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9-1. Determine the vertical displacement of joint A. Each
bar is made of steel and has a cross-sectional area of
600 mm?2. Take E = 200 GPa. Use the method of virtual
work.

D
~—1.5 mﬂPI.S m-—-

The virtual forces and real forces in each member are shown in Fig. a and b,
respectively.

SKN
Member n(kN) N(kN) L(m) nNL (kN2 +m)

AB 1.25 6.25 2.50 19.531

AD —0.75 -3.75 3 8.437

BD —1.25 —6.25 2.50 19.531

BC 1.50 7.50 1.50 16.875

> 64.375
nNL  64375kN’-m
1kN-AAU—EAE = AE
A - 64375KkN-m
A AE

64.375(10) N-m

{0.6(10‘3) mz} {200(109) N/mz}

= 0.53646 (1073) m
= 0.536 mm | Ans.

B 150mmc 1150 ki B 750 M@ C 750 kA

0'755 KACE) p |:50 KN

) kN [ kN
Virtual Forces N Real Forces N

(&) (k)
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9-2. Solve Prob. 9-1 using Castigliano’s theorem.

D
0 Jd
Member  N(kN) a];f N(P = 5kN)  L(m) N(%)L(kN -m) —15 m%FLS m-——
AB 125 P 1.25 6.25 25 19.531 SIN

AD -0.750 P —0.75 375 3 8.437
BD -125P 125 —6.25 25 19.531
BC 1.50 P 1.50 7.50 15 16.875
b 64.375

N\ L
Ay = EN<§)E
64.375 kN - m
T AE
64-375(10°) N-m
[0.6(107%)m2][200(10%) N/m?]

= 0.53646 (1073) m

=0.536 mm | Ans.

*#9-3. Determine the vertical displacement of joint B. For F

E D
each member A = 400 mm?, E = 200 GPa. Use the method @ 70 P
of virtual work.
1.5m
A RV el
Member n N L nNL B O
45 kN
AF 0 0 1.5 0 | 2m } 2m |
AE —0.8333 -37.5 25 78.125
AB 0.6667 30.0 2.0 40.00
EF 0 0 2.0 0
EB 0.50 225 1.5 16.875
ED —0.6667 -30.0 2.0 40.00 E o E 30™() »p
BC 0 0 2.0 0 OR P
";L l,‘ N
BD 0.8333 375 25 78.125 L ) w4l S sm
CD —0.5 -22.5 1.5 16.875 * 0™ (7, N o N
8 -
s =270 —— Zm |
L 45 &N
1-A, = 2 nN
v AE
£ o E o686 XCc) ,
270(10° oA
A, = o) =3.375(10)m = 3.38 mm | Ans. Ry 73
*400(107)(200)(10%) °f & by
2 =
1
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*9—4, Solve Prob. 9-3 using Castigliano’s theorem. F /t_Ei D
1.5m
A RV Q o)~
lB - 1
45 kN
| 2m | 2m |
IN IN
M N — P=4 L — L
ember 3P N( 5) N( P )
AF 0 0 0 1.5 0 F 0 E_oée67P() >
AE —0.8333P —0.8333 -37.5 2.5 78.125
AB 0.6667P 0.6667 30.0 2.0 40.00 B Y S '\5‘|
BE 0.5P 0.5 225 1.5 16.875 0 &
BD 0.8333P 0.8333 37.5 2.5 78.125 4 o °
BC 0 0 0 2.0 0 8 3
CD -0.5P -0.5 —22.5 1.5 16.875 R R 106?
DE 0.6667P —0.6667 -30.0 2.0 40.00 os?
EF 0 0 0 2.0 0
S =270 o - £ price) D
e Wt
ou, = SV (W)L 20 of U Y |
B oP)AE  AE 2 N e o X
o & (4
270(10%) P {
= = 337510 )m = 338 mm Ans. e 2~ 1
400(107%)(200)(10%) a5
9-5. Determine the vertical displacement of joint E. For F E D
each member A = 400 mm?2, E = 200 GPa. Use the method e 2 A T
of virtual work.
1.5m
A PV ) o) 1
lB ¢
45 kN
‘ 2m | 2m |
Member n N L nNL ! ! !
AF 0 0 1.5 0
AE —0.8333 -37.5 2.5 78.125
AB 0.6667 30.0 2.0 40.00
EF 0 0 2.0 0
EB 0.50 22.5 1.5 -16.875
ED —0.6667 30.0 2.0 40.00
BC 0 0 2.0 0
BD 0.8333 37.5 2.5 78.125
CD -0.5 —22.5 1.5 16.875
> = 236.25
nNL
1-AE, = > AE
236.25(10%) S
= =29510%)m = 2.95mm | Ans.
400(107%)(200)(10%)
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9-6. Solve Prob. 9-5 using Castigliano’s theorem.

F E D
) 7o) ®)
d
1.5m
A Y o 1
B _Q_C
45 kN
| 2m | 2m |
IN IN
Member N 87 N(P = 45) L N(a?)L
AF 0 0 0 1.5 0
AE —(0.8333P + 37.5) —0.8333 -37.5 2.5 78.125
AB 0.6667P + 30 0.6667 30.0 2.0 40.00
BE 22.5-0.5P -0.5 22.5 1.5 —16.875
BD 0.8333P + 37.5 0.8333 37.5 2.5 78.125
BC 0 0 0 2.0 0
CD —(0.5P +22.5) —0.5 —22.5 1.5 16.875
DE —(0.6667P + 30) —0.6667 -30.0 2.0 40.00
EF 0 0 0 2.0 0
> = 236.25
OoN L 23625
Ae = 2N Gp AET Ak
236.25(10%) .
= =295(10)m = 2.95mm | Ans.
400(107%)(200)(107%)
9-7. Determine the vertical displacement of joint D. Use
the method of virtual work. AE is constant. Assume the
members are pin connected at their ends.
. . . . I 4 m 4 m
The virtual and real forces in each member are shown in Fig. a and b, v i
tivel
respectively IS kN 20 kN
Member n(kN) N(kN) L(m) nNL(KN?« m)
AB 0.6667 10.0 4 26.667
BC 0.6667 10.0 4 26.667
AD —0.8333 -12.5 5 52.083
BD 0 15.0 3 0
CD —0.8333 —12.5 5 52.083
CE 0.500 27.5 3 41.25
DE 0 0 4 0
> 198.75
B 2nNL ~ 198.75kN?*-m
1kN-Ap AE AE
_ 19875kN'm  199kN-m l
Ap, = AE = AE Ans.
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9-7. Continued

0:500 kN
| kn e

S Oyl 0050 |

0-500 kN 750 kN I5kN 20 kN
Virtual Forces 7 e Forces N

() (6)

*9-8. Solve Prob. 9-7 using Castigliano’s theorem.

ON N
Member N(kN) — N(P=0)kN L(m) N(*)L (kN -m)
P P
AB 0.6667P + 10.0 0.6667 10.0 4 26.667
BC 0.6667P + 10.0 0.6667 10.0 4 26.667
AD  —(0.8333P + 12.5) —0.8333 -12.5 5 52.083
BD 15.0 0 15.0 3 0
CD  —(0.8333P + 12.5) —0.8333 -12.5 5 52.083
CE 0.5P +27.5 0.5 275 3 4125 EP+27.5
DE 0 0 0 4 0 P 0 i'f 75K
) 198.75
IN\ L E
s = N (5 )z s
2
_ 19875kN-m _ 19kN-m =
- AE - AE Ans. \,N.‘
c

Y
<0 kN
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9-9. Determine the vertical displacement of the truss at
joint F. Assume all members are pin connected at their end
points. Take A = 0.5 in? and E = 29(10%) ksi for each
member. Use the method of virtual work.

500 1b
300 Ib
|
Seets doon
3t 3ft
F ooy LV E iwcuicesd p
/741
v/ |&
/ g

T

A [ Gooistc) B 1700/becs

600
600 Ib
h
Ap, = E"AV; = ﬁ[(—l.oo)(—600)(3) + (1.414)(848.5)(4.243) + (—1.00)(0)(3) ﬂ’l LLodee) o toie)
+ (=1.00)(—1100)(3) + (1.414)(1555.6)(4.243) + (—2.00)(—1700)(3) I 3 S
+ (—1.00)(—1400)(3) + (—1.00)(—1100)(3) + (—2.00)(—1700)(3)](12) N s
47425.0(12) ! L,
_ Ans. A

= =0.0392in. |
0.5(29)(10%)

9-10. Solve Prob. 9-9 using Castigliano’s theorem.

500 1b

300 1b
|

600 1b

N\ L 1
Ap, = EN(&?)E = AE [=(P + 600)](=1)(3) + (1.414P + 848.5)(1.414)(4.243) . yoors ot
Fl apsifeeccrd Ptido (<) +

+ (=P)(=1)(3) + (=(P + 1100))(=1)(3) A 3
+ (L414P + 1555.6)(1.414)(4.243) + (—(2P + 1700)) (—2)(3) >
+ (=(P + 1400)(—=1)(3) + (=(P + 1100))(~1)(3) H
P+ (312 < C3ITP + 474250)(12) g
(0.5(29(10)°) Zesmel|
s

|

Set P =0 and evaluate

Ap, =0.0392in. | Ans.
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9-11. Determine the vertical displacement of joint A. The
cross-sectional area of each member is indicated in the
figure. Assume the members are pin connected at their end
points. E = 29 (10)3 ksi. Use the method of virtual work.

The virtual force and real force in each member are shown in Fig. a and b,

respectively.

Member n(k) N(k) L(ft) nNL(k? -« ft)
AB ~1.00 ~7.00 4 28
BC ~1.00 ~7.00 4 28
AD V2 V2 42 56\2
BD —2.00 ~14.00 4 112
CD V2 V2 42 56\2
CE ~1.00 —4.00 4 16
DE 0 0 4 0

nNL

1k A, =

Lpea L O+ E12+ 16)k?- ft . (56V2 + 56V2)K>-ft

A (3in?)[29(10%) k/in?] (2in?)[29(10%) k/in?]
Ay = 0.004846 ft (%) = 0.0582in. | Ans.

Virtud Forces n Pead Forces N
(&) (b)
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#9-12. Solve Prob. 9-11 using Castigliano’s theorem.

aN aN
Member N(k) v N(P =7k)  L(ft) N( T )L(k - t)

AB —p —1 -7 4 28
BC —p —1 -7 4 28
AD \Va2p V2 V2 a2 56\/2
BD 2P -2 ~14 4 112
cD \V2p V2 2 a2 56\V2
CE  —~(P-3) —1 —4 4 16
DE 0 0 0 4 0

SN\ L
Ba = 2N<§)E

(28 + 28 + 112 +16) k-ft 56V2 + 56\V2 K2 fit
(3 in?)[29(10°)k/m?] (21in?)[29(10%)k/in?]

= 0.004846 ft (12 n
11t

) = 0.0582in | Ans.
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9-13. Determine the horizontal displacement of joint D. 8m }
Assume the members are pin connected at their end points. D > 2k
AE is constant. Use the method of virtual work.
6 ft
C
3K —> v
The virtual force and real force in each member are shown in Fig. a and b, 6t
respectively.
A4 Bl ——
Member n(k) N(k) L(ft) nNL(k2 « ft)
AC 1.50 5.25 6 47.25
BC -1.25 —6.25 10 78.125
BD —0.75 —1.50 12 13.50
CD 1.25 2.50 10 31.25
by 170.125
nNL
1k M ADh = E AE
170.125 k* - ft
1k-Ap = ———1———
P AE
170 k - ft
AD,, = T i Ans.

(2D 031-0

[- 00K

.50 k. .80 K. 5.25K. 525K,
Virtuad Forées n Lead Forces N

(A) (b)
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9-14. Solve Prob. 9-13 using Castigliano’s theorem.

8 m }
D » 2 k
6 ft
C
3k =—d> —
6 ft
A B
ON ON
Member N(k) 3P N (P =2k) L(ft) N<§>L(k - ft)

AC 1.50P +2.25 1.50 5.25 6 47.25

BC —(125P+375) —125 —6.25 10 78.125

BD —0.750P —0.750 -1.50 12 13.5

CD 1.25P 1.25 2.50 10 31.25

> 170.125
SN\ L
Ap, = EN(ﬁ)E
170125k - ft
AE
170 k - ft
= T i Ans.

150FP+2-25 [D0p+R-25
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9-15. Determine the vertical displacement of joint C of the
truss. Each member has a cross-sectional area of A =300 mm?>.
E = 200 GPa. Use the method of virtual work.

H G F
3m
l

B C D =

~—4m 4m 4m 4m—>‘
Y \ /
3kN A 3kN
4 kN

The virtual and real forces in each member are shown in Fig. a and b respectively.

Member n(kN) N(kN) L(m) nNL(KNZ -« m)
AB 0.6667 6.667 4 17.78
DE 0.6667 6.667 4 17.78
BC 1.333 9.333 4 49.78
CD 1.333 9.333 4 49.78
AH —0.8333 -8.333 5 34.72
EF —0.8333 -8.333 5 34.72
BH 0.5 5 3 7.50
DF 0.5 5 3 7.50
BG —0.8333 -3.333 5 13.89
DG —0.8333 -3.333 5 13.89
GH —0.6667 —6.6667 4 17.78
FG —0.6667 —6.6667 4 17.78
CG 1 4 3 12.00

S =294.89
nNL 29489 kN?-m

IkN-Ac, = > UE AE

A~ 29489KkN-m
G AE

B 294.89(10°) N-m
[0.3(107%) m?][200(10°%) N/m?]

= 0.004914m = 4.91mm |

Virtud Forces n
@)

Ans.
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*9-16. Solve Prob. 9-15 using Castigliano’s theorem. H G F
Af
L B C D
~—4m 4m 4m 4m *»‘
\J
3kN M 3kN
4kN
oN oN
Member N(kN) 3P N(P =4kN) L(m) N( )L(k m)
AB 0.6667P + 4 0.6667 6.667 4 17.78
DE 0.6667P + 4 0.6667 6.667 4 17.78
BC 1.333P +4 1.333 9.333 4 49.78
CD 1.333P +4 1.333 9.333 4 49.78
AH —(0.8333P +5) —0.8333 —8.333 5 34.72
EF —(0.8333P +5) —0.8333 —8.333 5 34.72
BH 0.5P+3 0.5 5 3 7.50
DF 0.5P +3 0.5 5 3 7.50
BG —0.8333P —0.8333 —3.333 5 13.89
DG —0.8333P —0.8333 —3.333 5 13.89
GH —(0.6667P +4) —0.6667 —6.667 4 17.78
FG —(0.6667P +4) —0.6667 —6.667 4 17.78
CcG P 1 4 3 12.00
> 294.89
N\ L _ 29489kN-m
s, = V(G Jag = e
B 294.89(10°) N-m
© [0.3(107%) m?][200(10%) N/m?]
= 0.004914 m
=491mm | Ans.
05P+3KkN 3 KkN P 3K 0:-5P+3 kA
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9-17. Determine the vertical displacement of joint A. D
Assume the members are pin connected at their end points. BB
Take A = 2in*and E = 29 (10°) for each member. Use the
method of virtual work.
Eﬁ
P 8 ft
A@ o @ |——
B C|
8 ft 8 ft ‘
Y1000 1b Y5000
nNL 1
Ay, = > E E[Z(—Z.OO)(—Z.OO)(S) + (2.236)(2.236)(8.944) + (2.236)(2.795)(8.944)]
164.62(12) .
= = 0.034lin. | Ans.
(2)(29)(10°)
>
N
8ft
2
A . > e A <
A[Zooxics | 8 Zookiey 7 AV 3ooKcc; |8 200KEs |
sr ] B | F8r T efe |
3 0-5% e
D
9-18. Solve Prob. 9-17 using Castigliano’s theorem. —
Eﬁ
2 8 ft
IN\ L 1
= — ) = —[-2P(— + (2. . .
Ay, EN( 3P )AE AE[ 2P(=2)(8) + (2.236P)(2.236)(8.944) p n il
+ (=2P)(—2)(8) + (2.236P + 0.5590)(2.236)(8.944)](12) 8 ft B 8 ft C}
 /
Set P=1 and evaluate 10001 S001o
164.62(12) .
= =0.034lin. | Ans.

A (2)(29)(10%)

2O00Pic) |B 200pCc)

L

{ ©ert ,  Bfc
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9-19. Determine the vertical displacement of joint A if D
members AB and BC experience a temperature increase of T
AT = 200°F. Take A = 2in? and E = 29(10%) ksi. Also,
a = 6.60 (107°)/°F. .
P 8 fit
AE@ o © || —
B
PP PP
Ay = D naATL = (—2)(6.60)(107°)(200)(8)(12) + (—2)(6.60)(107°)(200)(8)(12)
= —0.507 in. = 0.507 in. T Ans.
»
i
2 ¢
Bft
/b,‘/] {\
* 200KCC) |8 .zoo.c(C)J'
§ 6r T it |
1K
*#9-20. Determine the vertical displacement of joint A if 25
member AE is fabricated 0.5 in. too short.
E
P 8 fit
A@ o © || ——
B
} 8 ft } 8 ft C}
Ay = DnAL = (2.236)(—0.5)
= -112in = 1.12in. 1 Ans.

N AR ICRZIION
pr | Bt i
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9-21. Determine the displacement of point C and the
slope at point B. EI is constant. Use the principle of virtual

‘

work. iﬂ
C B I
L L ‘
. D) \ 9 |
Real Moment function M (x): As shown on figure (a). 2 2
Virtual Moment Functions m(x) and my(x): As shown on figure (b) and (c). o
Virtual Work Equation: For the displacement at point C, Moty = g;cl 1 M&,) = g-(‘,
L X £
mM [ ] \
1-A = /0 de % | K gt
r T = p
1 T X £ 2 (@) * £
1-Ac = 2|— [ (&
¢ {El l ( 2
1
o pr3 . me,)= 3+ l mix) sz
¢ REI i ¢
[ 'I ,l? 1
X, I 2, 1
For the slope at B, T T L
P £t 7 e T oz
ngM
1-60 = d
0 A £l X ,
1 L P L P MolX,)* T I";CX.)‘/"—f’-
1 X 2
1'03 = 7|:/ (*1>( )dxl + / ( *Xz)dX2:| L ‘I (‘ 151
EIl J, \L 0 x| x—]
PL? = T
b5 = 16E1 T a T
9-22. Solve Prob. 9-21 using Castigliano’s theorem. lP
C B ﬂ
Internal Moment Function M(x): The internal moment function in terms of 1 L i L 1
the load P' and couple moment M' and externally applied load are shown on 2 2
figures (a) and (b), respectively.
Castigliano’s Second Theorem: The displacement at C can be determined
L OM(x) x ,
with o 2 andset P’ = P.
L
oM \dx
A= M —
[) (aP’)El ,
L ’ P
_ [ e meyeEx
Ao ” 2{E1A(2x)( 3
,ﬁ ]
125 X
= Ans. L.
BEl Y ns » £ =
= @ =z
. o OM(xy)  xyp IM(xp) 2
To determine the slope at B, with = — oM = 1—— and , ? , W
setting M’ = 0. M«.)-(%*%}X, l Me=M *(é‘r)&
» } 2
0 = /LM( it )dl — —~
0 oM' JEI T_— f‘ ) ,:f_
ol o) 2 TN
B~ Er ), \2 ™ L) ¢
PL?
= 16EI Ans.
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9-23. Determine the displacement at point C. EI is P
constant. Use the method of virtual work. l
AL\a 4C
| a | a |
——) M=Px, b
X' ‘
M=PX, |
LM
1-Ac = —d
¢ l Er | L
1 # p [ i
Ac = —[ / (x1)(Pxy)dx; + / (xz)(Px»dxz} h e
EIl J, o
2Pa’ m= X
= 3 EaI ! Ans. X, ) '&( !
ms |
=

*9-24. Solve Prob. 9-23 using Castigliano’s theorem.

oM, M, o'
apr 1 ap

P
Set P = P’ ,LF T4 ik
|

a I a
M, = Px, M, = Px, Pl zp’

L a “
Ac: Z/Zjatl(g%)dx = é{/o (Pxy)(xy)dx; + /0 (sz)(xz)de} - Pljﬁ)npp'x, :4 P

3EI . MP, “l-——-i

2
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9-25. Determine the slope at point C. EI is constant. Use P

the method of virtual work. l
$
\

()
L Ry r4
Md t
1 GC = / mO x ? V V
. EI
v M0=‘ i
o — “(x1/a)Px,dx, N ‘(1) Pxydx, f::-_—:b 5 (C'——;T—:D
< EI y  EI Y ek
[

Pd? N P&’ _ 5Pa*

3EI | 2EI  6EI Ans.

9-26. Solve Prob. 9-25 using Castigliano’s theorem.

Set M’ = 0 Ay:
B_=2=
L
OM \dx
= M -
Oc A (3M’)E1

~ /“(Pxo(;x])dx] L[ Px)(Ddx,
0 El 0 EI

PR 2P+ Mo,
B Pd? Pd? _ 5Pd? r?" % t

= 4" _ .
3EI ' 2EI  6EI Ans

Mz (P M), P
= ) (&B m'

m=m'+ P,
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9-27. Determine the slope at point A. EI is constant. Use
the method of virtual work.

L

+ L
L
M 1
1 eA:/m" dx ( )m,=;-z;...
0 EIl ] X
e—i{ a(l ﬁ)P v+ [ )P d}—P—“ZV A : "o
AT Rl A a (Pxy)dx, o()( x2)dx; = 6EI ns.
p
4 8
A S
p{ a EP L] 1
) Mepx,
PIix, :
M=PK, |
*9-28. Solve Prob. 9-27 using Castigliano’s theorem. P
8M1 -1 X1 6M2 -0 A"'\ +C
oM a oM’ B=fa_ ‘
| | a |
SetM' = 0
M1:_PX1 M2:PX2 ' P
(M
L a
M 1 “
0, = / M<a )ﬂ=—{/ (—le)(1 —ﬂ)dx1 + /(sz)(O)dxz} 1
0 oM’ JET EI 0 a 0 ’
20y <Pt
_ —Pd?
6EI
' 4
_pra A g ( ’”l'“"”’-'g-x'
~ 6EI ns. %, ,
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9-29. Determine the slope and displacement at point C.
Use the method of virtual work. E = 29(10°) ksi,
I = 800 in*. | A

_LB c

4‘ )12 k-ft

P —

6 ft

Referring to the virtual moment functions indicated in Fig. a and b and the real moment
function in Fig. ¢, we have

L 6 ft 6 ft
moM (-D(-12) (=D)[—(6x; + 12)]
1k -ft-0,. = ——dx = ——d + d
¢ /0 El T, EI R A El 2
_252K*-ft
EI
252 k - ft? 252(12%) k - in®
e = = 3( _)2 —- = 0.00156rad N Ans.
EI [29(10%) k/in?](800 in*)
and
L 6 ft 6 ft
mM (—x1)(-12) / ([=(x2 + 6)][—(6x, + 12)]
k-Ac= | —dx= ~ 2 7 +
C l El dx A £l dx A £l dx,
1944 K218
EI
1944 k - ft3 1944(12%) k - in®
Ae =2 _ DRIk s Ans.
EI [29(10°) k/in“](800 in")

(Me), = -1k ft lmg)=-1 k-t

Ik

m, = —(X, +6)| |”’?: ==X |
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9-30. Solve Prob. 9-29 using Castigliano’s theorem. 6k
|A lB C\ 12 kAt
i 4)
6 ft 6 ft 1
. - oM,
For the slope, the moment functions are shown in Fig. a. Here, oM = —1and
oM
aM% = —1.Also,set M’ = 12 kft,then M; = —12 k- ft and
M2 = _(6X2 + 12) k‘ft.ThuS,
L 6 1t 61t
aM \dx (-12)(-1) —(6xp + 12(-1)
b= | M L A N e S
¢ A (8M’>EI Jo El 27 EI 2
252k - ft? 252(12%) k - in
. = = 3( - )2 —~ = 0.00156 rad Ans.
EI [29(10° k/in”](800 in®)
)
For the displacement, the moment functions are shown in Fig. b. Here, TPI = —x
aM ¢
and TPZ = —(x, + 6).Alsoset,P=0,then M; = —12k-ftand

M2 = _(6)(2 + 12) k'ft.’ThuS,

Lram\dx O(—12)(—x1) oM —(6x, + 12)[—(x, + 6)]
Ac = — = = ————dx; + dx,
o oP JEI o EI o EI

1944 k - ft®
EI
1944(12%) k - in®

= = 0.145i Ans.
[29(10%) k/in](800 in®) in | e

)
M,=-[POrt6)tex,112]

P+6

13 kft
48ti2p
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9-31. Determine the displacement and slope at point C of A
the cantilever beam. The moment of inertia of each segment ‘.
is indicated in the figure. Take E = 29(10°) ksi. Use the B C
principle of virtual work. P
Lip = 500 in.* fie = 200in7 ‘ S0 k-ft
6 ft : 3t |

Referring to the virtual moment functions indicated in Fig. @ and b and

the real moment function in Fig. ¢, we have Iim_9;= ’jkkjd IQZI;)nz_‘L k'ft]

L 3ft 6 ft
M —1)(—50 —1)(—50
1k-ft-6, = /dex = wdxl + wdﬁ k
o EI 0 Elpc 0 El 4 1kft | LKt
ot - 10K 300K2 £ X2 Xy
© Elg El g 6t 3ft
_ 150k-ft L 300 k- ft? @)
¢ El e El 45
B 150(12%) k - in? 300(12%) k - in?
©[29(10%) k/in%] (200 in*)  [29(10°) k/in?](500 in*)
= 0.00670rad N Ans.
And
L 3ft 6 ft
mM —xl(—SO) _(X2 + 3)(_50)
. = — = - + S —
1k AC A El dx /0 EIBC dX] A EIAB dX2
2.3 2,63
k- Ap = 225k2-ft3 1800 k2- ft

El e El 45
25k - ft? N 1800 k2 - ft3
Elge El
225(12%) k - in® 1800(123) k - in®

= 9010 kim0t T R9010%) koo 282 Ans.

AC:

Mzz";Ok' M,="50kff

50 k:ft bokft

Xz "X,
Sft 3ft

328




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

*#9-32. Solve Prob. 9-31 using Castigliano’s theorem. P
afA B c
A7 Lyp = 500 in.* Igc = 200in* ‘ 50 k-ft
} 6 ft : 3t |

. o oM, _ oM,
For the slope, the moment functions are shown in Fig. a. Here, MM —1.

Also,set M' =50 k - ft,then M= M, = —50 k - ft.
Thus,

- /LM(aM>dx /3f‘—50(—1)dx+/6f‘—50(—1)dx
< J T\eM'JEI )y Elge o Elap

_ 150k ft? N 300 k - ft*

Elgc El 45
B 150(12%) k - in? 300(12%) k - in®
[29(10°k/in?)](200 in*) ~ [29(10%) k/in?](500 in)
= 0.00670 N Ans.
) . - M,
For the displacement, the moment functions are shown in Fig, b. Here, P = —x
M,

and P = —(x, + 3).Also,set P=0,then M| = M, = —50 k - ft. Thus,

Ao LM(aM)dx_ M(S0)(xdx (S0 (x + 3)dx
< o “\erPJEI ) Elgc o El 45

225 k - ft N 1800 k - ft3
Elgc El .5

B 225(12%) k - in® 1800(12%) k - in®
~[29(10%) k/in%](200in*)  [29(10%) k/in?](500 in%)
= 0.282in | Ans.

M,=-[Pir;+3)+50]

A NET A Ny T
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9-33. Determine the slope and displacement at point B.
EI is constant. Use the method of virtual work.

300 N/m

400 N

RN NN RN
] ]

B
A
3m
Referring to the virtual moment function indicated in Fig. a and b, and real moment
function in Fig. ¢, we have
L 3m 2
_ moM (=1D)[—(150x" + 400x)]
1Nm03—AiE1dx—A El dx
3150 N2 -m®
IN-m-0, Tm
3150 N - m?
0p = —E N Ans.
And
LM 3m(—x)[—(150x% + 400x)]
1N‘AB—£EdX—A El
6637.5 N2+ m?
N T
6637.5N-m’
AB = T l Ans.
IN
My=-1 IN m=—=xX
A ' A _z i'
— 4 ¢
» N 'm &
3m 3m )l
(@) ®)
2
M= (/50X +400X)| 400N
300N/m

4.

L

(t

A550N-M

<

300N !\

3Mm
)

)
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9-34. Solve Prob. 9-33 using Castigliano’s theorem. 400 N
300 N/m
IERERRERRENRENRR]
] !,
A
3m
For the slope, the moment function is shown in Fig. a. Here, % = —1.

Also,set M' = 0,then M = —(150x% + 400x) N - m. Thus,

L . 3m 2
—(150x + 400x)(—1
05 = M( oM )—dx - (150x DED
Jo "N\om JET T, EI

3150 N-m?
= 22 Y Ans.
El
. Lo - oM
For the displacement, the moment function is shown in Fig. b. Here, R

Also,set P = 400 N, then M = (400x + 150x%) N - m. Thus,

Al /‘LM( )dx B '3m—(400x+150x2)(—x)d
8= ) "\ar JEI T EI o

6637.5N-m’
= Tl Ans.
= = (/50X *4400x+M)|400N

BOONIm \ l
2 LQLL%J 44 1) ,

Z550+M N M

X
I300N

r 3m

()
m=—-(Petis0x?) P

fctp50  300N/m \ |
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9-35. Determine the slope and displacement at point B. 4k/ft
Assume the support at A is a pin and C is a roller. Take
B = =

E = 29(10°) ksi, I = 300 in*. Use the method of virtual work.

Srea 5 ‘ C T
ap= TGP,
| 10 ft | S ft |
Referring to the virtual moment functions shown in Fig. a and b and the —_0. .
real moment function shown in Fig. c, (me)z,_ 0066 67x2‘
L 10 ft 2 757 |
M 0.06667x,)(30x; — 2x7)d Mg) =000
1Kk-ft-05 = / T dx = / ( 200 ~ B (Mg), 667X, 1kt
b EI 0 El
S1(—0.06667x,)(30x, — 2x%)d S
A EI 2
Lkfteg, = 27083 K2« ft? X e Xz
gy = 2o I >
EI /0t " 5ft
y _ 27083k 270.83(12) k - in? ok rad A A 00667 k 0.0667K
= = = . T ns.
B EI [29(10°) k/in?] (300 in®) a s @)
And
L 10 ft 2
mM (03333X1)(30X1 - 2x1)dx1 lK
1k-Ay = [ ——dx =
B /0 £l /0 El [m,=0-3333x |
51(0.6667x,)(30x, — 2x3)dx, |m,=0.6667X,
0 EI
2291.67 k - ft
Tk-Ap = = —
291.67k-f8  2291.67(12%) k -in® —!
Ap = = — —-=0-455in | Ans. | /0f¢t 5ft
EI [29(10°) k/in“](300 in®)
0-3333 k. 0-6667 k.

(b)

M’ = 30%/ —ZX/‘?’

\ |Mg = 30X, ~RX,

4Kt

€ 4 =
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*9-36. Solve Prob. 9-35 using Castigliano’s theorem. 4k/tt

ape

S A B ‘ ce s
} 10 ft | 5 ft |

For the slope, the moment functions are shown in Fig. a. Here,

oM,
oM’

oM
= 0.06667x; anda—M? = 0.06667x,. Also,set M’ = 0, then

M, = (30x; — 2x}) k-ft and M, = (30x, — 2x3) k - ft. Thus,

b /LM( oM >ﬂ B /10“(30x1 — 2x})(0.06667x;)dx,
B oM' JEI EI

S(30x, — 2x3)(0.06667x,)dx,
0 EI

270.83 k - ft 270.83(12%) k - in®
= = > ( 2) — = 0.00448 rad A Ans.
EI [29(10°)k/in](300 in®)

For the displacement, the moment fractions are shown in Fig. b. Here,

aM, IM,
—— = 0.3333x; and —— = 0.6667x,. Also, set P = 0, then
ap oP

M, = (30x; — 2x) k- ft and M, = (30x, — 2x3) k - ft. Thus

Ap = /LM<3M)dx B /““"30x1 — 2x3(0.3333x;)dx,
0 0

9P )EI EI
S30x, — 2x3)(0.6667x,)dx,
A El
C20167k-f¢ 291.67(12) k-in® _
STE T paavkngoomy A Ans.
M= (30+0-06667M 5x, -2X° m= (0:6667P+30)X,—2x7
M,=(30-0.06667M )X, -2 M= (03233PF30)x-2x?| P

4 Kift \

£} 4

707E 57t ’ X > X
30+40.06667M’ 30-006667M° /0ft Sft
0332P+30 0-6667P+30

29) (b)
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9-37. Determine the slope and displacement at point B. 4k/ft

Assume the support at A is a pin and C is a roller. Account

for the additional strain energy due to shear. Take

E = 29(10%) ksi, I = 300in*, G = 12(10%) ksi, and assume ] - :

AB has a cross-sectional area of A = 7.50in% Use the f;:« S5 A B ‘ C #= ;:.;
Y B

method of virtual work. ‘ >
‘ 10 ft i 5 ft |

The virtual shear and moment functions are shown in Fig. a and b and the real shear
and moment functions are shown in Fig. c.

L L
mGM vV
1k-ft-0 :/ dx+/k<7)dx
B~ ), EI by \GA

~ [1M0.06667x;(30x, fo%)d . 1°ft1{0.06667(304x1)
A El T GA

}dxl

st 2 st

—0.06667x,(30x, — 2 0.06667(4x, — 30

+/ ( X5(30x, Xz)dx2 +/ 1{ (4x, )
0 0

EI GA }de

270.83 k2 ft
S +

= 0
EI
270.83 k - ft? 270.83(12%) k - in?
Op = = > ( 2) —— = 0.00448 rad A Ans.
EI [29(10%)k/in%(300 in*)]
And

L L

mM vV

1k-A =/7dx+ / k(*)dx
B~ ), EI b, \GA
10 ft 2 10 ft
0.3333x7)(30x; — 2 0.3333(30 — 4
_ / ( x1)(30x xl)dx] N / 1{ ( xl)}dxl
0 0

El GA

31(0.6667x,)(30x, — 2x3) ST (—0.6667)(4x, — 30)
de + 1 de
0 El 0 GA

2291.67 k- ft° L 100 K2 ft
EI GA

_ 2291.67 k- ft° L 100k-ft
B EI GA

2291.67(12%)k « in® N 100(12) k + in
[29(10%) k/in?](300 in*) ~ [12(10%) k/in?](7.50 in?)
= 0.469in | Ans.

Ap
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9-37. Continued

1 kft

x' X 2 4—/
10ft 57t ¥
0066k 006667 K
V), =0.06667
(Vp)=0-06667 k
xl ( §
0-06667k 006667k
My =-0-
(M) =0.06é67 x (Me),=-006667X

@)

I /oft
0-3332k.

lv,=0-3333K]

Xy
03333k |IN;=0-3333X | 0:6667 Kk
(b)
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9-38. Determine the displacement of point C. Use the
method of virtual work. ET is constant.

Referring to the virtual and real moment functions shown in Fig. a and b,
respectively,

G5 - 5)

L Ll — — X — X

mM 2\2)\ 4 3L

1ap= [ ™ =2 d

C % El Y A EI x
A, = MLt A
¢ T 120EI ns.

()
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9-39. Solve Prob. 9-38 using Castigliano’s theorem.

Lo R oM
The moment function is shown in Fig. a. Here
P
W()L wo

M = X X3.ﬂlus
(WOJ/ ) 3)( )
X 3 X X

Sl

4 3L
L
OM \dx
Ar= | M|— )= =2
¢ l (aP)EI A EIl
_ W()L4
" 120E1

2

dx

Wo

[y,

1
—— = —x. Also, set P = 0, then

Ans.

Ny
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*9-40. Determine the slope and displacement at point A. 6 kN/m
Assume C is pinned. Use the principle of virtual work. EI is

constant.
A

‘ 3m 3m
Referring to the virtual moment functions shown in Fig. a and b and the real
moment functions in Fig. ¢, we have
L 3m 3
_ mgM (—=1)(—0.3333x7)
1kNm(9A—/0 Eldx—[ £l dxy
3M(0.3333x,)(6x, — 3x3)
dX2
0 EI
9 kN?-m?
1kN-m-0,4 = —E
9 kN - m?
9A = ? 12 Ans.
And
L 3m 3 3m 2
mM (—xl)(—03333x1) / (_X2)(6.X2 - 3X2)
. = - = + e
1 kN AA ‘/0 Eldx /0 El dxl A El de
22.95 kN? - m®
1kN-A, = —
22.95 kN - m®
A= % ! Ans.
M) ==1| 7
( 0)| (me)z= ‘0-33337(,5
' kN-m X; ’ X,
3m 3m
03333 kN 0-3333kN
()
- . M= 6x,-3XF
M=-0.3333x72| [~ 0Xe=3%
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9-41. Solve Prob. 940 using Castigliano’s theorem. 6 kN/m
Aﬁ/m/
| +
‘ 3m l 3m
. - oM,
The slope, the moment functions are shown in Fig. a. Here, oM -1
oM
MZ' = —0.3333x,. Also,set M’ = 0,then M; = —0.3333x} and M, = 6x, — 3x3. Thus
L 3m 3 3m 2
d —0.3333x7)(—1 6x, — 3x5)(0.3333x
9A=/M( )x_/ ( 1)( )dx1+/ (625 — 3x3)( z)dx2
0 oM' JEI 0 El 0 EI
9kN-m’
A= T )2 Ans.
. . - aM,
The displacement, the moment functions are shown in Fig. b. Here, Sp - and
8M2 3 2
P = —x,.Also,set P = 0,then M; = —0.3333x7{ and M, = 6x, — 3x5. Thus
L 3m 3 3m 2
dx (=0.3333x7)(—x1) (6x; — 3x3)(—x2)
Ay = M = dx, + —————d
4 /0 (dP )EI A El T El 2
22.95 kN -m’
= ! Ans.

M, = 6X,-3X=03323MX,

M =-(Px,+0-3333 )

M=—(M+0.333353) p My= 625-3X, - Fx,

6 KN/m

3m Im /
2/+0-3333M  6-0.3333M

@)
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9-42. Determine the displacement at point D. Use the 8k
principle of virtual work. E7 is constant.

3k/ft
v il
&, S !
A B ‘D —2C¢
4 ft At 4t 4t

Referring to the virtual and real moment functions shown in Fig. a and b, respectively,

_ [tmM (= 0.5x,) (—12x)) H=05(x, + 4)][— (20x, + 48)]
1k'A[)_/ A dx1+l

2y =
, EI El El

dX2

U~ 0.5x3)(12x5 — 1.50x3)
dx

+2
b EI 3
1397.33 k2- ft
1k-Ap=""—-—
D E[
1397 k - £
Ap=—"T—r— — Ans.
D EI \l/ ns.
m,=- 0.5(X,+4)

8k
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9-43. Determine the displacement at point D. Use 8k
Castigliano’s theorem. EI is constant.
3k/ft
v i
&, = !
A B ‘D 0 C
4t 41t 4ft—— 4 ft—

oM
The moment functions are shown in Fig. a. Here, Tpl = —0.5x,
IM,

— = —(05x, +2 dLM3—05 Al tP=0
P (0.5x, ) an op _ 05%s.Alsoset P =0,

Ml = _12)(1, M2 = _(20)(2 + 48) and M3 = 12X'§_ I.SOX%.T}IHS,

A /LM(aM>dx: /‘”‘(—12x1><—o.5x1> B
b= oP JEI — J, EI !

4ft[_(20x2 + 48)][—(0.5x, + 2)]
+ A El

4ft 2
12x5 — 1.50x%)(0.5x
N

de

_ 1397.33k-ft® 1397 k-t l

£l £l Ans.

M= —(05P+12)X, M= 0-5Px, + [2X;~1-50X3
05PHZ P

PL=-(05A2Peox148) Skl
~ 3 |
26 )
"7"P+/I> . X %
0'5P+20 > >
¢
41t 4ft 0-5P+7;t +£ 05P42
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*9-44. Use the method of virtual work and determine the
vertical deflection at the rocker support D. EI is constant.

LM Lo(x)(600x)dx L(10)(750x)dx
(Au)x—lﬁdx— A £l +£ 7 +0

440 k - ft3
= T l Ans.

2 Foteor ol A L.._)—---wmx s
e b 7 i L

3
LY
olh H. 1502 L-"b
AN L 4
L et """ 11 s b
S n = P
[} t

9-45. Solve Prob. 944 using Castigliano’s theorem.

Set P =0,
L 10 1
M (oM (600x)(x)dx (750x)(10)dx
= — Jdx = + +
(Ap), A EI(aP )dx A El l El 0
440 k - ft
= Bl ! Ans.
P
—
A Hebooy boofty Tx
5o 1b ! B N He or
r‘f’j 1 i _m
p—-——; 1.‘ -
bwoth /\nsmu Dl U P, . 2
Siad ¥ 4
ote_ 20 = . 5
) < wF
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9-46. The L-shaped frame is made from two segments, [
each of length L and flexural stiffness EI. If it is subjected
to the uniform distributed load, determine the horizontal W
displacement of the end C. Use the method of virtual work.

L
mM
1+Ac =/—dx
)y EI Lo

Ac, = EZI{KL(UO(W;%)dM + AL(lL)(WZLZ)dxz} B| L

SwlL?
= SET Ans.

9-47. The L-shaped frame is made from two segments, c
each of length L and flexural stiffness EI. If it is subjected
to the uniform distributed load, determine the vertical
displacement of point B. Use the method of virtual work.

L4
i Ans.
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*9-48. Solve Prob. 947 using Castigliano’s theorem. c
w
L
\_
EE A
B | L
P does not influence moment within vertical segment.
L2
M= Px—" " w
M _
oP
SetP =0 ._______# ~
[ I
L oM \dx Lowr? dx  wL* =
P e L B R [ s Ans. P
B /0 (aP)EI A ( 2 )(X)EI AEI ns
9-49. Determine the horizontal displacement of point C. 400 b /ft
ET is constant. Use the method of virtual work.
' Y YV ¥V Y v ¢ v
51 <
10 ft ‘
= 8 fit
Referring to the virtual and real moment functions shown in Fig. a and b, )
respectively, C 2001b/ft
LA = L’"de B 8“(—x1)(—o.1x%)dx . 00 —8)[—(0.243 + 640)]
&), EI 0 EI S EI 2
1147.73 k2 - £t}
ko8, = 47T
" El
1148 k - ft’
Ac, = — 5 Ans.

Xz

™ 8ft
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9-49. Continued
L ‘o ft J

Xz,
o-4-k/ft

[-6 K

264k E =
¢ 4L W= ~(02x+ 6-49)

éft

M=-0-1X]" Xy

(b) o=l

9-50. Solve Prob. 949 using Castigliano’s theorem.

400 1b/ft
pi Yy A Yy A Yy A Yy A A
2 e |-
A Bl <
} 10 ft |
B 8 ft
. - oM, IM, =
The moment functions are shown in Fig. a. Here, P = —x;and —— = —8. Also, ” <
set P = 0,then M, = 70.1x% and M, = f(O.Zx% + 6.40). C 2001b/ft
Thus,
A /LM(aM)dx /Sf‘(—o.1x%)(—x])d . /mf‘[—(o.zxg + 6.40)](—8)d
= =" = — - ax X
S A aP JEI ~ J, EI L EI 2
1147.73 k-8 1148 k - ft>
= = «— Ans.
EI EI " /0
X2
|
0-4 Kft N

P‘f’/'é ¥ W ¥ o ‘ O‘Z_I(/Ft_

8Pt 4 4k M,==(8P+0.2X+6:40)

M=ol [l

(a)
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9-51. Determine the vertical deflection at C. The cross- Ape = 6.5(10°) mm>
sectional area and moment of inertia of each segment is Ie = 100(10°) mm* -—-7T, 50 kKN

shown in the figure. Take E = 200 GPa. Assume A is a
AAB = 18(103) mm2 1m

fixed support. Use the method of virtual work. =

S [ 145 = 400(10°) mm*

3 5 -

v lFA ‘ B

Qﬂ 3m
= Jo kN
L
M 3G~ (G010 o v { Y e
(Ac)y = dx = +0 7 8
0 EI 0 EIAB So kn. M:5p
[150(10%)x — 25(10°)x*]3
Elg __}'L
225(10°%) x] |
= A i =0
9 6 -12 3 4 "
200(10%)(400)(10°)(10~12) ( il" sy \-r;
=281 mm | Ans. T——T"m' 3x
!
*9-52. Solve Prob. 9-51, including the effect of shear and
axial strain energy. Ape = 6.5(10%) mm?
Ipc = 100(10°) mm* -—-7T> 50 kN
| Aup=18(10°) mm’ 1m
S [ Ly = 400(10°) mm*
e 5 —
& lFA ‘ B
al 3m |

2

See Prob. 9-51 for the effect of bending.

nNL Lorww
= + —_—
u=> AE l K(GA)dx

Note that each term is zero since n and N or v and V do not occur simultaneously

in each member. Hence,

(A¢), = 2.81 mm ! Ans

I o
/‘L—L. I M- Sox
8
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9-53. Solve Prob. 9-51 using Castigliano’s theorem.

ABC = 65(103) mm2

C
Ige = 100(10°%) mm* -—-7T> 50 kN
~ Aup=18(10°) mm® 1m
S [ Ly = 400(10°) mm*
: o
o FA ‘B
Qﬂ 3 m |
L 3 3
M (oM 50)(10°)(3 — x)d
" :/*(*)dx:/( JA)E ~ xdx
v o EI\dP 0 El  p 3,,(
R Y
[150(10°)x — 25(10%)x*]3 f-—.—-‘ M2
El  p .
B 225(10°%)
200(10%)(400)(10%)(10~12)
=281 mm | Ans.
9-54. Determine the slope at A. Take E = 29(10°) ksi.
The moment of inertia of each segment of the frame is
indicated in the figure. Assume D is a pin support. Use the
method of virtual work. Inc — 900 in.*
(k18
) H=6x Haby Lyp = 600 in.*
%L%’. ¢
i X x i
: Icp = 6001in.*
Mo M\ M0
A~-tl i-o Ty Ll'b
o ]
b K o o
L 5 5
M 1 — 0.1x)(6x)dx 0.1x)(6x)dx
bm [Ty [0 OGS,
o EI 0 Elpc 0 Elpc
(75 — 25 + 25) 75(144) 3
= = 3 = 0.414(10°) rad Ans.
Elgc 29(10°)(900)
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9-55. Solve Prob. 9-54 using Castigliano’s theorem. 12k
Sft 5ft
B = C
% Ipc =900 in.*
H=“P‘!~D-l“‘g ﬂ: ‘x‘ Qo.'n"
. r_j__‘_,(,
I
; Ly =600in.*
Mo 3 Mo 12 ft
",J& i
oW Iep = 600 in.*
b-o’ LAAEL
LAY\ D
Set M’ = 0, T
L 5 5
M (oM 6x)(1 — 0.1x)dx 6x)(0.1x)dx
9A2/7<a )dx: (62)( ) 69010dx
o EI\oM’ o Elgc 0 Elgc
(75 — 25 + 25) 75(144) 3
= = 3 = 0.414(10°) rad Ans.
El,c 29(10°)(900)
*#9-56. Use the method of virtual work and determine the
horizontal deflection at C. The cross-sectional area of each
member is indicated in the figure. Assume the members are ] C sk
pin connected at their end points. E = 29(10%) ksi.
.
4 ft
¢ 2in?
i 2
— D
_elin
| 3 |
(A) = EnNL _ 1.33(4.667)(4)(12) | (1)(5)(3)(12) (—8.33)(—1.667)(5)(12)
I A AE T 2(29)(10%) (1)(29)(10°%) (1)(29)(10%)
= 0.0401 in. — Ans.
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9-57. Solve Prob. 9-56 using Castigliano’s theorem.

1in.

B —> 5k
Member N force IN
opP
AB 1.33P + 4.667 1.33
BC P+5 1
BD —1.667P — 8.33 —1.667
CD 0 0
)
SetP = 0, 2in.
(A = N(ﬂ)i ~(4.667)(1.33)(4)(12)  (5)(D(3)(12) Lo
“n P ) AE 2(29)(10%) (1)(29)(10%)
(—8.33)(—1.667)(5)(12) D
(1)(29)(10%) ~—
= 0.0401 in. — Ans. ‘ 3 ft |
[ *
Bl d ¥ t2 L = >
. NG
z . o * o
o33P 1 94LT
L -——p L1
SR T [
1537 1.33P FH (%773 73
9-58. Use the method of virtual work and determine the 400 Ib/ ft

horizontal deflection at C. E is constant. There is a pin at A,
and assume C is a roller and B is a fixed joint.

C
6 ft |
A
A - /Lde B /4(0.541x)(1849.17x — 200x%)dx . /10(0.325x)(389.5x)dx
A, = | grd = El A EI
1
= E{(333.47x3 — 27.05x%)[§ + (42.15x3)|50}
79.1k.ft3
= T EI - Ans.
Lol me 2541y
[ i THI 49.072 - oy? —_—
8! e x
"Ti o.5h
! %ﬁs; hddad i | — it
”’f‘ .
Eﬂﬁlﬁ’ ‘\m;.b 2841

R34
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9-59. Solve Prob. 9-58 using Castigliano’s theorem. 400 1b/ft

Y )

6 ft |

SetP = 0.
N /L M (ﬂ)d B /4(1849.17x200x2)(0.541x)dx+ 10(389.5x)(0.325x)d x
Ao, = | \ap )&= ), EI A EI

1
= E{(333.47x3 —27.5x48 + (42.15x3)|(1)0}
s Hovsan %' 0541y
_ 9k _

EI Ans.

*9-60. The frame is subjected to the load of 5 k. Determine
the vertical displacement at C. Assume that the members
are pin connected at A, C, and E, and fixed connected at
the knee joints B and D. EI is constant. Use the method of
virtual work.

T TS SSh e TS SShsas TS S heas

P ]

1 8 ft 8 ft |

L 10 10
0.25x)(1.25x)d —0.25x)(—1.25x)d
(A0, = / —rz]ydx = 2[ (025x)(1.25x)dx + ( ) *) x}
0 0

EI o EI
1.25(10%)  417k-f6
= = A 3
3E] T ns
l.?k 14
sk ' 25
/I}_t hf;\c\ ///’£
\
sk 25k \:‘\ g :

<

3

nre 15 R

etk

Y4 160
l-fk " loxs [X ]

?/,:ta—‘ etk /% :
LS e V%{ st 4
C
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9-61. Solve Prob. 9-60 using Castigliano’s theorem.

1 8 ft 8 ft |
Set P = 5k.
L 10 10
M [ oM 1.25x)(0.25x) dx —1.25x)(—0.25x) dx
(a0, = [ B (), o] [0 P12 025 ]
© " Jo EI\oP b EI b EI
1.25(10%) 417k -fé
=351 £l ) Ans.
- X2 4
} 2.5 P
/ 0.257
P o
o 5P
"
m=0.25 Py m:-0.25 P
i : X
wlo'zq -h——n.-g
x Y R P ~0.25 ¢
~* 1.15p

o8P

351
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