 in®.

6k
l Lo
20k-ft EL H
I _ 1 e ¢
Fa B c / Vo
P
| 15t | 15t | 5
Oc = Vo = (E)Qo) + 1(:29)(15) = __7_5 = _ﬂ)__
EJ 2\ EI El1 29(10%)(800)
= —0.000466 rad = —0.466(107%) rad Ans
20 1(-90
Ac = M- = [—=](30 (15+—(——) 15) (25
¢ = Mo = (260 19+ {2 as) @5
—7875 — 3
= = ZI8PUZ) L gsg7in. = 0.587 in. L Ans
Er 29(10°)(800)
8-34. Use the conjugate-beam method and determine
the displacement at A. Assume B is a roller.
E = 200 GPa, I = 80(10%) mm*.
2kN/m
| Ac
A B
—I— 2 kWIm
\ 6 m 1‘ 6m ‘ A[j | I .
- 3 'y
I em em |
6.0 kN 6-C xd
18
(+iMe=0 -M + =(6) =0
2 20
A = M= 108 I
LT\ A 8
by = BB _ 0675 m = 6.5 A 2 > c
4 T 00010 T omm Ans 7 L
le o
T ogm ’ Bm | 3m |
Z/9.0).¢
M 3 I)( )
ET -4
4 ’,/ S~
Ml( Il ] J
A T em Vi am | am b
% 180 180
Er o
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8-35. Use the conjugate-beam method and determine )

A
the slope at C and the displacement at B. ET is constant. 3wa‘lA c T.11
< g b 8
w |- S |
I a b a L
wa
Y V¥V V V VY
A C B

= (Q; ! m— o —— = ()
T =0 W -3 g -
gL v
Y ]
oot o+ S+ 2208 (22 o
=0 M e
-—4lwa‘
* 24E1
Thus,
wa
=V = - A
8, =V, = ns
A My = 4at Ans
LYY 7]

*8-36. Use the conjugate-beam method and determine

the displacement at B and .the slope at A Assume the [—F T L1
support at A is a pin and C is a roller. £/ is constant. . —* I
~
L
WL WL
w 2 ..Z
| Y ¥ ¥ Y ¥ ¥ Y VY Y V¥ Y
. wL
4 5 g 3ET
4 5 AT
[ 2 2 | Al H \1 (&
|
ty T4y ]
wl? ! wt?
6 =Vi=-553 Ans Z4£1 ot Z4F1
wl?\ 5L
= L —| — =
(- 24=0: M5 (243) 16
A= My= -2 A
8= M2 Tinm ne
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8-37. Use the conjugate-beam method and determine
the displacement at D and the slope at C. Assume A is a -
fixed support and C is a roller. ET is constant. P A
PL y & 4 >
(=
P 1 [ { ‘
Mo T « [
-
[9 o
A B C
I¢ o
‘ ET
L L L mﬂ <
\ A 4P
, W
33
T T
L = o
2pPL2
=V = - — Am pL* L
Pemte s ™ Tr 22
2PL? PL?(2L [ . o2& % PR
=0 M /=0 1 | B
by =0 M oD 251(3) R N \
= “lle/
~ ¥ Plen 4
_PLJ A ‘L+ 2 * RS . E _~ P
Ap =My’ = —— ns 3 3 v, . L-
E 2PL 2
3 BL ze YPU
3EL ZE S 7
8-38. Use the conjugate-beam method and determine
the slope just to the left and just to the right of the pin
at B. Also, determine the deflection at D. Assume the %
beam is fixed supported at A, and that C is a roller. EI is 'D\t\l\il Sm 0’ Sm [
A " p
constant. Sm T I
5
T
& &
L
DI\T\ Tm L
SkN-m A Cn
9 A ‘Bf <
B = D‘ El
Sm | Sm } Sm | 5
I
)M’
14
12.5 0. 1255 ,
(FTMc =0 -E—:—i-(5+-3-)—-——E-}—(§)—SB,,~O .
- Er
B =-——
3E7
125 50 125 U
TEE =0, =22 242 -
TS TR %‘)mﬁ
c =2 S, ’
Y 3EI < (i
25 50 <3
IMp =0 Mp ——(25)-=—(3) =0
(: o b El( ) 3EJ( )
4375 _ 146 kN-m’ ‘I
= My = 02 0T /
Ap = Mp BT 5 L Ans v’Ms
k 12.5 [ 1
+TEFR =00 =S~ 4 =0 i’
Ef . (14
A L s
SEL
+TIR =0, 2.2y
. EI 3E1
4.17kN-m*®
Op = W = "0
B, Vi i Ans
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9-1. Use the method of virtual work and determine
the vertical displacement of joint B of the truss. Each
steel member has a cross-sectional area of 300 mm?.
E = 200 GPa.
i
3m
3m
.
Member n N L nNL
AB -0.8333 —66.67 5 277.78
BC 0.8333 66.67 5 277.78
AC 0.5 40 6 120.00
I = 67556
1- A" = E_nﬁ'é
AE
675.56(10")
Ay = — =0.01126 m = 11.3 mm Ans
* 7 300(10%)(200X(10°)
9-2. Solve Prob. 9-1 using Castigliano’s theorem.
Mem ber N N/OP NP =S0KN)L  N@NPL.
AB —0.8333pP -0.8333 -66.67 5 271.78
AC 0.5p 0.5 40 6 120:00
BC 0.8333F 0.8333 66.67 S 277.78
Z=675.56
PN\ L 67556 675.56(10%)
Ay =LN|[—|—= = = =
5, (BP)AE AE 300(106)200)(10%) 00113m=113mm Ans
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9-3. Use the method of virtual work and determine
the horizontal displacement of joint B of the truss. Each
steel member has a cross-sectional area of 300 mm?.
E = 200 GPa.

.
3m
3m
Y
Member n N L aNL
AB 0.625 -66.67 b] ~208.33
BC 0.625 66.67 3 208.33
AC -0.375 40 5 ~90.00
L=-9000
1Ay, Ll
AE
-90(10%) -3
= =~ 5XI10 =-]. =
' 300(104)200)(10F) 5107 ) m 1.50mm=150mm & Ans

*9-4. Solve Prob. 9-3 using Castigliano’s theorem.

.
3m
3m
Y
C
Member N NP  N(P=0) L  NENAPL fc
AB ~(66.67—0.625P) 0.625 -66.61 5 -208.33 N
AC 40-0375P 0375 0 6 -90.00 CLN
BC 66.67+0.625P 0.625 66.67 5§ 208.33 "’ P
S
£=-90.00 In
AN\ L - -90(10° Kt
A = };N(_)_ﬂ S0 so10%)m f 80
IP/AE ~ AE  300(10°%)(200)(10%) .
=-150mm=150mm &  Ans #m
230
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9-5. Determine the horizontal displacement of joint B
of the truss. Each member has a cross-sectional area of
400 mm?. E = 200 GPa. Use the method of virtual work.
SkN
. - |
4kN | )* c
-« —
B
1.5m
5k
{ Zm
D 4k gl 4.0k8(7) $c
—
AP S\
icH 2\
MEMBER n N L nNL
AB 0 0 1.5 0
AC -1.28 -5.00 2.5 15.625
AD 1.00 4.0 2.0 8.000
BC .00  4.00 2.0 8.000
L 2Zm ]
cD 075 =200 1.5 =225 1kl 8T 7o #acry 1 c
£=29.375 F g
-8y, =22k Lom
5T TAE
29.375(10°) 2
Ay = —————— = 0.3672(10*) m=0.367mm  Ans 7
2. = 200(10%)(200)(10°) (107 m
9-6. Solve Prob. 9-5 using Castigliano’s theorem.
SkN
| - |
4N )* C
] —
B
1.5m
D
A /N ) —
i<H 2\
MEMBER N aN/aP NP=4) L N(ON/3P)L
AB 0 0 0 1.5 0
AC -1.25P -1.25 -5 25 15.625 S KN
AD P 1 4 2.0 8.00 | zm
BC P 1 4 2.0 8.00 P sl p(T) ¢
CD -(5-0.75P) 0.75 -2 L5 ~2.25 T
X =29.375 §
Q ~ [[6m
o - (an)( L )_ 037500 o103 .
0 ==Y GPN\AE)” woaeacmae) - 2010 ) N P D
=0.367mm Ans -
231




c09.gxd 6/25/08 11:02 AM Page 232 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

9-7. Determine the vertical displacement of joint C of
the truss. Each member has a cross-sectional area of
400 mm?. E = 200 GPa. Use the method of virtual work.
SkN
| - |
4N )* C
-« —
B
1.5m
5k
Zm
D 4 k4 5! 4.0 k& (1) [
AR a\
MEMBER n N L aNL
AB 0 0 1.5 0
AC 0 -5.00 2.5 0
AD 0 4.00 2.0 0
BC 0 4.00 2.0 0 1kl
Ccb -1.00 -2.00 1.5 3.00 2m
X=3.00 P o fc
14 =Tk
& " TAE o N
2 l5m
o
A 3.00 10%) 37.5(10%) m = 0.0375 A o
e = . =4u. ns
€. = 200(106)(200)(10°) - e eSS
*9-8. Solve Prob. 9-7 using Castigliano’s theorem.
SkN
| - |
4kN )* C
-«——F o J—
B
1.5m
D
Af -
MEMBER N oN /oP N(P=5) L N(oN/oP)L
AB 0 0 0 1.5 0
AC -5 0 -5 2.5 0 P
AD 4 0 4 2.0 0 L 2m
BC 4 0 4 2.0 0 4kd gl Loka(r) .
CD -(P-3) -1 -2 1.5 3 '
=3
15
C, =IN(3N)—L- o "
M IP/AE
3 3(103) . Al *.0 K‘l(’) p
= = ___ =37.5(10% m=0.
AE T 00(109)a00K10r) o (0 ) m=0.0375mm  Ans 2 "
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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 = 0.5in” and E = 29(10%) ksi for each sooe 3o0n
member. Use the method of virtual work. 3ft 3ft _l
F 1700t (cy § E 10086 (53 b
5001b N y
| 300 1b S
| =
S 4IPS §
c
A 2
600 b
_F% 7D
3 o
3t 3 -
N S
N <
A -

600 Ib

nNL 1
Ap = iE = 22,[(-1.(!))(-6(1))(3) + (1.414)(848.5)(4.243) + (-1.00)(0)(3)
+(—1.00)(-1100)(3) + (1.414)(1555.6)(4.243) + (-2.00)(~1700)(3)
+ (~=1.00)(=1400)(3) + (-1.00){-1100)(3) + (-2.00)(-1700)(3)}(12)

- FTA5.00D b s02in. Ans
05(29)(10%)

9-10. Solve Prob. 9-9 using Castigliano’s theorem.

| 300 1b
|

Ap = zzv(i)i = iE([—(p + 600)(=1X3) + (1.414P + 848.5)(1.414)(4.243)
4 dP'AE A p s001b 2001
+ (=P)(=1)(3) + (~(P + 1100))(=1)(3) £l é&,,,nml pevioe <) |

+ (LA414P + 1555.6)(1.414)(4.243) + (—=(2P + 1700))(=-2)(3) : ? 12

+ (—~(P + 1400)(-1)(3) + (=(P + 1100))(-1)(3) “;'

(55.97P + 47.425.0)(12) St 3

Y

n C

+ (~(2P +1700))(-2)(3))(12) = p
(0.5(29(10)%)

Set P = 0 and evaluate

Ap = 00392 Ans
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9-11. Determine the vertical displacement of the truss

Soo b

300

at joint B. Assume all members are pin connected at their
end points. Take A = 05in? and E = 29(10*)ksi for

each member. Use the method of virtual work.

= 0.0224 in. Ans

500 1b T “
| 300 b P
‘ 3t 3 ft ' | Q!
F E D -
] B8, B P
> es <. 4 1 1
A U 6o0lb(c) B Joalbic) P
eccib
Fromes E soice R
(_‘\\ :\,:
gl %] :
N
600 1b . {c
AT 7 3 Tohico) 3;%
I a4 Y E¥d4 |
114
aNL ]
8g, = I = ILA14(1555.6)(4.243) + (~LOO)(-1700)(3) + (~1.00)(~1400)(3)
+ (~1.00)(=1100}(3) + (—1.00)(—1700)(3)] (12) = 27 034(12)
' O ~ 05(29)(10%)

*#9-12. Solve Prob. 9-11 using Castigliano’s theorem.

500 1b
| 300 1b
|

‘ 31t 31t

B |w|
0,65 oo°)
o0

27034(12)

Ay = ——— - = 0.0224in. Ans
- 05(29)(10%)

Son1b I
Bs, = m(%);ﬁ = '—412{(—6(1))(0)(3) + (848.5)(0)(4.243) ) F ptieo cc> E p+//00¢c) 3:9
+ (~1100)(0)(3) + (1.414P + 1555.6)(1.414)(4.243) ’ -3
+(~(P + 1700))(=1)(3) + (=(P + 1400))(~1)(3) ‘
+ (=P + 1100))(—1)(3) + (—(P + 1700)}(—-D(3) §
Set P = 0 and cvaluate Y
%<

234




c09.gxd 6/25/08 11:02 AM Page 235 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

9-13. Determine the vertical displacement of point A.
Assume the members are pin connected at their ends.
Take A = 100 mm? and E = 200 GPa for each member.
Use the method of virtual work.

ZNnL  (33.33)(1.667)(5) + (26.67)(1.333)(4) . (=20)(-1)(3)

A =
(Bado AE AE AE AE

L (100)(L667)(5)  (-26.67)(-1.333)(4)  (-266T)(-1066T)(4)  (20)(0)(3)
AE AE AE T TTAE

2593.33 2593.3%10"N-m =0.130 130
AE 100010 (20X109N fm2 oo™ = 130mm - Ans.

REAL FORCES VIRTUAL FORCES
E _'_2?6"_ K’J PRI D Dy
N F~ ’ {
,bzv‘.“/ b 87 Y™ 3m
57 N \°0 of
2 i w
A __’—_2@.(‘.’119/_” |74 — 106 . tTKV _F 2 Ao,
B
TR M L — !
20 i 20 KN
4o KN

: 1.233P .

3 »
E F 2 “ Q

b 1 9 LYt
Cuh lb/\ Q. \ o]
:t?m.‘ \.\D \‘
15\ 2
2.9, <
o . 20KN
A 4—0)51\1

A B\&g‘fﬁsl Q) AN 1%

4m 4m jwﬂ N
26.b 7K
\ l Y % Py
20 kN 40 kKN 20 kN 2okn
: ¢
(A0, = IN(IN/IP)L _ (33.33)(1.667)(5) + (26.67)(1.333)(4) . (=20)(-1)(3) =196, 67 EN) e
40 AE AE AE AE Pz20k0) 404N A
(100)( 1.667)(5) . (-26.67)(-1.333)(4) + (=2.667)(~106.67)(4) + (20)(0)(3)
T aE AL AE AE
2593.33 2593.33(10°)N -m

=0.130m = 130 mm Ans.

AE  100(107%)m*(200(10%)N /m?
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9-15. Use the method of virtual work and determine the

SkN C
horizontal displacement of point C. Each steel member -« o @@’i
has a cross-sectional area of 400 mm?. E = 200 GPa. e \Sr
2m
1=l &l
Member Raal Forces N : As shown on figure(a). L | 9\ © ‘
— oc SC
D
Sember Virtual Forces n : As shown on figure(b), 10kN L5 m*>‘

Virtual- Wark Equation : Applying Eq. 9-15, we have
5kl C ja5KA(T) B

Member n N L aNL o
am|Z
AB 0 100(10°y 2 0 " 2
BC 1.00 125(10') 15 1875(10%)
) 0 10.0{ 10°) 2 0 7
AD 0 0 L5 0 4
AC ] -125(10°) 25 0 10kd

3 1875(107) N*om

nNL
%

18.75(10°) N3.m
AE
(Ao, = 18,75(109
€707 0.400(107) (200(10°))
= 0.2344(107) m=0234mm &~  Ans

EN-(8c), =

*#9-16. Solve Prob. 9-15 using Castigliano’s theorem.

< e °0

G0 /oYX

Member Foroey N ; Member focces due to external force P and exwernal applied

forces are shown on the figure. 2m
Castighlano’s Second Theorem : Applying Eq. 927, we have
D\ ]
p1y; s ——|lgfoe ES) |
— = _— D
Member N 5 N(P=35kN) L N(BP)L o 15m
AB 10.0 0 i0.0 2 0
BC 1.00P+7.50 1.00 125 1.3 18.75
CD 10.0 0 10.0 2 4]
AD Q o 4] 15 4
AC ~12.5 0 -12.5 2.5 Q PL c Pf?ﬁﬂkdﬁf{
Y 1875kN-m AN
gl N\ |I§
A EN iN_ _L_ Zm| 3 ‘pr; ?r
JoP JAE 9 RS
18.75kN-m < 2
B == —
- 18.75(10%) > ] "
0.400{ 10-1) [200(10°)} ] r5m
=02344(107) m=0.234 mm + Ans 10
236
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9-17. Use the method of virtual work and determine the SkN ¢ B
vertical displacement of point D. Each A-36 steel member -« EE 55 6
has a cross-sectional area of 400 mm?®. E = 200 GPa. 5 \gr
2m
Member Real Farces IN : As shown on figure(s).
D\ ]
Member Virtual Forces r: As shown on figue{b). o hhes ol A
D 1.5 m*>‘
Virtual- Wark Equatten : Applying Eq. 9-15, we have 10kN
5kl C _[25ki(T) B
Member ] N L n¥L - S
N -
3 e Q
AB 1.00 100(10°) 2 200(10°) ml 3 2
BC 0.50 125(10°) 15 140625(10) 3 £
cp 1.00 wo(10*) 2 200(10%)
AD o 0 1.5 0 » »
AC -t2s -125(10°) 25 39.0625(10°) I
1oxk4 @)
3.93.125(10°) M'-m
¢ oJs0N(1) &
n¥L
LA=23F 2
93.125(10°) N*. 2
IN-(4p), = .__..__(._)_._'f N
g AE St
(A). = 93.125(10%)
D%y = 5.400(10~?)[200(10%)] ? A
=1.164(107) m=1L16nm 4  Ans IN “
9-18. Determine the vertical displacement of point B.
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%) ksi. Use the method of
virtual work.
! 5 K
4
aple |2
B
P A 2in2 |
P
aN L 4 . 420 . 5} ( 5)[ 512) ) :
A =IN———=—(5)—| ——"F—+{-={5) - = [| ———[+0+0=0.0361 in. Ans
Bv oP AE 303 [2(29)(103)) 3 )3 1(29)(10%)
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9-19. Solve Prob. 9-18 using Castigliano’s theorem.

E “’ 5<
Sk fl_'D 16-667 c
‘ 2in*
7% a2
/9%{" ols 5
\’\ —_
(e}
JA 2in* B

ot K

P A 2in.2

LA, —pANL_1333(6667412)  (-1.667)(-8.3395(12)

B AR T 209)010°) @oion - 0r0=0036lin.  Ans

9-20. Determine the vertical displacement of point E.
Each member has a cross-sectional area of 4.5 in?.
E = 29(10% ksi. Use the method of virtual work.

F E D

@ ) OT

A fe C
k 8 ft 8 ft -
S kip

!

Virtual - Work Equation: Applying Eq. 9-15, we have

Member n N L nNL
AB 0.6667 3.333 96 213.33 _
BC 0.6667 3.333 96 213.33 A 3333 kip(1) | B 3233 ki< C
cD 0 0 72 0 | *ll
DE 0 0 96 0 [ o, | 8t
EF 0 0 96 0 5 Kip
AF 0 0 72 0 @)
AE -0.8333 -4.167 120 416.67
CE -0.8333 -4.167 120 416.67 1 kip
BE 0 5.00 72 0
L2
Y 1260 kip® - in. D
nNL
A=Y —
AE o
i 1260 kip? - in.
1bP'(AE),=T AL , A
1260 04667 kipr) g 0 kG867 Kp (Umir
Ag), =——————— =0.00966in. + A
(8e), = 35 29.0(109)] " s )
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9-21. Solve Prob. 9-20 using Castigliano’s theorem.
Member Forces N:Member forces due to external force P and external applied
forces are shown on the figure. F E D
@ Q )
Castigliano's Second Theorem: Applying Eq.9-27, we have T
N 3 6 ft
N
Memb N - N(P=0 — |L
ember i3 ( ) L N ( 3PJ l
AB  0.6667P+3.333  0.6667 3.333 96 213.33 AP = \é‘ c
BC  0.6667P+3333  0.6667 3.333 96 213.33 LV J
D 0 0 0 72 0 | 81t ¢ s o0 ‘
DE 0 0 0 96 0 P
EF 0 0 0 96 0
AF 0 0 0 72 0
AE -(0.8333P+4.167) -0.8333 -4.167 120 416.67
CE —-(0.8333P+4.167) —0.8333 -4.167 120 416.67 P
BE 5.0 0 5.00 72 0 £ o
Y, 1260 kip - in.
o |¢
v\ L
A=) Nl=—|—
=05 |
(Ap) _1260idp-in o““’{é}% J <
E v
20 O
= = 0.00966 in. 1 1
45[29.0(10%)) n Ans 5kip
9-22. Use the method of virtual work and determine ‘ B
the vertical displacement of point A. Each steel member gt g —
has a cross-sectional area of 3in’. E = 29(10°) ksi. b
31t
Member Real Forces N : As shown on figure(a). 3 2 /g l
[ 4515) 1) A
Member Virtual Forces n @ As shown on figure(b). 12 4 ft
Y6 kip
Virtual - Wark Equation : Applylng Eq. 9-15, we have
Member n N L nNL
A8 1.00 6.00 36 216
BC 1.333 8.00 48 512
AD 0 0 43 0
BD - 1.667 -10.0 60 1000
21728 in.
aNL B
A=Yy — ’
5% .
1728 K* in, >
Ik (4, ), = AE - -»R,
{44) 1728 =0.0199in. 4 N
S TF X THT T T s Ans A
1 xip
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9-23. Solve Prob. 9-22 using Castigliano’s theorem.

C B
A 2 515}
Membder Forcos N : Mcmber forces due 10 external force P and external appliod s
forces are shown on the fgure. R
31t
Castigliano's Secand Theorem : Applying Eq. 9~17, we have ; /@ l
N [ 4515) 1) A
N aw 12 At
Member N —3’?— h(P:sk) L N(}?]L " ¥ 6 kip
AB 1.00P 1.00 6.00 36 216
BC 1.333P 1333 8.00 48 512 C“J: 1.333P-(1)
AD ) 0 0 48 0 1%
BD - 1.667F ~1.667 -10.0 60 1000 '((_(ﬁ ’
- . 1 G\ v} 3
WL Y1728k in W a |
Aw Y N —|— he
P JAE —_—
1728 k-1n. [2] A
(Ag), = »
728 4 P
= x=(0199in. { Ans
3[29.0(10°)]
#9-24, Use the method of virtual work and determine
the vertical displacement of point B. Each steel member
has a cross-sectional area of 3in’. E = 29(10°)ksi.
Jc B
A 2 515}
31t
[ 4515) 1) J‘
‘rD 41t
Y6 kip
Member Real Forces N ! As shown on figure(a). 8
Member Virtual Forcet n @ As shown on figure(b). 5
8 3
Virtual - Work Equation - Applying Eq. 915, we have .g. it
8
. A
Member n N L nNL
L
AB 0 6.00 6 0 o Kip
BC 1.333 8.00 48 512
AD 0 0 43 0
BD —1.667 -10.0 60 1000
31512k -in, ‘
nNL
besXTE
1512k m.
Ik (A T o ene
(as), AE
1512
(4,), "m-‘—‘ﬂﬂ”‘&h. 4 Ans
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9-25. Solve Prob. 9-24 using Castigliano’s theorem.

Jc B
A 2 515}
3ft
1.5 ] Sl
N [ 4515) 1) A
‘rD 41t
Y6 kip

Membar Forces N : Merober forces due to extemnal force P- and external applicd
foroes are ahown on the figure.

Cariigliano’s Second Thearam : Applying Eq. 9-27, we have

N

. N
Memb. N -— P el
ember 5 N(P=0) L N(JP}L
AB 6.00 0 6.00 36 0
BC  1333P+800 1333 8.00 48 512
AD o 0 0 48 0
BD —(1L667P+10.0) ~1.667 -10.0 60 1000
Y 1512k in.
oNY L
A= Nl — |—
(%)
I512k-in.
A R eobuimiiu
(A4), AE
1312 0.0i74in. + Ans
= — i )
3(290(10%)] -

9-26. Determine the vertical displacement of joint A.
Assume the members are pin connected at their end points.

Take A = 2 in? and E = 29(10°) ksi for each member.
Use the method of virtual work.

D
i A
y en | sr |
Ec 8ft 1 K. 0'5K
AQ &
8 ft B 8 ft CW‘
Y
Y 500 1b
1000 1b
A i q ’_.._L‘
200K (C) [3 z-oox(c?
[ 8t T efe |
1K,
aNL 1
A, = Eﬁ = E[Z(-Z.OO)(—Z.OO)(s) + (2.236)(2.236)(8.944) + (2.236)(2.795)(8.944)}
164.62(12)
= ——— = 0.0341 in. Ans
(2)(29)(10°)
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9-27. Solve Prob. 9-26 using Castigliano’s theorem.

D
N
E :
: 8 ft
G
AG / 1 A 200pPlc) |B £O0PCc)
B =
8 ft 8 ft CW‘ y B8fr 4 &f 1
v P 05k
\ 5001b
1000 1b
A —fN(aN)L - 2)(8 2.236P)(2.236)(8.944) + ( 2)(8
s, = g7 = Fp(=2)(8) + (2.236P)( 1(8.944) + (=2P)(-2)(8)

+ (2.236P + 0.5590)(2.236)}(8.944)}(12)

Set P = | and evaluage
164.62(12)

= e—— = 0.03411i
b = D@0 "

*9-28. Remove the loads on the truss in Prob. 9-26 and
determine the vertical displacement of joint A if
members AB and BC experience a temperature increase
of AT = 200°F. Take A = 2in’? and E = 29(10%) ksi.
Also, a = 6.60(107°)/°F.

L00K(C) !'8 Z-OOK(C)T"
st CW‘ L 8ft e |

| B

\
- 8 ft

From Prob. 9.26

]

A, = InaATL = (=2)(6.60)(10™)(200)(8)(12) + (~2)(6.60)(10™)(200)(8)(12)

~0.507 in. = 0.507 in. T Ans
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9-29. Remove the loads on the truss in Prob. 9-26 and D
determine the vertical displacement of joint A if
member AFE is fabricated 0.5 in. too short.
ih
D
 _
A
F]
1h Y c_{
E Y Y
8 ft 1000 Ib 01
AE o, G || ——
\ B cl
8 ft ‘ 8 ft
I ]
From Prob. 9-26 ¢
InAL = (2.236)(-0.5) A Booxc 18 @ookle) ™
A, = = . .
- 1.12 i L.12in. T A v 0K O% |
= —}. m. = 1. m. ns
1K o5k
9-30. Use the method of virtual work and determine
the vertical displacement of joint C. Take E = 29(10°) ksi.
Each steel member has a cross-sectional area of 4.5in’.
J 1 H G F
9 ft
A EL
= B C D £
F—12 1t 12 ft 12 ft 12 ft—
\ \ J \
6 kip 8 kip 6 kip
[roier] N 1 0 L. 1 ANL
A1 | o Jo |rg] o 1 o Ll fg* an "ws o F
AL Fadr e dMY[ spa | 58 s 3K s . NI A
A8 | 7733 |psss7] rer } /280 Dl > AT R A B
21 | e Jesu) /m 80 333" A 1861 A <
ar ~ds7l-+815] e ] 1000 /3 ' 4 - BEAVEEED I3
£ PR ARZOAN IR A 7z X Iz
N F-ve | 1w | B P77} ox 6° ﬂ‘ 6x i0 I'4
o | asdr | 330 | ree | 353¢
In_|-hssr|wfay | Mo | 118
P {solsse {118 | A2
DE 1353 {4SMTL My s I e H £,
R e T o tedupiyesng oL s
£F P ) % P ™ 2, o Ny P
GH_ |10 | 2HET| 7ae ) K2 A2t AZ L il
AT |-s133 [odtat] #r | t2d+ * . ¢ 2 Hhiarty,
1J o | o 3 P Ly |x
£2zl232 5 o5
1 Ag = rnNL
g AE
21232
Ae = ———— = 0.163in. Ans
“ 7 45(2910) "
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9-31. Solve Prob. 9-30 using Castigliano’s theorem.

J ! H G F
9ft
A EL
= B C D =
F—12 1t 12 ft 12 ft 12 ft—
\J \J \J
6 kip 8 kip 6 kip

Member Forces N : Member forces due Lo external force P and exteenal spplied
forces arc shown on the figurc.

Castigllano's Second Theorem ; Applying Eq. 9~27, we have

aN . oN

Member N T N{P =8 xip) i N[}F)L )

AB  0.6667P+8.00  0.6667 1333 144 128000 I o T a4kilPIBok W |
DE  0.6667P+8.00  0.6667 13.33 144 1280,00 otk TS|
BC  1.333£+8.00 1.333 18.67 144 3584.00 i ‘,, AL 55 g
€D  1333P+800 1333 18.67 144 358400 K 3| ¢ 3
AJ 0 0 0 108 0 ) R— |
EF 0 0 0 108 0 Troek |1isprgos e
u 0 0 0 144 0

FG 0 0 0 144 0 ARV ip ok

HI —(0.6667P+8.00) —0.6667 ~13.33 144 128000 050pte0 K

GH -( 0.6667P+8.00) ~0.6667  -13.33 144 1280.00

Al —(0.8333P+10.0) -0.8333  -—16.67 180 250000

EG —(0.8333P+10.0) -08333  -16,67 150 2500.00

Bl 0500P600  0.500 10.0 108 540.00

DG 0500P+600 0500 10.0 108 54000 A=Y N(ﬂ).ﬂ

BH  -08333F -0.8333 6667 180 100000 P JAE

DH  -08333F -08333 - 6667 180 1000.00 (), = 2232k:in

CH 1.00P 1.00 8.00 108 864.00 M AE

L B i3 L Ans
L 21232k in. s@on,m) o

*9-32. Determine the vertical displacement of joint B.
For each member A = 1.5in’ E = 29(10%) ksi. Use the gk <r Kk

method of virtual work. l
£ 333K(C )

2 2k 2k

k
F E lD

> 2.0kCC)

61t
o . i [
B = ° 6K
L 8 1t I 8 1t J‘ L C_L
7}7},7 O-e006TA(T) T8 ] ',c
|
nNL [ 84 1 8 st 7
18y, = I e

Ay = A_XE-{(—I.667)(-O.8333)(10) +(L66T)(0.8333)(10) + (0.6667)(1333)(8) + (~0.6667)(~1.333)(

+ (-1)(0.5)(6) + (-05)(-3)(6) } (12)

= 576 = 00132in Ans
T 1529108
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9-33. Solve Prob. 9-32 using Castigliano’s theorem.

2k 2k 2k

4—
&N
e ——
.‘1 F
o
M

lf 1333 K () l

; D
'
t
6ft bft
l ﬂ—
) o, <
_.&._
P P
L . (] E __06667PC0 D
= zN( )—— = [(~1.333)(~0.6667)(8) +(1.333)(0.6667)(8) ¥ v
9P AE ! ol o
+ (=1)(05)(6) + (~1.667)(~0.8333)(10) o 2 TR
+ (1.667)(0.8333)(10) + (—3)(—05)(6)]% D 1 2 e
5 GeeT AT LB o mcC
=% __ _ oo Ans s LR
1.5 (29)(10%) P
9-34. Determine the vertical displacement of joint E.
2k 2K ik

For each member A = 1.5in%, E = 29(10%) ksi. Use the
method of virtual work.

lf :’333‘(() v D

2k 2k 2k
lF /LE D
T - 1335 £0T)
o ft
kK
O( 9, OJ—
B 0 TH
L 81t : 8 ft J‘ F o JE O-6667TK(LD
A, =z -0.8333)(~1.667)(10) +(0.8333)(L6667)(10) O A < |ls
L = ﬁ-;;:{( )(~1.667)(10) +(0.8333)(1.6667)(10) . Y| 22 3 [bit
+ (0.6667)(1.333)(8) + (~0.6667)(~1.333)(8) s i
+ (=1)(=0.5)(6) + (~0.5)(=3)(6)}(12) B e
[ J
648 ref s/ |
= ————— = 00149 in. Ans
1.5 (29)(10%)
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9-35. Solve Prob. 9-34 using Castigliano’s theorem.

K

2 2k 2k

k
F E lD

) o

J 6 ft
O( 9, OC

B 0.
‘ -

‘L 8 1t

8 ft

oN\ L
—|—= {(~L. . .667)(0.8333)(10;
3P)A P { (-1.667)(—0.8333)(10) +(1.667)( )(10)

+ (=1)(-0.5)(6) + (-0.5)(-3)(6)
+ (0.6667)(1.333)(8) + (~0.6667)(—1.333)(8) }ru-;-

N

S Fe
648

= — = 00149 in. Ans
1.5 (29)(10%)

#9-36. Determine the vertical displacement of joint D

of the truss. Each member has a cross-sectional areca of MEMBER n N L nNL
A = 300 mm?. E = 200 GPa. Use the method of virtual AB 0 45.0 3 0
work. AD 0.9014 18.03 /13 58.59
20 KN 30kN BC 0 45.0 3 0
. 3m 3m BD 0 -200 2 0
B cp 0 -s408 /13 0
T2 2 DE -0.9014 -72.11 /13 234.36
4 I=29295
nNL
1Ay, =2—
- AE
4m o o
D 292.95(10°) 3
= e = 4,88(10”) m = 4.88 mm
P ™ 300(106)(200)(10°)
B ©
E
20 kA Jomn
A 450K (1) 48 4500 (T4 ¢
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9-37. Solve Prob. 9-36 using Castigliano’s theorem. MEMBER N ON/oP N(P=0) L N(@ON/3P)L
AB 45 (1] 45 3 0
30 kN AD 0.25/13P+5/13 0.25/13 s/13 /13 58.59
20 kN BC 45 0 45 3 0
e 3m 3m BD -20 0 -20 2 0
B -15/13 0 -15/13 J13 ]
TR C DE -(0.25/13P+20/13) -0.25/13 -20/13 /13 234.36
£=29295
(3N L 29295 292.95(10°)
Ap. =IN —)._ = =
4m o M 0P/AE AE 300(10-5)}200110°)
D =4.88(10°)m=4.88mm Ans
L0 Kni SO KN
| D 3m
R A 450mn (1)) 8 45.080(T)
E N i 4 ": <
9-38. Determine the horizontal dlsplacemf.:nt of joint C MEMBER n N L(in) ANL
of the truss. Each member has a cross-sectional area of AB 1.333 18.00 48 1152
3in% E = 29(10°)ksi . Use the method of virtual work. BC 1.000 15:00 36 540
BD - 1.667 -25.00 60 2500
2k cD 0 0 48 0
l I= 49
). C 15k
T3 > nNL
1-Ar =2—
Y
4192
Ay = ——————=0.0482in. Ans
“ 7 (3)29)(10%)
4 ft 2t
2 |._3_ff__‘
- 0K
8 R LS
R 3
A N M
BE: DYe 2 C|4ft : 0 4f
Q ~
| 3 ft | ° 2
‘»bvb. z';l_ A 7 p
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9-39. Solve Prob. 9-38 using Castigliano’s theorem. MEMBER N odN/dP NP=15 L N(©ON/3P)L
AB -(2-1.333P) 1.333 18 48 1152
2k BC P 1.0 15 36 540
C 15k BD - 1.6667P - 1.6667 25 60 2500
T35 @ SF—» CcD 0 0 0 0 0
Z=4192
A ZN(BN) L 4192 0.0482 1 A
= — | — = —— ), mn. ns
G JdPJAE  3(29)(10°)
41t <K
‘ 34t
p ! [
: P | P
~
N —
AN, o
iy N AN |[for
' >~
L N
]
A ]
*9-40. Determine the horizontal displacement of joint B
of the truss. Each member has a cross-sectional area of
3in’. E = 29(10%) ksi. Use the method of virtual work.
2k
l C 15k
—— S
B
MEMBER n N L(in) nNL
4 ft AB 1.333 18.0 48 1152
BC 0 15.0 36 0
BD -1.667 -25.0 60 2500
CD 0 0 48 0
X= 3652
Ah
mELS DYe 1-Ag il
. AE
‘ 3t |
\ | 3652 .
A,. = ——(3)(3)(10’) =0.0420in. Ans
2k
34t
,_iﬁ_.__{ c |k B }"— lc
8 * |5 £ ?
N
2 ¢ "
¥ ol| |4
: 0 | 4ft pal
o o
é ~
A 4 S
A M J I >
5.8 A
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941. Solve Prob. 940 using Castigliano’s theorem. MEMBER N dN/eP N(P=0) L N@N/oP)L
AB 1.333P+18 1.333 18 438 1152
2k BC 15 0 15 36 0
l C 15k BD —(1.667P+25) ~-1.667 -25 60 2500
. 5> cD 0 0 0 48 0
B I=3652
N\ L 3652 3652
As, _zN(aP)A_E’ﬁ'(:;)(mxlo!)‘ommm Ans

3ft |

9-42. Determine the horizontal deflection at C. Use the

NL 2)(1200)(8)( 12 ~2.236)(~1341, 12
won - 3 2[( )(1200)(8) )]+ (~2236)(~1341.64)(,/80)(12)

method of virtual work. Assume the members are pin AE AE
connected at their end points. AE is constant.
. (~2.236)(-3018.69)(1/80) (12)
c AE
1 1.51 ib-in,
600 1b = —5—%_‘1‘— - Ans
booly__©
l 139064 ()
f200(n
Su'-b—% I§oa{c)
1]
’!(T) ‘“1 o5 (T) "(b ‘7 (C)
1500 1b
a4k ig zr-us.u>
Lo th Ltoib
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9-43. Remove the loads on the truss in Prob. 942 and

determine the horizontal displacement of point C if 600 1b
members AB and BC experience a temperature increase

of AT = 200°F. Take A = 2in’ and E = 29(10%) ksi.

Also, & = 1079/°F.

1500 Ib

(Ac)s = InaATL = (2){107%)(200)(8)(12) + (2)(107%)(200)(8)(12) = 0.0768 . — Aws

*9-44, Remove the loads on the truss in Prob. 942 and
determine the horizontal displacement of point C if 600 1b
member CD is fabricated 0.5 in. too short.

1500 Ib

(Ac)s = ZnAL =(-2236)(-05) = 1.12in. — Ans
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9-45. Use the method of virtual work and determine

the vertical displacement of joint A. Each member has a  Member n N L nNL
cross-sectional area of 400 mm?’. E = 200 GPa. AB 1.25 50 25 156.25
AE -0.75 -30 1.5 33.75
BC 2.25 180 3.0 1215.00
B C BD —05y13  -s0/13 /13 1171.80
? Q T BE 0 60 20 0
DE -0.75 =30 3.0 67.5
T = 2644.30

2m AL

1Ay =3—u

Y

D ¢
2644.30(107)
RS Ay =——"" 2 2 00331m =33.1 A
¥ E . * = 300(10)(200)10°) m=3dmm - Ans
1.5m l 3m }
40kN 60 kN B ki) s
Q)
e %,,3\
4]0 c g Am
o MOPS 30 £M¢e) L kN
# E /8
{75/’:’ 9 3m
dp®N bo Kk~ 100 <N

9-46. Solve Prob. 945 using Castigliano’s theorem.

B C
) [C) -
£25F
B 2z5p190(7) ;"f 9o
WA 2
P> m
1/ &
v/ 3 & m
hsr) o75Pcc) Xy D
4 E »Wz2sP AGL 0 -+
— +4e E
/5m 3m |
p 60" Got? 1.5m I 3m ‘
Member N NP NP =40) L N@N/3 P)L
AB 1.25P 1.25 50 25 156.25
AE ~0.75P -0.75 -30 15 3375
BC 2.25P +90 2.25 180 3.0 1215.00
BD -30y/13+05/13P)  -0.5/13 -s0/13 /13 1171.80
BE 60 0 60 20 0
DE -0.75P -0.75 30 30 67.5
£=2644.30

As, =2N(§"~:)L o 26443000 _orst o33 mm Ans

AE  400(10°%)(200)(10%)
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9-47. Use the method of virtual work and determine
the displacement of point C. EI is constant.

,
Real Moment Function M(x) ; As shown on figure(). Al O\ B

[—
[—

Virtual Moment Funciions m{x) : As shown on figure(b).

Virtuat Work Equation : For the displacemeat a¢ point C, apply

Eq.9-18
LmM
o= [ e
1 2 1 o1
o= u(gx,)(?x,)d.r,+EL,§(24-11)(Pa)dx, p P 1
%J; (%")(P:;)dxa M(X,‘)‘W. MoLF -M@-Hf’ “‘"f‘, """‘."’ nul"?
L4 4 v L 4 v -
sPal | =, |75 | % %, =, | <]
8= %5 Ans AN T | = ry Y
F () § ) +

*9—48. Solve Prob. 947 using Castigliano’s theorem.

Internal Moment Function M(x) ; The,Iniemal moment function
in termy of the Joad P’ and extemnally applied koad are shown on the

[—
[—

figure, .
Castigliana’s Second Theorem : The displacement at C can be A !“E @\ B
incd usi wip M) 2 M) x C =
determined using Eq. 9~28 Tt U = 3 \_ ‘ ‘ J
M) i x,) and sering P = P. 928 \ a \ a \ a \
0P 3
L (oM \dx
o[ M5 )5 o
1 23 .. )
b= EI o m’)(i“ )dx‘ MERI(PrE, Mgy = 5aptex,
1 Ti
vg ). (Pa)[i(la—x,)]dx; y 7
1 X3 X, }'—/ K X
*Efo(””)(a)d" o T
2p’ PP
= ss%i 1 Ans "_.‘;E'* _;;P' 3ty

MU F-(apla+Pat Pr-Pi,)

9-49. Use the method of virtual work and determine
the slope at point C. ET is constant.

[—
[—

Renl Moment Fusction M(x) ; As shown on figure(a). I
Ale %\ B
Virtual Moment Functlons m,(x) ; As shown on figure(b). C _
Yirteal Work Equation ; Foc tha slope st potnt C, apply \_ a ‘ a ‘ a -‘
Eq. 9-19. ! ! ! ‘
L M
B - , ¢
i x A al <f v
L= >3 g(ﬁ)(k‘)k' +EJ:§(1=*31)(P¢)¢, P&y iP’" MU ML) ,%J
! %3 =3 I
+— | [ )¢Pxy)dx. g v
Ej:(k) 2780 e, x| x
A { K
Pa P b “ % p
G = bl Ans ()
Ny nog k) s
v |
N7 Y
e Xy | Xy
R a. 3
E )
(3]
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9-50. Use the method of virtual work and determine P P
the slope at point A. ET is constant. l l
Real Moment Fanciion M(x) ;: As shown on figure(a). X
Virtual Moment Funciions m,(x) : As shown on figure(b). Al ° : C iB
Virtusl Work Equation : For the slope st point A, apply \_ a ‘ a a _[
Eg. 9-19. ‘ ! ! !
T L P 1 r
o . O e
0= (12 [tz ) (P ey b sl LG ) RO ), %
Elolx.'!a Eileda 'l 'Jl “ C A 1] L Ja
& G o s | s | o [ 2
o o — o
P P b A I
P =) z i
0= Ang * (b 3
9-51. Determine the displacement of point C of the
beam having a moment of inertia of I = 53.8 in*. Take )
E = 29(10%) ksi. j"‘f’ =8 m=0
- [}
8 ki 1&'___: TL__E: —
P l'—¥,—‘() ( l-—-xz (’—-— xy —|
l M=dx, 4 L«,
A B
y )I m=0 m= fo-0.5%, L‘ mlrg Lf
A\ |C — C:~*:—r__—'
S N _é_ [ x.-—it) ("'* e tonm. | (f——-zs —
LSft | 10 ft | 5ftJ LS
1-Ac = LmM
o EJI
1 120
Ac=— 0+fo (60-0.5)(4x, ) dx +0
_ 576 000 - 576 000 ~0369in.  Ans
EI  29(10°)(53.8)
#9-52. Determine the slope at B of the beam having a
moment of inertia of I = 53.8in*. Take E = 29(10%) ksi.
8 kip
|Kip-Ht 8rr
l 4 B . = 3 t:::p M=8X,
y 3\ )C ‘{ . lp.[""f’ f K,'
7 1 1 0."'#’
=== by =) myeo [kioft Mg, (1$
5 ft——o 10 ft 5 ft 5 1014 (E:—_—: X 1yuip
Mp=1-01%, T gy it .
_ LmoM
1-65=], e ds
1[gs 10
= —— - .1 dx
6 El[ [ Ox@ran +[ " 1-0.1)2m 2]
L6667 kip & _ 66.6702) _ ¢ ,5310%md=0353  Ans
El 29(10%)(53.8)
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9-53. Use the method of virtual work and determine
the displacement of point C of the beam made from steel. 8 kip 8 kip
E = 29(10%) ksi, I = 245 in*, l

B
M r .\ Iﬁ.\\ )I
L m
1-Ac In de _lil_ ‘ C _lél_
Sft——5ft—e——5ft ——5ft

[ (3430

Ac=0+2
El Brip sl
(Heot Hiodto Me j
864 000 — i =
= ————_ = (12in.  Ans [ =AY G
29 (10°)(245) TR T e
Bkip Brp
mep k! .
ne \,,1 mao
= -
7 X7 =X

Usfe | st TR TERD
3 H

9-54. Use the method of virtual work and determine
the slope at A of the beam made from steel.
E = 29(10%) ksi, I = 245 in*,

8 kip 8 kip
gxip 8k
o - = M=-8x
l A B , i \M Br«p 400 4 l
1 T 1
r ——ra_E S A AY
_lil_ ‘ C Lo =it .;‘{{1 ;j{gr;ﬁ']
Sft——Sft——p—Sft ——Sft Bkip- P
_ [t my M
1-6s= !a ErE X
m;—_‘? | m-'m‘l m=o
X N ri
_ 120 (%5 = 1)(~480) A [ ]
e,_o+fu A 5 5

= B0 05(10%) v A
(100245 ) ne

9-55. Solve Prob. 9-54 using Castigliano’s theorem.

8 kip 8 kip
N 1] ’ 8}(‘ 55? l
Heo, © Moo’ o || Heobilecto Moot | A 5 .
(I £ N b f r . oy k)
{ | T 1 1 j] | ] 1 [ 1 7 1 [ D
ml /" 7 \l I V|___7<_.1/ ‘ /?' et “\"_‘—J _lil_ ‘ C _lél_
LS ft Sft*—‘

s N 1 "
Cepl 1okt 1 st ;ﬂor;;“ gt

Y - 1]

=]

4 i 480k =1, o, -480 [4(12

<
tn
~
ty
~

28 800

= = 405(107%) rad
29 (10%)(245) 05 (107) Ans
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*9-56. Determine the slope at A. EI is constant. w
Y Y Y YYYYYYYYVYYY
C
6, = L my de " B
A~ 0 E‘ 7 &
ol |
1y (X x") L T L
=0+ j t SL.___)_.P_L_dx <
0 EI Me— =
o (L / w e X
H | = = -1
TN AR w3 JILLlTllwfiivil WM =O P [
=T T mrt Ans = e S )
= / N b [l A —
C C l L - .
N
9-57. Solve Prob. 9-56 using Castigliano’s theorem. w
Y Y Y ¥ Y Y Y Y ¥ N Y V¥ Y
Ce
M does not influence the moment within the overhang. B2,
L . L
\
MM a2
2
oM _x_,
EYY) '
T N .
Setting M =0, / T w
(2we- '-:-‘_- ) L w
—wrr3 g3
VAT R | CR P T m =Ll w
o JdM')EI EI'c 2 J\L 2EIL4 3 [
wL? x — m'
= — An -
24El * v L
9-58. Use the method of virtual work and determine
the horizontal displacement of point A on the angle
bracket due to the concentrated force P. The bracket is
fixed connected to its support. EI is constant. Consider
only the effect of bending.
L 1‘ Real Moment Function M(x) : As shown on figurc(a).
B C Virtual Moment Functions m{x) : As shown oa figure(d).
- Virtual Work Equation : For the horizonta! displaceraent at point A, L
spply Eq.9~18.
P
LM
tas [
L 1 L
180, = 55 [ (1005 ) (Pr) d,
1 AL
+§L(1.m1_)(n)dx, Jas mex Lol L,
k| X = 10X,
P——t 4 4pL? e
(8), = 3E - Ans
L
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9-59. Solve Prob. 9-58 using Castigliano’s theorem.

| L
2 Xx \ ’ e

Mayapt  pL

b4 M(X-)‘pkt

Pt L

Internal Momant Function M(x) ; The internal moment function
in wrms of the load P’ and external applicd foad are showa on the
figure,
I

Y
i

Castigliana's Second Theorem : The horizontal displacement &t A
can be determined using Eq. 9~28 with —rck a‘"(’" = 1.00x,, 9—‘%;11

= 1.00L and setting P’ = P.

ae (20
|5z

1 AL
@y = 5 [ P (100, ) s,

1 L N
*EL (PL)(L00L) dx,

4P’

"3 A

*9-60. Bar ABC has a rectangular cross section of
300 mm by 100 mm. Attached rod DB has a diameter of
20 mm. Determine the vertical displacement of point C
due to the loading. Consider only the effect of bending
in ABC and axial force in DB. E = 200 GPa.

Real Moment Function M(x): As shown on figure(a). L

Virtual Mo t Functions m(x): As shown on figure(b).
a men (x) igure(b) 200k A0-0KN aonfakﬂ

Virtual Work Equation: For the displacement at point C, combine M(x)=20-0X /
Eg.9-18 and Eq.9-15. 30-0 kd \) A

]
L 130.0 kN> —F-M&K):20-0X
as J‘LmM ANL x Y -

4

__d,_

LKN-A¢ --[E,fo (1. 00x)(200x)dx]

, 250(50.0)(5)
AE
2OKN 250K
Lo J60KN-m 625KkN-m Lokd iy Sl
- AE ey =10 y i

360(1000) 625(1000) el S ;_.,-.;

= +
200(10°)[75(0.1)(0.3)]  [$(0.022)][200(10%)] 4 ,5(0,“, jma)-lax
=0017947 m=179mm { Ans

3m
L

()
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9-61. Bar ABC has arectangular cross section of 300 mm
by 100 mm. Attached rod DB has a diameter of 20 mm.
Determine the slope at A due to the loading. Consider
only the effect of bending in ABC and axial force in DB.
E = 200GPa.

Real Moment Function M(x): As shown on figure(a).

Virtual Moment Functions mg(x): As shown on figure(b). ;’; )A
ATs
Virtual Work Equation: For the slope at point A, combine Eq. 9-19 4 ‘F
and Eq. 9-15.
40-0 kN R0 kN
) R0-0 kN 2500k
1o=| moM e VL M(x)=20-0X /
o EI AE 30-0kd A\ -
1 fim ‘ )] -1 ]
1kN-m-6, = —j (1-0.3333x) (20.0x) dx 7 136.0 kN> —}-M&)=20-0X
EJo ‘—»x X
. (—0.41667) (50.0) (5) T 3m 3m
AE (&)

_30.0kN- m?  104.167 kN

6, 03333k 0.41667 kN

E AE A

_ 30.0(1000) _ 104.167(1000) Me(c)=i-0.3333x) /|
200(10°)[ (0. (0.3)]  [£(0.02)](200(10%)] 25— ¥
10 m.jm IK L é~2.5 kel ,

=-0.991(107) rad =0.991(10") rad Ans >
3m | 3m 1
0-3333kN
(b)

9-62. The bottom of the beam is subjected to a
temperature of 7, = 250°F, while the temperature of its L

top is T, = 50°F. If a = 6.5(10 °)/°F, determine the
vertical displacement of its end B due to the temperature
gradient. The beam has a rectangular cross section with

4 i [

=
e

a depth of 14 in. 81t \
4 JlK
- ~6
1 -~ A,=[:Ma=f:‘wdx=—ons in = 0428007  Am
4

mx I,z;__:l"

9-63. The top of the beam is subjected to a temperature

of T, = 200°C, while the temperature of its bottom is i“w
T, = 30°C. If a = 12(107%)/°C, determine the vertical l 4m 7 dm
displacement of its end C due to the temperature - T
gradient. The beam has a depth of 350 mm. 1kR
x X
. ==J) Meng (’
A@o 4 2 ‘ I350 mm I . ‘ ] g%
B ¢ ”
‘ 4m ‘ 4m . .
! ! ! ac = | lEC—A—T"'—dx = 2™ @ﬂzl%‘;)_(ﬂ’dr:qa.a mm 4 Am
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*9-64. Determine the horizontal displacement of 600 1b
point C. EI is constant. There is a fixed support at A.
Consider only the effect of bending.

B
C —r
Real Moment Function M(x): As shown on figure(a). 1200 1b-ft ‘
6 ft
[ |
Virtual Moment Functions m(x): As shown on figure(b). St
Virtual Work Equation: For the horizontal displacement at point C,
apply Eq. 9-18. [<€——3800 1b
LmM
1-A= f il
o H St
1 5t
11b-(Ac), = o+-£-1f0 (1.00x, ) (4800) dx,
1 Sfe
+57 ), 100(x +5)(4800+800x,) dx, A
) 323(10%) Ib-ft? A
-_— ns
C/h El
LooN
6ft
[ ‘1 G it
4 [N ‘__”
(\ — 1 e
200 16-§t 7 \1 ! 9
4
M) boox +2%0 | , % sft mes oo ”
— X ME
MO =480015 ft 8oolb mix, ) =19, 1 %
M T s, | 57 '
X, 3
' J=tB00 85X, | . :
g m(xs)__l.ao‘;*ﬁ-k M J(_} 55’*.
Beote “agooib £t "
s Lol
Goc b 10-0 1b-fL
(a) ()

9-65. 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 pin connected at their end points. E = 29(10%) ksi.

C
5k \
! NG ]
e | \
yo
A
7 7 b o
A 1 A
2 in. Bow =Y nNL _ L33(4.661)(4)(12) + (N(5)(3X12) FO0+ (—8.33)(-1.66] 151D
AE 2(29)(10%) (1 (29)(10%) (128 io’)
= 00401 in. = Ans
D
I
‘ 3ft |
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9-66. Solve Prob. 9-65 using Castigliano’s theorem.
2k
B l 1in? C
5k
w
c
[ s¥
2in2 4 A
b
oN
Member N f —
m orce aP
D AB 1.33P + 4.667 1.33
ol e BC P+5 1
BD ~1.667P — 833 ~1.667
‘ 3 ft ‘ (0] 0 0
Set £ =0,
AN\ L (4667)(133)(4)(12)  (SHDH{3N12) (~8.33)(~1.66T)(5)(12)
A = N—|= = 0 -
(Ac (aP)AE 29010) L (Eae o (Ko
= 0.0401 in. = Ans
9-67. Use the method of virtual work and determine
the vertical deflection at the rocker support D. EI is
constant.
.
A H‘:Aw;, boo i
o lb“'"f—‘»' B
wolp /\'m 5ox
< Mo 1
150 1h —oriey '
[
i
may
A L__}___.ZST.TH
x
e
L e Y
r'-=:_;.>,_==.=, b
b
[
|
(Ap). = Lﬂdr - ‘0(x)(6(nr)dr+ 11(10)(750,\:)41:4’0
ol o E7 o EJ 0 El
_ ok
EI
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—p—

*9-68. Use Castigliano’s theorem and determine the
vertical deflection at the rocker support D. E is constant.

Virtual Work Equation: Due to symmetry, the slope at B remains

H-toox boo b
T lb = 1 8
3
60_? 1 bao b p L Hr7s0x
101t R i 1
> e
F
wes Moy
A ha 3 B
—s/
X
My M‘ lof
LS
) '_—..==Q-=—-__== Ix % e
D l “’ ~Px ¢
=1 = A,
( )P K
Set £ = 1),
(o), = jLﬂ(?_}Lf)dx . J'.IO(600x)(x)dx+ Ia('/so:)(loux +0
o EI\oP # El ° El
| M0k 1 Ans
El
9-69. The ring rests on the rigid surface and is P
subjected to the vertical load P. Determine the vertical
displacement at B. EI is constant. B
£
z
Model: The ring can be modeled as a half ring as shown in figure(a). M-%IM-M )Mo
Real Moment Function M(x): As shown on figure(a). 8
N
. . @). S
Virtual Moment Functions m(x) and my(x): As shown on
figure(b) and (c). ————
)Mo A
£

horizontal, ie., equal to zero. Applying Eq.14 — 43, we have

moM
ds
EI

Where ds = rd6

1.6, =0= — [ 1.00( Zsin - p, o
p=0=2] L (Tsm o)r
Pr

My =—
0 T

For the vertical displacement at B, apply Eq. 9-18

La= [ ™My
EI
1A f‘( i 9)(P’ 6-"")ra0
“Ag=—| (rsin )| = -—
57 ), 2sm Ir)
PRt
—ﬁj (sin® - 2sin 6) d6
P (*
= —_— 1- - 4si
4nEIL [7(1 - cos 26) - 4sin 6] 46

PP
Aa=za(n2—8) Ans

®)

2
1
m=]Sing
y)
1

%‘1(@1
J1

©)
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9-70. The bent rod has an £ = 200 GPa, G = 75 GPa,
and a radius of 30 mm. Use the method of virtual work
and determine the vertical deflection at C. Include the
effects of bending, shear, and torsional strain energy.

y
e e
1.5 kd.m
TL
(8¢), = I e I Kf )dx z'
_ !1(—x)(~2x) . Jld(x— I.S)(zx - S)dr
0 El 0 Er
—1)(=2)(1.
J' V(Y )(l)(l)abr Jls( !)(Z)dH( [(=2)(1.5) +0
GA GS
(Ac), = 2.25(103) . 5.556(10°) . 3(10%)
T 2000100 (5H)(0.03)* | T5(10)(m(0.03)7 | 75(10°)(3)(0.03)*
= 0.017684 + 0.0000262 + 0.0314380
(A¢)y, = 00491 m = 491 mm 1 Ans
Yl f;;gg
(}\R- .x.-x X
m-2x l ( l’\"l
{kn
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9-71. Solve Prob. 9-70 using Castigliano’s theorem.
z
A
y
W
V=P -
SetP = 2kN, (
LM oM L, V.V T or *
(Acky =} —(==rdr+ | Kl—=X==)dx+ D —(=)L APy
< Jo EI 0P f‘) eGP & L5 o F
—29(~ - - Sor
_ Jn( 20( I)dx+ J‘lJ(Zx (x l'S)dx P
0 EI 0 £l
1o i (L ) (=
. J’l(q ){(2)( )dr+ Il’(q )(2)(1)dx+ (=2)(=1)(1.5) +0
0 CA o GA GJ
2.25(10°%) 5.556(10%) 3(10%) P
(&c)y = + + P
200(10°)($)(0.03)*  75(10°)(m(0.03)*  75(10°)(5)(0.03)* /
= 0.017684 + 0.0000262 + 0.0314380 %/ 47 15P
(Ac), = 00491 m = 49.1 mm 1 Ans
‘l\i
P
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#9-72. 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 FE, and fixed
connected at the knee joints B and D. EI is constant. Use
the method of virtual work.

Sk

S be f ’ T"
0.5

10 (0.25x)( 1.25x) dx+ j’lc (~0.25x)(~1.25x) dx.
']

Aoy = |2 e 2[[

EJ 0 El &l

_ 1500 | ATk Aas

3E1 £l
9-73. Solve Prob. 9-72 using Castigliano’s theorem.
C
o ft 25P
* 2.25pP
5k 0.25p
x / J
M= 0.25 Py /o.s P
10 £t AL t

i :j"rf " 0.5y ec025 P

—* 1.25p T

3 0 ~025

4 e X 14 2P I3

Set P = 5k,
| Bt Bt | LM (M| L Tr10(1250(0.255) dx | (10 (—1.25 x)(~0.25x) dx
(ac), = | “Z(ZE)ae= 2] o
o EI\oP 0 El v Ef
. 417 k-
_ Lasaohy 7k, Ans
3ES £l
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9-74. Use the method of virtual work and determine
the horizontal deflection at C. EI is constant. There is a
pin at A. Assume C is a roller and B is a fixed joint.

oo lb

,—-~ M Y000 - 2oy}
! 3
=

B
400 1b /ft . / e
A ~77 1 e 3gase
B X Yy vy /’ b\
= C el I \ npqsie
B imsib A
15 $31b
| 6 ft .
10 ft e DEYT
_._.‘
) 0.5
N:p.324bXx
450 \ ‘_”T/ D
A
.50
LmM 8 (0.541x)(1849.17¢ — 200x*) dx 10 (0.325¢) (389.5 x)dx
(Ach = [“TM e [0 X yde, [iog
o Ef 0 El 0 EI

i

Ell[(333.47 X - 270558 + (4215)8°]

79.1 k£
—— 3
El

Ans

9-75. Solve Prob. 9-74 using Castigliano’s theorem.

400 Ib /1t
Y Y Y VY N
C
| 6t .
10 ft
P
45°
A
Set P =0,
LM oM ¢ A7x - . .
Ay = [“HLM o [ 184907 200.2)(0.5410) dx | J'lo(389.’1x)(03251)dx
o EI 9P v EI 0 El

Elj[(333.47 £ - 27058 + (42.15;’)!&”]

9.1 k-
Er

-~ Ans
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10-1. Determine the reactions at the supports and then
draw the moment diagram for the beam. Assume the
support at A is fixed and B is a roller. £7 is constant.

-4
L]
M
[ | i
HB )
l'
Using table on inside front cover: ~,q(<_:
M L, MLD b
Ay = —(=) = ——
2ET'2 8EI
b3 »
foa = () = oo
3Bl 24E7 M,
Ap + B, fig = 0 X
et A—% M
— % B ~— =0 i T 2
8EI 24E/ !
= M A 3-'—4
8, = = Ans Y L
:)EF‘ =0 A= Ans M
IM M
+TIF =0 A =0 A =T Ans
M L _ _ 0,5 m
GZMA=01 T(;) -M- M =0 My = 05M Ans L/l

-m

10-2. Determine the reactions at the supports. Assume
the support at A is fixed and B is a roller. Take
E = 29(10%) ksi. The moment of inertia for each segment
is shown in the figure.

5k
/,gf-| 2 k/ft l
ﬁg Y Y Y Y Y YYYYYYY \‘ I
B g ' ‘I
P - - —
A Iip = 600 in.* E Ipc=300in.
18 ft 12 ft ‘

18 (2~ 18) (413474 =) o 45684

by = I:%d‘ =!

a Els Elap
L’ 18 (18-x)" 1944
= — dx = e dx+ 0= —
s I o El Io Elg El |
Ap+ B, fog = 0
45:6844-8, 1944 =0
Elis Ela 34K
B, = -23.5k Aas l’ix
LIE =0 A =0 Ans 4 - {‘
+TZF =0 A/ =36-235+5= 175k  Ams I
(FIMy= 0 - My+36(9) - 23.5(18) +5(30) = 0 N Bk
My= SUk-(t Ans T
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10-3. Determine the reactions at the supports A, B, and
C, then draw the shear and moment diagrams. EI is

constant.
12 kip 3 kip /1t
l Y Y Y VY Y v
W a4
SR ——— 7‘ 121t 7‘

Support Reactions: FBD(a).

5 IF, =0 C =0 Ans
+TIF=0; A +B,+C -12-360=0 (1] » L
y y N -
(+2M,=0;  B,(12)+C, (24)-12(6)-360(18) =0 [2] 2k 3UB)F 36 kip
|
Method of Superposition: Using the table in Appendix C, the [ : ﬂﬁt‘.
required displacements are 3 | )l
it T épt |4 6t 6ft |
. Ay & ¥
oo SWE S (24%) _ 6480kip- 0 )
® T768EIT  768EH | H 1’7‘ kr mj_‘f'ﬁif_f_n
W_Pbx o, o } 3,’3,
V"= — (L -b"-x o E
A ) v 7 |
_ 12(6)(12)(242 6127 = 2376 kip - ft? . Tofe ¥ en v i
6EI(24) T E H el
oo PP _ B4 2888 0 2Recdt
I/ Gl e Bl
48EI 48E] El = o mgr
™ S~ L% Pl
The compatibility condition requires T
(+4) 0=, +v,"+v,” i2ep +
6480 2376 ( zsssv)
0= ——+ —— +| - :
E  H El f — A’ﬂ
e e
B, =30.75 kip Ans n
Substituting B, into Egs.[1] and [2] yields. T
- e
A, =2.625 kip C, = 14.625 kip Ans S T__ iﬂa
(kip) by
MCKipft) » 4
256 21375
575
N I ¢ 2.62 325 24
o i\t I -
\ o 4615
ko5 146,
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*10-4. Determine the reactions at A and B. Assume the
support at A only exerts a moment on the beam. E7 is
constant.
1)
A B
L{ L L
| 2 ‘ 2
PL? ML
(84)y = ‘S_E;; (B4)2 = ‘E,AT . 14
5 M,
By superposition : C 8,
0 = (61 = (6a): e w ey
PL! _ ML % P %
0= — — — 2 2
8EI EI
A %/ Ez_.._____’____j’, === {,B
M, = E.L. Ans ! T
3 p
Equilibrium i
P
(M = ; PELPL =0
8 2
3PL @, -
Mp = e Ans (.7—
+
TIF =0; B, =0 Ans é’;)\
+TXZF, =0; B, =P Ans M*(r_;:____:_—_{%
10-5. Determine the reactions at the supports A and B. w
EI is constant.
Support Reactions: FBD(a). LY Y ¥V Vv ‘
+ _nﬁ—azgi
—XIF, =0 A, =0 Ans e
wl L L }
+TIE=0; A, +B,-—=0 (1 2 2
LN/L
(+3M, =0, B, (L)+M, —(w—)(-)=o (2] WL
Q 2 /\4 =
Zz
Method of Superposition: Using the table in appendix C, the A [~
required displacerents are =L
AKMA {' #% 1I‘ A ‘
TwlL pL® B,L L Tt £
= —— e =2 T “ 4 (a z B
=g 5 =36 3E ) ¢
W
The compatibility condition requires A ;”
: , {2
+b 0=vg'+vg” < ) _:__ gl
TwL B,L} W
= — | ———
384E] 3EI ]
..... "
B, = L Ans T I”
v +
. . . _'_,—" V‘l
Substituting B, into Egs.(l]and [2] yieWds, —  —— — = 1
L2 L Ans T
Y7128 47128 By
267
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10-6. Determine the reactions at the supports, then w
draw the shear and moment diagrams. E7 is constant.

Support Reactions: FBD(a). - L _‘r L
51k =0 A, =0 Ans -l
+TZF =0, A/ +B,+C-2wL=0 (1] A [T f ___________ -
(+2MA =0; B, (L)+G (2L)-(2wL)(L) =0 [2) N !
Method of Superposition: Using the table in Appendix C, the L ra
required displacements are A} 5} C}
_SwLic _Sw(2L)* _SwlL w

ro Wi _wlen) _owh
Vs = 3gam T T3gam | 24E1 Aé%“lllllllj%
[

7 o o

_PL}- B,(2L)* B

P ALy T o T | |
Y T aE T TasE | 6H —z T 1
w ‘ I - =<
The compatibility condition requires s Vg [T~
B
(+4) 0=v,"+ v, \\J& -
SwiL* B L} T2 .-
0= -2 67
24E1 6EI
M
SwL N gut?® gwt*
B, = - Ans L_éd 728 3
e /\ ) /\
Substituting the value of B, into Egs.[1] and [2] yields, 8 2 = { } } X
X N B 2
) %& L &'\l 8
3wl &
C =4 = —;’ Ans —_37:/_5
-5WL -l
8 g
10-7. The beam is supported by a pin at A, a spring w
having a stiffness k at B, and a roller at C. Determine the
force the spring exerts on the beam. ET is constant. YYYYYYYYYYYYYYYVYVYYYYY
S =c
=l
L + L

Method of Superposition: Using the table in appendix C, the
required displacements are

_Swlic 5w(2L)*  SwL 1

,

vplm e = =
384K/ 384ET 24E]
vy" = PLic ' E,(2L° E,L’
48E1 48E1 6EI W
. . E -
Using the spring formula, v, = i —— —
k S v —~ ,

The compatibility condition requires

+4) v, =05 + 0"

F,’ 5WL‘ ( [.;,Ll) —""*’?f? s\~\\

_— —_— —_— . =

k 4

e =
SwkL*
F = — A
» = A(6EI+ kDY) ns Fsp
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*10-8. Determine the support reactions. Assume B is a
pin and A and C are rollers. ET is constant.

4kN/m

o =
Py g =
|
|

15m } 20m

LmM 1 (30(30%-20) 20 (3x)(30)x ok
Ap = mm = TN T T ) T
‘ "o 7 J.o EI dHJ.o 5o : M ?'s'n"
_ 30.535714 h b4
&l r_d' ‘2"’;‘"/““
2 4.2 342 X X 1%
P Ly LG N L 220 % 7
o El o Ei o EI ) 334 L
_ 857.143 e ety
E/ N
D+ B fog=10 y | '
30,535.714 _ (857.143 e 3z M< 3
+B, =0 A L
E! EI A=
B, = ~35625kN = ~356kN Ans d%g x |2
3 T
FIMo= & 60(7.5)- 3562515 + G, (35 = 0 hn
G = 241kN Ans
+TER = 0 A -60+35625-241= 0
A, = 268 kN Ans 2
B,=0 Ans T
A ‘ By c
Ay 35.625 kN 9

10-9. Determine the reactions at the supports and then
draw the bending-moment diagram. Assume A is a pin

and B and C are rollers. EI is constant. 15000 1b .
M= TS00x-256x
Idg £
500 Tb /ft f—,—- 'g')/:ih
s -]
1500 1
i
n Mezx
Y Y Y Y VY Y Y Y YV VY YV VY Y

] - Lﬁ,:jf:{‘i

B .:_ A B C 0.5 * a5
‘ [E13
15 ft 15 ft

U Ax A l (=3

T 15 I 15 1

¢
Ay = Ilﬂdr - 2}!5(%:)(75(!):— 250?){&: 5,273.4317.5 A 9575k 1
El 0 El EI V(&)

tm? 1:(;-x)2dx 562.5
= —dr =2 [ J———
Jor Jcr El fo El £l 8125
Ap +B,f“ =
5.273.437.5 (5625
B,

4.6875

—|=0
&f
B, = —-93151b = -9.38k Ans
(+2‘M,. =0.  G(30) ~ (15-9.375)(15) = 0
G = 28125 = 281 k Aus
;EF, = O A =0 Ans
+TEE =0 A, - (15-9375) + 28125 = 0
A, = 28128 = 281 k Ans -14.0
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10-10. Determine the reactions at the supports. Assume
A is a pin and B and C are rollers. ET is constant.

SOKN SOkN

1800 900 2700
Ap=Mp = —=(3)+—(8) ~——(12
5 = Mp EI() El() EI( )

_ 19,800
El
36 36 288
= mp = S(d)~ (1) = -
Jea & EI( ) E!( ) T
+LAg+B fig= 0
19,800”,(3@): 0
Er EI
B, = —68.8kN Ans SoenN Sox A
(+EM = 0: 68.8(12) + G (24) - 50(6) — 50(18) = 0 I 1
G = 1S6kN  Ans Ar A ke § b | bm § bm
SIF =0 A =0 Ans ( }
+TIF=0. A +688~100+ 156=0 Ay c.\{
A = 156kN  Ans Le-sxn
)
Sa ket 50KkN
T SR A B c
By LT
300 o0

=
"~
—o5A
\.——— L
—
i, H
rﬁ
o
>
>
O

Zlo o0 N £
ET € ex 24
i
1800 E
de0 4 ET
& o ‘
’ ' A
i
A ‘5 " BJ 6’
B
3
20 -
EX a
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15k

|

10-11. Determine the reactions at the supports. Assume
A is a pin and B and C are rollers. ET is constant.

A 1
" | |
A | B ¢ }‘—IOft 10t i 20 1t |
.A\'I iLu cl
’ )
' i
4 8 ¢ e
ﬂQ:i 7 Ap= My = %(20)-12(@)
! 4 I EI E\3
& ® 1375
l.a2s 0375 ==
i 100
oo =M= -‘3'3(20)--—@)
N ns El EI'\3
ET € ER 3
‘ , m\g _ 133333
A ) ¢ ey El
1 [ l 1 1 Ap+Byfan= 0
BIy 1375 1333.33
] —_— —=+8 ( )= 0
= EL 2z ET g O\
B8, = -1.03k Ans
-%: (+73Mc =0 1.5(30) — 1.03125(20) — A, (40) = 0
1o 200 A = 0.609% Ans
o 5, +TIE = 0; 0.609 - 15+ 103125 - G, =0
Ze
g Hg'( o ¢ G = 0141k Ans
m " 375 —IF =0 A= 0 Ans
& foo ET
€T
#10-12. Determine the deflection at the end B of the SON
clamped steel strip. The spring has a stiffness of
k = 2N/mm. The strip is 5 mm wide and 10 mm high. | 200 mm —’"
Also, draw the shear and moment diagrams for the strip. B
Take E = 200 GPa. f
A 10 mm k=2N/mm
1= -1-12;(0.005)(0.01)3 = 0.4166 (10”°) m*
3 3
o) = 25 = 5002) = 0.0016m
3EI  3(200)(10°)(0.4166)(107%)
PL3 2000A (0 23) s0m ’]L 20 rrm 5o~
2 g0 N-m
(B)2 = — = J 2 5y = 00644, %h::z === ‘T £
3EI  3(200)(10°)(0.4166)(10™) ‘ 7 —-~\E_j_'4,
4704 o0} i Pt
Com patibility condition: ey
+1 Ag = (Ag)y — (Ap)2 4720 '———__——l 1¢A -
T S~ ~< _{@"'

Ag = 0.0016 — 0.064Ap MK.m)

Ap = 0.001503 m 1.50 mm Ans

B, = kAp = 2(1.5) = 3.00N

1]

o—
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10-13. Determine the reactions at the supports, then
draw the moment diagram. The moment of inertia for
each segment is shown in the figure. Assume A and C are
rollers and B is a pin. Take £ = 200 GPa.
20k 20 kA 40xd
20kN 20kN 40 kN [ 3m | 3m 3er 4m | 4m '
% % ) v h
| |
Lap - 120(10°) mm L8 Ipc = 90(10%) mm*[C
F3 m4f3 m#3 m—r—4 m+4 m—#
Compatibility Equation : - .
e i
<o
(+d) Ay = B, fop =0 (H el ’ i N
— N
jugate beam : I
Use conjugate method S P PP Ty FPPTI
891.0 439.2 1310.7 , & 2
R . A (18 B
Gm,' =0; -My’ + (5.333) - (8) =0 Flag 242 Flu
'AB ‘AB
Ap= My 6369.6
Elp
- 22588 8
(v = o -My - ——(2.667) 8 =
EIAB ‘AB
117.59
Jaz = My' = s
6369.6 117.59
From Eg.1 -——B =
2, B, Y
B, = 542N Ans
B =0 Ans
G = 125kN Ans
A, = 133kN Ans
272
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10-14. Determine the reactions on the beam. The wall
at A moves upward 30 mm. Assume the support at A is
a pin and B and C are rollers. Take E = 200 GPa,
I = 90(10%) mm®*.
80 kN
= |
A _Is _Ic D
| | | ‘ do s
L__‘am | Om S5m
WK T o=
N P S !
; Se=""7n "ﬂ"\\ 2
8 N
Compaunbility Equation : 180 K
o T — ~ i |
+N 003 = A fix - Ay (1 A.I T AN
‘A Prd N
Use conjugate beam method : Al;”j[\\\ -
n m— =
66667 /ﬁz -7
U | :
B seessr A
A, =M = -—6 ; | o~ | _tem .Ls_:)_l‘_D
& ALF 5I CT 1
z T X E
50 33.33 1 w
, = 0 -M,’ + =(6.667) + ——(10) =0
(+w‘ 0: w EI( ) 1) 56667 400
E EFI
| 666.67
faa =My = —
E ) 0.03 = 666.67(10°) _ 6666.67(10°)
200(10%)(90)(106)  200( 109)(90)(10-6)
A, = 1081 kKN = 10.8kN Ans v,;!'ZZ:J—n“’?-' 3333
3333m Fr
B, = 616 kN Ans
G, = 131kN Ans GOKkN
Az =0 Ans
—F ]
A l
om I8 tom £m ']
10-81 KN BJ CJ
0.0
L
Mm b
& 2 Z
4 ) < r
/10m Iom Sa
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—p—

10k

10-15. Determine the reactions at the supports, then
draw the moment diagram. Assume the support at A4 is a
pin and B and C are rollers. E7 is constant.

l ZSM

s

A
~—10 ftJ* 10 ft ‘i

1
|

"
2.5 kffe

[

m

25 ft
Tioe 25K/
I T
4= e =
I e ’%, \\“_-", 6

5

. T
BI!M'\EF:—— ----- -
= 3,

Comparibility Equatioa :
+d 5 = B,fzs =0

Use virmal work method :

(H

M =193.5+9-36X,
2-5k/fe

~Z5<-J:-fni /‘ x,_‘

T 257t
1935 ( / 2r9ok
My=2190X;-0.0/667X]

m, ==0.555aX, Tg. £-0-5556 (10+X,)
x X X
,) /} , ,(\ ]
— \&
Fiofe T 10 Z5 r
AT T e
3 3
l 10k 25kt
Ax 1
L
10ft 1 r0ft 25 ft
Ay 3254 & <y
Mkft)
[/12\7 /\
X {ft
32 81 4
~/45

LmM 10 (—0.5556x, )(19.35x,) 10 (—-5.556 — 0.5556x;)(193.5 + 9.35x,)
ar = [PTM L S 2 2
] ]0 F7; I EI ax; + jO EI ﬁz
25 (0.4444x,)(21.9x; — 0.01667x3)
+ Io dx,
_ 60263.53
- 57
10 (—0.5556x,)? 25 (-0.4444x, )2
n=.[ E,]-’-”‘x“‘f H’)dx,
10 (=5.556 — 0.5556x,)2
+ Io = 2 _dx,
_ 1851.85
T H
“rom Eq. 1 60262.53 N 1851.85 -
E > H
8, =325k Ans
A, =0 Ans
A, =127k Ans
G, =744k Ans
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#*10-16. Draw the moment diagram for the beam. EI is
constant. Assume the support at A is fixed and B and C
are rollers.

3k /it

2 k/ft

EEEEREERREN

[]

ﬂB )
10 ft 10 ft ‘

) 3=
Ay = JL ﬂdx =Jw(1x[20(5+x) + 5 ]xdx+0= 15,416.7
o EI ° El EJ
se = | . =Jm(10+x)[20(5+x) + 34 s I)e(lx)(f) deo 2967
o EJ o Er ° EI El
L mt 10 3333
= —dx =] —dr + 0= ——
o= Jo T J7]
2 2
foe = Jlm—dt=j'°£1—dl+fw“0+x) dx=2666‘7 3ax
o EI o EI e El El Lok
Lm? 10 {104+ x)(x) 8333 Hyr t5 ey i
= —_—dx = ——e X = —— =
fer ;o El J'a ET o dyo — i
dg+ By + Ghic =0 ' I
15,416.7 + B,(333.3) + G(833.3)= 0 Ak NSk 15K
.

Ac+ Bifex+ Ghec =0
42.916.7 + B,(833.3) + C,(2666.7)= O
G =~175k
B, = -21.5k

20(5+x) + ¥

1
’H-Z-h‘u)l{- st 4 syp —
Al ,
T A7 .
i e ‘ “ :
+
I &
ni e
— By b
{ * &
W ofesx '”'* l
et 1.
' 1 < re °1£¢ Cyke
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10-17. Determine the reactions at the fixed supports, A
and B. EI is constant.
P
P
K| A
=
L ‘ L
2 \ 2
P
o L % ¥
4 7B
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8 -6 =0
pL? . P
A= L
0=A"= G5 p L34
_ . ML )
=4"=7% i } / 3
Pt ML W ‘A‘
\6EI  2£1
PL ' /o Ry
M= T Auns "L *NET + KEL
From cquilibrium and symmetry :
P
uo < 5 e i\, Moy AY L8
From equilibrium and symmeuy : M { i ('\ 79_), M = L ’ 323
. a " Y 44
A,::B,:-;: Ans 4 .b»«‘m
M M
ET EL
10-18. Draw the moment diagram for the fixed-end
beam. EI is constant.
w
s 4,
13 -
\ ¥ v \
L
0+8 =0 T l hi
wi? A J t L &
8 = = — L
24E]
. ML
e =4"=;
Wi | ML
24EI  2EI
M=y = My = -2
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276




cl0.gxd 6/26/08 4:53 PM Page 277 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

10-19. Determine the reactions at the supports. EI is
constant.

[ B kN[m 9m ‘
4 ] 64 10a]m ! J 41y I tf’m

C pu = REN m/.
ra
13 = MR.0X,~0K"3b 7.
y " ’a‘ J2.0m }f’ X 9'0 m 2 +’-O .
/| L 396 kim 2|6m AN
e v My=-20X ol | I

Lo ‘.._____M
%—;—-— - B xwim

\
X"

W AJTTITTTL cunim
v N
e /‘;Tl_'__ M om
<,
t
39.0 k
Compatibility equation
+d  0=4c-GCfec (1)
Use virmal work method
- J‘Lﬂh= Io(—x, +9)(72x, - 43 - 396)@ _ =477
E 14
tmm 9(—=x, +9)? 2430
- = ﬂ -
Jec Io g Io H >
9477 2430 231 K™
F g l 0 = e o et /—\
G = 39.0KN Rt l 2
4./25m 720 k-m
= 33.0kN
A, = 240kN 1
M, = 450kN-m
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#10-20. Determine the reactions at the supports. EJ is
constant.
500 1b /£t
FEETRRRNEY
-« 3k
A
| 10 ft l
10 ft
C 577
Compatibility equation

+d 0=4c - Gfec () +
S
Use virmal work method —_— '
n
LmM 10 (x, )(—0-25“%)& ~625 \
Ac = ———dr=J-—-—ET—"‘t‘—g '
o H 0 \
ijdx Ilo(xl )zdx _ 333.33 \‘
SNt e T

. 0 525 _ 3B,
From Eq. 1 T =
C, = 1875k Ans
A, =300k Ans
A, = 3125k Ans
M, = 625k ft Ans
1875k
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10-21. Determine the reactions at the supports, then draw
the moment diagrams for each member. Assume A and B
are pins and the joint at C is fixed connected. E[ is constant.

H3IE =0; 80KN - B =0

B, = 80 KN
(+2M, =0 BOKN (4m) - A,(6m)=0
A, = 5333 kN
+LIF =0; ~5333kN - B, =0
B, = 5333 kN

LEE =0, 1-8,=0

B, = 1kN
(;+2M, =0; 1kN(8m)-A(6m)=0
A, = 1333 kN
+VIE =0; -1333kN - B =0
B, = ~1.333 kN
(+IM, =0 M =0  (+Zm =0 m +1lx)=0
ml = —I)
Q*'Wz =0, M, +8Kx;)=0 (;+Zm2 =0, m+1{4+x)=0
Ml = —80x ny = -4~ x;
C+IM, =@ - M; — 53.333 kN (x;) =0 (+2m3 =0 —my - 1.333x, =0
My = —-53333x my = —~1.333x
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10-22. Determine the reactions at the supports, then
draw the moment diagram for each member. EI is
constant.

10k
‘ 8 ft 8 ft |
| v B
AP T
10 ft
L
10K v .
e 8it aft |
- 1= { - —\
IS e r—- =T PP D
107t = a \
i — [}
| i
]
+
P P
— =
i ,
A? \

Compatibility equation :

0 =4, ~ASu

Use virtual work method :

+b )

B :%‘i‘z [[es ng;“loxz)dxz + j”“ﬁ)(ﬂ"w)dx} _ -1 .4;6.57
From Eg.1 oo 1706667 _3925.33
2 E

A =4348k= 435k Ans
C, =0k Ans
G, =565k Ans
M- = 104 k-ft Ams

L8t {omaﬁ y My>~10-0%,

Fﬂx—: “, J_’xb
L )

— I /] ] e g
7
M0 A3, T m,=X, 1
_— ) m,=8.0+X, %
M,=-80-0
¥ m“-/b-o
80.0 £t 16.0 hS
0K oK :
0 . 8ft Bft
I 5 !
% ——
3g8kft 4348F okt
X UG
Mc
K 1 .
= T Ca
-10-4 &t

-10-4 K- ft

280




cl0.gxd 6/26/08 4:53 PM Page 281 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

10-23. Determine the reactions at the supports, then
draw the moment diagram for each member. E7is constant.

‘ 12 ft
"B :
6 ft
< 10k o .
Compatibility equation :
61t +d) 0=08, -Afi, (1
c Use virmal work method :

LmM 8 (12)(~10x,) -2160
A, = — = d =
=l mE ‘[u " T m

Lmm 12 (x,)? 6(12)2 6(12)2 2304
=] —dr = ——dx —dx —dXy, = —
fu = e = [T+ [ [ =
2160 2304
Fro: .1 0= — = —
™ 7'
A, = 09375k Ans
C, =100k Ans
G, = 09375k Ans
M, = 4875k ft Ans
24t
’2_____” |——;J‘=, 1 !——)JC,
! L ? [ '{J
— = = —
== VN ne  NL T
GH\\ -7 N 6ft X, (M,' X
\ ‘\ 10 =0 mz=/2.0
4 10k = N e M0 K. T
oft |3 . x;
it “. \ My 100X s
.
eed 7 00k % 12.0
60.0k: .
0 E-ft 12t 10
@15k 0Kk
L
1_/-—" skt
M,
1 C
¢

487t

-48.75 kft
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*10-24. Determine the reactions at the supports if
the support at C is forced upwards 0.15 in. Take
E = 29(10%) ksi, I = 600 in*,

10ft J‘— 10 ft i
A B B ')
8k-ft
10ft
“—pC
Compatibility equation :
+D  015= -Ac + Cfec (n

Use virtual work method :

10 (10 ~ x,)(-8) 400
Ac = Iudx [ - -5

0
mm e [Pa0 R, 33333

fCC = 0 —E E = Fo 4 }c,i__‘
M,=-80
400(1728) 333.33(1728)
From (1 0.15 = 10/t (L it 4 lc
o 29(103)(600) C’29(10’)(600) 3 - X, y) | fx--—‘i i
o — g 141
G =573k Ans ok ,-8-0
Xy ”O
=573k Ans 3
A =0 Ans
+o ‘_"J;’ ,XL*—‘
M, = 93k ft Ans ’0-0@ o e
m,x/0.0-X, "
! X M.z

5B1E
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10-25. 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.

3k /ft

Yy Y

T

A

2k

IBC = 800 in.4

Lup = 600 in.? Iep = 600 in? 10t

*;k
:@'
|

| |
i 10 ft ‘

He 3
17/
T )1 T,
B i v ¢ 2K
=4
x
H:or -\ Pa \H: 170-23
;I xl '[D N 3ok
A
A~ ‘Pl"lol-lf et
& 30K 2K
1at
1o
12 -
A= IL ﬂdt - jxa(lx)(zf)dx+Jxo(IO}(l70 Zx)dx ! oy
o EJ [ Elge o Elep 1 Mo.\?J
- 18,8125 5K By
Elep
z 3 2
fn = JL m o= 0+}'10 x dz+r° 10 de= 1250
o EI o Elge 0 Elgp Elp
LA +Afu=0
18,812.5 (1250)
—— 4 =0
Elcp Elcp
= ~150k Ans
+TIR =0 -30+15+D, =0; D, =150k Ans
LIE = D, = 2k Auns

Ceimp = 0 15.0(10) — 2(10) = 35) + Mp = (. Mp=19.5k-fi 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. Assume the members are pin connected at
their ends. E = 29(10%) ksi.

ft

Compatibility equation : § §
34 9 )
0 = Agp + Fofaomn (D + .
Use virmal work method : sk +t L
4K
aNL  2(-0.6)(4)(3 -0.8)(5.333)(4 . X L
Ay =% _ ADHWOB) | (-0.8)( )(4) . (1.0)(—6.667)(5) _ 48133
AE (DE (HE 2E E
nml  2(-0.6)3(3) 2(—0.8)2(4) 2(1.0)*(5) 12.28
fospap =E—== + =
A (HE (HE (QE E
—48.133 1228
From (l) 0= E +FBD T
Fp = 392k (D) Ans
Joint B ¢
+* 4
L2E =0 Fya - (3) 3920=0; F, =3.136k = 3.14k () Ans Fo» ¢ .
3 s
+TZE =0 B +(3)3.920—4=0; Foc = 1.648k =165k (T) Ans e * Yices
Joint C F,
r"s L2747
3
+TXE =0 SFea — 1648 =0, By = 2747k=275k(C)  Ans ALSY
5333k 236 K
+ 4
«IF =0 Fop = 5(2747) = ©; Fop = 220k (D) Ans ?
3920k Foc
Joint A
3
+T2E =0 Fip - 52747) = ; Fp = L65k(T) Ans
4
53 =0 5333 - 2(2747) - 3136 =0 Check
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10-27. 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.

8k

6k

Acg= L l[(l.33)(10.67)(4) LUBE6E) (O
AE E 1 1 1
. (—1.667)(—13,33)(5)]
2
_ Joad
E
2L 1[2(1.33)2(4)  2A1)A3)  2A-1.66T)3(5)
=xF=>_ L + :
facy = Lp E[ 1 T 2
7S]
E BK
Acs+ Fepfepcs = 0 FE
104.4 34.1 (%3
e o —_—]=0 (¥
5 ( . ) —A©
ch = -3062k =306k (C) Ans hi 3_“1&
Joint C ; Fac
+TIF =6 %."}c—8+3.062=0:
Fic = 8.23%(C) Ans
. 4
—LF =0 —(8.23) - Fpc = O;
5( } DC Ky Tob2x
ch = 6.58 k (T) Ans 3
Joint B: _% J
K
+TEF =0 -3.062 + (%)(Faa)= 0; fus @ ¢
Fpg = 5103k = 5.10k (T) Ans
O%E =0 Fus — 6 ~ 5.103(5) =0
S Fos
Fip = 10.1k{(C) Ans 5.3k
. . SN
Joint A : , Ktk =
TEF, =0 -823|=| + Fpy = O: 10.11
1= e ®

Fos =494k (T) Ans
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#*10-28. Determine the force in each member of the pin-
connected truss. AE is constant.

D

D

w A 6 \¢& 2

2
LV 73
Ao = TE é[(-mm)( 1.414)(3)(4) +(1)(~2) v/ 18]

5 +Hdiy /4!»4'4
20485

B
AE
L 1 2 2
= s - L a070mi3) +201)/18)
hcac n AE[ (
_ 14485
T AE
Asc+Fachacac = 0
4
_20.485+FAC(14 85) -0
AE
Fic= 1414k = 141 k(T) Ans
Joint C:
+TZF =¢ fpc = Fea= F Ans
L%E =0 2~ 1.414 - 2F(cosd5 ) = O
FDC = Fcy = 0414 k (1-) Ans
Due to symmetry :
= = 0.414 Ans
Fwp = Fip = 0414k (D e
Joimt D : @
+TZE =0 Fpg — 2(0.414)(cosd5 ) = 0; |y i 7
Fps =0.586 k (C) Ans
Fcb
®
A,\
v I

9. anyy,
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10-29. Determine the force in member HG of the truss.
AE is constant.

H [G F ~
4m
AG 3 163 E —
B C D ===
L3m ~—3m =~—3m 3m*—‘
Y
10 kN

7-50kA(¢)

aNL _ 1
Bpo = Im = 2133X(S)(@) + (~1(=15)(3) + (-1333)(5)(4)
+ (-1)(1.875)(3) + (1)(5.625)(3) + (~1.667)(—6.25)(5)
+ (~1.667)(=3.125)(5) + (L667)(3.125)(5) + (L667)(625)(5)]
190
T AE

frane = T2 = L12(1333)%@) + 40%3) + 41.667%(5)
wane = 30F = A ’

81778
T AE
Apc + Fycfucne = 0
L (81.778) o
AE ~ HS\TAE | T
Fg = —23234 kN = 232 kN (C) Ans
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10-30. Determine the force in member HB of the truss.
AE is constant.

See solution to Prob. 10-29,

H G F Joint A :
4
. +TEF =0 25-(3) . =0
Ay : Y E, Fiy = 3.125 KN(C)
B C D ==
L3m ~—3m—+—3m 3m4 Joint H :
Y
10kN . 3 3
L3 =0 (5)3.125 -2323 + (g)f;,c =0
Fye = 0.7473 kN ()
tsF o 4 4 _
+T3E =0, (3) 3.125- (3)0.7473 —Fp =0
Fp = 190 kN (T) Ans
10-31. Determine the force in member HG. AE is
constant.
H G F
15 ft
A4 .EL 1St ¢ 1sdt  ssse | ssfe
B C D O l
15 £t 15 ft—fe—15 ft 15 ft— r
\ Y Y
4k 4k 4k !
Compatibility equation :
0 = 8yc + Fyafucuc (1)
Use virtual work method :
A =};il-= (1)(12.0)(15) . (D(14)(15)  (1)(8)(15)
HG =T AE AE AE AE
+ (~1.414)(~-1131)(21.21) + (-1.414)(-8.485)(21.21) _ 1103.97
AE AE T TAE
£ —Zﬂ- 4(1)%(15) + 2(-1.414)3(21.21) _ 14485
HGHG ~AE ~ ~ AE AE T TAE
1103.97 14485
Fro .1 0= -
™ Eq AE T AE Fac
Fyg =-1.621k = 762k (C) Ans
COKCT)
154 15§t ¥, 19t 23
él-o oy Y4 < 4k, 4 x Qox
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#10-32. Determine the force in member BE. AFE is

constant.
E D 12 kN
_> N
3m
4 B
puoky
I 3m I 3m 1

App + FppOpppp =0

—W"L»i{((6(03+61(3 + (013 12)(1)(3
A”'_A?_AE Y(0X)(3)) + ((6)(1)(3)) + ((O)(1)(3)) + (12)(1)(3)
+(0)(~1.414)(34/2) +(8.49)(0)(3/'}) + (~8.49)(~1.414)(3y/2)}
104912
T AE

In?L 1 , ) .,
Spepe = S = E{(l)z(a) + (D*(3) + (D*(3) + (D3) + (-1.414)°(3/2)

+1-1.414)%(3/2) + 0 + 0}

28.971

AE

104.912 28.971
+ E;E( )
AE AE

By = -3.621 kN =3.62 kN (C) Ans

VIRTUAL
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10-33. Determine the force in member DF of the truss.
AEFE is constant.

»6 kN
2m
F
E| a
3m
[ 4m T 4m 1

Apr + Brdprr = 0

SNnL 1 VIRTUAL o
Bpr = = = g{(109B) + (3.35)(~1.118)(4.472) + (=3.35)(~1.118)(4.472)
+ (=1.5)(=0.5)(3) + (3)(—0.667)(8) + (3.75)(0.833)(5) + (3)(1)(4)
+ (=3.75)(0.833)(5) + (=3)(1)(4)}
_ low
AE
Spmr = f—é‘ = /&{(0.5)2(3) + (1.118)%(4.472) + (1.118)%(4.72) + (0.5)%(3)
+ (0.667)%(8) + (0.833)2(5) + (0.833)%(5) + (DX + (1)*(4) + (D72}
AE
e nf3Eo
Fyr = 0.482 kN (C) Ans

10-34. The cantilevered beam is supported at one end
by a %-in.-diameter suspender rod AC and fixed at the

other end B. Determine the force in the rod due to a Aae = [FM L gnNE =J‘1°(lx)(~b})dx +0 = 30000
uniform loading of 4 k/ft. E = 29(10%) ksi for both the AT o TEmr AE ‘o Ef - EI
beam and rod. 2 2 2
Lm AL 2 (D15) 266667 15
~aC = —dx T = — ———— T s o
fiewe = | el T Bl AE

o Ef
(91 A

] +1 Apc+ Facheac= 0
80,000 2666.67 15
TTa e A=
80,000 2666.67 15
15 ft “Tim +fac( W e T
Fic = 280k Ans
4k/ft . >
B YRR R RRNNNEY! T 3
= = n g b
Ipc = 350 iIl.4 B 4 \\I \+ Achc L‘
B A L‘;l ! 8 ] \m-lx r
| P g 3
20t . x lm_w A,__..)l 7 4
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10-35. The structural assembly supports the loading

shown. Draw the moment diagrams for each of the beams. 15 kN
Take I = 100(10%) mm?* for the beams and A = 200 mm? | 6m 2m
for the tie rod. All members are made of steel for which J— v j
E =200 GPa. P 5 —
L2 C —
—_—tm —————t‘ 2m 4m
{ ;j 8 kN/m
E %l .
= T LTI
i fLA B
i am ‘,— 6m |
; 8 kNnn
AT |
'?'; i ‘:] ] 15 KN
L 6m 1 L bom 2m
'I o ;' L
k- em 2 m 1 )
g X1 [ lx.;:' [ 1 I
. 1O e 2519 ka (5.075 kA
M,=375X, ?I-M 1L25X, o 22-556 07
dm| 575 A Tou 25;"“’5 < MM, )
8 kn/m - 45
T
AZ s w—— 2] 8 4
L Mheoxt N x Z t =X (» )
I om 1 ] ]
f -~ m,=075X, 15.075 kA
A X,’ < (.-};' ’ 8 kalfm 4 7
NE ] g
<t 1
T mioms ,1—-&% ( IEEENENE
3 e |
Lol ] w—
T o 32925 8M
mM3=X; !
t 1‘ D M (kA-m)

N\
X;*—',
-t X (m)

o / ]
Companbility equanon 5355

0 = Ay +Feafencs (N
Use virmal work method
Ags = :%‘de = (0.25:,;2(,3.75x,)dxl . I:(OJS:;)gx.zs::)dx:
+ J:“’:?(H“*X:Z)dxl = “12106
_ 70 400
B AE
From Eg. 1

__ 1208 o 780 400 - o
E100(10~%) | E(100)(10~¢) = 200(10%)E|

Fey = 15.075 KN (T) = 15.1 kN (T)
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#*10-36. The queen-post trussed beam is used to support
a uniform load of 4 k/ft. Determine the force developed
in each of the five struts. Neglect the thickness of the beam
and assume the truss members are pin connected to the
beam. Also, neglect the effect of axial compression and
shear in the beam. The cross-sectional area of each strut is
3 in? and for the beam I = 600 in*. Also, E = 29(10°) ksi.

. 44t 10 7t L o4Ft

Akt ST 5
HHHHlHHH R i —
\ Dt QENC nﬁ

J-ilm—iﬂmj L x/it
IENENNRERER

— N

0 = Acg + Feefeece (n lz-ci
Use viral work method: +
;L ar- ~— .
s (025x, )(3.75x,) 2(0.75x,)(11.25x,) fuace s
bar =], e R e N&
LmM | 4(=0.75x,)(36x, — 2x}) 10(=3)(20r, ~ 23+ 112) 5320
Agg = EH —2.'0 = dxl"'j F5] 1= Ty
LmM nnL 4(-0.75x,)? 10(=3)? 2(125)%(5) = 2(-0.75)*(3)
Jegee = I E’dx +EE - 21; —E_l-dt' +J _E—.drz * AE T AE
(1)3(10)
AE
_ 140 290
@ T AE N
120.0X;-2-QX 4 142
a3pox,-205> [
T
From Eq. 1:
5320(1728) 114(1728) 29(12)
= - +F +
0 E(600) ce [ E(600) 3E
Fop =34.48k = 3.5k (T) Ans
Joint E
3% =0 gr;,-s-ms=o, Fr = 43.1K(T) Aus
3
+T2E =0, -Fp + $43.10) =0 Fp =259k (C) Ams
Duoc w0 symmeny:
Fc = B = 43.1k(D Ans
Fey = Fp = 259k(0) Ans

292



cl0.gxd 6/26/08 4:53 PM Page 293 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

10-37. The king-post trussed beam supports a
concentrated force of 40 k at its center. Determine the 10k

force in each of the three struts. The struts each have a
cross-sectional area of 2 in’. Assume they are pin ‘
connected at their end points. Neglect both the depth of 1214t 121t ‘
the beam and the effect of axial compression in the beam. A \
Take E = 29(10%) ksi for both the beam and struts. Also, }’=\a B
I 4p = 400 in*. T D
Stt
‘C
Compacbility equation
0 = Acp *+Fenfepen ¢)]
40 K
Use virtal work method L2t 12 4% |
— 1 i
. A 5 -t 5
LmM 12 (0.5)(20x)x 11520 @/ﬁ
= —dx = 2 ——— X = —— SR
Acp Io y5] o = 3] >
Lmm 12 (0.5x)? 2(1.3)3(13)  (D(5) _ 2880 43.94
= | —dx=2 dx + + = +
Jepeo Io )4 J’o Y2 AE AE g AE
FromEg. |
11520(1728) 288.0(1728) 48.94(12)
0= + + Fep
E(400) E(400) 26 )
FCD =-3236k= 324k (&) Ans 4ox
1 ,zh i2 !t ‘ﬁ
x‘-
Joint C': et
Aot |
SIE=0 Fy=Fy socxk © ° ok
5
+TZI'; =0; 2(1-3-)&-4 - 3236 =0 "eo50X
E— =
Fopn =Fep = 421k (T Ans 7, ;
Zdo o(.‘
r3 !
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10-38. Determine the maximum moment in the beam
in Prob. 10-37.

40k
12 ft 12 ft i or
4 \ [[__ 1241 24t .
) | B —l
T — ; ,
St s T s
| ‘ o O 3z3.p 4LOTK
c 200k 6 200K
M ("JR)
Compatibility equation 458
= Agp +F,
0 = Acp +Fenfenep (1) - r X
73 24
Use virmal work method ,
40K
L ‘Zif. IZ/‘( 1
- [

1
LmM 12 (0.5)(20x)x 11520 A 8
A = —dr= 2 = »
cp '[o 57 jo 5] dx 5 5&[ 2‘\“/"
z

Lmm 12 (0.5x)? 2(1.3)3(13)  (1)¥(5) 2880 4894

= —_—dr = -
Jeneo Jo = 2Jo g CY 4t A - B *TiE 4o
From Eg. | W
o £q. u

I
11520(1728 288.
_ l1s200728) ( o1728) | 48.94(12))FCD +
E(400) E(400) 2E X

Fop ==3236k = 324 k (C)

Joint
* 1 12 $# 2{1 S
2IE =0 Fy=Fy | — ) x——
]
+TZF = 0; Z(E)Fc.q -3236 =0 2o ’f
200K \O\ 200k
Fop =Fy = 207k (D)
meo-50X
1
S —
M max 45.8k-fi Ans /J‘% , ‘-30"‘)
)
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10-39. Determine the reactions at support C. EI is
constant for both beams.

T
[—

| B
| 2
4 —\¢
il g
le L L »l
\ 5 \ 5 \
Support Reactions : FBD(a).
5IF =0 G =0 Ans
L
(=0 Gw-5, (5)=0 m

Method of Superposition: Using the table in Appendix C, the
required displacements are

oo P2 B P
5T 48E  48E 17
Py _P(§)_p0
8 T3 T 3E  24H | ] & K
£ T L
Ay 2
PL} B, L}
R L 1 t [7,
3EI  24E] 8-5
The compatibility condition requires l ™~ v’
A E% —- C A
+4 I N - S~ |% __,7%) +
BL* PLY [ BL} - Ty
e S S 2 = _[%
48E]  24EI *( 2451) 1 I
Substituting B, into Eq.[1] yields,
2P
B, = 3 87
Ans

G =

Wl N
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*10-40. 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(10°) mm?*, and for each tie
rod, A = 100 mm*. Take E = 200 GPa.

Comparibility equations !
Apy + Foyfonns + Fealoacs = 0 n 80 kN
Acy +Fpsfcaps tiealcacy = 0 2

Use virtual work method

umM 4 (0.6x)(-80x) 1024
bo = [ [ —= - -5

LmM e (Le)(-802) 1706.67
bay =) &= I. O El

JM (Ix)? , (3 2133 3
X 4+ = +

Lmm nnl
= X + Lo = ———
Tescs J, B 2ET L TE: AE B ' AE

j“°’6‘)1¢z . ((5) _ 768 S
o H AE  El  AE

Lmm nnl
= —_—dr+— =
.ID.D‘ J“ El + AE

r(aaz)(lx) 12.8
o =\ =g~ FH
FromEq. 1:

-l 768 5 v F 23 1
E200)(10-%) ' |E(200)(10%) * E(100)(10~) = ®E(200)(10-%) |

0.0884F,, + 0.064Fz, = 5.12

FromEq. 2:
N 1706.67 +F 12.3 +E 21.33 3 o
B0y (0 | B0 | [s(zoo)uo*) * suoo)(w-‘)]

0.064F,, + 0.13667F;, = 8.533

Solving ,

Fpp = 1924kN = 192N Ans L xm)
~

E

Foy = 5343 KN = 534 kN
~60-1
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10—41. Draw the influence line for the shear at C. Plot
numerical values every 5 ft. Assume the support at B is
a roller. EI is constant.

|
A C [B

10 ft \ 10 ft -4

>
o
I
X
"
)
- _(_;
S
=
[]
/
1
1
! %
AT
(o]
n
Py
4

¥
13 oK
x=95ft 1 2¢66-7
2 M2 TE
A = M. = 200.0“5) 112.5(5) 2666.67  -229.17 <
s = Mg = —= - - - =
y EI E H _&LO« J 2000
£r 1 o EI
x =10 ft T oz RZZ
B , _ 200 2666.67 50.0 _ 83333 i 0t
Ao =Mo" = 10 = == =338 = -5~ B 1
M CT? | 1
s\ | P T
- + -4 24
£=10"f L- 1,,2, 5 | 2000
=7 L
200.0 50.0 1833.33
Ag- = Myge’ = ——(10) - —3.333 =
10° = Myo 7 10 -5 poky courhty
3 N
x =15t Mis( -
7 ’ 200-0
200.0 12.5 979.17 200 322
f o El
EI
x=20 F-ﬂij% é'“ﬁl“ .
BAyg = My" =0

2o | 2000
x A 1M 200 E1

0 0
5 -0.0859
107 -03125 Ve (k)
10 0.688
0367
15 0.367 \
> } 5 + X (ft)
20 0 ~0.085) 5 20
~0:313
At C: -0.313k Ans
0.688 k Ans
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10-42. Draw the influence line for the reaction at C.Plot
the numerical values every 5 ft. ET is constant.
192 C
JB
15 ft e 15 ft \
x=0f1
Au = Ma’ = 0
x=5f ,,/‘/ T”‘
12.5 37.5 166.67 e -
By = My = —21.667T— “==(5) = ——mt. f
> & 5] Iok 20k
/5.
= -jr-g- 0
x=10ft T Zéi
,_ 30 375 ]
A = My = 53.333 - TEI—(IO) = 20833 4 | F b
= TR T s 182
x=15ft 1_712
Ais = Mys" =0 2z
=20t - l :
Jms
By = My, = 20, 0, 0, 1815 541.67 375 %g“ﬁt
20 20 = tg>3s- —H—(IO) = < 78 3¢
.0
x =251 ‘?f—]"
2250 2 '—j—dlello
_ , 12.5 187.5
AZS -~ M25 = — + —].667 - ——-(5) == 1333.33 J,‘-GG] 3.333}(
u 4 E1 E 375 z5 .,
£] £50
EX
x = 30ft A
MasC J
Ay = My, = 20 resiw) ‘B2
E seo S
2250
2
x A /Ay, M:L(Il R lD)
0 0 bteatiens
333ft  EL
5 —-0.0741 Cy k)
1-0
10 -0.0926
0-593
15 0 0241
°f'.P'5%.I(fU
-0-0Mi -0.092¢ <0 25 3o
20 0.241 g
25 0.593.
30 1.0
At20ft: Cy=0241k Ans
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10-43. Draw the influence line for the shear at point B.
Plot numerical values every 5 ft. Assume the support at A
is a roller and C is fixed. E[ is constant.

.\\
B
10 ft 1 10 ft |
)
o | 10
4 Mol 2 E
= N ;J )20
L | !
2 3
G, = o w3 =2
El 3 Ef 7,00
Al x= 5, _Ef-
12.5(5 100 479.167
As = My = —= =] = —( )= -
. El\3 EI El
Atx= 107,
50/(10 100 83333
Bip-= Mig = —[vm| = = (10) = =~
T e 51(3) T El
At x= 10",
166.6 : !
= i < 1058, 30010, 303 m
El EN3 E £l
Al x= 15,
Avs = Mg = __\_@(15)+2(5+_1_(2)+1}_.§ 2 +1166.6= 104.167 700
Er £l 3 Ef\3 Ef £l El

A
0
_479.167

]
S X !
B
33333
El
104.167
El
20 0

(=T 3

A+B:-0.714K
0.714 K

Jaflucuce liac
Osdinate

0
-0.411

-0.714

0.286

0.0893
0

Ans
Ans

|
i eI e rrirt 3y TR o e
Hy
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*10—44. Draw the influence line for the reaction at

s’ ¥
. . c
point A. Plot numerical values every 5 ft. Assume the f 4
support at A is a roller and C is fixed. EI is constant. h ,
o &L
il
A ’ 1 L L] , Tc
'\ f—r 20!
r
; 14
B &7
101t 10 ft %l 47 ( )
| EL l [ ')pf
o
€T ?T):
At x= 5, .
.67 200 12.5(5 1687.
As = Ms = 36_665____(5)+__(..)= i Lks &7 I
el £l EI\3 EI st ! o
Aves 1 233 ) o’ I
2666. 67 200 50 (10) 8§33.3
= = M+=|--| - — ko_
Bio = Mo = ==~ 0+ 5 £l -
At x= 1S, 12017
2666.67 200 1125(15) 22047
b = Mis = —o— =5 (9% El
x A
0 2666.67 1
EI
5 l§§'_7_5 0.633
EI
10 333.33 0.312
El
15 2.1 0.0859
El
20 0 0

10-45. Sketch the influence line for the moment at D

using the Miiller-Breslau principle. Determine the A b/x_r\
maximum positive moment at D due to a uniform live M), ’;‘ A
load of 5 kN/m. ET is constant. Assume A is a pin and B

and C are rollers.

C 5
*VI,;* B s - ow
7
10m ‘ 5m Sm*J ﬁ\—«?-jzlns
s
He31sy- Z

LmM 10 (0.50(1250dx {19 (0.5x)(37.5x— 3% )dr _ 52083
Ap = J —dx = I f = .
o EI ° El [ EI £
V= J’Lidx= ZIIO(O.Sx)de-_; 166.7
o Ef 0 El El m =05y M08y
+485+B,fop= 0 A .7L 8 7 .
|y
5208.3+B’(l66 7) 0 - ——'/‘—t
ET EI I e
B, = -3125XN b5 .
('Lm-o - 31.25(10) + 5(15) - G, (20) = 0
G = 21.875kN
+T£F, =0: 31.25-50+21.875-4, =0 o b -
A = 3125KN 3
(im‘,— 0. Mp+25(2.5)-21.875(5) = 0 A A sl r [ Mo I
Mo = 469N -m Ans J N " e
o)
Ay 325k & 120875 s
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10—46. Sketch the influence line for the shear at B. If a

uniform live load of 6 kN/m is placed on the beam, A 8 4
determine the maximum positive shear at B. Assume the @ ] L b
beam is pinned at A. E is constant. r F > #r
|
] A 5’ < %4
Il = 72\ ay T~
A B _.A—L._C
2 2o 4 | [—|—+~“""'
—— 11 m m
| | | AR 8 ] } 'IC 14
£ A
LmM 4 (~1x) (=32 +12x ~ 12) -3 92
aa= [P =04 — e [ s - 3%
Lt (- lx)zd.x (- m & re(-l? 4267 . Mzo .
fu= I “I J jﬂ dy= —— 5 SR P SN
A E U A
Ay +A,ju =0 ¢ <
92 (42.67)
—+A|—]|=0
EI El
A = -216KN
+TIF=0; %-216=0
(Bmex = = 2.16KN Ans

10-47. Sketch the influence line for the moment at B.
If a uniform live load of 6 kN/m is placed on the beam, Ot

determine the maximum positive moment at B. Assume ’.’"; N F— 2D
the beam is pinned at A. EI is constant. 8
Lje
T T
. A : l . 4‘:1 by
- ﬁ\ 5 I » B ;:: 31
B ——=—C =

sa= My [PCINCAdE i s 48 "
o EI 0 EI o ] £
Lm? a(~1x)? (~1x)? 42.67
= —dr = e Ol =
b= E 5 El des ] El EIl |k g
Ba+Afin=0 1 ! Y 0
448 4267 aa % ¢ |
— A,(~——)— x L ¥
A, = —1050kN ‘ bl
Gm,: 0; Mp+6(2)(1)-10.5(2) = 0 Lo hwth
(Mg)max = Mp = 9.00kN-m Ans 1 n )
VB
IS R
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*10-48. 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

. - . N

cause a maximum positive value of these functions. ég

. B 8¢ & D

Assume the beam is fixed at F. E F
FZ m 2 mﬁ; 4m 4+—2 m 2m

10-49. Use the Miiller-Breslau principle to sketch the
general shape of the influence line for (a) the moment
at A, and (b) the shear at B.

= =
c
) — Bf\
(a) ” (b) I
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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 and (b) the shear at B.

—

b e

]

R

10-51. Use the Miiller-Breslau principle to sketch the
general shape of the influence line for (a) the moment
at A and (b) the shear at B.

|

(a)

(b)
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#10-52. Use the Miiller-Breslau principle to sketch the
general shape of the influence line for (a) and the moment
at A and (b) the shear at B.
B
A
. f
(a) — < ? Pt TN
4 Rkl B Y A (b) \' 17 4
' \ ' |~ a®
h ] : \ 4 ]
\ : ! i / v !
WO | v ! 1 \
pe “— 3 ! \ \
T—— X Y ~ T = \‘ o —— b =S ¢
4 1 ! “ r——— N - \
H ; ! 1] \ f 1 A
\ ;o J I '. :
4 H ‘\ ] /
, e 4 0 4
2 3 4
10-53. Use the Miiller-Breslau principle to sketch the
general shape of the influence line for (a) the moment
at A and (b) the shear at B.
N
A
.
B
M“““M’ p‘“'“"‘s . ﬂ_‘;ﬂ"’mgﬂwvw“&m—ﬁ’m’"‘w’
() T b
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10-54. Use the Miiller-Breslau principle to sketch the
general shape of the influence line for (a) the moment
at A and (b) the shear at B.

LA
LA N

(a) T e

(b)
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11-1. Determine the moments at the supports A and C,
then draw the moment diagram. Assume joint B is a
roller. £ is constant.

My = 25(%)(29,, + 6, - 3y) + (FEM),

2 (25)(6)
MAI =-€—(0+8')‘ 3
28 (25)(6)
My, = —-6—(29‘) + 3 VIL VIR.

25 as@? Maa d;b Mec

Mye = @8 - — ’
#

28 15(4)?
Mo =TT 60kAN
25 xu C
ilibrium /8. Al 1. 28 kN Hym =~~~ = == -
Equili J?Sfx m 19.28 Iy } 20.375 kgbm
My, + My =0 QL—_JT (I {)
2 ! sm’.im |) IZMIZMI
28 56 2, 15W 2872 kn 3028k
-6—(23,) M —4—(2 e T 12-375 Kkl J2-625 k%
y = 075 MGanm)
18-6
M = -185kN'm Ans /\ 10-2
A
Moy = 20375 KN-m = 204 KN-m Ans ST ; : /:-\ td Xem>s
3 79
Mz, = 1925kN-m Ans -85
~19.25 ~20-4
Mye = —1925kN-m Ans
11-2. Determine the moments at A and B, then draw
the moment diagram for the beam. £/ is constant. M,
2ET 2 B b ¢ *i*
MAB=—L—(O+GB—O)+O=2EIBB I _} L }

2E] 4
My, = —(26p +0-0) +0=-El6y
L L
i 265 + 6, 0 0= 4E16 + 2ﬂ9
MBC‘T( B c ) + = pHOp + 7Ebc Mea Mae
4 2 Ve
Mgy = 3L€1(29C+ 65 = 0) +0 = ZH6c + THO; ~ M, b Vec
M, = 0,
M, M, 0 m
+ = zZ .,
BA BC _7_Ma
Solving A
gy = — Mol g = 2t ZLX
VY- 7T L
2
Myc = SM, Ans
1
My = —=M, Ans
7
2 \
My, = ”?M" Ans —Mo
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11-3. Determine the moments at A and B, then draw
the moment diagram for the beam. EI is constant.

200 1b /ft 2400 1b
A A A l
|
~ C
30 ft L—10 ft—
I
FEM,p = w(0)(L) = TR00)(30) = 15k o
12 ' . 74X
RN 1A
2E] 1’__:/ B, B IR A— |
MAB = —-—(O + 93 - 0) -~ 15 'A% A B C
30 L [,A% _ h;
2E1 , ]
My, = 30.(293 +0-0y +15 —~15.)§—~—-—]5_ﬁ_—{——~)0ﬁ—
M, = 0; My, + 2400 (10)
N
Solving, 74
255
2. 75ft R\YSSX@ SSY Rﬁ
67;5 m i | X(AB_)
o = & Y |
=335
MAB = —-10.5 k- ft Ans
M,, = 24kfi Ans M)
5%
o Afm%’ﬁ —Qﬂx (ff)
B
=Z£0
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*11-4. Determine the moments at B and C, then draw
the moment diagram. Assume A, B, and C are rollers and
D is pinned. ET is constant.

4kN/m

A B cl D
L—IZ m*—l-—IZ m——L—IZ mJ

!
M, = 35(2)(8,. - ) + (FEM)y

3l Han:
My = - (65) + 15

S

[
My = 267)(205 + B5 = 3¥) + (FEM),

2E o (4)12)?
My = —l-:—(ZBB + 80~ 2

27 4(12)2
Mg = — (26 + 6g) + i

12 12 \/.;1 Vex

8L
My = 3E )8, - v + (FEM) (‘l?b IMe,
Y L y v MM T ,’\" Vo
: Yoo 1 G

3EI 412y rd
Mep = —(8¢) -

12 15 pry 48 kA 24 KN

A4 1o KN 44-16 KA. m
Equiibcium i” JOTTT
Cf )

8m 'qm < em! om

M + Mcp = 0 42kd 19hgre AN 240k 156800 RK
31 12?2  2g 4(12)2
—(8y (265 + 6p) ~ ——— =
3Ot e * 0% v 6) - 3
0.583368, + 0.16676, = 9.60 M kN ™)
<78
2E1 410 3Fg 412)2 47 4.7
(26, + 6;) (8) - —— =
l2( c + Op) + = 4'12((;) 5 2 24/\
} } t—t} +—t— K (m)
0.58338, + 0.16676, = -9.60 5031 8 3091 36
Solving
—44.2 ~44.2
6. - 2340
O = =0c= g
My, = H2kfi Ans
My = -442k-ft Ans
M = 442k ft Ans
Mo, -2k ft Ans
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11-5. Determine the moment at B, then draw the
moment diagram for the beam. Assume the supports at
A and C are fixed. EI is constant.

15 kN 20kN

8m

2E7 Er
MAB =—é~(0+ 95“0)4’0:795

2E1 El
My, = _8_(29” +0-~0)+0= —2—6'9

2E] El
Myc = (26 +0-0)~ 20 = =6, - 20 BC

M
(==)

2E! 2
Mos = =0+ 6, = 0) + 20 = —8; + 20 Mea g,

Mg, + Mgc = 0 . !

Solving ) V('W>
20 . ‘ I2\visy
% - B o) \%\ 2o 1Bm. x(m)
e Y Es Q
M,y = 5kN-m Ans N \
N g

My, = 10kN-m Ans
Mye = —10KN-m Ans M ()

25
Mep = 25kN-m Ans

57
o m:—‘ ¢ M _dbed )

b
N
U‘
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11-6. Determine the internal moments at the supports
A, B, and C, then draw the moment diagram. Assume A
is pinned, and B and C are rollers. ET is constant.

3k /ft

M, = 25({“28,. + 8, - 3y) + (FEM),

\/ 20K
12-0k Yar L 120
2.0k ft Moc 24.0 k-
261 3812 » " 1 l Ok
M = 530 * 0% = Q 2 JMMQT%J ) SIE;F;" )
L %
2 e s, + 28 A -
== +
oo BT 2K 24 K 12K

2AK.
240 ;:-M 120 K-Jt 24”"?”‘
2EI 3(8)?2 Y N T B A G ol e
My = —g—(zea + 8¢) - 2 } )

o = e o

Mep = (200 + 83) + =

12 2.0k 135'< 105K 106k, |35k 120Kk
Equilibrium
My +24=0 MK ft)
315 635
Maa * Moc = 0 l f\ N\ 20
> A t—A— X Gt)
Mo - 2420 &5\/:55
=120
281 3(8)2
—(2 - —+24=0
( 26, + 63) 5 reo LN
8
056, + 0256, = -
261 382 28 )
—é-(ZGB + 6, + - + ;—(29,, + 68¢) T
Solving
6, + 0256, + 0258, = 0
6; =0
25 3(8)? 6
5 (26c + 60) + 5~ —24=0 6, = 6, =19
3 M, =-24kfi Ans
056c + 0256, = & As
My, = 12k-fi Ans
Myc = -12k-ft  Ans
My = 24kft Ans
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11-7. Determine the reactions at A, B, and C, then draw
the moment diagram for the beam. Assume the support

at A is pinned.

3k fft

wll  3(8)?
FEM;, = — = —— = 24 kft
8 8
FEMBC = 0 V(K)
3E7
My, = “8‘—(95 - 0) + 24 DLLT
% e |
J NAANNENI R RN
3E1 o P S §'D)
MEC=TO—(9,,—0)+0 %
~13.33
My, + Mge =0

Solving
320
b = g
My, = 10.667 k-ft

Mye = —10.667 k-ft

A, = 10667k =107k Ans

B, =144k Ans

C =0 G = -10667k Ans
= ~-1.07k
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*11-8. Determine the moments at B, C, and D, then 8k
draw the moment diagram for ABDE. Assume A is 2k /ft
pinned, D is a roller, and C is fixed. EI is constant. l l l l l l l l l l l l l l E
ol o w— [ ] |
A ‘ B Rz
15 ft ‘ i 12 ft J‘ 8ft*—‘
12 ft
2(15)? \ —HC
(FEM)y, = —— = 5625kt
=2(12)2
(FEM);p = T - -4kt 30k 24 K Y's
_f 4291 k-5 20.67 x-J2 % .
Tt [l -=9 .
(FEM)ps = 24.0 k-ft : Y b)({ : ﬂﬁzo” l]
(FEM);c = (FEM)¢z = 0 TR 7571 f é.f(l ot |Z YR
1
= 3E|- - 1214 & . 839  I5.61k 8.0k
My 3E(L)(9,, ¥) + (FEM), 4 1786k 22.25 K_?t 56
I
M,, = 3E(-1§)(65l -0) + 5625 MUkt
368
M,, = 0.2EI8; + 5625 I
1
My = zs(z)(ze, + 6; - 3y) + (FEM)y 6-07
I
My = ZE(E)(M” 6, - 0) - 24
Myp = 0.3333E16, + 0.1667E16;, — 24 )} e
I : ) QF_;.’:}L) 640 k5t
My, = w(ﬁ)(zap +6; -0)+24 Maa MDB T
Mec 'Dg
Mpg = 0.3333E16, + 0.1666E16; + 24 3)
1
My = zs(ﬁ)(ze, +0-0)+0
My = 0.3333E£16 4 Solving Egs. 1-7:
1 —66.70 153.35
My = u(ﬁ)(z(m +8, -0)+0 8 = — 0 =~
My = 0.1667E18, 5 M, = 429k ft Ans
Equilibrium Myp =-207 k-ft Ans
My, + Myc + Myp=0 (6) Mpy = 640k ft Ans
Myc = -222kft  Ans
—64 = N
Moy - 64 =0 Mo = -111k-ft  Ans
313



cll.gxd 6/24/08 4:34 PM Page 314 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

11-9. Determine the moment at B, then draw the
moment diagram for each member of the frame. Assume
the supports at A and C are pinned and B is a fixed joint.
EI is constant. P 2 k (6 028 fi
a 2
; = —(bla+ ——) = ——((8 f)*(6 fi) + ————) = 5.388 k-fi
- EM) g Ll( at+ — ) (J4f1)2(( ) )
3
Mye = —EIf ~ 5388 ~Z30]
14 A
+— [ My, = 35765 = 0) - -
I 6f - 8 ft
| t \ Mo + Mg, =0 iaah
12 ft Solving,
g o 11604
A o
- RS Mye = —2.901 k-ft Ans
My, = 2901k ft Ans 0
11-10. Determine the moments at B and D, then draw (FEM),, = 0
the moment diagram. Assume A and C are pinned and B —3(8)(20)
and D are fixed connected. EI is constant. (FEM)g = ——R:——- = -30k-ft
8k (FEM);p =(FEMYpy = 0
15 ft‘ﬂ——lo ft— 10 ft— I
| A A My = SE(Z)(BN - y) + (FEM)y
s
1
A B | ¢ My, = 35(—5)(9,, —0) +0
12 ft !
M,, = 0.2E16, n
D /
Mye = 35(56)(9‘ -0 - 30
My = 0.15E/6, — 30 2
% Mg ,
' My = zs(z)ue,, + 6, - 3y) + (FEM),,
-Tj
M !
& My = 25(-1—2)(29,4-0—0) +0
13
BIBEK Z4rft l My, = 0.3333E16, (3)
J
> Ay L i
-G W}rr Moy = 25(1—2)(2(0) +6,-0)+0
{ mH IM-.:, 4 (t’g% el
\ ) I e : -
0585k  o5p5k s & 283k My, = 0.1667TEI6, “
1254 Equilibrium
Mgy + Mg + Mpp = 0 &)
Solving Egs. 1-5:
43.90
6y =
]
M,, = 878kt Ans
My =-234 k-ft Ans
Myp = 146 k-ft Ans
My, = 132kft Ans
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11-11. Determine the moment at B, then draw the
moment diagram for each member of the frame. Assume
the supports at A and C are fixed and B is a fixed joint.
LT is constant.

wlL? 10 kN/m (5 m)?
(FEM)pe = ——= = g = -20.833kN-m

12

2

wlL
(FEM)p = - = 20.833 kN-m

2EI 2
Mg, = _6—(268 +0-300)+) = EEIGB

1
Mg = 5 EIOg
4
Myc = SEI6; ~ 20833 KN-m
2 .
Moy = ZEI6; + 20833 KN-m
+IMy = 0 Mpc + Mgy = 0;

4
6, = 2% 204 N-m
P27

Mz, = 947KN-m Ans
M, = 474kN-m Ans
My = —947kN-m Ans

26.52kN-m Ans

&
&
il
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*11-12. Determine the moments at B and C. Assume B
and C are rollers and A and D are pinned. EI is constant.

3(8)?
(FEM)3, = - = 24 k-ft

-3(20)2
(FEM)ye = —— = ~100k-fi

(FEM)p = 100 k-fi

(FEM)¢p = -24 k-ft

{
MN = 3E(z)(9~ - V) + (FEM)N

I
My, = 35(5)(9, -0) +24

3E16
My, 2 2+ (0

!
My = 25(2)(29,, + 6 — 3y) + (FEM),

!
My = 25(5)(29, +80-0) ~ 100

Vir Vee
Myc = 0.2E78; + 0.1EI6; — 100 e) # 1 Mgc l
"
, q% J) M;E‘ M
My = 02EI8, + 0.1E16, + 100 (3) B«? %
!
My = SE[7)(00 — v + BV,
I Solving Egs. 1-6:
Mp = 3E(§)(6c -0) - 24
160 160
6 = — 8, — ——
3EI6, ' E ‘g
Mep = T 2 (4)
M, =840k ft Ans
Equilibcum
My =-840Kk-ft Ans
My, + My =0 (5) M = 840Kk ft Ans
Meg + My = 0 ) My = -840Kk-fi Ans
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11-13. Determine the horizontal and vertical components
of reaction at A and C. Assume A and C are pins and B is
a fixed joint. Take E = 29(10°)ksi.

- 3k
| 10 ft ; 10 ft
0.5 k fit I
O
B IBC =400 iIl4
15 ft I4p =900 in*
2
(FEM),, = ﬂs—)s(—lﬂ— = 1406 k-ft
~3(3)(20
(FEM)gc = __3(_31)6(—) = -1125k-ft
!
My = 315Z (By— W) + (FEM)y 2K
M
8c
H
o = SN0 o gy + 1406 ’n
15(144)
M,, = 362506 + 14.06 (1) I Ma
I
My = ______—3(29“103)(400)(9, -0) - 1125 2K ZOBK
20(144) l 195 k4t Q

]

My = 12083336, — 11.25 (2) ‘J\-. b - ?_
[ roft T 1oft ]
“'95*52‘ -09 C,
K’% 8k 7

-

Equilibrium 4-0%8K2
- ==
My, + My = 0 3 : F 465k
1
! 154t
Solving Egs. 1-3: ;
[]

5

8, = —0.000058 138 rad

'

‘ 754t
My, =1195kfi :

[ A
Myc =-1195k i TR
Thus, A’
A, =295k Ans
A, =410k Ans
C, =455k Ans
G, =0902k Ans
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11-14. Determine the internal moments at A and B,
then draw the moment diagram. Assume B and C are
rollers. EI is constant.

[
M =zs(-)(za + 65 - 3y) + (FEM)
10 kN /m v Lo y

2E!
My =—(2(0) +6; - 0) + 0
\ IR Yy Vv 6

28
My, = ?(291) +0

M, = 35(%)(9,, - ¥) + (FEM),,

6m
3E 10(3)?
=22(8y - 0)-
My 3 (6 - 0) 3
Eauilibei
My, + Myc =0
4 3EI
——E-IO, +—0; -1125=0
6 3
_ 6.75
-1
My =225kN-m Ans
My, =4.50kN-m Ans

Myc= —450kN-m  Ans

“uvqe%f;mu
%

30 kA
1128 o 4'50“)-0" - ——f——— -

kgt

—1-*"}
a1
~Na

rl\/‘

ém il

Z25 kalem /125 kA lo-5KkN  |3-5 kN

M(.m)

9.y
2-R5|
\ ? % Y J (M)
Q \/ 7-‘5 9
—4-50
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11-15. Determine the moments at A, B, and C, then
draw the moment diagram. Assume A is fixed. EI is
constant.

ERRETE

800 b /ft l

(FEM),; = (FEM),, =0

- 2
( e = (0.8)(20) —2667 k-ft

l"
(FEM)o; = 26.67 k-ft

1
My = zg(z)(zay + 6 - 3y) + (FEM)y

M, = ZE(%)(Z(O) +6, -0 +0

M,; = 0.1EI6; (H

My, = zf(i)(ze, +0-0)+0
20

M,, = V.2E16, )}

Vae :
My = zz( )(29, + 8 - 0) - 26.67 1 lo 5k
( J ¢ 750 K ft
Myc = 02616, + O.1E18 - 26.67 (3) Men Mol X
(18

1
M = 25(;{-))(2% + 85 — 0) + 26.67

M., = 0.2EI8, + 0.1EI6; + 26.67 (4) 5 /.bK' o5k
= 0.260c + 0,10 - 45 K
“ 2o7rxfr°"1-----; 7;.70:(-}(
Equilibrium )g‘ ) *
Mgy + Mye = 0 (5) E}‘—zﬂ—“‘!‘; &/oft lojz o};/—ésT"
o6k :
10-3p k-§¢ K. 734
Mgy ~ 750 =0 ) bkjt |55
Solving M(f-j‘f) 262
147.62 10357
< TTHm - 104
N @)\ s
M, = 1036k-ft = 104k-ft  Ans ° T e \ ()
-750
Mp, = 2071 k-fi= 20.7k-ft  Anms -207
My = -2071k-fi = -20.7 k-ft Ans

Moy =750 k-t Ans
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#*11-16. Determine the moments at the ends of each
member of the frame. The supports at A and C and joint B
are fixed connected. EI is constant.

8 kN
4 kN 3kN

3m 3m |

!
My = zE(Z)(zeﬁ + 6 — 3y) + (FEM)y

28 (4)(6)
M, =—6——(0+ 65) - 3
2E] 4(6)
My, = —i26p) + —
6
2£1
= —(26;)
MIC 6 . B8
2€7
Mcy = —16;)
6
:|L) 9.0 KA.m
Mp, | Equbibnum

My
¢ My, + My -9=0

2H 6y 2H
——— )+ —— —(28 -9=0
A (26, 8 + 3 (263)

El
Thus.
M, = 3651(0 fﬂ_s) - ﬁ;ﬁ = -L50KN-m Ans
Moy = %51(%2) = 1.50kN-m Ans
e = 2] - s -
320



cll.gxd 6/24/08 4:34 PM Page 321 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

11-17. The continuous beam supports the three P P P
concentrated loads. Determine the maximum moment in
the beam and then draw the moment diagram. EI is

constant.
My = 3£(—)(6~ - y) + (FEM)y FL L4€L L | L L#
L 2 2 2 2 2 2
3E/ 3PL
M,A=-L—(BB-U)+-TG— g __3PL
cD T 20
1
My = 25(2)(29,, + 6; - 3y) + (FEM)y, +EM, = O: AL+ P(IE-) _ zz%L -
2£l PL _7
M,C=-Z-(29,,+ec~0)—-§- A =557
2E1 PL - L\ 3PL_ 3PL _
Mer = 2120+ 6, -0+ e = 0 vy + Flg)e 2oL
! Voo = PL
v = 35(2)(9N ~ y) + (FEM)y =5
7
3£ 6 o 3PL +IM =0. M, - EP(;) =0
Mep = 'L“( e -0 - T
ilibd M, =M, =-—pL A
Equilibrium : v T M = 0 ns
My, + Myc =0 3L PL
=0 Z-off)em =0
Mcg + Mcp =0
1
3 4 28 PL M = —FL
-3-28,+—E+£6,+-—OC———=0 1o
L 16 L L 8
Ver Vea,

20, + 76, = -% m M"‘Q?l)::g%bma
. v

26 PL 3E_  3PL _
T8+ 0+ 5 + 0= g =0 & !
76 + 28; = i (2) P P P
c* 2% = 1gg l pL 1 3pt l
% 2
| )|

(A Pl Y
Solving Eys. 1-2: [ 2 f-/z./t d"mﬂ |"/z. ‘ L/z;

Ay VoL Va VL Ve 3
6, = -PL? P 3pL P
# ~ 30 J 20|
L2 EJ)M' Clr__iTjM"
8, = — -
(o 80/ %gql ‘% &2
Thus,
B M' TFpPL
3PL :7;7'35 40
My = 55 PL
2 70
- 3PL L /\ 2L
M, =
ac 20 ° i % 3:5 1 5{_'- 3L *
2 2 r
3PL
Mep = 0 - 3PL -3pL
20 20
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11-18. Determine the moments at each joint and 1200 Ib ft
support of the battered-column frame. The joints and
supports are fixed connected. E7 is constant.

!
M, = 25(2)(29, + 8 - 3y) + (FEM),

261 | )
M = 5500 + 8;) + 0 MY 12t 12 ft—|

26
My = 55205 +0)+0

2E1 C1.2(12)?
My = —1-2—<2ee +6.) = 3
2£1 1.2(12)2
MCI = 1—2—-(295 + 63) + 12
2E1
Moy = ﬁ(zec +0)+0
2€1
Mp- = —(0+ 8,) +0
e 20( c
Equlibrium l Mac
My, ~+ My =0 . MQ
28 2E ) Meo
—23(295 + 'l—z(ze, +68)—-144=0 BA
14.4
0.53336p ~ 0.16678; = — (n
5
Mey + Mcp =0

2F1 2
—-_— - 44+ —(26,) = 0
G (286, 8p) + 144 + 20( c)

-144
0.53336, + 0.16678y = —— (2)
E
Solving Fgs. 1-2:
39.27
6 T ——
' F3]

My =393kft  Ans
My, = 785kt Ans
Mg = -785k-ft  Ans
My = 785kft  Ans
My, = -785k-ft  Ans

My = -393kft  Ans
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11-19. The frame is made from pipe that is fixed 18 kN 18 kN
connected. If it supports the loading shown, determine
the moments developed at each of the joints and supports. Am im im
Ll is constant. ” \ J Y "
B C
1
My = zs(z)(za, + 85 - 3y) + (FEM), 4m
2E1 L A D
M, =—4—(0+ 6y) + 0
28
My = =(26, +0) + 0
2 2(18)(12)
=208, + 8) - ——
Myc = 3726 + &) 9
251(28 +8,)+ 2(18)(12)
My = 740+ 5 9
Mo = 2751(296 +0)+0
2
Mpc = =—(0 + 8c) +0
My, + My =0
2E 2E7 M
Z2(26,) + ==(28, + 6;) —48 = 0 e
4 12
M
1.3338, + 0.16678, = hid (1) ‘ ’
- ] e c = H M“ Mc’
Moy + Moy, =0
2E 28
—I—Z—(ZBC + 8y) + 48+ 7(280) =0
48
13336, + 0.16678; = — — 7))
El
Solving Egs. (1) and (2) :
.14
6, = -8, = 41.143
M,; = 206 kN-m Ans
My, =4L1kN'm Ans
My = —41.1kN-m Ans
M., =411 kKN-m Ans
Mo, = —41.1 kN-m Ans
My, = =206 kN-m Ans
323



6/24/08 4:34 PM Page 324

cll.gxd

—p—

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

#11-20. Determine the moments at each joint and fixed | |
. . 20 ft
support, then draw the moment diagram. EI is constant.
(FEM),p = {FEMig, =0
(FEM), = (FEM)¢z = 0
(FEMD(p = (FEM), =0
2
Yas = 3"4’1)4‘
I Mo
My = ZE(Z (ze.v + 0 - 3y) + (Fm)ﬂ LS > —
Mg
1 2 Maa A ey
MAB = ()A]333£I93 - 0.2667EIVDC (1) 04t 150 "“[l 20ft 5Tk
15t 3k : 4
! 2 & 201 2%
My, = 25(1—5.)(26'1 + (- 3(3)'#’00 +0 Mo 73 ~IT6 K 176k
A sox ¥ 15.0 K stk
My, = 0.2667E/6; — 0.2667Eypc 2 Mis ok
i 2
My = ZE(;’—G)(ZHH + GC -30)) +0 15§ 369 k- 50K
h‘{BC = ().25/63 + O.lﬂac (3] 2.3og
19.4 k.4
{ 176 k.
My = 25(5)(296 + 8y = 30) + 0 SO~ -3 reit
&;2&-1 rj
Mcg = 0.2E16, + 0.1E18, (4
! -3
Mep = ZE(—“—))(ZGC +0 - 3ype) + 0 363kf
D /9.4 k.ft.
Myp = USEIB — 0.6Elype (5
! Suiving these cquations :
Mye = 25(?6)‘2(0’ +8c = 3¥pc) + 0 ne e
b o D1 o o 3978
M, = U.2E18, — 0.6Elype (6) 5 < TH
_ 89503
o ¥oc =
Equilibnum
Mg = -194k-ft Ans
My, + My = 0 (7 A8
Mg, = ~150kft  Ans
Mey + Mep = 0 (8) s
Mye = 150 k-fi A
V,+V-8=0 e =
M. = 201kt Ans
(M5 + Mpy)  (Mcp + Mpe) o _ 8
15 i0 Ay = =201 k-t Ans
3 M = -240 ()]
2Myy + My, + 3Mcp + 3Mpc Mp = -369kfi  Ans
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11-21. Determine the moments at each joint and
support.There are fixed connections at B and C and fixed
supports at A and D. EI is constant.
6 k /it
~6(18)?
(FEM),, = 208 e2kek
12
(FEM),, =162k-ft
(FEM) ¢ = (FEM) ;= O
= = A I}
(FEM)p = (FEM)pe = 0 H
Ya» = ¥pe s /,f 7_
e ’ - ‘
I | /
“~ = ZE(Z)(ZSN + 9,— - 3V) + (Fm)'v 6‘”‘ ) ‘l
S o y
| P
I ]
Mar = 26(5) 20 + 6, = 3 v 162 mf :
[/ '
M,, = 0.1111E6, - 0.3333Ely,, - 162 (1 4 L
le o
I I 24 ft g
M, = u{l_s)(za, +0-3y,,;) + 162 Mec
My, = 02222E16, - 0.333Ely,, +162 2 Pl
My = 25(—2;)(26, + 6, - 3(0)) +0 @M” q }MCD
T T
My = 0.1667E168, + 0.08333EI6, (3) '
D et
1
! 8) k! 185t
Me; = ZE(E)(zeC + 8, = 3(0)) +0 é 8’_..1_., -+ J
]
i g5t
M, = 0.1667£I8, + 0.08333£/6, (4) !
! L“ 3 V. _.Lv
= 2E|—|(28; +0 — A :T?
My (18)( c + 3y,) + 0 K?"/M‘a Mbc‘
Moy = 02222E18. - 03333Ely,, (5) Solving these equations :
_ 1 265.09 79527
Mpe = 7-5(5)(2(0) + 6c = 3y,5) +0 6; = & 8c = I
My = 0.1111E16, - 03333Ely,, (6 994.09
Yaz =
EI
My, + My =0 (D M, =464 k-t  Ans
AlCD + MCJ =0 (8) MRA =-110 k-ft Ans
Vi +V,-6(18) =0 My =110 k-ft Ans
_ Moy + My, -9TD) (Mo + M) Mor =155kt Ans
18 - - 108 =0
18
Mep =-155k-ft Ans
My + My + Mo + My = -972 (&)
My =243 k-t Ans
325
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o

11-22. Determine the moments at A, B, C, and D then 4kt
draw the moment diagram. The members are fixed
connected at the supports and joints. E1 is constant. B Lo ) y C
6 ft }<715 ft -‘
-15(12
(FEND,,; = 3 ) =-225k-f 1k
(FEM),, =225k ft 61t
~3(15)? sk A Jlealh D
(FEM),, = = =750 k-fi
12
(FEM), =750 k-1t
(FEMy;, = (FEM)pc = 0 ,.zl(
Van Vpe Lﬁ‘{ ax/it Fﬁ‘, — —
, s ITIIIIIITL, N Tereo
M, = 25(Z)<2e,. + 8, - 3y) + (FEM),, ) Te—eaeeT A‘; ?—"Mn ; g
6H / ]
, sk ‘n' K et
4
= 2£<E)(2(0) + 6 —3Y,) +0 o 15k 2t
3 34
M,y = (L1661E16; — 05Ely,, — 22.5 (1 ’ 7%7 N A,
v, =
I 75f¢ | M“.%‘ Mu‘T/ Vs
My, = ZE(—-)rZBB +0 -3y, +225
12 60k
=9k,
My, = 0.3333E8; - 0SEly,, +22.5 2 | ana l ------- 1 -
448K 8 &,'LL - ‘,’,‘j [7RL.T3 1 /93
! SO 7sic 1 7R
My, = 2E(~—)(26, + 8- - 3(0)) -75.0 4\23-75:, s;u?, +
15 G4ax G44x
it st =66t e
My = 0.2667E18; + 0. -75. 5 s x.
o 5 + 0.1333E16, -75.0 3 £ 9u9E4t TS K[t oo Kk
! &t
My = 25(1-;)(21% + 65 - 3(0)) +75.0 sear
5 556k -24.2 k-§t '
wef AuER ! et
Mca = 0.2667E18; + 0.1333EI8, +75.0 (4) 8% Zrear
{
Mep = 2£(E>(29c +0-3y,5) +0
Mcp = 0.3333E16, - 0.5Ely,, (5) Solving these equations :
, _ 15988 _-11333
Mpe = ZE(E)(Z|0) + 6. = 3w, +0 s El ¢cT Tm
56.64
Mpc = 0.1667EI6, ~ 0.5Ey,, (6) Vag = 0
uilibrium
Equitibriu My =-2417kft =-242k-ft  Ans
My, + Mz = 0 7
54 + Mc &) My, = 4748kt = 475kft  Ans
Mep + Moy =0 8
ep + Mes ® Mye =—-1748k-ft =—475k-ft  Anms
Vi+V,-13=0
A+ Mcy = 6601 k-ft = 660 k-fi Ans
M *lf&* -0 (M ;Moc) _15=0 Mep = —6601 k-ft= —660k-fi  Ans
Myg v My, ~ Mep + Mpc = —90 ) Moc = ~4121kh = 412k Ans
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11-23. The side of the frame is subjected to the L 15 ft N
hydrostatic loading shown. Determine the moments at Bl | ¢
each joint and support. E is constant. -1
~
TN
18 ft
6001822 ,
(FEM),p = —35— = —972k-ft
, A D AL
60(18) AN
(FEM)p, = —— = 688k ft 2ol =L
(FEM)y = (FEMio; = 0
(FEMyp, = 0
Yin = VYor A 4
i & H/—D-————‘—- =T
Ay = ZE(Z)(ZQ\ + B¢ - 3y) + (FEM)y ! - !
{ i
| i
1 ! t
M, = 25(-—)(2(0) + 6, - 3,y - 972 ! )
18 ! isst
1
'
M.; = 0.1111£6, — 0.3333Ely,, - 972 (1 / !
1
! | i Mac
Mg, = 2£(~)(298 + 0 - 3y,s) + 648 i
18 , Tar_x_ Meg
M,, = 0.2222E16, - 0.3333Ely,, + 648 @ Comt |2 = P Mea Mep
ga = U.l=ooldGp — U, AB s
My = ZE(F)( 20y + 6. - 3(0)) + 0 "
!
My = 0.2667E18, + 0.1333E16, (3) IR st
I
!
I '
Moy = w(ﬁ)(zec +6; -30)+0 g,(wueﬁl‘w L+
I
! 6ft
Mg = 0.2667E18, + 0.1333El8, (4) !
[
"R 4t V,
14 "
My = 35(2)(6, - ¥) + (FEM), e
!
Moy = 3E(—)(OC - W) +0
18 Solving Eys. -8 :
Mcp = O.1667E18 - 0.1666ETy,5 * 1254194
8 = 9, = 1222839
& 54
Equshbrium
_ 4239.174
Mg, + Mpe = 0 (6) Vis = Ef
Meg ~ Mep = 4] (@) Mgy = —2_25([05) k-ft Ans
1 ., = =493 k.
V4V - Z(60)(18) = 0 M;, 93k -ft Ans
Myr = W3k fi Ans
_(AIDA - ~w,43 _540( 12)) _ (MCD) - 540 = 0
18 13 e = 497 k-ft Ans
My, + M,y + Mcp = —3240 (8) My = -497k-f Ans
327
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*11-24. Determine the moment at each joint of the
gable frame. The roof load is transmitted to each of the
purlins over simply supported sections of the roof
decking. Assume the supports at A and E are pins and
the joints are fixed connected. E7 is constant.

=2(6)(15)

(FEM)y¢ = (FEM);p = —5—— = =20 k-1t

(FEM) ¢ = (FEM)pe = 20 k-fi

1
My = 35(2)(8,\, - y) + (FEM)y

2E

Al,c = F(ZO, + 9() - 20
2E!

My = —lg-(2(9( + 6g) + 20
2EH

‘ML'D = Tq—(?,ec + GD) - 20

268
My = F(ZGD + 6c) + 20

I
My = 35(1)(9,, - y) + (FEM)y
3g
Mpg = Tf(eu)
Equilibrium
My, + Myc = 0
Mg +Mep =0
My + Mpe =0
or
3&1

281
SO+ =120, + 60 20 =0

12

Rk 8

0.51676 + 0.13336, =

2z 281
T500c + 0p) + 20+ T=(26c + 6p) =20 =0

46, + 6, + 6, =0

2H 31
F(290 + GC) + 20 + —I?GD =0

20
0.516676 + 0.13330¢ = -

} 12 ft 12 ft |
M Mcp
Mce
Msc
Mga, Moe

Solving these equations :
8, =0
oy = -0, = 2
Thus
My, = 9.68k-f Ans
Mg = —9.68k-fi Ans
My = 252k-f1 Ans
Mo, = - 252k-f Ans
Mpc = 9.68k-ft Ans
Mpe = —9.68 k-ft Ans
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11-25. Solve Prob. 11-24 assuming the supports at A
and F are fixed.
=268 .
(FEM),. = (FEM) ., = — = - 20 k-ft
(FEM) 5 = (FEM)p-= 20 k-fi
!
MN = :E(z)(:g\, + 9,- - 3y + (FEM)V
2E7
MAB = —]7(9,)
121t 12 ft |
2E1
My, = —(286
5a 12( )
2K
Myc = (26, + 6c) - 20
2
MCE = —1—5—'(26(- + 98) + 20
2E Mac Mes
M = :6~ 6 - 20
cp 15( - + 6p) Mes
2E] Mo
Mpc = 5(26p + 6c) + 20
2 M
Mpe = =5(26p) 84 Mpe
Mg = 5(6p)
Mg, + Mg =0
Solving these equations :
My + Mep =0
6-=0
Mpe + Mpe = 0
33.33
or. O = =6 = 5
2 28 My = 556k fi Ans
-’3-(29,) + F(ZGB +60)-20=0
; My, =111kt Ans
20
0.60; + 0.13336c = = My = —1L1 kAt Ans
261 287 M, =234k-
T30 + 83 + 20+ =(26c + 85) = 20 = 0 2 R Ans
M = ~244k-fi Ans
0.53336, + 0.13336, + 0.13336, = 0
Mpe = L1 k-ft Ans
28 28 o
—1-5-(290 +80)+20+ —(26,) = 0
12 Mpe = —111k-ft Ans
20 =
0.66, + 0.13336, = 5 Mgp = —556 k-ft Ans
329
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11-26. Determine the moment at each joint of the
battered-column frame. The supports at A and D are pins.
LT is constant.

124¢

12 ft

Pl i
#5 ft 10 ft S ft—J

(FEM)y, = (FEM)gc = (FEM)cp =(FEM)¢p =0

_ _A _ 2Acos 67.38°
Visg =¥pc = 3 ¥ec = 10

¥as = V¥pc = V¥se

I
MN 3E(z)(0~ - l]f) + (FEM)N

I
My, = BE(E)(GB + W) +0

My, = 0.2308EK(65 + y,5) (n

!
M, = 15(2)(29~ +6,-3y) + (FEM)y
7
Moc = (1526, + 8c =3 a) +0
My = 0.2EK(26, + 6, ~3 ¥,5) +0 ()
I
My = ZE(T(-))(ZBC + 683 —3y,5) +0

Mcs = 02EK26. + 85 =3 y,5) +0 3

I
My = 35(z)(9n ~y) + (FEM)y

I
My, = 35‘(—) 6 + )+ 0
° 13 (Fc + Vs Soiving these equations :
Mcp = 0.2308EX(8,+ W, 5) 4 32
8 =6 = —
. E
Equilibriurn
72
Mgy + Mgc =0 (5) Vi = g
Mo, + M =0 (6}

M‘A =24k ft Ans

Myc =-24k-ft  Ans
Msa
13

(ramo =0 26)+ M 26) -8(12) = 0
13 Moy =-24k-ft  Ans

2My, + 2Mpp -96 = O M Mcp =24k-ft Ans
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11-27. For the battered-column frame, determine the
moments at each joint and at the fixed supports A and D.
Eli tant.
is constan Akt
6k By C -
20 ft
A Dii
15 ft 20 ft 15 ft
A A
Var = 35 ¥oc = bT
2Acus 53.13°
Vec = 5 = 0.064
Vas = Vpc = 0.6667y, )]
(FEM),5 = (FEM)z, =0 251 255{‘
—34(20)*
(FEMge = —o— = —133.33 k- ft
4(20)2
(FEM) ., = T) = 13333 k- ft
(FEmCD = (FEM)D(- =0
I
My = ZE(Z)QG,, + 6 - 3y) + (FEM),
2E1
M = 550+ 83 =3y,) + 0 2
2E7
Myy = 55(265 +0-3y,5) + 0 3
2E71 Solving Egs. | - 10,
My = 3(7(29“ + 0 + 3yye) ~ 1333 (4) -
g, - 4810
2E1 8~ g
My = 20 (26c + 65 + 3y,c) + 1333 (5
g = 587
2Ef cT =
Mcp = 55 (26c + 0 = 3ypc) + 0 (6)
Ve = yop = 565
2EI A8 = ¥Yecp — _EI_
Mpc = '2_5'(0 +8c - 3yp) + 0 n
8498
Equilibrium : Yoc = 7
My, +Myc=0 (3 M = 254k-fi
Mg, = 643 k-t
Mey +Mep = 0 (£
My = 643k fi
M + Mg, Mpe + Mcp
= 0 ——— e ematre - - . = {
Grzm, =00 S5 IALEET) + (TR )(ALE6T) = Myp ~ Mpc + 613333 =0 o0 o
0.6667M,; + 1.666TMy, + 1.6667Mp + 0.6667Mpe = —80 (10) Me, = —998 k-t
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11-1P. The roof is supported by joists that rest on two

girders. Each joist can be considered simply supported,

and the front girder can be considered attached to the 3ft 3ft 3ft 3ft 3ft 3ft 3t 3ft
three columns by a pin at A and rollers at B and C.
Assume the roof will be made from 3 in. thick cinder
concrete, and each joist has a weight of 550 1b. According
to code the roof will be subjected to a snow loading of
25 psf. The joists have a length of 25 ft. Draw the shear
and moment diagrams for the girder. Assume the
supporting columns are rigid.

226x  zasc  2usc g

jahububuky

i
k1 '
x [«
From the wext Al o e 1™
3 [3rc |35 ] 35| 35t | afe | 34t T‘m rs,m
Weight of cinder concrete = (108 Ib/ft’) =8 =2 psf
Live load = 25 psf 2226
Total lvad = 52 psf 5L | ruse y
Load on joist = (52 Ib/f*)(3 ft) = 156 Ib/ft l oo Vae !
25 550 1
Reacuon on middle joist = 156(—-) = 2.225k T)Z /q
2 m’ﬁgsﬂi It VIR T T 3T ase
. 156(25) 550 _ Ay 1sar. h
Reacuon un end joist = T(—z— + — = 1.25k 4
2
(FEM 5, = PTL = '225(9) = 6.675k ft Yoo Vau
® [ (12)2(3>] [ (9)2(6) (== 0.,
=¥ — 3)°(12 (6)°(9
FEN == (Ve >) = Flran + 1209 + Mas
(3)2(12)
[(9) (6) + ( ) 4 ) [(12) (3) + —] = -20.025k-ft {
3ET
My = —(8v = ¥) + (FEM)y VCE)
3£1 545
My, = —(6; - 0) + 6.675
9 23
SET
M, = —(8z — 0) — 20.025 oo
l5 "5“_.._‘ 2 L . M 1
My, = Mae =0 4 3 & 9 iz s . i, u“’”
3Er 3 - -/.ul_" l
——6; +~ 6675 + —(6y) — 20025 = 0 +67
9 15 l =
2503 Mo -3.89
o - £l 4o
3EI 25.03 m
AL = iJ(—) + 6675 = 15.02k-ft v ‘o 103
M. = ‘_E.’(-‘EE) - 20025 = —15.02k-ft KT e
13 Pt—t A — x(ft)
‘3“5 ’ iz 15 8 2 24
( +TM- = 0 —15.02 + 2.225(3) + 2.225(6) + 1.250(9) - A, (9) = O
A, = 1306k
-/5.0

+TZF =0: 1.806 ~ 1.250 ~ 2.225(2) + V,, = 0
V. = 3894k

:+}'..WR = 0: C (15) = 2.225(3) — 2.225(6) — 2.225(9) — 2.225(12) — 1.250(15) + 15.019 = O
C. = 169k

3

-~

+TIF = 0: V, — 4(2225) - 1250 + 4699 = 0
t;, = 545k

Moy = 140 k At Ans
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12-1. Determine the moments at A, B, and C, then draw
the moment diagram for the beam. The moment of inertia
of each span is indicated in the figure. Assume the support
at B is a roller and A and C are fixed. E = 29(10°%) ksi.

800 Ib /it 30k

y A A A A4 A

A Iip = 900 in*

Ie = 1200 in®
241t -8 ftJ»8 fit

0.75[y /24
(D), =0 (DF)p, = —— 8"  _ .
8 BT 075l 124 ¥ Iy 116 03333

(DFige = 0.6667 (DF)y = 0

~0.8(24)*
(FEM)yy = —— = -384k-f
(FEM),, = 38.4k-ft
30(16
(FEM)g. = — (8 ) = -60.0k-ft
{FEM)CB = 60.0k-ft
Joint A B8 c
Mem. AB  BA BC CB
DF 0 03333 06667 O
FEM -384 384 -600 600 M,; =-348k ft Ans
7.20 14.40 MBA = 456 kft Ans
360 7 ™ 720 Myc=-45.6 kft Ans
IM 348 456 -456 672 k-fi  Ans My = 672k ft Ans
192 &
bt H N 456 kft J 672k tt
'Y BTy D
Q]L (e ')
(¢ ozt 2 ft bt a7
13-65k
2i5 K 1005k l635K
Mkft) 636
175

456
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12-2. Determine the moments at A, B, and C, then draw
the moment diagram for the beam. Assume the supports
at A and C are fixed. EI is constant.

25k 25k

s K
il i

1B Ct
- 8ttt o8 £t 24 £t

FEM,. = 0
2PL  2(25Kk)(24 ft
FEM,; = =~ = -(——;(——l = 133.333 k-fi
Joint A B C
Member AB BA BC CB
DF 0 0.5 0.5 0
FEM ~133.333 133.333
—66.667 —66.667
-33.333 -33.333
M —166.667 66.667 -66.667  —33.333
¥ (k)
21.2 \
\Q\ 4.2 4.2,
5 = o My =167k ft Ans
2.8 My, = 66.7 kit Ans
M (KA My = 333 kft Ans

=667
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12-3. Determine the internal moment in the beam at B,

then draw the moment diagram. Assume C is a pin. 12 kN/m
Segment AB has a moment of inertia of Iz = 0.75 I. 8 kN/m
EI is constant.
| w? v V) Y
AR ¥ B C
!— Sm J‘— 6m |
0.75I, 15
(DF) =1 (DF) = TBC - 0.4737
18 BT 0TS0, 05 + Lo 16
(DF}ge = 05263  (DF)gp = I
-8(5)*
(FEM),, = = —16667kN-m
12 KA
i 4oKA /4
(FEM),;, = l6.667kN - m 3374z,org~____£>___ﬂ
e SR T T ;
(FEM)zc = ——5— = -36kN'm o —i) (it
(FEM); = 36kN-m Z5m 1 25m ) 3m 1 3m
1225t0 277564 4244k 29.54.kN
Joint A B C
Mer AB BA  BC cB MK
DF 1 0.4737  0.5263 1
FEM -16667 16667 -360 360 264
16.667 9.158 10.175 -36.0
8333  -180 938
4579 5088 N - Xm)
M 0 387 -387 0 kN-m 53 e
387

Mg =-387kNm Ans

#*12-4, Determine the moments at A, B, and C, then
draw the moment diagram. Assume the support at B is a 6k 0.5 k/ft
roller and A and C are fixed. EI is constant.

Fy, =0 (DFl, = — 1% - 05204
(DFlyp = Pss = iev e =
(DF)ye = 04706 (DF)o5 = 0
FEML, = 08 L aoken
A8 8 - gL
(FEM)y, = 12.0k-fi or 3.85 £4
2 . a ————— e
(FEM)yc = _(0.531“8) = -13.5k-fi /{'60 kft l 1213 K){{: -T
- h’ 4 2 — |
(FEM)¢y = 135k ft C - IQ%L |
_ laﬁ ‘dftl o 9t i a1t i
Joint A B C 444 K
Mem. AB  BA BC CB <93 3.07k 456k
DE 0 05294 04706 0
FEM  -120 120  ~135 13§ MEf)
0794 0706
03977 0.353 148 s
™ ~116 128  —128 138 k-ft .
/1\ ¢ LN\
M, =—11.6kft Ans > iy —+ “%% X(ft)
Mg = 12.8 kft Ans /
Mg =-12.8 kft Ans "y _
M= 138k ft Ans G 126 39
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12-5. Determine the moments at A, B, and C, then draw

the moment diagram for the beam. Assume the supports

at A and C are fixed and B is a roller. EI is constant.
2k 2k 2k

N

}-—16ft‘+8ft+8ft+8ft+8ﬁ4

o 0
Z5 ¢
15PL 15(2
M = = (2)(32) = 20k-fi
48 48
FEM,c = -20 k-fi FEMgy = 20 k-ft
Joint A B C M LK‘}}>
Member AB BA BC CB
DF 0 0.667 0.333 0
FEM =20 20
1333 6.67
6.67 3.34
6.67 13.33 —13.33 2334
M,y = 6.67 kft Ans
M, =133 kft Ans
MBC:_13'3 kft AIIS
Myg=233kft Ans
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12-6. Determine the moments at A, B, and C, then draw 1500 Ib it
the moment diagram for the girder DE. Assume the
support at B is a pin and A and C are rollers. The Y VY Y YYVYYVYYVYVYVYVYVY
distributed load rests on simply supported floor boards j[ j'E ]E j'E ]E'
that transmit the load to the floor beams. EI is constant.

| - =] - |

(DF)4p =(DF)cg = 0
(DF),p =(DF)¢y = 1 (DF)y, =(DF)ze = 0.5
(FEM),p, = 48 k-ft
(FEM)cg = - 48 k-ft
Joint A B C ‘ 6x
Member  AD  AB BA BC CB CE .
‘ . 240k ft
DF 0 1 05 05 10 i :;%Mﬁ 5/ ! : ,4167.’"“ l
FEM 43 - 48 I Qr—1
\ L
~48 “ "% b“af—dj e (Jf?f?*
-24 24 b0k
- ~ ok TAOK 720K
48 -48 -24 24 48 -48 kA
Mk-ft)

M, =48 k ft Ans 24.0

M, -48kft Ans AN .

MBA =-24 kft Ans o t ‘é +— ﬁ('{t)

M- =24 kft Ans

My 48kt Ans ~48.0 ~#8.0

12-7. Determine the moment at B, then draw the 4K/t

moment diagram for the beam. Assume the support at A |
is pinned, B is a roller and C is fixed. EI is constant. : m A

Fem, = 2E 2 2 g
= ee— = e——— I (&
A8 T T30 30 » 151t 12t |
> 4015
FEM,, = 22 = 200 sk
20 20
X v (K)
L (412
FEMye = 22 = U2 gepq 2494
12 12
FEMg; = 48 k-ft 630 %/% e
o Hx (D
Joint A B c \?%
Member  AB BA BC CB -23.] -23.06
DF 1 0.375 0.625 0
FEM ~30 45 —43 48 M40
30 1.125 1.875
15 0.9375
e AR AR
-4.688 \
6 > S x ()
M 0 555 -55.5 44.25 § ff
My=-555kft Ans _555
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#*12-8. Determine the moments at A and B, then draw
the moment diagram. Assume the support at B is a roller,
C is a pin, and A is fixed.

12 kN /m

RERERRR

(DF.. =0 (D). - 415 ~
A8 - BA T 415 + 3125

(DF);c = 06 (DF)gy = |1
~12(5)?

(FEM), 5 = 5 = =25kN-m
(FEM)z, = 25kN-m
(FEM)gc = (FEM)cy = 0
Joint A B C
Mem. AB BA BC CB
DF 0 04 06 1
FEM -25 25

-10 -15

-5

M -30 15 -15 0

M, =-30kNm Ans
Mg, = 15kNm Ans
Mpc=-15kNm Ans
o0 kN
30.0 kKA-m 6-0kn
e T apoxem ]
" e -
L ] L |
ol
REr=reams a2 y rrond
330 kN 27-0 kA 6-0 kW)
Mika.m)
154
k-2
¢ + 4 Xim)
zrs \/1‘5’
=150
=300
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12-9. The bar is pin connected at each indicated point.
If the normal force in the bar can be neglected, determine
the vertical reaction at each pin. E7 is constant.
16 kN
[© o]
A B C D
L4m4&4m4-78m*-\54m 4m4
16 kN
Use anusymmetnc load and symmetric beam.
P 6
B4 3 8¢ = '8_
&
(DF)z, = —gz—z = 0.3333
Tty
81
(DFYg¢ = —g—g = 06667
TtT
(3)(16)(8)
FEM,, = ——16(— = 24kN-m
Jont A B
Mcmber AB BA BC
DF 1 0.3333 0.6667
FEM 24
-8 -16
™ 0 16 -16 kN-m
Segment AB :
(+EM, =00 —A,(8) + 16(4) - 16 = 0 A, = 6kN Ans
T+EF =0: -V, +6~16 =0 Vg, = 10KN
Segment BC :
(FIM =00 —Vop(8) + 16+ 16 = 0 Vor = 4kN
T+IF, =0 -V, -4=0 Vo =4kN
Segment CD :
{+IM =0 -D.(8) + 16(4) ~ 16 = 0 D,= 6kN Ans
T4IF =0 -V -6+ 16 =0 Vop = 10N
B, = Va +Vap=10+4=14kN Ans
16KA
= Vg +Vop=4+10=14kN A veu Ver
C=VagtVa=4+10= ns 16-0kab 16-0)08-m /e.agg.? ¢
203 ( y 4t
=
4m |4m' d am I L [4m | 4m V.‘D’
A ') /MMC: 16 kN
¢ (1R L/
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12-10. Determine the moments at the supports, then
draw the moment diagram. Assume A and D are fixed.
LT is constant.

1710

DF), =0 (DF)y, = ——— = (.642
(PFap R VTP SVIT 9
(DF) = ().3571 (DF) = 1R = {).4545
sc = TR+ s
(DF)p = 0.5455  (DF)pe = 0
(FEM),, = (FEM),, = 0
4(18)>
(FEM)g¢ i T - 108k-ft
(FEM)o5 = 108k ft
(FEM)cp = (FEM)pe = O
Joint A B C D
Mem AB  BA BC CB cD  DC
DF 0 06429 03571 04545 05455 0
FEM —108 108
69.43  38.57..—19.09 -5891
34727 224545 19,28 ~29.46
1578 876 _ 876 —-10.52
7.89 1387 438 526
282 156 _ ~199 -2.39
141 < —1.00°X 078 N 120
064 036\ -035 —043
032« —0.18°% 0.18 021
0.11 006 _  —008 —0.10
006 7 -0.042X0.03 _0.05
003 001 -00! -0.02
IM 144 888 888 724 -724 -362
72 K.
4439Kh &-Blbjt 7
2
(3.32k  [TTTT1TCC 1 7zaekft 4"
cl )(g«
9}1 /5}1:
594/‘ 350 x
I 36 /]rft
MKkft)
4444 6%
\ » /4 — 444k ft Ans.
o l T Bl X (ff) MBA = 88.8 k ft Ans-
» M. = —88.8 kft Ans.
MCB= 724kft Al’lS.
M= -72.4Kk ft Ans.
-88-8 724 Mpe= -36.2 k ft Ans.
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FEM;,

Joint
Member
DF
FEM

12-11. Determine the moment at B, then draw the
moment diagram for each member of the frame. Assume
the support at A is a pin and C is fixed. EI is constant.

a*b

12 kN
l B
‘ 4m ‘L me—{

P 2 12 2 (2)2(4) )
B (E)(b a* 7) = (gz‘)((“) 2+ — ) = 1333kN-m
A B c
1 0.429 0.571 0
0 13.33 0
-572 ~7.61
-3.81
0 7.61 -7.61 -3.81
Ans

termine the moments acting at the ends of

o

*12-12. De : ‘ 181t | 121t
each member, then draw the moment diagram. Assume B ‘ 5 kit ‘
is afixed joint and A and D are pin supported and Cis fixed. '
E = 29(10% ksi, I 45 = 7001in* and I, = 1100 in*. ' l l l l l l l l l l
el —w g
|‘ B 3ft C
3k
31t
3k
od 3
(DF),5 = (DF)ps =1 (DF) =0
3L g-)/18
(DF)y, = Casc) = 0.1628
3L pc) /18 + (L 5 ) 112 + 3(LSTI4L 50)19
(DF)5c = 0.3256
(DE)zp = 0.5116
~5(18)*
(FEM),; = —5— = - 135k-fi
(FEM),, = 135k-ft
~5(12)2
(FEM), = 5 -60k-ft
(FEM), = 60k-ft
=2(3)(9
(FEM)BD = "-—3—— = —G-Okf[
(FEM)p; = 6.0k ft 122 K 209
/\ r———*lzztllc'ﬂ
Joi A B c D * —+ SREEEN
omt
Mem. AB BA BD BC CB DB a7 ] 403 kM -383Kft
DF 1 0.1628 05116 0.3256 0 ] 18] kAt
FEM -135 135 -60  -60 60 6.0 My =0 Ans
135 -11.23 -3530 2247 -60 Mz =181 kft Ans reseq 1
67.5 =30 -11.23 My, = =773k ft Ans
-105 -33.00 -21.00 Mpc = 103 k ft Ans
—10.5 M= 383 kft Ans
M0 181 =773 -103 383 0 Mpz=0 Ans
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12-13. Determine the internal moments acting at each
joint. Assume A, D, and E are pinned and B and C are
fixed joints. The moment of inertia of each member is
listed in the figure. E = 29(10°) ksi.
4K /it
% [ c
fA B I,pc=800in?
181t 61t
4—+—20k
Izp = 600in*
Icg = 1000 in* 6 ft
D JE |
{DF), 4 =1
KTV TL)
(DF);, = 18¢ = 0.5496
3lagc )16 + W) /18 + 30750501712
{DF)gc = 0.2443
(DF)gp = 0.2061
Liac)/18
(DF)¢p = Hlaso) = 0.4156
Hlgc) /18 + 3(1.251,5)/12
(DF) g = 0.5844
(DF)DB = (DF)EC =1
4(6)* ,
(FEM),y = ~——— = =120k fi
(FEM),, = 12.0k-ft
~4(18)*
(FEMg- = ———— = —108k-ft
12
(FEMY, = 108 k-f1
20(12
(FEM) = — 0(8 ) = =30.0k-fi
(FEM)g = 30.0k-fu
(FEM);p, = (FEM)py; = 0
Joint A B C E D
Mem.  AB BA BD BC CB CE EC DB
Df 1 0.5496 0.2061 0.2443 04156 0.5844 | I
FEM -120 120 -108 108 -30 30
120 5276 19.79 2345 -3242 —4558 -30 Myp=0 Ans
6.0 -16.21 1173 ~15.0 Mg, =76.2 kft Ans
561 210 249 136 191 Mpp = 21.8 kft Ans
068  1.25 M, = ~98.0 k ft Ans
~037 014 017 -052 073 My = 89.4 k ft Ans
014 005 006 003 005 Mpe=0 Ans
M 0 762 218 980 894 -84 0 0 Mpp=0 Ans
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12-14. Determine the moments at A, C, and D, then
draw the moment diagram for each member of the frame.
Support A and joints C and D are fixed connected. EI is
constant.

6 kN/m

H“iuj“”#ﬁ

6m
Bl ‘
R S T SO PP oN A-C
o # - M (o) Lot s
oK
a x (m)
FEM, = 0 FEMp, = 0 -850
w68 o iNem = FEM b ¢-v
FEM(;D = '1—2_ = 12 = ‘m = DC ?’HKN'M) —~_—M[°N
204
L &7
My, = 25 = 8 3675 ivem
8 8
FEM,, = 48 k-ft
-p
Joint A B c D E M (ko) Zﬁﬁi/_”_‘l____'ii
Member AC BD CA CD DC DB DE ED oers
DF 0 I 0.5714 04286 035 0.35 0.3 | M ()
=
FEM -32 32 —36.75
18.285  13.7152 1.6625  1.6625 1.425
M (xebim) %_J__{ﬂ_ﬁ
9.1425 0.83125 6.8576 20.6
-047498 -03563 -2400 24 -2.057 ’
~0.23749 -12 ~0.17815 . . (m)
0.6868 0.51432  0.06235 0.06235  0.0534 im
-313
M 8.905 18.50 - 18.50 380 ~0.67515 —37.33
M,-=891kNm Ans

Map=0 Ans
Mg, = 185kNm Ans
M= -185kNm Ans
Mpc = 38 kN m Ans
My =-0.675kNm  Ans
Mpr=-37.3kNm Ans
Mg, =0 Ans
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12-15. Determine the moment at B, then draw the
moment diagram for each member of the frame. Support A
is pinned. EI is constant.
1.5k/ft
: A B
12 ft
C
12 ft Sft
FEM,. = 0
wl?  15(12%)
FEMj, = —— = ——— = 27k
Joint A B C
Member AB BA BC CB
DF 1 0.44828 0.55172 0
FEM 27
-12.103 —-14.897
—7.4485
M 0 14.897 -14.897 -7.4485
Mg=-149kft Ans
M) Zeerion A-E spid P
p— M ?
mm\ 12 ) :
+— X
\W ¥ 28 (6
—143 ~14.9
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#12-16. Determine the moments acting at the ends of
each member of the frame. EI is the constant.
1.5k/ft
15k
201t Lo it
15k f—~rR
v 24 ft“ { ‘
Consider no sideway
(DF) 5 = (DF)pe = 1 1
31120 — R
(DFjg, = (DF)¢p = o = 04737 —
a4 @ = o anm - Y
(DF)y = (DF)¢; = 0.5263
(FEM),, = (FEM);, = 0
~1.5(24)*
(FEM),. = —-—1(2 L -72k-fi
(FEM); = 72k-ft
(FEM)cp = (FEM)pe = 0
Joint A B C D
Mem AB BA BC CB (€D DC 2B Ef 28X 1
DF 1 04737 05263 0.5263 04737 1
FEM -720 720
3401 37.89 _ -37.89 -34.11 20ft
~18.95 X18.95 o
898 997 _ 997 898
—4.982X 498
236 262 X-z.ﬁz -2.36 A Tndodu K
-1317% 1.31
062 069 x—0.69 -0.62 ,
-0.35"% 0.35 mmad
0.16  0.18 \—0.18 —0.16 ;
-0.0940.09 j 1ocht
0.04 005._ —005 -004 /
-0.027% 002 /
001 001 —001 -00I ]
M 1628 4628 4628 —46.28
_XF =0 (for the frame without sidesway) czsorft
R+2314-2314-15=0
R = 150k
Joint A B c D P 20t
Mem. 4B BA BC CB cD DC
DF | 04737 05263 05263 04737 |
FEM -100 -100 \ A3 28 K 3usk
4737 52.63x52.63 41.37
26.327%26.32
-1247 -13.85_-13.85 -1247
-6.93 .93 ,
328 366 328 R* = 3.125 + 3.125 = 6.25k
15
182 X 1.82 Mg, = 4628 + (—)(—62.5) = —104k-f1 Ans
-0.86 -0.96 X-o.% -0.86 6-2f5
~0.48#%-0.48 Mg = —46.28 + (—)(62.5) = 104 k- fi
023 025,025 023 8¢ 28T (g5 089) ‘ Ans
0.13 /% 0.13 - 15 -
006 —0.07x—o.07 006 Mg = 4628 + (E)(sz.s) = 196k-ft Ans
-0.037% 0,03 15
002 00 o002 002 Mcp = —46.28 + (52)(-625) = ~196k &t Ans
-62.50 62.50 62.50 -62.50 My = Mpc =0 Ans
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12-17. Determine the moments acting at the ends of
each member. Assume the supports at A and D are fixed.
The moment of inertia of each member is indicated in the b it
figure. £ = 29(10%) ksi. NENNEENEEE!
6k /ft
[ ] 7
B Ipc=1200 in c
Icp=600in*] | 101t
Lig = 800 in* . l
‘ 241t 7
RI
Consider no sideway <
(DF) 5 = (DF)pc =0
(Ll 15
DF),, = —— 22 = = 05161
(DF) 54 (:_3(3()/15+IB(/24 ‘ Voo
(DF) ;¢ = 04839 - y
Iy /24
DF = e — = 04545 : .
(DF)¢g 055110 = /24 M xft seS5KR i\i'wk'ﬁ 20646 EH
(DF)¢p = 0.5455 7
10§t ioft
(FEM),; = (FEM)z, = 0 5k 55 B 30968k
~6(24)? i
(FEM)yc = —— = —288k-ft 28t 0322 K
= 288 k- f "49.28 K-fL Pu*i2-583 K I
(FEM)c; = 288k ft 4428k AB3AET 96.50 k.t
(FEM)cp, = (FEM)pe =0 Ar 5906 K.
Joint A 8 C D
Mem. AB BA BC cB cz %c ot A s c b
DE 0 0516l 0.22389 0.;;:5 0.5455 Mem.  AB  BA Bc  CB > be
FEM 1936 . 13090 157,10 DF 0 05161 04839 04545 05455 0O
11864 139.36 o 13030 —157.10 FEM 5926 59.26 10 100
74.32 -65.45 " 69.68 -78.55
201 Z30.58 2868, ~4545 5455
3378 3L6T wg-3167 3801 _15.29 # 273" 1434 2798
16.80 7 ~15.847 1584 -19.01 2
818 166 w -720  -8.64 1173 11.005g 652 782
w0 R 1 N 581 3267 550 Mg
: B : -1.68  -1.584¢-250 3.
186 L4 -7 209 g4 _1258.% 0 B30
093 # 08772 087 -1.04 ~0.19 -1.50
22 a2 040 —047 : 065 0604036 043
045 042 o 0. AN 032~ 0.18 #™ 0.30 ™ 022
0.22 7 -0207% 0.21 -0.24 009 009 -014 016
1 0.10 _ -0.10 —0.11 . - - -
005 ¢ 010 0.052% 0,05 ™= 506 0054 0077 0,04 o0
- ; : : 004 003,002 002
002 002 _ -002 -003 002~ 0.01 9% 0.02 ™ ool
- 2 . -2 - Y g B -
IM 9650 193.02 -193.02 20636 -20646 ~-103.22 IM 1928 3931 -3931 -50.55 5055 75.28
IF =0  (for the frame without sideway) R’ = 5906 + 12.585 = 18.489k
R + 19301 - 30968 = 0 y 96.50 + 1 L1666
- = 96.50 +1 49.28) = 128k-
R = 11.666 k 18 18.489)( ) 8k-fi Ans
11.666
6E0.751,5)0" Mpa = 193.02 - (22)(3931) = 218k Ans
(FEM)p = (FEM)pe = 100 = ——— A2 :
10¢ My = —193.02 + (%€ 3931y = —218k
. 1000109 8¢ Ot g (PP = “ Ans
= BEOTILD 11.666
6E(0.751,5) Mcp = 206.46 — (———)(-50.55) = 175k-fi Ans
18.489
11.666
Mcp = -206.46 + (5 a59) (3059 = - 175k ft Ans
_ _ 6EL,A° _ 6ElLs  100(10)2 y -
(FEM), 5 = (FEMy, = T )(65(0_75[“’)) = 5926 k fi 666
Mpc = —103.21 + (£=ee)(75.28) = —557 k- Ans
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12-18. Determine the moments at B and C and then 3k/tt
draw the moment diagram. Assume A and D are pins l l l l l l l l l l l
and B and C are fixed-connected joints. E7 is constant. N gq__lzk
B C
6 ft
121t <« 12k
6 ft
A D
!— 18 ft l
Consider no sidesway R e -
(DF),5 = (DF)pc =1 \ /‘1
DF)cp = 371 = (.5294 100:/-;‘ 100 K4}
(DFrgy = (PRlep = ST e ~ " | \‘
(DF)g¢ = (DF)gp = 0.4706 5250k ft L1194 k-4t 4 |\
\
\ \
(FEM),, = (FEM);, = 0 o 1 j,:
FEM) AT siken i 2k ” Y
( =- =~k 2. st
8c n " e H5 k. -
(FEM)p = 81Kk fi
12(12)
(FE‘WCD = - 2 = —18k-ft e B=0339c
(FEM)p- = 18k-ft zh 124t
Joint A B c D *WT Reed i E
Mem. AB BA BC CB CD DC A
DF 1 0.5294 0.4706 04706 0.5294 1 Sk
-8l 81 -18 18 320k e ATTO R
FEM PR Y .
4288 3812 -29.65 -3335 -I8 ! 1
—14,82X19.06 -9.0 ! *iII[ 7 =
7.85 697 ,—474 533 weuck 91t U 94 ane
-2367<3.49 i T 5ok
125 LIl -1.64 -L8S Zobe
08275 0.56 it
0.43 0.39 x—0.26 -0.29 . e
-0.13 0.19
0.07 0.06 -0.09 -0.10 Gt
~0.05 0.03 e
002 002 -001 —0.02 ¢
M 0 52.51 -52.51 6794 6794 O Hax
_IF, =0 (for the frame without sidesway) L o 853 kft
R+ 4376 +0339 - 12-12=0 r :j,\,mxit
R = 19.286 Ceoc
R s#9eft
Joint A B C D
Mem. AB BA BC CB cD DC
DF 1 0.5294 04706 04706 05294 |
FEM 100 100
-5294 4706 ~47.06 -5234 R = 4763k + 4763k = 9.525k
-23.583 -23.53 19.286
12.46 11.07>(\11,07 12.46 My, = 5251 + ——(57.15) = 168 k-fi Ans
9.525
5.54 5.54 19.286
-293  -261\,-261 -293 Mgy = —52.51 + ——(—57.15) = —168 k- ft Ans
-1.307 %130 ' 199’58335
0.69 0.61 0.61 0.69 My, = 67.94 Z__(-57.15) = ~47.8k-fi A
03199 031 o8 * S ) 8k-fi ns
-0.16 -0.14 X—O.l-i —0.16 19.286
~0.07 #2—0.07 _ . _ .
0.04 0.03 0.03 0.04 My = —6794 + 9535 (57.15) = 478kt Ans
M 0 5715 -57.15 -57.15 5715 O
My =Myc=0 Ans
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12-19. Determine the moments acting at the ends of
each member. Assume the joints are fixed connected and
A and D are fixed supports. EI is constant.

1500 Ib /ft

800 Ib /it T
R
| o8kt
1 20 ft 1 i
Consider no sideway
(DF),5 = (DF)pe =0 s .
S P —
= =T =05714
(DF)p = (DReo = 7oy
(DE)p = (DF)gp = 0.4286
—0.8(15)°
(FEM),; = _._._81(2 Y iskef
(FEM), = 15k-ft rrhy b
-1.5(20)*
FEM)y, = ——— = —S0k-ft
( BC 12 42-38 -t MBS
(FEMicy = S0k-ft 4\'— _¢
(FEM)p = (FEM)pe =0 ] .
1}
zr
Joint A B C D et =t
Mem AB  BA BC CB cD DC i f
DE 0 05714 04286 04286 05714 0 | Roddese.,
FEM -I5 15 -50 50 i '
2000 1500 -21.43 -28.57 (32 R Axs 3.2 3% 1721 4t
10.00" _10.72% 7.50 N 1429
6.12 459 -321 -429
306 7 —1.61X 230 \—2.14 ______________ 52-95 £ft 52495 k-4t
092 069,,-098 -132 o~
0.46 % 049 X 0.34 N 066 : , T oo EH
0.28 021\, -0.15 —020
g 007 0l -0.10
0.04 003 \—005 —0.06
002 < -0.02X 0.02 -0.03
_131 4238 -4238 3443 3443 -1721  Cewokf % oo eft A rBé29E .
= etorfe  TeagrRl Boes
CIF =0 (for the frame without sidesway)
R + 3263 + 3.443 — 0.8(15) = 0
R = 5294k
Jount A B C D , , R
Mem.  AB BA BC CB CcD DC R = 8627 + 8627 !7 255k
DF 0 05714 04286 04286 0.5714 0 M, _13”( )( 7646) = —248k- i Ans
FEM -100 -100 . 100 -100 5
7.14 4286, 4286 57.14 2
My, = 32.38 ~52.95) = 26.1k-fi A
28.57 e 21437421 43 g7 ba = 4238+ 7755’( ) t as
~1225 -9.18 \-9.18 —12.25 _ .
612" PP WP 41, Mpc = -42.38 +( )(52 95) = —26.1k-ft Ans
2162 197 3197 262 B 5294 _
131 4 0.98 Xogs N 1.31 Mep = 3443 +¢ ” 5)(52.95) =507k ft Ans
056 —0.42,—042 -0.56
0¥ —0.7124—0 21 \—0_28 Mep =-3443 +l )( -52.95) = -50.7k-f Ans
0.12 0.09 0.0 0.12 5 2
0.06/ 0.057" 0.05 = 0.06 My, = -17.22 ”17,55’( ~76.46) = ~40.7k-ft Ans

-003 -002 =002 -0.03
IM 7646 —5295 5295 5295 -5295 -76.46
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#12-20. Determine the moments acting at the fixed

supports A and D of the battered-column frame. E7 is Ak/fit
constant.
6k -
B C
20 ft
Consider no sidesway SRS IR R TR
{DF),, = (DF),- = 0 20 ft
1725
(DB, =tDF) oy = — o =
B LT3 v 1020
(DF)pe = (DF)cp = 0.5556 it
13 R
—4020)°
(FEM)ye = ——— = ~ 13333k
(FEM); = 133.33k-fu
(FEM),; = (FEM)p, = (FEM)¢p, = (FEM)p = 0 + ’
Joint A B C D
Mem. AB  BA BC B (D DC R
DF 0 0.4444 (0.5556 05556 0.1444 0
FEM -133.33 133.33
59.25 74.08 \_~T74.08 ~-59.25
2967 3704 37.04 2963
16.46 20.58 ~-20.58 -16.46
823~ 1026781029 ™23
4.57 572 ~5.72 .57
2‘28/ —2.86)< 286 \—2.29
1.27 1.59 -1.59 -1.27
064 «~ 0797070 064
035 0.44 ~044 035
018" 022702 o8
0.10 0.12 -0.12 -0.10
0.05 < 0,067 0,06 005

0.03 0.03 -0.03 -0.03
IM 4100 8203 -~8203 8203 -8203 —41.00

R+ 3415k - 3415k -6 =0 Acz3615 1 Redesx
R =6k
—6EIA’ .
(FEM)AB = (FEM)EA = —""‘—(25)2 = —-100k.ft
A = (100X25)*
T 6HE

(6EN2A"cos 6 (6EN(2)(0.6) (100)(25)°
(FEND = (FEM) = = 3 = I87.8
o cs (20)? (202 em - ©

(FEM).p = (FEM)p. =-100k-ft

Joint A B C D
Mcm,  AB BA BC  CB fors) DC
DF 0 04444 05556 05556 0444 0
FEM -100 —100 1875 1875 -100 100
-3888 -48.62.-4862 38.88
—19.44 &~ 243V 22431 ™ _19.44
10.80 13511351 1080
sa0 & 675 78675 ™ 540
300 -375_-375 -300
—1.50 & ~1887% 1 38 T™_1.50 521 ¢
0.84 104,104 084
042« 0.52 4 0.52 TN oa £ = 22065k + 22.065k = 44.130k
023 029 _ -029 —023 : - : :
0124 ~0.147% 0,14 N1z
0.06 0.08 0.08 0.06 = 41, Z11521) = 253k-fi  Ans
003+~ 0.04 7 > 0.04 ™ 003 Myp = 4100 + (5 (011320 = 2
002 -002 -002 002 My = —41.00 + ( )~11521) = -56.7k-ft  Ans
IM  -115.21 -13044 13044 13044 -13044 -11521 ' 44.130
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12-21. Determine the horizontal and vertical components
of reaction at the pin supports A and D. EI is constant.
oK
“— R
Consider no sideway 4 7
+
(DF1,5 = (DFlye = 1
DF = (DF) = A = (13659 R
A T3z
(DF1g¢ = (DF)py = 0.6341
10(8)%(2)
(FEM)g . ———— = —128k-f1
10
FEM)cy = 2E® 3 ks I
Ve = 7 7o
(FEM),, = (FEM),, = (FEM), = (FEM),. = 0 e
24 DL 8t Loft |
Joint A B C D P— Q .
Mem. AB  BA BC CB cp DC -
DF 1 03659 06341 0.6341 03659 1 S6mk bk S 122950 K-f( Mtk -9 M445 Kft
FEM -128 32 — -
4.684 8.116 (~2.029 -~1.1I71
P13
“1015%4.058 ok an
0.371  0.643 x—2.573 ~1.485 i
-1:287 “0.322 L ~24.074 & _ syes I
0.471  0.816y—0.204 -0.118 k3o 220968 R ¢
it Ea 28083 28889k
—0. 102>< 0.408 62665 134
0.037  0.065 -0259 —0.149
—0.130 .032
0.047 0.082 (,-0.021 -0012
-0.01 .0.41
0.004 0.007 -0.026 =001
™ 0 5614 -5.614 295 -295 0 O
D &t _'[
_XF =0 (for frame without sidesway)
R + 0968 — 3912 =20 3nth 50K 3505 179 k:fe
R = 2944k _ ok ~
21 350k
(FEM);, = (FEM)ep = ——— = - 100k fi
13* Zit
K 100(13)’ 22,8
S 3m L,
6EI2A"cos 6)  (6EN(2)(F5) 100(13)* i ¢
= = = = 260k
(FEM)yc = (FEM)gp = —— g )T ok "ﬂ( s,
Joint A B C D
Mem. AB BA BC CB CcD DC
DF 1 03659 0631 0631 03659 1 R = 24074k + 24.074k
FEM -100 260 260  -100 R = 48.149 K
-58.54 -101.46_-101.46 5854 2944
~50.734%-50.73 My, = 5614 + (48 149)(—-1-1»4.45) = -3.22k-f
18.56 32.17 32.17 18.56 '2‘944
16.08 16.08 ' My = -5.614 + (48 149)(144.45) = 3.22k-ft
~5.88 -10.20 _ -1020 -5.88 ’944'
—5.10 X ~5.10 Mgy = 295 + (———)(144.45) = 1179k fi
1.87 323 o323 1.87 48.149
1.62 1.62 Mgy = —2.95 + (————)(-144.45) = —11.79k-ft
059 -103 __-103 -059 48.149
—0.51 >{—0.5 l
0.19 0.33 0.33 0.19 Thus,
0.16 0.16
—0.06 4.10x4.10 ~0.06 A, = 2.4k Ans
-0.05 -0.05 A, = 650k Ans
0.02 0.03 0.03 0.02 D, = 244% Ans
IM 0 -14445 14445 1445 14445 O D = 350k Ans
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13-1. Determine the fixed-end moments at A and C for
the composite beam. E = 29(10%) ksi.

8k

FA Lp=600in* B Iyc=900in? ¢

| 121t ! 15t

S

M (K-f¢)
8k 53.33

| ,,_% 12 27
[ /zft v /5f¢ Bl
+4 Mﬁ [ ——.

0-5556M,
MA \
g <

t— X (ft)
2

320 26667 M »
e S 5 72
”’L o~ 25_.&
T 2 27
F8r T 95 T roft
LA
2. 667 (=)
Fius | | 0667 sk 2.778M, e 92556,
Ty {::1*.‘{ Elag R ( e oir
; i .. e TEre
|l —t T X{t)
1 Il ] 2 37
Mafe sl 10ft 1T /oft
+ 2776M; £
2.667M R el Efas
i EZuy, L 248 Q—%ﬂ ‘-L—Ez‘gia-”i‘ 0-bbeT M,
,.l—'f«".—f—'-'-‘—? /L///"/’] Fl
;’—:::—::#ﬁ ——i - ‘} + X (;t)
! | Lol i 27
Cei T wsp TV st
254t
+TIF =0 586.667+ 12.111M, +9.8889M = 0
(em, = o 7093.333+97.8830M, + 169.111M, = 0
Mq= —264k fi Ans
M, = -269k-fi Ans
Neganve signs indicar that the direction of the moments are opposite to those shown on the
free - body diagrams.
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13-2. Determine the stiffness K 4 and carry-over factor
C 4c for the beam. Assume A and C are fixed supports.

+TZF = 12.111M, —9.889C, -M, = WEl, Ipc=900in?
[+ M, = 0 97.889M, ~ 169.111C,-M, = 1 15 ft
K, = M, = 0.1566 El,,
3 600
= 0.1566(29)( 10" ) —
144 24t
= 189(10°) k- fu Ans L 45t (g e | roft
COF = C, = 0.579 Ans [ l‘
2.66TMy
E
y Do GbTM,
A
( Q= ! rud CacMa
2
o )
L Nl ]
I 7zfc T 1574 i
M
M 0-5556 M,
,\J x{ft)
04444,
ACMA G:MA
13-3. Determine the slope at the end B of the cantilever 4k
beam. The cross section is rectangular and has a constant ¢
width of 1 ft. Segment the beam every 5 ft for the il ft
calculation. Take £ = 29(10%) ksi. 3 ﬁI B‘ T
A 30ft
TSE =0 -V ( )(53.33) 5 — (63 "7) 5) - (75.57) 5) _(90.00 ) - (103158)(5)
+ » =0 (] s\ (3 3 ( F ) ) £
9
__(101.-5)(5) =0
23022 2302.2
8y =- = -0.000551 rad Ans
E 29( 10)? (144) I(ﬂ‘)

4n £

z-“?ﬂ z 3334t zoo}t 2 mft , 335}{

58025

1-056640.%%7 0.08333
; \ 0-38%00.'”55/
{ - . F— Xt

g%

Jo ft
Mkft) | SH ' st l sH l SH l sft l s "
5 0 5 20 25 7
- X% xe0 1
| : PR R | Pl P T 7
I P Y ; Pl /// : //: V'
g i 7 /
82 ARV ’
27 AV
Q— -'—57 90-00 i
E z 103-68 101.25
3 E
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*13-4. Determine approximately the stiffness and I
carry-over factors for the end B of the beam. Segment 2
the beam every 5 ft for the calculation. 25

31t /—Lif

30 ft

0-6c57 0833 1.0 B ——— o )
o | e S R
oreer 233 : ! i 0444 0-527 0.435 , 0844
ol — 750 0864 Vil
T T g -t C, M
! . T 8a
| ; 03333 0] —_—
-0-500 E
0T 08333 04 ” |
5 | sH | SA T 855t | spt | 55t |
S4aM,
My CaaM;
E E
area morent about 8" + area moment about B” +
30.00 —50.00 422 21.10
21.10 —105.48 432 4320
8.64 —86.40 375 56.25
375 -56.25 3.15 63.00
1.58 -31.50 2.64 65.88
0.52 -13.12 L1 3145
I 6559 -342.75 19.19 280.88
G M =0 (-34275) (-‘1) + (280.88C;, )( ) 0
CBA l Ans
M, M,
+TIF =0 65.59(—51) - (19.19c“)(-éi) -1=0
ol 3
DUDMD 9021k = 99.0(100 k- £t Ans

My =Ky = —5 15
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13-5. Determine the stiffness and carry-over factors at
ends A and B of the composite beam. E = 29(10%) ksi.

P
Icg=400in*
A 1= 1200 in* c
l 24 ft 121t |
c " WL CasM,
paMas A )
( 'ﬁ F———-ﬂ_! ) Qal 1red ’4}7A C 8
s i e f‘ 4t Tz 1
r 24f¢t T st
M M

Wf
0666]

0-ubbT M, Cantls CasM,

Me

BH |4 6Ft | 8ft | -1ad %ﬁq 165t
lgom |

-0
Ely.

[ 76/t T mft 8T4?d
24t
End A :
+TIF =0 220G, My-38.0My= —Ely.
(+IM, = 0: - 464Cy My +328M; = 0
Cas = 0.7069 = 0.707 Ans
Ky = My =0.04455 Elpc = 10,765 k-fi= 10.8(10°) k-t Anms
End B :
+TZE = 0. 22.0M,-380C,s M, = El,
(+IM, = 0:  328M, - 1040C,, M, = O
Cyp = 03154 = 0315 Ans
K, =M, =24129k-ft= 241(10°) k-t Ans
Check : GCo Ky = (0.7069) (0765) = 7610

Cup K, = (0.3154)(24129) = 7610

354



6/24/08 4:46 PM Page 355

—p—

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

13-6. Determine the stiffness and carry-over factors for
the steel beam having a moment of inertia of 600 in* and
a depth of 10 in. The beam is partially reinforced by
lin. X 10in. flange cover plates at each end. Take
E = 29(10%) ksi.

! | 3 .4
[ = —(10)(12)" = —(10)(10)" = 606.67 in.
12( )(12) l2( )(10) in

My CasMa
E E
Segment Scgment
Arca Moment Area Moment
about A’ -?) about A ﬂ
24.54895 81.8312 24.54895 ~ 163.6597
122.7466 613.733 148.112 ~2591.961
148.112 2591.961 111.0868 -2221.736
111.0868 1666.302 122.7466 ~3682.398
24.54895 695.554 24.54805 —777385
I 4310433 5649.381 431.0433 ~9437.140
EZMA- =0 56494381(%) — 9437.140 (9”3“—‘1) =0
Cap = 0599 = Cpy (Symmetry)
+TZE =0 431.0433(%) - 431.0433 (———C“ZM‘) -1=0
K =M= BUONIY 24138 k-fi
172972

= 24.1(10°)k-f = Kp (Symmcuy)

1in. x 10 in. plates .
llO in.

e Y ______—————

= —=

|
AF—IO ft#ls ft4D+—10 tt—

. 4
I,, = 1200.57m .
o' w M

f L

B
Jen,

LTS} -t

(L)
H, [33
A
3 48511
e
2 04 2 1874138
Ans ' 31
A -
Fos017y
V;., e Ut
N
Wissy |
CisM,
An ‘E -

13-7. Determine approximately the stiffness and carry-
over factors for the steel beam having a moment of inertia

of 94.9(10°) mm* and a depth of 222 mm. The beam is A‘ 1 1 JB
partially reinforced by 15 mm X 200 mm flange cover \ 4m \ 3m \ 4m \
plates at each end. Take E = 200 GPa.
I= 2[1—;(0.2)(0.015)’ + (0.2)(0,015)(0.1185)1] +94.9(107%) 5 .
‘ 4"’1 § E——— | al B
= 179.266(107%) m* H G, M
. | ) GoM,
M Cur My u_
E £ i 0.6363
Segment Segment - 53630
Area Moment Area Moment
s Pyl —
7.663.554 10,218.072 7,663.554 20,436.14 i - oeatd i
26,822.49 53,644.98 6,085.36 33,469.49
2,282.06 11,410.31 2,282.06 13,692.38 M
6.085.36 33,469.491 26,822.49 241,402.43 E
7,663.554 63,863.08 7,663.554 74.081.02 s34 (205023
I 50,517.03 172,605.93 50,517.03 383,081.5] >] KR 34008
qIﬂ&ts — T
' : 3549.029
. 3,
(zm =0 172,605.93(%) ~383,081.5](—C‘2M> =0 Ve ! 031,785 = _—
. A3
Cis = 0.451 = Cpy (symmetry) Am | Cad Mo
Er
+TIF =0 50.517.03(‘{1) - 50,517.03(9—25{“-) ~-1=0
200(10°)
= M= =72l MN-m = Ass
K = M= 75sas m = Ky (symmetsy)
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*13-8. The tapered girder is made of steel having a R ¥
1. .
Z-in. we‘p plate anq welded to ﬂange plates which are ) Caska
8in. X 1in. Determine the approximately carry-over factor K (
and stiffness at the ends A and B. Segment the girder 8
every 4 ft for the calculations. Take E = 29(10°) ksi. A
A B
f | 54,
- 20t
L
' B 1y
= 4amias | o ‘S"@zb T vl
[y —E*—' S E
= ; T LT,
Al right end : A i €
I= 2[l(s)(1)’ + 8(1)(10 5)’] + -’-(3)(20)’ = 2098.67in} 0;‘;1%
12 ’ 122 T F 188050 Can fa_
Using (approximaely) the wiangular areas of Fig. (1) : [
. 2
(ry = 0, Couka 4y [1(4.17195)(|6+ -8-)+(3.87589)(16) 1—'1“—’5"!1
f  2.400 ; Yotnstaly AT G
+{3.40897)(12) +(2.69532) (8} +( 1»61937)(4)J e €
- %(4) [(0.96897)( 16) +(2.27265)(12) + ";: rod
1 4 L' '
(4.04298)(8) + (6.47747)(4) + —(9.88056 (-)J =0
2 3 Cu by /’ ’_’/—-”f,t ')l.
679.600437 Cyp —430.464285 = 0 A 8
Coa = 0.6334 = 0.633 Ans A
+1%F = 0; -C-':é—@(@[%u.xnsvsna.svssw 3.40897
+2.69532+ 1,61936] —£(4) [0.96891 4
E 2 F
+2.27265+4.04298+6.47747 +
1 o
~(9.88056)| = -1
) )J ~Lagly
34.67407K, —74.80939K; = —29(10)(144) s
K3 = 104,048k ft = 104(10°) k-1 Ans
K [1 4
+EM, = O; —(4)| =(4.17195) (= | + (3.87589)(4
N AP )(3)+( S89)4) 1020986
+1{3.408973(8) +{2.69332){12) + I‘;é‘l937(16)] E 207
Casky -
- 224 (4){(0.968 . .
£ (4 (0.96897)(4) +2.27265(8) +4.04298 Latosint
1 3
(12) +(6.47747)(16) + 3(9.88056)(l6+ 5)] =0 (2L VN
415.2413~1065,72359C,5 = 0 M Asitnr,
Cag = 0.3896=0.390 Ans B mmk\ € T lopeseky
+TZF = 0, —‘21(4) [%(4.17194) +3.87589 + 3.40897 [ |
Cis Ky ! 2%’
+2.69532+ 1.6 1937] - ———E——-(4)[0.96897 (,) A 1.6¢1937 ;g Ky
+2_27265+4,04298+6.47747+%(9.88056)] =1 T U532 0k,
54.742088K, ~ 29.1482255K, = 29(10°)(144) VUL | e """L’éﬂ.’n_ €
K, = 163164 k-ft = 163(10°) k-£1 Aas 3 "i’_‘iﬂ.gu!-_
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13-9. The column AB serves to support a beam rail C
for a light industrial building. Determine the stiffness and
carry-over factors at ends A and B. E = 29(10°) ksi.

Using Fig. (1) :

+TZF, = 0;  22CpM; ~38M; = —Elgc
A (FIMy= 0;  464C,ph,y -328M, = 0
= 0.7069 = 0. A
IAC = 400 in4 12 ft CAB 0.7069 0.707 \ ns
K, = M, = 10,765.480 k-ft= 10.8(10°) k-ft  Ans
[
Using Fig. (2) :
+T EFV = 0 22Mp —38CpsMp = Elpc
QEMB =0, 328Mp — 1040CsuMp = 0
- 21t Ca = 03154 = 0315 Ans
pe= M Kp= M= 24,129.544 k-ft = 24.1(10°) k-t Ans
Check : CuKy = (0.7069)(10,765.489) = 7610
CoaKs = (0.3154)(24,129.544) = 7610
M, (D=1 rad
M CMMA ‘) A rad)
€l T
! e ¢ A
]
5
+ 0 7 [ /
outers, =1/ /)
Elee 2&’ éﬂi
E-T‘; EI«.
b(
‘l
P
_BMy
Ene 24 A
€T €T
Ha (85 | rad) A
y
( Tt JtyM,
My _Hs oy
€Y, o 8
N o
/ // £ &5C //7\\ ELBC i
0 - /j +- [
e ]
0.b (M, \\L/A
(¥ B
LS ZaaMa M,
ET,, €L,
i 32!
3p
R
B | T i @
s #r l ‘
n' ] ;
T ! 5Culjs |
EL,
—"gii’ bats
< ETge
357




cl3.gxd 6/24/08 4:46 PM Page 358

—p—

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

25k

13-10. Draw the moment diagram for the fixed-end
straight-haunched beam. E = 1.9(10%) ksi.

Using Table 13~1,

7.2

a4 = 4ag = 2—4 =03
24 - 1.2

Fo Z rg = ———— ]

1.2

CAp = CBA = 0705

ka = ksa = 10.85

b =05

Mg = My, = 01640

185.185

(FEM)a = My = 0.1640(2.5)(24) = 9.84 k-
Me = 1.25(12) - 9.84 = 5.16 k-{t
-984 o
13-11. Determine approximately the stiffness and Ma Guoi rod
carry-over factors for the laminated wood beam. Take : v
E =11 GPa. The beam has a thickness of 300 mm. (
Segment the beam every 1 m for the calculation. A )
' B FaeMs
’ —]
A B r +m R ]
150 mm} | T Icm* § 0.0054
600 mm - a © 8
| + 3 )
o Q H
4m | 3 S :
N o H :
t —+ —- = X{m}
a ] 2 3 4
My
-0

Caa M,

-

[(552485606)( 1)+(379.259)(2)

(4—}'_&{4 =0
1 2
+(258.939)(3) + 5( 185.185185) (3+ 3)]

M, (] 1
=2 [(E)( 1 1851.85)(3) +1658.57)(1)
+(379.259)(2) +(86.313)(3)| = 0
Cop = 1916 = 192 Ans

M1
+TZIF =0 —E‘-[E(HSSI.SSH 1658.57+ 379.259

M
+ 35.313] - E‘-’E—‘[557_856+ 379.259

i
+258.939+5( 185.185)] =1

E 3
=M, = ——m

5590.67

_ (108
"~ §590.67
1967.6kN-m = 1.97(10°) kN-m

K,
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#13-12. Determine the moments at A, B, and C by the
moment-distribution method. Use Table 13-1 to
determine the necessary beam properties. E is constant.
Assume the supports at A and C are fixed and the roller
support at B is on a rigid base. The girder has a thickness

of 1 ft.

Usiag Table 13~1

o

2t
| Span AR,
6 4
=—= 0.3, = —= (02
"2 %50
=222
BE ==
From wble, Cu= 0.622= Cc5
Cap = 0.748 = Gp¢
Ky = 10.06 = Kcp
Kga = 837 = Ky¢
FEM, Mcp = 0.1089(8)(20)* = 348.48
Mse = —0.0942(8)(20)* = ~301.44
Joint A B c
Member AB BA  BC (B
DF 0 0.5 0.5 0
COF 0.622 0748 0748 0.622
FEM -30144 34848
11274 « 15072 15072 -» 112.74
113 151 -151 461 Ans
13-13. Determine the moments at A, B, and C by the
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. £ 6 4
is constant. The haunches are straight. 4% =55 = 0.3 ag = i 0.2
4-2 l
===l
8 k/tt From Table 13— 1
! HHNHBH“HH C
e o . FES i orspan AB
. ﬁ" - S L il Cus = 0622 Coa = 0.748
20 ft L 20 ft 3 Ky = 1006 Ky = 837
Ky, E 8.37E]
Ky = _——-“L < o= T £ = 0.4185EL
(FEM),; = —0.1089(8)(20)° = - 34848k fu
(FEM)s, = 0.0942(8)(20)° = 301.44 k- ft
For span BC
Cpe = 0.748 Cep = 0.622
Kye = 8.37 Kes = 10.06
Ky = 0.4185E]
(FEM)z~ = —30144k-fi
(FEM), = 34848k fi
Joint A B c
Mem AB BA BC CB
K 04185El.  0.4185El,
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
M —348.48 301.44 -301.44 34848 k-ft Ans
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13-14. Solve Prob. 13-13 using the slope-deflection

equations.

8 k /ft

M AEY LA Y e

AT L\7 '
6 ft
A T

b 0.3 4
a, = — = (. = oe— =
\ 0 ay N 0.2
4-2
ry=r15 = 3 =1
Forspan AB
Cipg = 0622 Gy = 0748
Kz = 1006 Ky, = 837
Kp 1 El- 8.37£]
K = - = ——C. =
84 7 20 0.4185£1-

(FEM), 5 = —0.1089(8)(20)* = —348.48k-ft
(FEM)z, = 0.0942(8)(20)" = 301.44k-f1

For span BC
Coc = 0.748 Cep = 0622 Mea
Ky = 8.37 Kep = 10.06 (l:r!’jlj Moc
Kse = 0.418SEL, :
(FEM)ye = - 30144 k- ft }
(FEM)., = 348.48k- fi _ T

&

My = Kyl 68y + Gy 6~ y(1+C,)] +(FEM),
M5 = 0.503E1(0 + 0.6226; - ) - 348.48

M. = 0.312866E16, — 348.8 N
My, = 0.4185EK(6; + 0 - 0) + 301.44
My, = 0.41855/6, + 301.44 2
My = 0.4185EK8, + 0 - 0) — 301.44
My = 0.4185E16, — 301.44 (3)
Mcy = 0.503EK0 + 0.6220; — 0) + 348.48
Mcs = 0.312866E16, + 34848 (4)
Equilibriurn
My, + My =0 (&)}

Solving Egs. |-5:

6; =0

My = -348k-fi Ans

Mz, = 301k-fi Ans

Mg = -301k-fit Ans

Mqy = 348k fi Ans
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13-15. 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.

15

= a. = — = 02
ag ac 6

LY
CBC = ch = (.689

kg = kcp = 6.41

(FEM)ge =-0.145%(2)(16) =~ 4.6688k - ft
(FEM) ¢, = 4.6688k - fi

kge - 64HE)({)(1)(2.5)°

Koc = Keg = 25— = = = 0.5216E
1 k)
Key =Kep = %] = ff[“l%;lz)‘] = 0.6£
(DF)EA =(DF)CD = 0—5-,%565—_06; = 0.535
(DF)gc =(DF)p =-0.465
Joint A B c D
Member AB BA BC CB [8/2) DC
DF 0 0.535 0.465 0.465 0.535 0
COF 0.5 0.5 0.619 0.619 0.5 0.5
FEM —4.6688 4.6688
2.498 2.171 ~2.171 -2.198
1249 —1.344 1.344 -1.249
0.7191 06249 - 0.6249  -0.7191
-0.359 -0.387 0.387 -0.359
0.207 0.180 -0.180 -0.207
0.103 ~0.111 0.111 ~0.103
0.059 0.052 -0.052 ~0.059
0.029 ~0.032 0.032 -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
0.001 0.001 -0.001 ~0.001
£ 1750 351 -3.51 3.51 -351 ~1.75 k-fi
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#13-16. Solve Prob. 13-15 using the slope-deflection
equations.

32
= - = e = ()2
15 ag A 6 ).2
5-25
rg = re = =
L] (e 75 1

Cg( = CCB = 0.619
kye = ke = 641

(FEM)gr = 0.1459(2)(16) =— 4.6688 k- f1
(FEM)CH = — 4.6688k-ft
_ kg El _

Kgr = K
8C s 3 T
My = Ky[6y+Cy8r - y(1+Cy)] +(FEM)

641(E)({)(1)(2.5)?
ALY = 0.5216E

2L
Mip = —=(0+ 0= 0) + 0
25
IWBA = E—(Zf)g +0-0) +0
2E
MCD = Ts—(296+0—0)+0
2£7
Moc = 720+ 8:-0) +0
Myc =0.5216E(8, + 0.619(6.) —0) — 46688

Mcy =05216E(6, + 0.619(65) - 0) + 4.6688

Equilibrium :

i
<

Mgy + My =
Meg + Mep =

i
[=]

or,

2E(FH(1)(3)°
15

1.121665 + 0.322876, =

(26,) + 0.5216E16, + 0.6196,] —4.6688 = 0

4.6688
(h

2EL)(1)(3)
15
112166, + 0.322876, =

126;) + 0.5216E1 6, + 0.6198,] + 4.6688 = 0
4.6688

e 2

Solving Egs. 1 and 2 :

6y = —g, < 33528

M,;n = 1.75 k-ft Ans
My, = 350kt Ans
M.c = -351 k-fi ADs
A&] = 351 kR Ans
Mep, = =351 kR Ans
Mpe = —175k-f Ans
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13-17. Use the moment-distribution method to
determine 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. Use Table 13-1. Assume that
E is constant and the members have a thickness of 1 ft.
The haunches are straight.

5001b/ft For span BD ]
DERTTRERENRY 4= g =g =02
250 N
4 =g = = 1.5

From Table 13- 1
Cgp = Cpg = 0.691

20t ksp =kpg = 9.08
kEl.  9.08&
Kop = Kpp = — = Z—= = 0.302
a0 = Ko = o = 0306781
(FEM)yp = —0.1021(0.5)(30%) = -45.945k-f

(FEM)p, = 45.945k- i

For span AB and CD
Kgy = Kpe = E 0.15&1
84 = Rpc = 5 = U

(FEM),,; = (FEM)y, = (FEM)yc = (FEM)o, = 0

Joint A B D C
Mem AB BA BD DB DC cDh
K 0.15E]  03026F7 0.3026Ef 0.1SE
DF 1 03314 0.6686  0.6686 03314 1
COF 0 0.691 0.691 0
FEM —-45.95 45.95
15.23 3072 -30.72 -15.23
-21.22 21.22
7.03 14.19 -14.19 -7.03
-9381 9.81
3.3 6.56 -6.56 -3.25
-453 4.53
1.50 3.03 -3.03 -150
-209 2.09
0.69 1.40 -1.40 -0.69
-0.97 0.97
0.32 0.65 -0.65 -0.32
-045 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
0.0! 0.03 -0.03 -0.01
M 0 283 -283 283 -283 0 k- ft Ans
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13-18. Solve Prob. 13-17 using the slope-deflection
equations.

500 Ib /ft

2.5

e

See Prob. 13 - 17 for the abular data

Forspan AB
I
My = 3E—£l9~—wl +(FEM),
1
My, = 3E(=)(6; -0) +0
N (20)( 8 )
M, ~3E19 ()
BA T 5078
For span 8D

My = Ky[6y+Cy6p—y(1+Gy)] +(FEM),
My, = 0.30267EK( 6, + 0.69168, — 0) -45.945

Mg, = 0.30267E165 + 0.20914E16,, — 45.945 (2)
Mps = 0.30267E/(0, + 0.6916; ~ 0) + 45945

Mps = 0.30267EI6, + 0.20914E18; + 45.945 (3
For span DC

I
My = 3E 718y~ vl +(FEM),,

I
Moc = 3E) (8, = 0) + 0 Mgp  Mpy

3E
Mpe = —;_,‘0—90 4 —
Equilibrium equations
My, + Mgp =0 (5) MBA MD(,

Mpy + Mpe =0 (6)

Solving Egs. 1-6:

188.67 —188.67
=" 7@
My, = 283k-ft Ans
My, = ~283k-ft  Ans
My, = 283k-fi Ans
My = —-283k-ft Ans
My = Mcp =0 Ans
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13-19. 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. Use Table 13-2. Assume E is constant
and the members are each 1 ft thick.
2 ft 4 ft 4K/t
Y ¥ VD
For span A8 For span BC
u—i—O“ a——g-—os aa=ﬂc=i==0-3
A T30 T T 40
4-2 4-2
r=rg = e = no=re = g =l
From Table IZ-‘I From wble 12-1
C,5 = 0.683 Cya = 0.598 Cyc = Cey = 0.619
kg = 6.73 kg, = 7.68 kye = keg = 6.41
6.73E7 6.41E7
XAB = T = 022435{ K‘C = K(B = = 0'60251':’
" 1681 _ 0.256E1 (FEM); = —0.0956({,)(40)3 = ~611.84k 1t
30 (FEM)cp = 61184k ft
Kgs = 0.256E11 — (0.683)(0.598)]
= 0. 1514E
(FEM),; =-0.0911($)(30") = -327.96 k- ft
(FEM),, = 0.1042($)(30°) = 375.12k-fu For span BF
Cgr = 0S5
For span CD Kpr = ‘i_E’ = 0165
Cpe = 0.683 Cep = 0.598 25
kpe = 673 kep = 7.68 (FEM)g; = (FEM) = 0
Kpe = 0.2243E
Kep = 0.256E z or Sf‘“(‘) SE
Kop = 0.15144E7 ce = 02
Koo = 0.16E7
(FEM)cp = —375.12k-fi _
(FEM)p. = 327.96k-ft (FEM)cz = (FEM)ge = 0
DC
Joint A F B C E D
Member  AB FB BF BA BC CB CcD CE EC DC
DF 1 0 0.3392  0.3211 0.3397 03397 0.321! 03392 0 1
COF 0.683 0.5 0.598 0619 0619 0.59% Q.5 0.683
FEM -32796 375.12 -611.84 611.84 -375.12 332.96
32796 80.30 76.01 80.41 ~80.41 -76.01 -80.30 —-327.96
40.15 22400 -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
-1242 -11.77 -1245 1245 11,77 1242
-621 771 -171 6.21
-261 -248 -262 262 248 261
~1.31 162 -162 [.31
-0.55 -052 -0.55 0.55 0.52, 0.55
-027 034 -034 -0.27
-0.11 -0.11 -0.12 0.12 0.11 0.1
-05 0.07 -007 0.05
-0.03 -002 -002 0.02 0.02 0.032
p2 0 276 549 604 —609 609 -~ 604 549 =276 4]
k-ft Ans
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#13-20. Solve Prob. 13-19 using the slope-deflection

equations. 21t 41t 4k /ft

/
Liip

Sec Prob 13 - 19 fur the mibulaed data.

M, = K\;(e\‘*cvgf—ml*'cy), +4FE."”Y

For span AB: 30ft—
Mg = 0224316, + L6836, — 1) - 32796

M, = 0224316, + 0.1S320£16, - 327.96 ()
Mg, = 0.256EI(6, + (0.5986, ~ ) + 375.12

My, = (L256E16, + (0.15309E16, + 375.12 (2)
Forspan BC:

Mg = 0.16025EI(68, + 0.6196, - 0) —611.84

Mg = 0.1602SEI6; + 0.099194EI6, ~ 611.84 (3)
Meg = O.16025E1(8- + 0.61965 - 0) + 611.84

Mcp = 0.16025E18,~ + 0.099194E16; + 611.84 (4)
For span CD:

Mep = 0.256EI(8 + 0.5986, — 0) ~ 375.12

M-, = 0.256E18, + 0.15309£18, - 375.12 {5
My = 0.2243E1(8, + 0.6836, ~ 0) + 327.96

My = 0.2243E16, + 0.15320E16~ + 327.96 (6)
For span BF:

!
Mar = 2E(52)(26 + 0~ 0) + 0

Mg = 0.16E16, @)
My = ZE(E%)(Z(O) +6; -0+ 0
Mgy = 0.08E16, (8)
For span CE:
M = Zf(é)(z% +0-0)+0
Mce = 0.16E16, (9)
Mg = ZE(%)(Z(O) +6--0)+0
Mg~ = 0.08£78, Q1))
Mae M,
Equilibrium equatons:
Mgz =0 11
M;: =0 gxzz Mo Mg

My + Myc + My =0 (13)
Moy + Mg + Moy =0 (14)

SolvingEgs. 1-14:

Mar Mee

_ 1438.53 6. = :’A_S§ 6. - -34.58 o = —-1438.53

4 ; s = <= L
My =0 Ans
My, = 604k-f1 Ans
My = -610k-fi Ans
My = 553k-ft Ans
Mg = 277k -ft Ans
My = 610k ft Ans
Mcp = —604k-f Ans
Mcg = —-5.53k-ft Ans
Mge = 277kt Ans
My =0 Ans
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14-1. Determine the stiffness matrix K for the assembly. 3
Take A = 05 in? and E = 29(10%) ksi for each member.
@ ;
- -0
Member 1 : A,:i.5_9=o,s; Ay:%:% 31t N 2 4
0.64 048 —0.64 —0. I— N
L = AE| 048 036 -0.48 -036 3 2] @)
' G0|-064 048 064 048 s @ AL X
-048 -036 048 036
L7
Member 2 A=t A=22=0 S
B e o 6 Iy 6t
L =40 0 0 0
PTT|-1 010
o 0 0 O
4-0 3-6
Member 3 : l,=-5—=0.8: A.y=-—5—-=—0.6
0.64 -048 -0.64 043
K = AE| 048 036 048 - -036
37 60[-064 048 064 048
048 -036 048 036
Assembly stiffness matrix : K=k +k; +k
510.72 0 -201.39 0 -154.67 -116 -154.67 116
0 174 0 o -116 -870 It6 -87.0
—201.39 0 20139 0 0 0 0 0
0 0 0 0 0 0 0 0
= A
K=l-1s467 -116 0 o 15467 116 0 o | *™
-116 -87.0 0 0 116 87.0 0 0
-154.67 116 0 0 0 0 154.67 116
116 -87.0 0 (1] 0 0 ~116 87.0
14-2. Determine the horizontal and vertical displace-
ments at joint @ of the assembly in Prob. 14-1. 0
0
=0 _Io
X Pe=lol @ = [-4}
I 0
NG :
3 ft X2 4
1 Use the assembly stiffness matrix of Prob. 14 -1 and applying Q@ = KD
—
: 3
2 - Cen
S © = @ 01 S1072 0 -20139 0 -15467 —116 -15467 1167 [P
3t |(6) Ik —4 0 174 0 0 -6 -870 116 -§0{ D
L i/ o ~20139 0 20139 0 O 0 0 0 0
S 2| o o o o o 0o o 0lio
_— Qs | ~ |~-154.67 -116 0 0 15467 116 0 0 0
— k 0 0 0
Qs -116 87.0 0 0 116 87.0
a4 oft o| |16 me 0 0 0 0 547 U610
116 -87.0 0 0 0 0 ~-116 8101 | o |
1©s |
Partinion matrix
0 = 5107%D,) + &D,)
~4 = O(D,) + 174(D,)
Solving
D=0
D, = -0.02299 in.
Thus.
D = Ans
Dy = —0.0230 in. Ans
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14-3. Determine the force in each member of the

assembly in Prob. 14-1.
4
— NI
2 e

6 ft

From Prob. 14-2.
Dy =Dy =Dy =D, =D =D =D =Dy =0 D = -00229

To calculate force in each member. use Eq. 13-23.
Dy

Fl

D
o= Fl4 -4 4 )y

by,
4_ -
Member | : ,1,=~5—0=0.8: 1_,=2§2=0-6
0
- 2% 05 06 08 0g] ©
q; = T[ . .6 08 0.6] 0
—0.02299
0.5(29(10%)) ,
@ = ———(06)(-002299) = -333k =333k(C)  Ans
10~-4 -
Member 2 : A, = ——=1; =3—3=0
6 6
0
_AE -0.02299
g = L{ 1 01 0] 0
0
g4 =0 Ans
4-0 3-6
Member 3 : A = — = =—=-
. - =08 A 3 0.6
0
—AE{—os 06 0.8 —0.6 0
4 = T - - - 6] 0
-0.02299
0.5(29(10°
g = --i-g.T—’l(—o.s)(—o.ozzw) = 333k (D Ans
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*14-4, Determine the stiffness matrix K for the truss.
Take A = 0.0015 m? and E = 200 GPa for each member.
10 kN 4-0 3-0
Member | : L=T=Q8 A, = — =06
0.128 009 -0.128 ~0.096
K =A 0.09 0.072 -0.096 -0.072
VT 0128 0096 0128 0.096
-0.096 -0072 009 0.072
4-8 3-0
Member 2 : l”=—_5 = —-0.8 ;.,:._5.~=0.5
0.128 -0.096 -0.128 0.096
Kk = A 009 0072 009 -0072
2 -0.128 009 0.128 —0.096
0.096 -0.072 -0.09 0.072
Member 3 : A=t =0
: .= = A =
025 0 -0.25
_ 0 0 0 o0
ks =48 525 0 025 o0
0 0 o 0.
0-4
Member 4 : ).x=~—4-—="1 /1,=0
025 0 025 O
_ o 0 o0 O
k=48 525 0 025 0
0 0 0 0
3-0
Member 5 : 1_‘ =0 ‘.’ = —3—- =1
0 0 0 0
_ 0 03333 0 -03333
k=48, 0 o 0
0 -03333 0 0.3333
Structure stiffness matrix
K=k +k +k +k, +k
0256 0 0 [} -0.128 0096 -0.128 ~0.096
0 0.4773 0 -0.3333 0.096 -0.072 -0.096 -0072
0 0 0.50 0 025 0 -025 0
K=4 0 -03333 0 03333 0 0 0 0 A
-0.128 009 -025 0 0378 -009% 0 0 s
00% —-0.072 0 0 -0.096 0.072 0 0
-0.128 —0.096 025 0 0 0 0378 0.096
—0.09%6 —-0.072 0 0 0 0 009 0.072
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14-5. Determine the vertical displacement at joint @
and the force in member [4 ]. Take A = 0.0015 m* and
E =200 GPa.

Use the soucre stiffness matrix of Prob. 14—4 and applying Q = KD, we have

(07 026 0 0 0 0128 00% —0.128 —0.096"-0'
0 0 04773 0 -03333 009% -0072 —0.0%6 -0.072)%
0 0 0 05 0 -025 0 025 0 [D
S0)_ 4 0 033 0 o033 0 0 0 0 b,
0 —0.128 009 -025 0 0378 -00% 0 o | p,
% 009 -0072 0 0 0096 0072 0 0 iy
& —0.128 ~0096 -025 0 0 0 0378 009% |
o | 06 002 0 0 o 0 ome o0m),]

Partition matrix and solve the linear equarions.

-13500 _  -135.00

D, = = = - 4510 m = - 0.4
* T TAE T (0.0015)(200)(10%) S(07) m 5 mm Ans
26.667
D = —
AE
D = -1050
YT TAE T
D - 26667 _ 26.667 - 0.08889(10°
YT TAE T 0.0015(200)(105) (1073
53333
D, = /=
AE
Member 4 : A =-1; A =0
0.08889(10°3)
0.0015(200)( 105
go = 20BQ0AR) |y g 045(107)
4 0
0
0.0015(200)(10%
q = ———(4—)(—)( 1)(~0.08889(107%)) = 6.67 k (D Ans
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14-6. Determine the stiffness matrix K for the truss.
Take A = 0.75in%, E = 29(10%) ksi. Assume all joints are
pin-connected.
0-4 1 7-3 1
Member | : A —_— . = o=
41t * Tl «/5 a2 ﬁ
00884 -0.0884 -0.0884 0.0884
K = AE|-0.0884 00884 00884 —0.0834
¥ ' T 12|-00884 00884 00884 —0.0884
L 00884 -0.0884 -0.0884 0.0884
31t - -3
Member 2 : l,:—-—04= -1 A,’z_—.B =0
4 4
ro2s 0 -025 O
- W ~AEl 0 0 o 0
P T Z|-025 0 025 ©
L 0 0 0 0,
-4 0-3
Member 3 : lx=0—s-—= -0.8 A, =T= -0.6
0.128 0.096 -0.128 —0.09
ks = A_E 0.096 0.072 -0.09 -0.072
* T T2]-0128 -009 0.128 0.09
) -0.096— 0072 0.09 0.072
Structure suffness mauix : K = k; + k; + kj
Substimting A = 0.75 in® , £ = 29(10°) ksi.
8453280 1379611 —160.2039 1602039 -453.125 0 -232 174
1379611 2907039  160.2039. —160.2039 0 0 -174 -1305
~160.2039 160.2039  160.2039 —160.2039 0 0o 0 0
1602039 -160.2039 —160.2039  160.2039 0 6 0 ] Ans
-453.125 0 0 0 453125 0 O 0
0 0 (1} 0 0 0 0 0
-232 ~174 0 0 0 0 232 174
~174 -130.5 0 0 0 0 174 1305
14-7. Determine the vertical deflection of joint @ and
the force in member 2 of the truss in Prob. 14-6.
o 0
0
0
D, = g @ = [—2]
4 ft 0
0
Using the soucnwre stffness matrix of Prob. 146 and applying Q = KD
1 Ol 8453289  13.7961L | -1602039 1602039 453125 0 -132 ~I74 H D,
= 13.79611  290.7039 j 160.2039  —160.2039 0 0_-174 ~13051i D,
Q1 9602039 160.2039 | 160.2039  —1602039 0 0 0 o %
3t Q| | 1602030 1602039 | ~1602039 1602039 o 0 o o |o
Os —453.125 0 0 [} 453.125 O 0 0 0
Q¢ 0 0 0 0 0 6 0 1] 0
- o ~232 —174 0 0 0 0 232 7% |l o
O -~174 —-1305 0 0 1] 0 14 1305 1L o
Partition matrix ;
0 = 845.3289D, + 13.79611 D,
-2 = 13796110, + 2907039 D-
Solving the above lincar equadons :
D, = 0.11237(107) in. . D; = -68852(107) in. Ans
To Ond force in member 2 ¢
;\_.:.O—Iiz—l; A,_v.—_'z:}_—_[)
0.11237
3
- = 0.75(29(10 ))n 0 -1 0uo™ -6.8852
48 0
0
@ = 509 Ib Ans
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*14-8. Determine the stiffness matrix K for the truss.

Take A = 0.0015 m? and E = 200 GPa for each member. 8 2
@7 2] ®
pog ol— ——
0-3
Member 1 : A =0 A, = —3—-= -1
(4] 1] 3m
0 o 0 0
0 03333 0 —03333 “
k=48 90 0o 0 5 4
0 -03333 0 0.3333 p V%,
‘@ 6 3] @
0-4
Member 2 : A, = — = -1 A, =0 ‘ 4m
4 Y
10kN
025 0 -025
0o 0 0 0
ke =AB 525 0 025 0
6 0 0 0
0-4
Member 3: ﬂ,=—-——4 = -1 A, =0
025 0 —0.25
0o 0 0 0
ky =AB 525 0 025 0
o 0 o0 O
3-0
Member 4 A, =0 }-7=———3 =1
0 o0 0 0
0 03333 0 -0.3333
ko =4 0 0 0 0
0 -03333 0 0.3333
0-4 3-0
Member 5 : A, == = -08 l\-=—5 = 0.6
0.128 -009% —0.128 0.096
_ Af 009 0072 0096 -0072
ks =AH 0128 0096 0.128 -0.096
0.096 -0.072 -0.096 0.072
0-4 0-3
Member 6 )-,—‘-—5—':'0-3 "-‘:"‘5—:"06
0.128 0.09 —0.128 -0.096
_ 4g 009 0072 —0.09 —0.072
ke =AE 4128 —009% 0128 0.9
0096 -0072 009 0.072
Stracture stiffness matrix
K=k +k +k +k +ks+k
0378  0.096 0 0 0096 -0.128 -025 0
0.09  0.4053 0 03333 -0072 -009% O 0
0 0 0378 —0.09 0 —025 -0.128 0.09
Koad 0 03333 009 04053 0 0 009% ~0072 Ans
T -0096 -0072 0 o 04053  0.096 0 ~0.3333
-0.128 -0096 —0.25 0 0096 0378 0 0
—0.25 0 —0.128  0.096 0 0 0378 -0.09
) 0 0.096 —0072 -0.3333 0 -0.096 0.4053
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14-9. Determine the force in member [6]. Take
A = 0.0015m? and E = 200 GPa for each member.
8 2
@7 il ®
o;;gg—»lﬁ
[4] 1] 3m
5 O 4
ﬂJ e [
’ ‘@ 6 3] @
‘ 4m
 /
0 10 kN
0 0
D, = {0} Q =0
0 -10
0
Use the structure stiffness matrix of Prob. 14— 8 and applying Q = KD, we have
[91 o318 00% o 0 -0096 -0128 -025 0 7 °t]
0 009 04053 0  -03333 -0072 -0096 © o ||P
0 0 0378 —0.096 0 025 -0.128 0.09 || Dy
104 0 -03333 —00% 04053 0 0 00% -0072|D,
~0.096 —0.072 0 0 0.4053  0.096 0 -03333p
&% ~0.128 -0.096 -0.25 0 009 0378 0 0 0’
& -0.25 0 —-0.128  0.096 0 0 0.378  -0.09% |
|G | L o 0 0096 0072 -03333 0 -0.09 04053 o ]
Partition matrix
0 0378 009 0 0 -0096 2| o
0 0.096  0.4053 0 03333 —0072|| 0
0|=48 o0 0 0378  -0.096 0 |lp,t+1o
-10 0  —03333 -0.096 0.4053 o |p 0
0 —0.096 -0.072 0 0 04053 0
0 = AE(0.378D, + 0.096D, — 0.096D; ) %))
0 = AE(0.096D; + 0.40531, — 0.3333D, — 0.072D;) (2)
0 = AE(0.378D, — 0.096D, ) 3)
-10 = AE( - 0.3333D, ~ 0.096D, +0.4053D, ) (4)
0 = AE(-0.096D, ~ 0.072D, + 0.4053D;) (5
Solving the above equations yiekds :
233517 —105.084 -30.0213 ~118.209 ~13.1367
D = s D, = ———, = —_— = — = —_
! AE z AE by AE ! AE by AE
For member 6
A, =-08 A =-06 L=5m
23.3517
AE 1 1-105.084
= —[08 0.6 -0.8 —0.6]-—— .
9 3 [ -0.8 —0.6) i 0
-13.1367
= —7.297 kN = 7.30 kN (O) Ans
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14-10. Determine the force in member if this
member was 10 mm too long before it was fitted into the
truss. For the solution remove the 10-kN load. Take
A = 0.0015m? and E = 200 GPa for each member.

8 2
@7 il ®
ooool—» ——
e 1
[4] 1] 3m
5 O 4
F ool 3
E ‘@ 6 B3] 10)
‘ 4m
4
10kN
(QI )0 0 0
(@) | _ ABOOD) - = ag 0003333
(@) 3 0 0
(@) 1 0.003333

Use the structure stiffness matrix of Prob. 14-8.

M1 [ 0
[0 0378  0.096 0 0  -009% -0128 -0.25 o 1, —0.00333
0 0.096 0.4053 0 -03333 -0072 -~00% O 0 DI 0
Y 0 03333 -0.096 04053 0 0 00% -0072lD,| .0 o
01=A% o006 —00712 0 0 04053  0.096 0 -03333 p 0
23 -0.128 009 -025 0 0096 0378 0 0 1y 0
o3 -0.25 0 0128 009 0 0 0378 ~009%f o 0
0 0 0096 0072 —03333 0  -00% 040531, 0
[ & ] 2T
= 0378D; + 0.096D, + 0D, + 0D, — 0.096D; + 0 (0
0 = 0.096D; + 0.4053D, +0D; - 0.3333D, ~ 0.072D; - 0.003333 2
0 = 0D, + 0D, + 0378D; - 0.096D, + OD; + 0 (3
0 = 0D, - 0.3333D, — 0.096D, +0.4053D, + OD; + 0.003333 4)
0 = ~ 0.096D, — 0.072D, +0D; + 0D, + 0.4053D; + 0 (5
Solving the above equations yields :
D, = -00011111, D, = 0005
Dy = -00011111, D, =-0.004375
Dy = 0.000625

The force in member |

A4, =0, A =-1, L=3m

-0.001111
_ 0.0015(200)(10°) 0.0050000 z
q = __.3_._[0 1 0 -1} 00011111 (0.0015)(200)(10°)(0.003333)
-0.004375
= —625kN = 62.5 kN(C) Ans

374



cld.gxd 6/24/08 4:58 PM Page 375

—p—

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

14-11. Determine the stiffness matrix K for the truss.
AE is constant.
1-0 1-2
Member 1 A, = — = 0.7071 A = = ~0.7071
V2 V2
0.3536 -0.3536 -0.3536 0.3536
kK = A —0.3536 03536 03536 -0.3536
v —0.3536 03536 03536 -0.3536
0.3536 ~0.3536 -0.3536 0.3536
2-1 0-1
Member 2 : A, = —— = 07071 Ay = == -0.7071
2 V2
0.3536 -0.3536 -0.3536 0.3536
kK = A —03536 03536 03536 -0.3536
: -0.3536 03536 03536 —0.3536
0.3536 03536 -0.3536 0.3536
0-2
Member 3 : l,:——-—z = -1 A =
05 0 -05
B 0 0 0 0O
k =48 o5 o 05 0
0 0 0 o
0-1 0-1
Member 4 : A = — = -0.7071 l, = — = —0.7071
NF] 2
0.3536 0.3536 -0.3536 -0.3536
L o= A 0.353¢ 03536 —0.3536 -0.3536
4 ~03536 —03536 03536 0.3536
03536 -03536 -0.3536 0.3536
0-2
Member 5 : A =0 A =—==-1
[0 0 0 0
do 05 0 -05
k=48, 0 o 0
0 -05 0 05
Structure stiffness matrix
K=k +k, +k +k, +k;
03536 -03536 —0.3536 0.3536 0 0 0 0
-0.3536 08536 03536 -0.3536 0 0 0 0.5
-0.3536 0.3536 1.0607 -0.3536 -0.3536 03536 -0.3536 -03536
K=Aa 03536 -03536 -03536 10608 0.3536 —03536 -0.3536 -03536 Ans
0 0 -03536 03536 08536 -03536 05 0 )
0 0 03536 -03536 ~0.3536 0.3536 0 0
0 0 03536 -03536 0.5 0 0.8536 0.3536
0 -0.5 -03536 -0.3536 0 0 0.3536  0.8536
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*14-12. Determine the force in members and [5].
AL is constant.

4

0 [1]

D, =[O} Q =|0
0 0

(1}

Use the structure stiffness matix of Prob. 14— 11 and applying Q = KD, we bave

[“ ] 0.3536 —0.3536 -0.353 0.3536 0 0 ) 0 1
0 ~0.3536 0.8536 03536 -03536 0 0 0 -0.5
0 -0.3536 03536  1.0607 -0.3536 -0.3536 0.3536 -0.3536 -0.3536
o] Af 03536 —0.3536 -03536 10607 03536 -0.3536 -0.3536 -0.3536
0= 0 0  -0353 03536 08536 -03536 -0.5 0
2] 0 0 03536 -0.3536 -0.3536 0.3536 0 0
o- 0 0 -0.353 -0.353 -0.5 0 0.8536  0.3536
Q, J 0 0.5 -0353 -0.35% 0 0 0.3536  0.8536 |
Partition matrix
n 0353 -0.353 -0.353 03536 o 7P| ro
0 -0.3536 0.8536 0.3536 -0.3536 o |ID, 0
0| = AF-03536 03536 1.0607 -0.3536 —0.3536/Dy|+ |0
0 03536 -0.3536 -0.3536 1.0607 03536 | p, 0
0 0 0 -03536 03536 0.853% |, 0
]
4 = AE(0.3536D, — 0.3536D, — 0.3536D, + 0.3536D,) 1)
0 = AE(-0.3536D, + 0.8536D, + 0.3536D; — 0.3536D,) %)
0 = AE(-0.3536D, + 0.3536D, + 1.0607D, - 0.3536D, — 0.3536D;) 3)
0 = AE(0.3536D, — 0.3536D, — 0.3536D, + 1.0607D, + 0.3536D;) (4)
0 = AE(- 0.3536D; + 0.3536D, + 0.8536D;) (5
Solving the above equations yields :
38.624 £.00 9.656 -9.656 8.00
D = ——, = — = — D, = ——, D = —
! AE b iE D AE 4 AE > T AE
For member 1

. = 0.7071, ).’ = -0.7071, L =1414m

38.624
g = ﬁ%[_o_’ioﬂ 0.7071 0.7071 -0.7071] Ai §j§‘£
—9.656
= ~5.66 kN = 5.66 kN (C) Ans
For membexr §
1L, =0 A =-1 L=2m
38.624
P :ATE[Q 10 —11;}- 8'(?0
0
= 4.00 kKN (T An<
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14-13. Determine the stiffness matrix K for the truss.
Take A = 075 1in%, E = 29(10%) ksi.

) oS

e

0-4 0-4
Member | ; A = —— = ~0.7071 A = —— = ~07071
32 7]
0.08839  0.08839 —0.08839 —0.08839
k = og 008839 008839 -0.08839 -—0.08839
! ~0.08839 -0.08839 0.08839 0.08839
-0.08839 —0.08839 0.08839 0.08839
4-4 0-4
Member 2 : A=—=0 A, = — = -]
4 > 4
0 0 0 0
0 025 0 -025
k, =
: =48, %0 o0 o
0 025 0 025
7-4 0-4
Member 3 : A, = — =06 = — = (.
5 4, s 08
0.072 -0.096 -0.072 0.09
K = og 0096 0128 009% -0.128
3 -0072 0.096 0072 -0.09
0.096 —-0.128 -0.096 0.128
Structure stiffness matrix
K=k +k, +k
0.16039 —0.00761 -0.08839 -0.08839 0 0 —0.072 0.09
—0.00761 0.46639 -0.08839 -0.08839 0 —025 0096 -0.128
-0.08839 008839 008839 008839 0 O 0 0
K = og 008839 -008839 008839 008839 0 0 0 0
= Ans
0 0 0 0 0 0 ) 0
0 -025 0 0 0 025 0 0
-0072  0.09 0 0 0 0 0072 -0.09%
0.096 -0.128 0 0 0 0 -009 0.128
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14-14. Determine the horizontal displacement of joint
@ and the force in member [2]. Take A = 0.75in%
E = 29(10°) ksi.

Q3 a5 P

D, =

cCocooo
1
1
= A

Usc the strucrure stiffness marrix of Prob. 1413 and applying Q = KD. we have

(-goo r0.16039 -0.00761 -0.08839 -0.08839 0 0 -0.072 0096 D]
2 -0.00761 0.46639 ~0.08839 -008839 0 ~0.25 0.09 -0.128( D

-0.08839 —0.08839 0.08839 008839 0 0 0 0 o
Qi | _ 5008839 -008839 008839 008839 0 0O 0 0 fo
O | - 0 ] 0 0 0 0 0 0 0
0 0 -025 0 0 0 025 0 o [lo
o -0072  0.096 0 0 0 0 0072 -00%| ¢
o | L 0096  —0.128 0 0 0 0 009 01281 ¢]

partition matrix
5007 _ , I 0.16039 —0.007617 Dy
[ ;oo] = A5 ooms1 046639 ][01 } * [g]
~500 = AE(0.16039D, ~ 0.00761D) (ny
0 = AE(-0.00761D, + 0.46639D, ) %)

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

D = -3119.82 -3119.85(12 in./fr)

= - Z i -
‘ AE 07529100 b 0172 in Ans
~50.917
D =
? AE
For member 2
A, =0 ,1?=—l. L=4ft
~3119.85
AE 1| -50917
=% 01 0 —1]—
¢ =7t 178 o
0
= —12.731b = 127 16 (C) Ans
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14-15. 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.

Q3 a5 P

(@ )o 0 0

(&) 6 -1 -650] &
= AE(6.5)(10 100 = A 107

(@ )o (69X )(+100) 0 [¢] (

(Q4 )D 1 650

Use the structure stiffness matrix of Prob.14—-13..

[—S007 -
o r0.16039 -000761 -0.08839 -0.08839 0 0 -0072 0096 D
0 -0.00761 0.46639 -0.08839 —0.08839 0 -025 0.096 -0.1280}D,
? -0.08839 —-0.08839 008839 008839 0 O 0 (] 0
o _4g 008839 008839 008839 008839 0 0 0 0 0
s 0 ] 0 0 0 0 0 0 0
0 0 -0.25 0 0 0 025 0 (] 0
0 0072 0.096 0 0 0 0 0072 -009%| ¢
QJ L 0096  —0.1280 0 0 0 0 —0.096 o.xzsoJ_oj

i 0

650

]

650 3
+Ag "7 (107

0

0

o
—500

— = 0.16039D, - 0.00761D, + 0
0.75)(29)(10) ! : ¥

0 = -0.00761D, + 0.46639D, — 650(10™°)

Solving yields

D, = -71837(10%) ft

Dy = 1392.427(10°°) i

For member 2

A, =0, A =-1, L=4f

~77.837
= 0.75(23)(10‘){0 10 -1 139%).427 (10°%) = 0.75(29)(10%) (6.5)(10°)( 100)
0
= 7571.32 - 141375 = — 6566.181b = 657k (C) Ans
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#*14-16. Determine the reactions on the truss. AE is

K=k +k; +k

constant.
Member 1 : A =1 l, =0 &, =0.7071 /l,. = 0.7071 L=15m
0.6667 0 -047140 —0471
K = A 0 0 0 0
047140 0 03333 0.3333
047140 0 03333 0.3333
Member 2 : A, =0 A4 =1 L =2m
0 0 0 o0
0 05 0 -05
k, = A
: 0 0 0 o0
0 05 0 05
Member 3 : A =06 4 =-08 - = 0.9899, A,- = ~0.14142
0.144 -0.192  -0.23759 0.033941
K = A ~0.192 0256 031677 ~0.045255 v
-0.23759 031678 039200 -0.05600 f
0033941 -0.045255 —0.05600 0.008000 . /
Structure stiffness matrix T
45
r—F D)
EY \{:5',

0.144 0192 -023759 (0.03394] 0 0 \
-0.192 075 031678 -0045255 0  —0.5 ”
K = Ag 023759 031678 072533 027733 -04714 0 X
0.033941 -0.045255 027733 034133 —04714 0
0 0 —047140 —-0.47140 0.66667 0
0 0.5 0 0 0 0S5
50 0.144  -0.192 —023759 003394 0 o 1D
0 0192 075 031678 —0.045255 0 -05(D:
o Ag 023759 031678 072533 027733 047140 O |D,
Q 0.03394 —0.045255 027733 034133 —047140 0 || ¢
0 0 0 -047140 047140 06667 0 | ¢
o 0 05 0 0 0 051 ¢
50
22 = 0.144D, - 0.192D, - 0.23755D,
AE
0 = —0.192D, + 0.756D, + 0.31678D,
0 = —0.23759D, + 0.31678D, + 0.72533D,
Solving these equations yields :
933.33 13333 247.49
- 22y — 0.0452554 + 0277334 E(—)
93333 0 = 0.033041AB———) — 045255AR—) <E
' AE
= 943 kN Ans
133.33
= TAE 247.49
AE o = —0.47[404H—'A—E-) = ~17kN Ans
b, 247.49
= TAE 13333
Qs = —0SAE( YV ) = —66.7 kN Ans
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15-1. Determine the reactions at the supports. Assume
@ is a roller. EI is constant.

1 4 5
A S KN/m A T
6
ENRRNN
G —
2o 1] Y T® 2] »
2m -;— 2m
! 4
A" 3 5
o o2 o
l //.667kd-n)l ©
Member | : L} ;
y g 2
15 15 -15 LS ’ €8 %f |3} !
s 2 =-L5 1 r zm L 2m l
ke =Hl s _1s 15 -15 +
15 1 -15 2 Skallm
] 111
Member 2 - HobTtma{ ) 66T R
r1s 15 -15 1.5 . 0 KN
g5z cls o1 $0m £
k, =8l s .15 15 -15
L1s 1 -15 2
-5 5 15 15 -15 0o o™
-1.667 s 2 1 -15 0 0 |
1.667 _ 1.5 1 4 0 -15 1 ||
Q-5 15 .15 0 3 -15 L5jo
0s 0 0 -15 -15 15 ~15{8,
O o o 1 15 -15 21
-5 = 15D, + 15Dy + 15D,
~1.667 = 1.5D, + 2Dy + 1Dy
1.667= 15D, + 1D, + 4Dy
Solving;
.
T m
1167
D=5
50
bh=%5
o= 520 1smBE) o s A
50
o = o+0-1.sa(3) = =750 kN Ans
50
QO =0+0+ IH(E) = 500 kN-m Ans
381




cl5.gxd

6/24/08 5:01 PM Page 382

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

—p—

15-2. Determine the internal moment in the beam at @ 5 30 kN 4 3
and @. Assume @ is a roller and @ is a pin. £/ is constant.
Member ]
_ 1 T 2
"% vt —om s oo & 29
k, 009 —024 0096 -0.24 2.5 m#——Z.S m—}—2.5m—+
024 040 -024 0.80
Member 2 {;\ 4
0768 096 -0.768 0.96 ¢ P z 4‘\ s 3
] 09 160 -09 0.80 l 1875 ki l' okl 4\
k2= B 0768 096 0768 -096 f'\’e’v iad
096 080 09 1.60 4f 9] -u,};, #2 7}»
b=t r 1
o, 2-5 2
160 080 -096 090 0 0 aad i s
0.80 240 -096 072 024 040
. . A
K = g|-0% 096 0768 -0.768 0 0 ;& 75 k-m 130‘2
09 072 -0.768 0864 0096 ~0.24 ) J*) 1875 kn-m
0 024 0 009 009 024
0 040 0 -0240 024 0380 N
15-0 kR 150K
0 0
= = 0 KN
D: 0 @ [18.75] 3
0 R2-ERR-M )”_ng_m
(E ]
Use Q = KD l"—725/ﬂ <-5m (Z:]5 KA
1725 kN 7%
307 S 160 080 -096 0960 0 0 Th
18. 0.80 240 -0960 0720 0240 0.40 || D,
& | 1096 -096 0768 —0768 O o o
Q150 |7 ™1 096 072 —0768 0.864 -0.096 —-0.24 ¢
0, —15.0 0 o 0 —009 009 024
0, ~18.75 0 040 0 0240 024 080] ¢
By partition matrix For member 1
1.60 0.807D
[‘8 75] 080 240 ‘] o 0.09 024 —0.09 0247 0 15
%) _ 1024 080 —02¢4 o040 o |1 18.75
% 0% -024 009 -024 o |¥| 15
& 024 040 -0.24 080 [19.375 -18.75
0 = EI(1.60D, + 0.80
(  + ) 9.375
g = 0.4051(-——-) + 1875 = 225kN-m Ams
18.75 = EI(0.80D, + 2.40D,) &
. L 9.375
Solving the above equations yields 4 = OSOEI( 17 ) ~ 1875 = -11.25kN-m Ans
—4.6875
- 9.375
b, f7] q,=0.241‘7(ﬂ)+15.0=17.25kN
9.375
=22 9.375
b =— 4 --o.ua( ) +150 = 1275 kN
Check: for equilibrium
(rzv, = 0 225 - 30(25) - 1125 + 12.75(5) = (Check)
+TZE =&  1725-30+ 1275 =0 (Check)
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15-3. Determine the reactions at the supports. EI is a

constant.
6 4 3
4 12kN/m A T
5 1
SEENRNNINE
=i s
1] 9 2]
D — 22— @
Sm 2.5m —
Member |
0.09 024 -0.09 024
L -l 026 08 -024 04
¢ T 0,09 -024 0096 024
024 04 024 08
Merober 2
0768 096 -0.768 096
e _pgl 0% 16 0% o8
2 =M 0768 096 0768 ~096
096 08 -09 16
0 16 08 -09% 09 0 o TH
20 08 24 -09 072 04 024 §D,
G | 1096 09 0768 ~0768 0 0 fo
-300{" "l 096 072 -0768 0864 -024 —0.09%} ¢

0 04 O 024 08 02|

@ =250
0 024 0 -009% 024 00%Jg

0, - 30.0
¢
&+
0 = 16D, + 0.8D, 5./?\ ’.‘,{\ N
300k 30-0 kA (F
j/‘2.5‘-0.@«)-01..\[i .

250
_ﬂ- = O.SD[ + 24D,

L i .

-6.25 J
b=—5 T 5m HPZ
+
b, = %75 2(5-0 KN 12 kRin
AL, s
~6.25 125
Q= -—0,963(—51--) - OM(-_E_) = —6.00 kN Ams 30-0 kA 20.0KRA)
6325 bo kN
Q - 300= 0.9621(7,—-) + o_7z(%) (30.0 KA. L
Q= 3BKN Ans (L Eq ' .
125 (l[ . o ”

Q5 ~250=0+ 0.4&(3.) U R8m | 25m mi:'m ¥

3 b-0Km
Qs = 30kNm Ans 3.0 KA}
Q, - 300=0+ ozw(%:’)
Q= 330kN Ans
GEM =00 300+ 32.0(5) — 6025) ~ &7.5) =0  (Check)
+TIF =0 330+330-600-6=0 {Check)
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*15-4. Determine the moments at the supports. Assume 3 2 5
@ is a roller. EI is constant. b 25KN/m 4 . |
7 6
1117 !
L |
—— s 0 Iz [ o0
B —_—
0.05556  DI6667  —0.0555n 016667 6m 8m
L = ] OJ666T 066667 016667 133333
VST 0.05556  -0.16667 005556 -(.16667
0.16667 033333 ~0.16667 0.66667
Mcmber 2 3 e s
002343 009375 —0.02344 009375 AT oA ‘ $
\. = g 009375 050 009375 025 oM 750k, lb’m
g 002349 -0.09375 002388 -0.09375 P A e
009375 025  -0.0937F 050 e VI > 2
1 e |
I em 1] em 1
.f
1.16667 —0.07292 0.16667 033333 -0.09375 @.25 25 Knlm
~0.07292 0.07899 -0.03556 -0.16667 ~0.02344 0.09375 T506im
K = g 0-16667 00555 003556 0.16667 0 0 ( It ) 150 Katm
033333 -0.16667 0.16667  0.6667 0 0
~0.09375 -0.02344 0 0 0.02344 -0.09375 750 kn 750k
025 009375 0 0 -0.09375 0S5
I50KA
P43 kn-m I -02xs
i} S Bt
i
D, =0 Q = (79 (_ . ,I
0 1 1 4 I
0 rT- T 3m : Am )
8571 ket 70.31 k4 16:07 kA2
Use Eg.Q = KD
757 o 11667 ~0.07292 016667 033333 ~009375 025 YD
& - 754 007292 00789 -DOSSS6 -0.16667 -0.02344 0.09375 || 0
@ -750] 1016667 -0.05556 0.05556 0.16667 0 0 0
Q-1501" “1 033333 016667 0.16667 0.66667 0 0 0
0 —0.09375  -0.02344 0 0 002344 -0.09375] 0
a 025 009375 0 0 ~009375 oS5 lo
Panition maix
150 = EN1.1666DD,
64.286
D = _E__
Q-750 = -oma(ﬁ)
Q = 7031kN
Check for equilibrinm
G -750 =0.16667H( %) e}:ll, =0 150(3) +16.07 4+ 96.43 -85.71(6) ~ 6.03(B) = § (Check)
= 3571 kN
& - 59 +125 =0, 8571+7031- 603 -10=0  (Check)
64286
Q,-750 = 0.333335( T)
Q= My = %643kN-m = 964 kN-m Ams
64.286
o= —0.”3752(———5,——') =-6.03kN = 603 kN
64336
&= M= 0-255(—-.;-') = I607kN-m = 16.1kxN-m  Ans
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15-5. Determine the moments at @ and ®. Assume @
and @ are rollers and @ and @ are pins. EI is constant.
5 6 7 8
4 v 3kt
1
LR e
ol ) = ‘>
GRIEO)] EA-NO) EQUNG
F—lOft—-k—lOft——’-—lOft*-‘
Member | 4 rf * rf* 2 Kf\ao.or: {f\
/5.0 2-5-0k-ftl5°0"- J,;&aﬁ}« /5o
" q \/ =
r0.012 006 -0012 006 . :
L o g 006 040 006 020 T G o
1T "l0012 006 0012 -0.06 L | | )
L 006 020 -006 0.0 Y7 YT ATV T
Member 2 25.0kft S okt 25.0kft
( 3 K/t 3 &t ? 3kl 250kt
0012 006 -0.012 0067 11} \?A INREN RN,
L g 006 040 006 020 q ] l)cj ] )
LI 2
'3'36” 505%6 ‘3’3& Boﬁ 150K 150K 150k 150k
- i ) T 30k J0 K
Member 3 ES
f I A D
N= 0.0 K4t
0012 006 -0012 0.06 ff' PG ) 30-0Kf
] 006 040 -006 020 ;—'I'—‘it SH 0T 5
k=B 5012 006 0012 -0.06 ' 1Bk (5.0% 150K
006 020 -006 040 .0k .
ro40 020 0 0 006 -006 O 0 1
020 080 020 0 006 0 006 O
0 020 08 02 0 0.06 0 006
g 0 0 020 040 O 0 0.06 -0.06
K=Eloo6 006 0 0 0012 —0012 O 0
006 0 006 0 -0012 0024 -0012 O
0 -006 0 006 0 0012 0024 -0012
L 0 0 -006 —006 O 0 -0012 0012 ]
-25.
0 | o
Dy =1, &=,
0, 25.0
Apply Q = KD
[ 7297 ro4 020 0 0 006 -006 0 0 '[Df
0 020 080 020 0 006 0 —006 0 f>
2500 0O 020 08 020 0 006 0 —005ADy
150l= 0 0 020 040 0 0 006 —0.06 || p,
Qs - 15 006 006 0 0 0012 -0012 O 0 f,
Q, —300 -006 0 006 0 -0012 0024 -0012 O 0
@, -300 0 -006 0 006 0 -0012 0024 -0012)
|0, - 15.0] 0 0 -006 006 0 0 -0012 o.m:zj ol
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Partition matrix

25, 040 020 0 07>

o | _ _jo20 o080 020 o [[B| 10
0o | 0 020 0.80 020D 0
25.0 o o o020 o4lp | Lo

—25.0 = EN040D, + 020D;) 0

0= EN0.20D, + 2.80D, + 0.200;) (D)
0 = EN0.20D- + 0.80D; + 020D,)  (3)
25.0 = EX0.20D, + 0.40D,) (4)
Solving the aboveequations yiclds
b = ~75.00
' T Em
_25.00
b=g
_ -25.00
by=—5
D < 75.00
> ¢
For member 1
as 0012 006 -0012 006 0 150
Q| _ 4 006 040 -006 020|11-7500| |25.0
4 0012 —0.06 0012 —0.06(E| 0 15.0
% 006 020 —006 040 25.00 -250.
g¢ = 120k, @ =0, gs = 180k
M, =g, = -300k-ft Ans
For member 2
e 0012 006 -0012 0.06 0 150"
@) _ 1006 040 -006 020]|!}2500 25.0
¢ -00i2 -0.06 0012 —-006{EF| © 15.0
& 006 020 -006 040) [-2500] [-25.0
g = 150k, ¢ = 150k,
M, = g = 300k ft Ans
@ = My = ~300kf Ans
Check for equilibrium
G, =0 18.0(10) - 30.(5) ~ 300 = 0 (Check)
+TEE =0, 120+ 180-300=0 (Check)
(+Iam, = 0 300 + 15.0(10) - 30.0(5) ~ 300 = 0 (Check)
+T2F =6 150 + 150 = 300 = 0 (Check)
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15-6. Determine the reactions at the supports. Assume
@ is pinned and @ and @ are rollers. £ is constant.

4 5 3k/ft 6

Y -+ A

5

1 2
0] I o] ZoJ i z?an T
Borf( [ =3 )8-0 kSt

4ft»-—8ft*+78ft—+4ft g~ va 977}7 =
| . |

I afe T &/t ]

| A 4

y- ¥ VY Y

Mcember 1 +
lo-0 K-ft )
0.1875 075 -0.875 075 3 klit /92"’”‘ 3klit  lborfe
L Bl o 4 015 2 %Jllll RN
' = g -0.1875 -0.75 0.1875 075 T PQ, ] p,
0.75 2 -075 4 e
120k 120Kk 12.0k
bes 2
Meml T2k
0.1875 075 -0.1875 075
. - H o 4 075 2 grrmmm T P2 Attt }
2 7 g[-0.1875 -0.75 0.1875 -0.75 = 1
0.75 2 075 4 : ] ; =
U4t 8ft 8 ft 4K 1
Q = KD 255k 210k 255K
8.0 4 2 0 075 -075 o 2
0 2 8 2 0.75 0 075 | Oy
80 | Bl o 2 4 0 075 075 || Dy
Q-2401"7F 1075 075 0 01875 -01875 0 | g
Qs —-24.0 -0.75 0 075 -0.1875 0375 -0.1875) ¢
0, - 240 0 075 -075 0 01875 01875 ) ¢

80 = —?[401 + 2Dy
0 =-§"[2D| + aD: + 2D3]

El
~-80 = ~87[‘21): + 4D, ]

Solving;
16.0 _ _l60
D = ' D, =0, b = El
24.0 5(075)(16'0) 0+0
- 0= —(0. — +
2 8 ')
0, =255k Ans
fag 16.0 = 16.0)
- 240= —(-0.75)|~—]| + 0 + —(0.75)[~—
o g )(a)*’ +8(075)( ]
0, =210k Ans
E -16.0
-~ 240=0 — . _
O - 4.0 +o+8(-o15)(u)

0, =255k Ans

(+IM; = 0;  255(8) -255(8) =0  (Check)

+TIF =0 255+210+255-72=0 (Check)
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15-7. Determine the reactions at the supports. EI is

constant.
6 4 5
Member |
7 2 1
15 15 -15 15
: 0 D] B ) M 15 2 -15 1|
1 27 2 k =
3 ety 15 -1.5 1.5 -L§
© - ‘@ = ® 5 1 -15 2
Member 2
12 6 -12 6
N 4 6 2
27512 -6 12 -6
6 2 -6 4
Q = KD
[M] O]
0 4 2 0 6 -6 0 07p
0 2 4 0 6 -6 0 0
0 0 0 2 -15 0o 15 1 |&
o |=H|6 6 -5 135 -12 -15 -15 D,
Py -4 6 0 -12 12 0 oo
0 0 15 -15 0 15 150
QIJ 000 1 -15 0 15 240
L L]
-M

E=40,+?_D:+GD.

0= 2D, + 4D, + 6D,

0 = 2D, - 15D,

0 = 6D, + 6D, - 1.5D, + 13.5D,

Solving the above equations yields

-3M
D, = —
5]
“25M
DZ"—E—I—
M
=45
24
D, = 667 M
£

= -M Ans

2M

& =0+0+ IH(—) - 153(1667”)
Er

= -2 Ans
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#*15-8. Determine the moments at @ and ®. Assume @
is a roller and @ and ® are fixed. EI is constant.
[ 7 2
5’?\36,0K | “4\ 3
] -ff 72'0’; 35.0K
Member | 216 Kj(_ 72.0k: l/ |44 k-§ L—D
AN LY £
r_i2 6 -12 6 A 1 T ;
G’ e Be’ e’ AF JES »%  [Z]  wp
St % Gar % A J
a6 36)°
k=m0 LN ! ETT: T 22/ |
Gt Ger (e’ 08
s 2 . 4 HeKft 3 e 44KR
[Ber 36 Gl W 2k ft 2kfit 6t
_— (Q,IIIULL PI .HHP
‘(_;f? ‘__.2}), (_;_"%., (.z_:? 36-00C 360k 260K 36-0L
' 4 — 2
7o 1 el W
k, = £ -12 - 12 £
ao’ Go! oo oot
6 2 =3 4
a0t T o@n =
b 2 6
70 [ % (_2—76)_’ 11‘- =3 3 06|
% -6 12 -6 -12 0 0 D,
&, 360 ol ael oo o’ 0
2 -5 4 ] 0 0
g +144 % @t ¥ e 0
= - - 12
. -720 R o
- 6
Qs ;:f) E 0 0 G&os metfg
— 30 -12 6 12 [
% Ber O O Fe ot ool
720 = 5H(D)
BT
D = 259.2
' oE
. 2E7(259.2
G+ =0l 7 )
0 = 124k ft = 12kfi Ans
2E1 (259.2
-2l6= —|——
Os % ( = )
Qs = 2304 k-ft = 230 k-ft Ans
389
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15-9. Determine the moments at @ and @ if the support
@ settles 0.1 ft. Assume @ is a roller and @ and ® are fixed.

EI = 9500 k - ft2.

& 4 2
F's
Member 1 5"?\5’6-0" i 3
~, 71‘0& /.
o 216 k-t 7.&ok;/t l/ 144 K-§1| 360K
12 [ -1
Ger pat Ge’ pe 7= £ LY
3 4 -6 2
o _plem Y G % 47O S S ¥ IR
| =12 -6 12 -6
67 06T 06 e’ | N
Sy k¥ S o T 24 !
Geal 3 e 36 3eéft Ft
Mermber 1 144 K-ft 2kfe MK
206 k:ft 2kfft 26 LA (
12 (] ~12 13
207 ot @o' oo! (‘lillll J) R 1
§ 4 -6 2
R e = Q P | P
(2;) (124) (_s) (4—) 36.0K 360K 360k 36-0&
T W @ i
5 -6 2 5 2 §
720 (ﬁ @a: 24 164 % (38|
-6 12 -6 -12 0 o D
0, -36.0 o o' @t oy’ 0
6
O NN
= - s -6 ~12
Q-720 e e wo se ot oo
-216 -6 4 3
2 ¥ 0 0 Fgowm oo
96#36'0 6 0 [} =12 6 12
LGaT G’ e’ (36)

5 5
= —D, + —(-0.1
20 9500[18 1 * 56 )]
D, = 0.029368 rad

2 6
= Z (0.0293 — (0.1
0, + 144 95()0[24 (0.029368 ) + e ( )]

0; = —130.65 k-t =131 k-t Ans
216 = 9500 2 (0.029368) + 6 (-0.1)
G 210 = 2056 © G
23590 k-ft = 236 k-f Ans

QS:
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15-10. Determine the reactions at the supports. EI is 6 5
constant. T 6N T 12kN 4
: T
g Y ¥V ¥ Y r‘% l !
o ~ )
Member | e et 1] (ﬁ" 2] 3
1.5 15 -15 15 ! 2m 1m ! 1m—
15 2 -15 1
k=8 s o1s 15 -1s
s 1 -15 2
biiddil: vy 1
Member | an‘:‘A A |
\./ . L-I—J‘ j—"l_, @J _*’]\
15 15 -15 LS C P
b—2m ————t—lm— —_—
S R R e
27 F-15 -15 15 -1
1.5 1 =15 2
b 5 “4
3 2 1 0 -15 15 o™ 5 b 1k }
-1 1 4 1 15 0 15fDy ""”}V"’”’"’ /zowl I.omm,?ow.ﬂléoxd
-2 1 2 0 -5 15 3 2 £
by £ y i 1]
0. -6 L5 <15 0 15 -15 0 | g B e T e vy e
0, -12 L5 0 -i5 -15 3 -5}, | i
0, -6 0 15 15 o0 -15 t5), Zm T 2m |
3 40 kn-m 2.0 KN-m (2 Kk
e (i seon ] 2ome
-3 = 1Dy + 4Dy + 1D, G0k 60k Gok é,’.'oml
-2
Z =+
7 B 12x8 12 kA
Solving these equations yiclds ;'-“*-'L“"‘"; 1
ll i
: ! J
p o L8 m | Im im 1 im
' 4125 kN 1675 4.125 km
_ 050
b= g
b = 075
T Hm
175 -0.50
—60= — ikl IR —|+0
Q. -60 15}5( Er) UH( o )+
Q.= 4125kN  Ans
120= 155( 1'75) +0 uu(_ms)
Qs - 120= 1385 >
Q.= ISI5KN  Ans
-0.50 —0.75)
Qé -60=0+ LSH(_H'—) + l.SH(—H—-
0, = 4125kN  Ans
Check for equilibrium
(+W2 =0;  4.125(2) + 12(1) —4.1252) = 12(1) = 0 (Check)
+T£F; =0; 4.125+1575+ 4.125-12-12=0 (Check)
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15-11. Determine the reactions at the supports. There
is a slider at @. E1 is constant.
1 3
w !
4
Gl
2 1] @
—>
M L .
£ 1[5 8 F bl :
R L L =
f_,_: 6 « % 2 ! 2"?‘ {f‘
- ol o0t o Lo WL 4+ .
a-F| |F 7 3 B0 2 st we Y
wL? & 2 = 4|0 NS 2 /v
Q+57 2 S - R ) !
4 S F
lf 4
A
Zz‘g: = ng +0+0+0
W
- we CTTTTTITITT L, e
b= um ! C‘T T
WL we
Z WL <
wl? 6 (—WL‘)
G- fam N I
o _wk? A %C 11) wed
S o | Jie 3
"2 T L7z Twi
wli_ -12 wlL!
@3 T ( iﬁ)
Gy =wl Ans
wil 6 _(-wL*
T Ziu(zw)
wil?
Q= —— Ans
3
Check for equilibrum
wll wl? L
f*Wx =0 wuL)—T—L-wL(~)= 0 (Check)
3 2
+TZE =0, wL-wL=0 {Check)
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16-1. Determine the structure stiffness matrix K for the
frame. Assume @ and ® are pins. Take E = 29(10°) ki,
I = 600in*, A = 10in? for each member.
2
200 Ib/ft A
5]
SERRRERE
_»8
(1]
—
12 ft
Mcember |
12-0 AE  (10)(29)(10%)
i, = =1 A =0 —_— = ——— = 2013.89
12 ’ L (12)(12)
1267 12(29)(10%)(600 GES 29)(10%)(600
—_— = —————)( )(600) = 69.93 —= -—-—~—-——6( )(10°)(600) = 5034.72
L (123)(12%) L2 (122)(12%)
AET 4(29)(10°)(600) 25 2(29)(10°)(600)
—_— = ——_ = 48333333 —_— = —— = 24] 666.67
L (12)(12) L (12)(12)
2013.89 0 0 ~2013.39 ] -0
[ 6%.93 5034.72 0 ~£9.93 5034.72
k v 5034.72 433 333.31) 0 -5034.72 241 666.67
1 -2013.%9 0 ] 2013.89 0 Q
0 ~69.93 ~5034.72 0 69.91 ~5034.72
0 5034.72 241 666.67 0 ~-5034.72 483333.33
Mcmber 2
-8-0 AE  10(29)(10°)
i, =0 == e T = 302083
Ay 8 L 8(12)
1281 12(29)(10°)(600 6ET 29)(1 600
RE_ 12A2900)600) e SE _ S29(I0)600) _ 1\ e 1
L (8)(12%) L2 (82)(12)2
4E 4(29)(10°)(600) 28T 229)(10°)(600)
— = T = 725000 —_— = —— = 362 50
2 8(12) 3 8(12) 62500
236.00 0 11328.13  -236.00 0 11328.13
0 3020.23 0 0 -3020.83 0
k., = 11328.13 4] 725000 -11328.13 0 362 500
2 -236.00 0 -11328.13  236.00 0 -11328.13
0 -3020.33 [ ° 3020.23 [
1132813 0 162500  -11321.13 [ 725 000
Structure stiffness matrix
2249.19 0 1132813 11328.13 0 -236.00 0 -2013.89 0
[ 1090.76  -5034.72 0 -5034.72 e ~3020.23 ) —69.93
11322.13 -5034.72 1208333.33 362500 241666.67 -11328.13 0 0 5034.72
11323.13 ] 362500 7215000 [} -11328.13 0 0 0
K= 0 ~5034.72  241666.67 [ 483 333,33 0 0 0 5034.72
-236.00 ) -11328.13  -11328.13 [ 236.00 0 0 o |Ans
° -3020.83 0 0 0 0 3020.83 0 ]
~2013.39 0 0 ° 0 0 [ 20%3.39 0
0 -69.93 5034.72 o 5034.72 [ 0 0 69.93
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16-2. Determine the internal loadings at the ends of each 0 5
member. Assume @ and @ are pins. Take £ = 29(10°) ksi, y 200 Ib /ft .
I = 600in*, A = 10 in® for each member. 5 3
REERRRER AR
== >
\ 1
" Lo
Sec Prob. 16-1 R 121t
l@ 8 ft
0 7\
0 -12 4
p, = |° Q =| 288 1l N
r = o =] 48 e e
0 RO S
0 ~28.8
0 N . [P4]
( | 20 [ 2249.19 0 1132813 1132812 0 -236.00 0 (-2013.39 0 D.
258 0 3090.76  -5034.72 0 ~5034.72 0 -3020.33 0 -69.93 || o~
20' 11328.13 -5034.72 1208333.33 362500 241666.67 -11323.13 0 0 $034.72 )
238 11328.13 0 362500 725000 o -11323.13 0 0 0 D,
AR 0 ~5034.72 241666.67 0 433333.33 0 o 0 $034.72| | Dy
2 -236.00 0 -11328.13  -11322.13 0 236.00 0 0 o 0
& 0 ~3020.83 0 0 0 0 3020.83 0 [} 0
G ~2013.49 0 0 0 0 0 0 2013.39 0 0
g,-1.201 L o —69.93 $034.72 [ 5034.72 0 o Jl o 69.93 ] 0
. P L J
Partition matrix
0 2249.19 0 11328.13 1132813 0 Dyl 1o
~1.20 o 1090.76  ~5034.72 0 -5034.72 {{ D2} o
281 | ={11328.13 -5034.72 1208333.33 362500 241666.67(|Dy|+10
0 1132213 0 362500 725000 o p,| |°
-28. 0 ~-5034.71  241666.67 0 483333.33 p,| L°
2
J“L—& Jr&*l
L2ox 2o k-
0 = 2249.89D, + 11328.13D, + 11328.13D, 44 240 K:f2 zu:&
-1.2 = 3090.76D, - 5034.72D, — 5034.72D; ire yesi fe
28.8 = 11328.13D; — 5034.72D, + 1208 333.33D; + 362 500D, + 241 666.67D, LA
0 = 11328.13D, + 362 500D, + 725 000D, gt |5
-28.8 = —5034.72D, + 241 666.67D, + 483 333.33D; ,
D, = —0.0001290in. D, = -0.000455in. D, = 0.0000472 rad + 7:;41“
Dy = —-0.0000216 rad  D; = —0.0000879 rad
o.20 k/it
2aoefy FTTTTTT T ITTT), 2 40ese
4 Tf
1-37% 120k 120K
o200pL z.08 k-ft
™ 240k
E Safaiiiiaiiichy """""'E l-ad!'.’(
0%&- 8250 K
e o !
-2b0 £ 130T ofe T 6y W3k
1-37
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For member 1:
el 20139 0 ) ~2013.29 ) 0 1 0 0 0 0 0)f -0.000129 1
™y o 69.93 $034.72 ] ~69.93 503472 0 1 0 0 O Off ~0.000455
oy 0 $034.72 4331333.33 o ~5034.72 241666.6700 0 1 0 0 0| —0.0000472
€ | 7| ~2013.29 ° o 2013.39 o 0 00 01 00 0
%7 0 -69.93  ~5034.72 0 69.93 503472 40 0 0 0 1 © 0
i 0 5034.72 241 666.67 0 -5034.72 4833333340 0 0 0 0 1)l -0.00012t6
0
1.20
28.%
+10
1.20
-23.3
Quy = 1.03k Ans
vy =0 Ans
gr = —0260k Ans
qr,-= 137k Ans
g =—2.08k- ft Ans
For member 2:
Iy
o 3020.83 0 0 -3020.83 0 0 0 -1 0 0 0 OF-0.000129
v 0 236.00 1132213 0 -236.00 11328.13 1 0 0 0 0 Of ~0.000455
ool 0 11322.13 725000 0 -11322.13 362500 §0 0 1 0 0 o0f 0.0000472
” ~3020.13 0 0 1020.23 0 0 0 0 ¢ 0 -1 © )
Tre 0 ~236.00 1132813 0 236.00 -11328.13{0 0 O 1 O O 0
b o 1132813 362 500 0 -11328.13 725000 lo 0 o0 o o 1f-0.0000216
0
[
Q
+ (4]
g gyn.- = 137k Ans
qny =2.60k Ans
Quy = 208k-ft Ans
qFx‘= "“1-37k Ans
gr,- = —0260k Ans
q}-:,.—_o Ans
395
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16-3. Determine the structure stiffness matrix K for each L
member of the frame. Assume @ is pinned and @ is fixed. !
Take E =200 GPa, I =300(10%) mm*, A = 21(10%) mm?’
for each member.

For member |

5-0
A ==——— =1 34 =0
s y

AE 0.021)(200)(10°
AE ( )(200)(10°) = 840000 &E’ - (12)(200)(10°)(300)(107¢) _

5
z s I ) 5760
6E1  6(200)(10%)(300)(10°%) 2ET 2(200)(10%)(300)(107¢
g X = 14400 *z( )(10°)(300)( )=24000
L 5
4E1 200)(10%)(300)(107¢) .
4EI _ 4(200)(10°)(300)¢107¢) — 48000
L 5
340000 0 4} ~340000 0 0
(v} $760 14400 0 ~5760 14400
0 14400 43000 0 -14400 24000
ki =} 340000 0O 0 240000 0 0
0 -5760 14400 0 5760 -14400
0 14400 24000 0 ~14400 42000
For rocrber 2
0~ (~4)
A =0 = =
X Ay 4 l
AE  (0.021)(200)(10°
AE _ ( )(200)(10°) = 1050000 2z - 12(200)( 105)(300) (1075) - 11250
L 4 3 4
6&  6(200)(10%)(300)(10-¢
6 _ NAFIGONIT®) ) so0 2 _ 2200009300009 oo
n 4 L 4
4ET  4(200)(105)(300)(10~%
g _ )(300)(107%) 60000
L 4
11250 3} -22500 ~11250 0 ~22500
0 1050000 o} 0 ~-1050000 o
. = -22500 0 60000 22500 0 30000
17111250 0 22500 11250 [V} 22500
0 ~1050000 0 0 1050000 0
-22500 0 30000 22500 o 60000
Stucure stiffness mamix
£51250 0 22500 22500 ~11250 0 ~-340 GO0 0 0
0 105 5760 —14 400 0 0 -1 050 000 0 ~5760 ~14 400
22 500 -i4400 103000 30000 -22 500 0 0 14400 24000
22 500 0 30000 60000 -22500 0 (] 0 ]
K= ~11250 0 -21500 -22500 11250 0 ] 0 0 Ans
0 -1 050 00C 0 o 0 1 050 000 (] 0 0
~340 000 [ 0 [ 0 0 $40 000 ] 0
0 ~5760 14 400 [/ 0 [} [} 5760 NloOJ
L o ~14 400 24000 0 0 0 0 14300 43000
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*16-4. Determine the support reactions at @ and @.
Take E = 200 GPa, I = 300(10°) mm*, A = 21(10°) mm?
for each member.
0 0
0 0
D, = |0 Q = 300
0 0
0
0 [Dy)
( o 151250 0 22500 22500 -11250 0 —§40000 O 0 Dy
300 0 1055760  ~14400 0 0 -1050000 0 ~$760-14400 o,
o 22500 -14400 103000 130000 -22500 0 0 14400 24000
Q 22500 0 30000 60000 -22500 0 0 0 0 b,
S ial-11250 0 -22500 -22500 11250 0 0 0 0 0
@ 0 ~1050000 0 0 0 1050000 0 0o 0 0
03 -340000 0 0 0 0 ] £40000 0 0 0
G 0 -5760 14400 0 0 0 0 5760 14400 | 0
Q. 0 ~14400 24000 0 0 Q 0 1440 43000 oJ
L & ) L
Parution matrix
0 851250 0 22500 225007 |2
0{_| 0 1055760 -14400 0 ||} JoO
300| | 22500 ~14400 108000 30000| | Dy ]
0 22500 0 30000 60000 | p, 0
0 = 851250D, + 22500D, + 22500D,
0 = 10557601, — 14400D;
300 = 22500D, — 14400D, + 108000D, + 30000D,
= 22500D, + 30000D, + 60000D,
Solving,
D, = —-000004322m D, = 0.00004417m D; = 0.00323787rad D, = —0.00160273 rad
Qs _ - —
o 11250 0 22500 Y 322
0 -1050000 0 0 00004 0
0.00004417
0, | = | -840000 0 0 0 +10
0.00323787
0 0 ~5760 14400 0 000160273 0
0 ~14400 24000 0 0016027 0
(03
@ = —-363kN Ans [ Sm |
O = ~464kN Ans 3630 kN 2300 bou.m
Q, = 363kN Ans }
O, = 464kN Ans 77.07 knvmy f_
@ =T77.1kN'm Ans 46-37 KN
Check equilibrinm 4m
LEIF =0; 3630 - 3630 = 0 (Check)
+TIF = 0; 4637 - 4637 = 0 (Check)
3630k
(2M, = 00 300 + 77.07 - 3630(4) - 4637(5) = 0 (Check) Y4570
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16-5. Determine the structure stiffness matrix K for the
frame. Take E = 29(10°) ksi. I = 650 in%, A = 20 in® for
each member. The joints at @ and @ are fixed connected.

6 A5 s
o =
7y 2]

T I‘ 10 ft

I L*ﬂ_’l
@ 12 ft

3k
0-0 10-0
Member 1 : Ax._—lo—_o‘ Ay_.io__l
1309 0 —7854.17  -130.9 0 -7854.17
0 483333 0 0 483333 0
L o |TT85A0T 0 628.33(10%)  7854.17 0 314.167(10%)
T C1309 0 7854.17 130.9 0 7854.17
) —4833.33 0 0 483333 0
—7854.17 0 314.167(10°) 7854.17 0 628.33(10%)
Member 2: - =220 Sl-_,
12 12
402778 0 0 -4027.28 o 0
0 75754 545428 0 —75.754 545428
K = Q 5454.28 523.61(!03) (4] —5454.28 261_81(103)
7 | 402778 0 0 4027.28 0 0
0 —75754 —5454.28 0 75.754 545428
0 5454.28 261.8](103) 0 ~5454.28 523.61(10%)
K =k, + k;
1309 0 -7854.17 -130.9 0 ~7854.17 0 (4] 0
0 483333 ¢ 0 -48§33.33 o} 0 ° Q
~7854.17 0 62833(10%)  78%54.17 (4} 314.17{10% 0 Q [}
-1309 0 7854.17 4158.68 Q 7854.17 -4027.78 V] 0
K = 0 —4833.33 [ 0 4909.087 - 545428 o ~75.15 545428 Ans
-7854.17 V] 314.17¢ lO’) 785417 54454.28 1151.49( 10% [} -545428 261.81( 10’)
Q Q Q ~4027.78 Q 4] 4027.78 0 Q
[¢] 0 0 V] ~75.754 —545428 0 75.754 ~5454.28
0 0 0 o 5454.28 265 21(10%) 0 -5454.28 523.61(10%
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16-6. Determine the structure stiffness matrix K for
each member of the frame. Take E = 29(10°) ki,
I =700in*, A = 30in® for each member.
8k
*2 6 fi
t
<3 Y
— 1
@ 2]
121t i
Member |
- 29)(10°
A =0 =£__9= E:M:mn_w
- 12 L (12)(12)
29) (1P} (TH
1RE_ 129000 _ SEI _ 6(29)(10°)(700) _ oo
L3 {12)3(12)3 L (122)(12%)
29)(103)(7
SE_ HVUOVO0) 300599 2 L UNUCNTO _ oy ginaa
L (12)(12) L (12)(12)
£1.53 0 ~5371.84 -31.58 ] ~-5871.34
0 6041.67 0 0 ~5041.67 0
x ~5873.34 [ 563 338.19 S5873.34 4] 28] 944 .44
L IR S.£ 4 ° 5373.34 81.52 0 5373.34
0 —6041.67 0 0 6041.67 0
~5873.34 0 251 944,44 S53T3.84 4] $63 813319
Member 2
12-0 AE
A = =1 =0 -~ = 6041.67
T & Z 6
1267 6ET
— = 38158 —~ = 5873.84
L L2
4F 257
— = 563 888.89 — = 28194444
L L
6041.67 [} 0 ~6041.67 0 0
o g1.53 5371.34 0 ~-31.53% 5373.34
x 0 5873.34 56333139 0 ~5843.34 281 944.44
17 -6041.67 0 0 6041.67 o 0
0 -31.58  -5273.34 0 31.53 -5373.34
0 S873.34 211944.44 (] ~5873.34 563 £33%.39
Strucwre stiffness marix
6123.25 0 5373.34 0 5373.34  ~6041.67 0 -21.53 o
0 6123.25 5373.84 $873.34 0 [ -$1.58 6 -6041.67
SET3.34  SE73.34 112777778 281 944.44 281 94444 0 -$873.84 -5873.34 O
¢ 5873.34 281 944.484  563331.39 ] 0 -5373.854 o o
K=|5873.34 0 281 944.44 0 563 383.39 0 0 527384 O Ans
—6041.67 0 o 0 [y 5041.67 0 0 0
o —81.58 ~5273.34  ~5273.34 0 0 $1.53 0 0
-31.5¢ 0 -52173.34 0 ~5373.84 ] 0 £1.45 0
) ~6041.67 ) . ° ° (i 0 6041.67
399
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16-7. Determine the internalloadings at the ends of each 8k
member. Take E = 29(10%) ksi, I = 7001in*, A = 30in? A2
for each member. 3 Oft
- Y
-— 1
@ 2]
12 ft
See Prob. 16- 6 L
0
—3
0
_|-144
ol e
0
0 0.8% s g, "4-4.
- D"
[ ° ] [e123.25 0 $873.34 0 S§73.84 604167 O  -31.58 0 os
— 0 3123.25 $273.94 5871.34 0 0 -81.58 0 ~s041.67) |
=144 $373.34  SETI.E4 1 127TT7.73 281 944.44 281 944.44 0 -5873.84-5873.84 0 .
144 0 S873.54 231 944.44 S63 §33.29 0 0 -5873.84 0 0 .
0 |ajss73.84 0 231 944.44 0 563 333.39 0 0 -5873.34 ) D,
¢ ~6041.67 o 0 0 1) 6041.67 0 0 0 o,
&-4 0 ~31.58  -5873.34  -5873.34 0 a 11.53 0 0 o
Qs ~31.53 0 -5373.34 e -5873.34 0 [ $1.53 0 ol
a | 0 —$041.67 0 0 0 0 0 0 6041.6 jlo]
Partition matrix
D e 7
° 6123.25 0 5873.24 0 537384 -6041.67]| ' | 10
- 0 6123.25  S873.34  S873.34 0 0 2| {o 3 ’1‘43_'
~144| | 87334 537384 112TTTTTE 23194444 281944.44 0 Dy jo Py 124t otk
PV bl B 537334 231944.44  563823.39 0 0 o, {*|o N I Rl
o $873.34 0 281944 44 0 $63883.39 0 b, | |0 i
o —6041.67 0 0 0 0 6041.67 D 0 ¥ N
«J 12:0 K ft J20k
0 = 612325D, + 5873.84D, + S873.84D; — 6041.67D,
-4 = 6123.25D, + 5873.84D, + 5873.84D, i)
-144 = S873.84D, + 5873.84D, + 1127777.78D, + 281944.44D, + 281944.44D, 24t
144 = 5873.84D, + 281944.44D, + 563888.89D,
= 5873.84D, + 281944.44D, + 563888.89D,
0 = -6041.67D; + 6041.67D, H 4
RRIEN
Solving, o 6 8k
D, = 0.07289in, D, = -0.0006621 in. Dy = -0.0005062 rad 1zotdt I 12.0k:ft
D, = 0.0005153rad Dy = —0.0005062 rad Dy = 0.0728%in. e 1T)
I
40K 4.0k
Support reactions 8k
| 6ft ot r
@, -4 = 0 —81.58(=0.0006621) — 5873.84 (~0.0005062) - 5873.84 (0.0005153) + 0 + 0 [ 1 1
& =400k Ans
0, = —81.58(—0.07289) + 0 — 5873.84 (~0.0005062) - 5873.84 (~0.0005062)
0, =0 Ans 40K
Q = 0 -6041.67(~0.0006621) + 0 + 0 + 0 + 0 laft
& = 400k Ans
Check equilibrium
+TZE =0; —8+4+4=0 (Check) _L
(+ IM, =0, 4(12) - 8(6) = 0 (Check)
4.0 Kk
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*16-8. Determine the structure stiffness matrix K for 2
the frame. Take E = 29(10%) ksi, I = 650in%, A = 20 in? !
for each member. 6k 5
3 6
DY=
4 k- 1 4
4 m 0
Member !
10-0
= =1 = 0
: > 0 ;" 29)(10°)(650 o @
12E7 12
E = —-——-——-——20(29)“ ) = 4833.33 —_= —————-—-———( )(107)(650) = 130.90
L 1(12) L3 (10)3(12)3
6E _ 6(29)(10°)(650) _ 285417 4 _ 4(29)(10°)(650) _ (2833133
L2 (10)2(12)2 L (10)(12)
E = _2(_2_9_).(_193>—(6_5_0—2. = 314166.67
L (10)(12)
10t 1
4833.33 0 0 -4833.33 0 0
0 130.90 7854.17 0 -130.90 7854.17
K = 0 7854.17 62833333 0 ~7854.17 314166.67
! 71483333 0 0 4833.33 0 -0
0 -13090 -7854.17 0 130.90  ~7854:.17
0 7854.17 314166.67 0 ~7854.17 628333.33
Member 2
L=0 _ -12-0 = -1
=0 A=
A_E _ (20)(29)(10°%) - 402778 _I_ZEY - 12(29)(10°)(650) = 7575
L (12)(12) L3 (12)3(12)2
& _ 6(29)(10°)(650) = 545428 4 _ 429)(10*)(650) = 52361111
L (12)2(12)2 L (12)(12)
L (12)(12)
75.75 0 5454.28 -75.75 0 5454.28
0 4027.78 0 0 —4027.78 0
K = 5454.28 0 523611.11 —5454.28 0 261805.55
27 ~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
Strucnrre stiffness matrix
4833.33 0 0 —4313.33 0 0 0 0 0
0 130.%0 7354.17 0 -130.5%0 7854.17 0 Q [
0 7354.17 628333.33 0 -7854.17 314 166.67 0 [} 0
—4333.13 0 1] 4909.03 0 5454.23 -75.75 0 5454.28
Ke o -130.90 -7854.17 0 4158.68 ~7354.17 0 —4027.73 0 ns
0 7854.17 314166.67 S454.23 -T854.17 1151 944.44 -5454.23 0 267 805.55
o 0 [ ~75.75 0 ~5454.28 75.75 0 -5454.23
0 0 o 0 —4027.78 [ 0 4027.78 i
[1] 0 0 5454.23 0 261 305.55 -5454.28 0 523 61 l.ll]
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16-9. Determine the components of displacement at @.
Take E = 29(10%) ksi, I = 650 in*, A = 20in” for each

T
member. 6k 5
3 6
4 k<—® 1 4
S

12 ft (2]

Sec Prob. 16-8
-
-6
- 0 10 ft |
D, =0 Q-=|, |
0
0
0
"D,
1 | 4133.33 0 0 4831233 o 0 0 0 0 D
- 0 130.90  7%54.17 0 -130.90  7354.17 0 (] 0 D,
0 0 7854.17 628333.33 ] ~7854.17 314166.67 0 1] 0 s
M 483333 . 0 ° 4909.08 o $454.28 -15.75 0 5454.28 A
o, 0 ~130.90 -T854.17 0 450,68  -7384.17 0 —027.7% 0 Dy
0 ° 785417 114166.67 S454.28 785417 1151944.44 -5454.28 O 261305.55] | p,
& 0 0 0 -75.7% 0 ~5454.28 75.75 0 -sasa.28{ | o
Q4 0 0 0 0 —4027.78 0 0 4027.78 0 o
2, o 0 0 5454.28 ) 261805.55 -5454.28 0 52361101} | g |
Prrticion mai
D
—47 [ 4333.33 0 0 ~213.33 0 0 D’ ()
-6 0 130.90  7354.17 0 -130.90 7854.17 2 0
ol 0 7854.17 623333.33 0 ~7854.17 314166.67 [|Ds 0
0|} —4833.33 0 o 4909.08 0 s4s54.28 lipf*fo
0 0 ~130.90 -7854.17 0 158,63 -7354.17 |l p, 0
0 0 TES4.17 314166.67 S454.28  -T354.17 1151944.44 D, o
1]
-4 = 4833.33D, - 4833.33D,

-6 = 130.90D, + 7854.17D, ~ 130.90D, + 7854.17D,
= 7854.17D, + 628333.33D, — 7854.17D, + 314166.67D,
0 = ~4833.33D, + 4909.08D, + 5454.28D,
0 = -130.900, - 7854.17D; + 4158.68D; — 7854.17D;
0 = 7854.17D, + 314166.67D, + 5454.28D, ~ 7854.17D; + 1151944.44D,

Solving the above equations yields

D, = -0.608 in. Ans
D, = —L1lin Ans
Dy = 0.0100 rad Ans
D, = —-0.6076 in.

Ds = —0.001490 in.
Dy = 0.007705 rad
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16-10. Determine the structure stiffness matrix K for Sk
the frame. Take E = 29(10%) ksi, I = 600 in*, A = 10 in? 2
for each member. Assume joints @ and @ are pinned;joint 6 fit fl
@ is fixed. Y 34
-1 .
[1] @
—
12-0 -0
Member 1 : = e = ] = —— =0
e = b= 2 l 81t
2013.89 0 0 -2013.89 0 0
0 69.927 5034.722 0 -69.927 50347122
W oo | 0 seseT2 4833300%) 0 -5034722 241.667(10%)
' 7 | -2013.89 0 0 2013.89 0 0
0 -69.927 ~5034.722 0 69.927 -5034.722
0 5034722 241.667(10%) 0 -5034722  48333(10%)
12-12 ~§~
Member 2 : K,:zn = 0 ).,:—sg—(z:—l
236.003 0 11328.125 —236.003 Q 11328.125
0 3020.833 0 ] ~3020.833 0 ]
K = 11328.125 0 725000 —11328.125 0 362500
z —236.003 0 -11328.125 236.003 0 -11328.125
0 —3020.833 0 0 3020.833 ¢
11328.125 0 362500 ~11328.125 0 725000
K=k +&
2249492 0 11328025 §1322.325 0 -236 o -2053.99 0
0 309076  -5034.J22 0 -5034.722 ¢ ~3020,833 0 -69.927
11320125 -~5034.722 }20833(10% 362500  241666.67 —~11328.125 0 ¢ 5034722
K =] 11328125 [ 162500 725000 0 ~11328.125 0 [ 0
0 ~5034.122  24)666.87 [) 42333333 0 0 0 so3az22 | AmS
-236 o ~11328.125  ~11328.125 ° 216 0 a 0
) ~3020.533 0 [} 0. 0 3020 833 0 0
~2013.85 a 0 0 0 ° 0 201339 0
° ~69.927 5034.722 o 5034122 0 0 0 69927
16-11. Determine the rotation at @ and ® and the o 0
support reactions in Prob. 16-10. 0 25
Dy = . Q =] 9%
0 0
o
-9
5k
i Use the strocturs stiffncss matrix of Prob. 16—9. Subsuwtng into Q = KD,
¥ 6 ft 34 partiioning and solving, yiclds
| D, =—0.40633(107) = —0.406(107) in Ans
L = = -0 -
-1 .
1] @ Dy = ~1.00818(107") = —1.01(107) in.
—
Dy = 0.148705(107%) = 0.149(107%) rad Ans
2 l 8 ft
2] D, = —0.0680034(107%) = ~0.0680(107) rad
7 Dy = —-027106(107%) = ~0.271(107%) rad

Using these results

The support reactions are as follows,

Qs = —0.818k Ans
O =305k Ans
0, = 0818k Ans
O = 195k Ans
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*16-12. Determine the stiffness matrix k for each 2 5
member of the frame. Take E = 29(10°) ksi, I = 700 in®,
A = 15 in? for each member. @ =3 6 A
1 .
2] ®
Member |
10 -0 AE 15029108
A =0 A = —— = | ._=_.S_(___)=3625
10 L 10(12) >
122 12029)(10°) (700 6E  6(29)(10°)(700 >
—_— = .___..)____)_(__._) = 14097 — = "(——(T‘_)(F“_)' = 8458.33 400 lb/ft 101t
LY (10°)(12%) L (10°)(12%) 1] 3]
SEI 4(29)(10)(700 261 2(29) 10%)(700
E_KO0T0) | occeser P L IO enan g
L (10)(12) L (10X 12)
1
14097 0 -845833 -140.97 0 -8458.33 7
0 3625 0 0 ~3625 0 9,
K = —8458.33 0 676666.67 8458.33 0 33833333 @ ks N
P -14097 0 845833 14097 0 845833 | ‘
0 -3625 0 0 3625 0 r 81t g
-8458.33 0 338333.33 8458.33 0 676666.67
Mcember 2
-0 AE 15(29)(10°
B0 4 -0 AE _ BEH9) _ 453125
8 L (8)(12)
1 12(29)(10°)(700, 6E7 29)( 10%)(700
_.2_.5’ = __(_.L_).(__) = 27534 — = .6_(_1(_...1(_..._1 = 13216.15
L3 (83)(12%) L (82)(12%)
4 4(29)(10°)(700) ) 26 2(29)(10°)(700)
—_ = — . = 8458333 — = ———— = 422916.67
L (8)(12) 83333 L (8)(12)
4531.25 0 0 —4531.25 0 0
0 275.34 13216.15 0 -27534 13216.15
k. = 0 13216.15 845833.33 0 -13216.15 422916.67
2 71 4531.25 0 0 453125 0 0
0 ¢ =275.34 -13216.15 0 275.34 -13216.15
0 13216.15 422916.67 0 -13216.15 845833.33
Member 3
0-10 AE
A, =0 = —_= ] — = 3625
x A’ 10 L
6EY
— = 14097 — = 8458.33
JA JE
4K
— = 676666.67 —25 = 3833333
L L
140.97 0 8458.33 —140.97 0 8458.33
0 3625 1] 0 -3625 0
k. = 8458.33 0 67666667 —8458.33 0 338333.33
3 71-14097 0 —-845833 14097 0 -8458.33
0 -3625 0 0 3625 0
8458.33 0 33833333 845833 0 67666667
Swucture siffness mamrix
4672.22 0 3458.33 —4531.28 0 0 . —140.

0 3900.34  13216.15 ¢ -275.34  13216.15 g “50' » 3 g “g 7 -3225
3458.33  13216.15 1522500 0 ~13216.15 422916.67 0 332£133.33 0 0 -5453.31 o
—4531.25 0 0 4672.22 0 3453.33 3458.33 0 -140.97 0 0 0

0 -275.34 -13216.15 0 3900.34  -13216.15 0 0 6 ' -3625 0 0

. g 13216.15 422916.67 8458.33 -13216.15 1522500 33%333.33 0 -8458.33 0 0 o Ans
. o 0 8453.31 0 333333.33 676 666.67 0 -3458.33  © 0 0
453.33 Q 3383331.33 0 0 L] 676 666.67 0 0 ~5453.33 ]

0 0 o ~140.97 ° ~$458.33  —3452.33 ) 140.97 0 Q 0

] 1] [} 0 ~3625 1] o 0 4] 3625 [ o
~140.97 0 -3458.33 0 0 0 0 ~3451.33 [ [\ 140.97 4]

0 -3625 ] [} 0 0 o 0 0 0 (1] 3625

404

o



cl6.gxd 6/24/08 5:04 PM Page 405 $

© 2009 by R.C. Hibbeler. Published by Pearson Prentice Hall, 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.

16-13. Determine the reactions at the supports @ and @. % 5
Joints @ and @ are pin connected and @ and @ are fixed P
connected. Take E = 29(10%) ksi, I = 700in*, A = 15 in? @ ‘\% - =\ 4
for each member. HF
> 2] 3 /
> 10 ft
4001b /1t
1]
2
0
( 40 h
0 _fo
D, = 0 Q = 0
0 0 '
0| OLi
—40, -
81t .
"D,
[ =0 4672.22 0 3458.13  -4531.25 ° 0 ° 145133 g g "‘3'97 -3225 D-
o 0 3900.34  13216.15 0 -275.34  13216.15 0 0 o 0 245833 o D,y
40 345823 13216.15 1522500 0 -13216.15 422916.67 0 33833333 0.9- b ' 0 D,
0 453125 0 0 4672.22 o 345233 845833 0 Y _se1s ° o |,
o 0 -275.34  -13216.15 0 3900.34  -13216.15 0 o 43031 o o o ||p
0 0 1321615 422916.67 845833 -13216.15 1522500  338333.33 ° SR o o s
0o !l o o o 345833 0 1318333.33  676666.67 0 ‘"3 B0 a3 o | |P
40 34528.33 0 338333.33 0 0 o 0 6666667 O - 0 ss. 0 b
Q. o 0 0 ~140.97 ° -8453.3)  -3458.33 ] e 3625 0 0 o
o 0 0 0 0 ~3625 0 0 §458.33 0 o 14097 0 {]O
Q) +2 -140.97 0 -$453.33 0 Q ° 0 A ° 0 0 3628410
0 -3625 o 0 0 o 0 Lo}
L @ |
D, .
[ 2 4672.22 0 345833 -—4531.25 0 0 0 143833 | 1py| O
0 0 3900.34  13116.15 0 -275.34  13216.15 0 0 ,| %
40 2458.33  13216.35 1522500 0 ~13216.15  422916.67 o 33333333 | B ol
0 —4531.2% ¢ 0 4672.22 o 145233 $458.31 0 4 Jnl
o |~ 0 -275.34  -13216.15 0 3900.34  ~13216.15 0 o by} o,
0 0 13216.15 421916.67 8458.33 ~13216.15 1522500 133333.21 0 p,| 0!
0 0 0 0 345833 0 33233333 476666.67 0 bl 0
—40] | 345532 0 333333.33 0 0 0 0 676666.67] |11 0.
1 2
3 I's
2.0 = 4672.22D, + 8458.33D, - 4531.25D, + 8458.33D, . _,,E_ . "}5~* 3333xk
0 = 3900340, + 13216.15D, — 275.34Dy + 13216.15D; Ze Tzt
L
40 = 845833D, + 13216.15D, + 15225000, - 13216.15D; + 422916.67D; + 338333330, Hess ek
0 = —d4531.25D, + 4672.22D, +8458.33D, + 845833D,
= —27534D, - 13216.15Dy +3900.34D¢ - 13216.15D; e 0 3+ os
0 = 13216.15D, + 422916.67D, + 8458.33D, ~13216.15D; + 1522500D + 338333.33D,
3333k fC
0 = 8458.33D, + 338333.33D, + 676666.67D, A2 o
-40 = 8458.33D, + 33833333D, + 676666.67D, VLR ,Jogg 21,
20k PrE e

}v y
. . 333 k4t
Solving, i

D, = 0.04867in. D, = 0.0006897 in. D, = —0.00007727rad D, = 0.04842in

D; = —0.0006897 in. Dg = —0.0001406rad D, = —0.0005350rad D, = ~0.0006288 rad A S—
o
Support reactiions sk 'E
ol |
S 0 0 0 -14097 0 -—845833 -845833 O :
Q0 [ 1 0 0 o 0 -3625 0 0 0 s
0, +2| |-14097 0 -845833 0 0 0 0  -845833 ¢
0 0 -3625 0 0 0 o 0 0 209 & ik
0.04867 ASee. RIS
0.0006897 0
—0.00007727 0
00482 | 10
—.0006897 0 G = -1l1lk Ans Check for equilibrium
—0.0001406 0 0, = 250k Ans TEF =0 04(10) — 2.89 - L.11 = 0 (Check)
—~0.0005350 0 0, = -289k  Anms +TIF =0 250 — 250 = 0 (Check)
—0.0006288 0. 0, = ~2.50k Ans +IM, =0 2.50(8) - (0.4)(10)(5) = O (Check)
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16-14. Determine the structure stiffness matrix K
for the two-member frame. Take FE = 200 GPa,
I =350(10% mm*, A = 20(10°) mm?’ for each member.
Joints @ and @ are pinned and joint @ is fixed.

20 kN

o

Member |
-0 4-0
A, =3-;—=046 A = — =18
200107)(200)(10°
AE _ 20007 2000(107) 800(10%)
L 5
12E] 12(200){ 10°)(350)(107¢) s
g = 6.720(1
5 G 0(10%)
6El 200)(10°)(350)( 10-6
SEI _ 6(200)(10°)(350)(10°¢) _ 16.800(10°%)
2 (5)2
aE 200)( 10°)(350)( 1075
T=4( )1 )5( )I¢ )=56_00“05)
00 S0)(107¢
28 _ A2 (10°)(350)( )=28.00(10‘)
L [
29230 380.77 -13.44 -29230 -380.77 —13.44
38077 51442 1008 -380.77 -514.42 10.08
X :(10‘) ~13.44 10.08 56.00 1344  -10.08 28
! -29230 -~380.77 1344 29230 38077 13.44
-380.77 -51442 -10.08 380.77 51442 —10.08
-1344 1008 2800 1344 1008 56.00
Member 2
4 - 7-3 | A 4-4 0
x -'4— = > = _4‘"' =
A 3 10°
TE _ w10 )(4200)( ) _ 1000 10°)
1261 12(200)(10°)(350)(10-%) .
—_ = = 13.1 0
T @ 13.125 (10%)
6EI  6(200)(10°)(350)( 107%) o
T on = 26.25(10°%)
4E] 200)( 10°)(350)( 107¢
Tzl‘( X l( ) )=70_00(ms)
2E 2(2000(10°)(350)(107¢ '
28 (200)(107)(350)( ) - 35.(X)(106)
L 4
1000 0 0 -1000 0 0
0 13.125 2625 0 13125 2625
k. = (109 0 26.25  70.00 0 -2625 35.00
2 -1000 0 0 1000 0 0
0 -13125 -2625 O 13.125 -26.25
0 26.25  35.00 0 -2625 70.00
Structure stuffness matrix
1292.3 380.77 13.44 L1} 13.44 -292.3 ~330.77 -1000 [}
380.77 527.544  16.17 26.25% -10.08 -320.77 -S14.42 0 -13.125
13.44 16.17 126 as 28 ~13.44  {0.08 0 -26.25
0 26.25 3s 70 0 ° a 0 -26.24
K=110% 13.44 -10.03 28 0 56 -13.44  10.08 0 [} Apns
-292.3 ~330.77 -13.44 0 -13.44 292.3 330.77 0 0
-320.77 -514.42 10.08 0 10.08  330.77 514.42 0 0
~1000 [ [ 0 0 0 0 100 0
0 -13.125 -26.25 -1&.125 0 0 ] 0 13.125
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16-15. Determine the support reactions at @ and @ in
Prob. 16-14.

20 kN

D)

[ 23000 12923 15077 13.44 O 1344 -2923 -380.77 -1000 O (D:i
-=8 000 33077 $27.84 16.17 26.25 -10.08 -330.77 -$13.42 0 —n.x’.‘s% o,

1£ 000 13.44 1617 126 35 23 -13.44  10.08 o -262sl|) ’

10 000 0 26.3% 15 70 0 0 1) o -26.2% '

-25000 | _ 00| 13143 -10.08 28 0 56 -13.44  10.08 0 0 o,l
Q¢ -24 000 2023 -330.77 ~-13.44 O  -13.44 2923 33077 O 0 o
o+~ 18000 -380 77 -514.42 10.0% Q 10.08  380.77 S14.42 0 0 0
21000 0 0 0 0 0 0 1000 0 P

@ 25 -26.2% -26.25 0 0 0 o 13.125 |o |

@, - 10000 0 —13.12 25 -26.2 o]

24(107) = 12923D, + 380.77D, + 13.44D, + 13.44D;
~28(107) = 380.77D, + 527.54D, + 16.17D, + 26.25D, - 10.08D;
15(10%) = 13.44D, + 16.17D, + 126D, +35D, + 28D;

100107y = 26.25D, + 35D, + 70D,

-25(107) = 13.44D, - 10.08D, + 28D + 56D,

D, = 56.50(10°%) m
D = —11606(10°) m
D, = 244.01(10°%) rad
D, = 6438(10™) rad
D¢ = —6029(107°) rad

Q, +24000= [-292.3(56.50) — 380.77(-116.06) — 13.44(244.01) + 0 — 13.44(—-602.9)]

Q; = 850kN  Ans
O, - 18000= [—380.77(56.50) — 514.42(~116.06) + 10.08(244.01) + O + 10.08(-602.9)] 4ord
. 56500
0, = S2L6kN Ans bod
O, = [—1000(56.50) + 0 + 0 + 0 + 0] 238/ 30K -
Ve 4m
0, = S65kN Ans
£
Q, — 1000= {0 - 13.125(~116.06) — 26.25(244.01) — 26.25(64.38) + 0] ol = - —
225709

343KkN Ans

Qy =
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