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10-1. Determine the reactions at the supports A and B. wo
El is constant.

A
Support Reactions: FBD(a).
% EFX =0 A, = Ans.
woL
+IYF, =0 Ay+ By = —==0 (1]
woL (L
C+>M, =0, BL+ M, — ; (5):0 [2]
Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are
woL* B,L’
UB/ — UBH — T
30E1 3EI
The compatibility condition requires
(+\|/) 0= 'UB/ + 'UB”
w L4 B,L*
-3 28
30E1 3E]
wolL
By = W Ans.
Substituting B, into Eqs. [1] and [2] yields.
2w, L woL?
y = S My = 15 Ans.
uhl
R =
Ayl 1 ~~~~~~~~~~~ %
|
Ax MAI z J]= Z AM@ ,
@ &y i o
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10-2. Determine the reactions at the supports A, B, 12 kip 3 ki /ft
and C, then draw the shear and moment diagrams. EJ is ip/
constant.
‘v
XNC
Al ’ 1
*%4_ ‘ B—;%;— vargvsiew
\%m 61t } 12 ft }

Support Reactions: FBD(a). 7 k;;o 3(/2): 2 /"-’/‘p

+ RN B
5 3F, =0 C,=0 Ans. F 1 i ;‘ Cx
| Nl
+I1YF =0 A, +B,+C,—12-360=0 [1] Ay O PRI P
C+D M, =0; B,(12) + Cy(24) — 12(6) — 36.0(18) = 0 [2]
Method of Superpo.sition.; Using the method of superposition as discussed in IZKP 3 gpn
Chapter 4, the required displacements are [TTT1T]
[ G
L SwLt_ SG)Q4Y) | 64S0kip-fe | = 3 7—»}3.
VBT 768EI ~ 768EI  EI e e R
il
"y Pbx 2 32 .2
vp = 6EIL (L b X )
12(6)(12) 2376 kip - ft® )
_ 242 — 62 — 122) = 3 kplit
6EI1(24) ( ) El l
[7 B
mo_ PL3 _ By(243) _ 2883}’ ft3 T i \~\~"“-_£'§-b_l/" 3’
VBL T WEI T 48EI  EI
The compatibility condition requires
(+\|/) 0=uvg +vg" + vp" 12ep  +
288B
o 0480 2376 (_ y) E = =—
EI El El R X/
B, = 30.75 kip Ans.
Substituting B, into Eqs. [1] and [2] yields, +
A, =2625kip C, = 14.625 kip Ans. /‘*‘j\
lr —t
£ T 7,
by
M(kipfe) (kip)
254
1575

353




© 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.

10-3. Determine the reactions at the supports A and B. w
El is constant.

A —'%LB
L L |
2 2 |
Support Reactions: FBD(a). wL
=z
i) EFV =0 Ax =0 Ans, Altr-‘-—‘ ----- 'E

wlL A:_(—ni

1
+T2Fy—0, Ay+By—7—0 [1] MAr:’L_1i_(ar) Z IB}
L\/L
C+3M, = 0; By(L) + M, — (WT)(Z) =0 2]
Method of Superposition: Using the method of superposition as discussed in LS
Chapter 4, the required displacements are A ]
4
TwL? pr? B "
v - vp "o — T Z 1 2
384E1 3EI 3El
The compatibility condition requires
(+l) 0=vp + vp” W
3 LITITT1
TwL* ByL SEE T,
0= + (— ______ - I,
384E1 3EI + -
TwL
B, = 8 Ans.
Substituting B,, into Egs. [1] and [2] yields, ., . :E/.’
, = JT
STwL OwL
= fnd = Ans.
¥ 7128 47128 " &
10-4. Determine the reactions at the supports A, B,and C; P P
then draw the shear and moment diagrams. £/ is constant.
A!"! IC
B—=2= 0.
L ‘ L L ‘ L |
Support Reactions: FBD(a). 2 ‘ 2 ! 2 ! 2 ‘
+ EFx - 0; A, =0 Ans.
+1YF, =0 A, +B,+C,=2p=0 [1]
L 3L e P
C+DIM, =0 B,L +C,2L) — P ) - P - =0 [2] A
o —J
Moment Functions: FBD(b) and (c). = + — T T % T
F2 2 =2 2 c
M(xl) = nyl A} 5’ }
PL @)

M(Xz) = ny2 - P)Cz + 7
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*10-4. Continued

Slope and Elastic Curve:
d*
El ﬁ = M(X)

For M(x;) = Cyxy,

dzv]
El dx% = nyl
dv, y
-2 c
dxl 2 1 !

(&
EIU] = 76},%;13 + C]X] + C2

PL
For M(x;) = Cyx, — Px; + ——,

2
d*v, PL
E]Tx% = nyz — Px, + 7
d’l)z y P PL
EITXZ = 72)6% - Ex% + 7)62 + C3
y P PL
Elv, = ?x% - E}c‘z1 + Tx% + Cxy + Cy
Boundary Conditions:
vy = 0atx; = 0. From Eq. [4] G, =0
dv 2
Due to symmetry, i Oatx, = L. From Eq. [5],
2
C,L* pr2  pp? C,L?
0= -yt L o=
2 2 2 2
v, = 0atx, = L. From Eq. [6],
c,L? 3 3 C,L?
y PL PL y
= e e +
0=7% 6 4 ( 2 )L C4
o L pr?
3 12

Continuity Conditions:

L d’l)l d’l)z
At x; = x, = =, —— =——_From Egs.
tx;=x, > de, - du rom Egs. [3] and [5],
B OB OROR
— +C =— - =)+ = =) -
2\2 2\2 2\2 2 \2 2
PL2 CyL2
“=7% "
L
At X1 = x = > U= v,. From Egs. [4] and [6].

G/ [(rr2 GL\/L
- PR + [ —
G- )G)

z
L z
<) ’(z.'z C::_
v
2P
i =
o I’- L ‘r X
£
/i ) 7ZP
- %P
M
5P sPL
£Y2 3z
. /\
1 ; 4 - $ K
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*10-4. Continued

SOy E(Ly LY CyLz)(L) Lo pp
6\2 6\2 4 \2 2 2 3 12
5
C, = 16 Vo Ans.
Substituting C, into Egs. [1] and [2],
11 5
By = § P Ay = R Ans.
10-5. Determine the reactions at the supports, then draw P
the shear and moment diagram. £/ is constant. l
|
A B =9- ‘
| l L \
Ay £
Support Reactions: FBD(a) . AL ,l 1
N ]
]
ESFE =0 A, =0 Ans M ]
53
+I1YF =0 B,—A,-P=0 1] @
C+DMp=0; AL—-M,—PL=0 2] p
Vi)
Moment Functions: FBD(b) and (c). Me,) c
M(x{) = —Px x,
(1) = ~Px, -
M(x2) = MA - Ayxz
™M
e At VX,
L
2 : 2 ( lr:[ M%)
T~ =
2
«©)

—pL
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10-5. Continued

Slope and Elastic Curve:
d*v
El— = M(x
dx? ()
For M()Cl) = _le.
dz”l)l
El——F = —Px
dxl
dU] P
El—=—-——x1+C 3
dx, 2x1 1 (3]
P,
El V= _gxl + C1x1 + Cz [4]
For M(x;) = My — Ayx,
dzvz
EITx% = MA - AyX2
dv, Ay
Eld—x2 = Myx, — 7x§ + Cs [5]
M A
Elv, = TAx% - ?yx; + Cyxp, + Cy [6]
Boundary Conditions:
v, = 0atx, =0. From Eq. [6], C,=0
d'l)z
— =0 atx, = 0. From Eq. [5], C;=0
de
v, =0 at x, = L. From Eq. [6].
M. L? AL
0=—2= - [7]
2 6
Solving Egs. [2] and [7] yields.
PL 3P
MA = 7 Ay = 7 Ans.

Substituting the value of A, into Eq. [1],

5P
B. = —

) 2 Ans.

Note: The other boundary and continuity conditions can be used to determine
the constants C; and C, which are not needed here.
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3k/ft

10-6. Determine the reactions at the supports, then draw
the moment diagram. Assume B and C are rollers and A is
pinned. The support at B settles downward 0.25 ft. Take

E = 29(10%) ksi, I = 500 in*.

<

12 ft

12 ft

Compatibility Equation. Referring to Fig. a,

CSwLic 5(3)(24Y) 12960k - ft?
B 384E1 384E] EI
~12960(12°) k - in®
"~ [29(10%) k/in?](500 in®)
=1.544in |

A/

fon = Lic  24° 2881t
BB ASEI  48EI T EI

288(12%) in®
[29(10%) k/in?](500 in*)

in
= 0.03432 —
« T

Using the principle of superposition,

Ap=A'p + B, [
(+1)025in = 1.5441in + By<—0.03432 %)

B, = 3772k = 37.7k

I | S H A~
. 12
| =e#t /2% | | ! ” X(ft)

23772 K .
A t 77 (7 —10-3
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10-6. Continued

Equilibrium. Referring to the FBD in Fig. b

HEDF =0; A, =0 Ans.
C+DM, =0; Cy(24) + 37.72(12) — 3(24)(12) = 0
C,=1714k = 171k Ans.
+13F =0, A, +37.72+17.14 — 324) = 0
A, =1714k = 17.1k Ans.
10-7. Determine the deflection at the end B of the SON
clamped A-36 steel strip. The spring has a stiffness of
k =2 N/mm. The strip is 5 mm wide and 10 mm high. Also, 200 mm
draw the shear and moment diagrams for the strip. | v
T B
A 10 mm k =2N/mm
1
I= E(O'OOS)(O'01)3 = 0.4166(10"%) m*
PI3 50(0.2%)
Ay = - = = 0.0016
QB = 35T = 3200)(10%)(0.4166)(10°%) m
PL3 2000A 5(0.2%)
A == = 0.064 A
(Ae) =3, 3(200)(10%)(0.4166)(10~7) ’
Compatibility Condition:
+1 Ap = (Ap)1 — (Ap)
Ag = 0.0016 — 0.064Ap
Ap = 0.001503 m = 1.50 mm Ans.

B, = kAp = 2(1.5) = 3.00N

~

g son 200 mm 50
.goN-m l 1
(4 1«:—: ‘ ;__a__g_—-- = -

g
. A ===z :E'
4704 ool " ot
YW,
£7.0 "“—_“'—"[ — -
y \\‘\\ __l?')l
MN-m) +
| e ,—"IA%
_;M]///
5- kdg
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*10-8. Determine the reactions at the supports. The 10k
moment of inertia for each segment is shown in the figure.
Assume the support at B is a roller. Take E = 29(10°) ksi.
‘ |
A =600in B Iyc=300in* | €
| 18 ft ‘ 12 ft
\ \ \
Compatibility Equation: 10k
I 1'5.“ | 2 1t
(+1) Az — B, fzz=0 (1) JEP Nl
Use conjugate beam method: 2 7~ ~
I N
2160 1620 10Kk
+ > Mp' = 0; Mg+ —09)+—(12)=0
C+ XMy = 0; B EIAB( ) EIAB( ) e - A
Uil I
38880 ~~ae
Ap = Mp' = — Ae -+ ~
EIAB 5,}.. "’,—"
4 =
162 Fee- —1 =
C+> My =0; Mg — (12) =0 7
El g 8
d
1944
= My =
fBB BT Elg
38880 1944
From Eq. 1 - B, =0
El,.g Elup
B, = 20k Ans.
A, = 10k Ans.
M, = 60k - ft Ans.
A, = Ans.
1ok
Mo |
& ‘@
J }———4'———"1 Tz
A‘l‘ /8 ft zo‘o:’./{ 1 et f
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10-9. The simply supported beam is subjected to the
loading shown. Determine the deflection at its center C. EI
is constant.

Elastic Curves: The elastic curves for the uniform distributed load

and couple moment are drawn separately as shown.

Method of Superposition: Using the method of superposition as

discussed in Chapter 4, the required displacements are

—swL*  —=5(6)(16*) 2560 kip - ft®

768E1 ~ 768EI EI l

(Ac)l =

(Ag), = X2 _apy 4212
=g\ o

___5® _
= “6EI(16) [8% — 3(16)(8) + 2(16%)]

_ 80kip-ft’
- EI

l

The displacement at C is

Ac = (Ao + (A¢)
2560 | 80

PR + _
EI  EI
2640 kip - ft®
- EI

6 kip /ft
5 kip-ft
\ ‘3
9 C
| 8 ft 8 ft |
3 K-'P[.if skph
; -— -1 .,/"’ ﬂ‘)
[ i |
I 8#n ,g‘ I ex 1
I
6 kff//e
LS o
(A ‘)l
_+.
Skip-ft
e e AL
Ans. Q@A)

10-10. Determine the reactions at the supports, then draw
the moment diagram. Assume the support at B is a roller.
El is constant.

Compatibility Equation:

(+1) Ag—25-Bfgpz=0 (1)

Use conjugate beam method:

3200
C+DMy =0; Mg + = (4) =0
12 800
Ap =My = —
B B EI
32
C+HIMp =0; My’ — (5333) =0
170.67
= M. =
fBB B EI

400 1b-ft
l 8/( 1 aff N
i T ™| 400 1b-jt
= == 1)
A 7% SN
1 .
A . 400 Ib-ft
=)
AB \~~“\
4 E"{“‘) "
F==—=" ]
A

)

&
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10-10. Continued

4t 4§t

400 Ib.f¢

3 '
" 1

8t 8ft
75:0 ib.
12 800 170.67
— 1b.
From Eq. 1 Z 3 ( Zl )=20 Mb.f¢)
B, =751b Ans. 2(20\ 8 o
A, =0 Ans. } X )
A,=751b Ans. N\ :
M, = 200 Ib- ft Ans. -400 '
10-11. Determine the reactions at the supports, then draw 600 Ib/ft
the moment diagram. Assume A is a pin and B and C are
rollers. EI is constant. M m\
‘ A _IB _lc
| 15 ft 15 ft
Compatibility Equation:
(+1)  Ap— By =0 ) - -
fr 0CC 1bjst ‘
Use virtual work method: : (/‘//I\IN
2} -3 i r's ‘lik‘ 1 £ = |
A Lde _, 15(4.5x—0.00667x3)(70.5x)d 4050 T T
B= ) R T EI YT TR boo bt
B /me e =2 B(=0.5x) O D ™
Jep= | pr®* =2 g 4T g Bfes_ 7 s
4050 5625 2 e — =
i - “ 2.
From Eq. 1 £l VE] 0 T
B, = 720k Ans. 84
A, = 0900k Ans.
Mad.50X-0.00667X 0.6 kg1
A, =0 Ans.
C, = 0.900k Ans. T x ] ” T
4»505 18§t T 155¢ 4.50 %
y M * -0-50K
Meeft) —r T z—
T ) Yo.50
4.02 4.02 o5 1 ‘o6 tult # ’
5
SN
| o7 2329 30 T
: 15t 15t
720 & <4

-9.0
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#10-12. Determine the reactions at the supports, then
draw the moment diagram. Assume the support at A is a pin
and B and C are rollers. E1 is constant.

Compatibility Equation:
(+1) Ap— Byfgg =0 1)

Use virtual work method:

L 10
mM (—0.5556x,)(19.35x1)
Ap= | ——dx = d
B A EI 7, EI .
/10(—5.556 — 0.5556x,)(193.5 + 9.35x,)
+ dX2
0 El
25(—0.4444x5)(21.9x5 — 0.01667x3)
+ dX';
0 EI :
_ 60263.53
El
10(-0.5556x,)2 2(—0.4444x5)? 10(-5.556 — 0.5556x,)*
fBB = 7dx1 + 7dx3 + d
o EI 0 EI 0 EI
~ 1851.85
EI
60 262.53 1851.85
From Eq.1 5 B, 5l 0
B, = 325k Ans.
A, =0 Ans.
A, =127k Ans.
C, =744k Ans.

X

|
I e

<10 ft—~—10 ft 25 ft 1

ek 23k

b |
k. t 2.1 Pl

CandS

=
~——— ~ -
hd i ‘s—‘—’

il
10K 25 kfft
k_l__r__mIZZmz

¥ — ~
¥ T B
By
2K M, «193-5+9.36X,
i 2-5 &ffe
Y x> ify 1
S B
‘-—9X ) X, X,"“"‘f
104t 1 Joft <5/t
1935k 2190k
M;22190X,0.0/667}
3
2

m, = -0.5556X, T&‘ ~0-8556 (104X,
X i

8 m— ” d—
X, f"‘xz ] K{x“—'}

0 Fioft | IOf zsfy s
5556 My=-0-4a44x,,
lfokz 25kt
‘; ]

L g
©ft V roft 25 ft
Ay 3254 K <y
Mkt ) 604
7 /\
Pt ' - X (5t
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10-13. Determine the reactions at the supports. Assume ; 4 k/ft
A and C are pins and the joint at B is fixed connected. EI is fi l l l l l l l l l l l l l l l l
constant. r 4
BaA:
:'.:,;}A
| 18 ft
2k/ft
Compatibility Equation: Referring to Fig a, the necessary displacement can be
determined using virtual work method, using the real and virtual moment
functions shown in Fig. b and c,
C
L 18 ft 2 9ft 2 P
M 0.5x7)(31.5x; — 2x X)(—x
ao o [T MOS0ESY o) P )
" o EI o EI 0 EI
_ 273375 . /81 |
H ) K/t ]
L 181(0.5x,)( ) 91t (x,)(x2) e
mm 0. X1 0.5)(1 X2 )( X2 = N
= ——dx = —————dx; + ——d -
Jec A Er /0 EI T EL R S
729 ' Wt
=— —
EI

Using the principle of superposition,

Ac, = A" ¢, + Cifec

o = 273375 (@)
EI \ EI
C, = —3.75k = 375k <« Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

E3F =0, A, —2(9)-375=0

A, = 2175k Ans.

C+3 My, =0; C,(18) — 4(18)(9) — 2(9)(4.5) — 3.75(9) = 0

C, = 42375k = 424k Ans. B
X
+1 SF, =0 A, + 42375 — 4(18) = 0 @) o
XJec
A, = 29.625k = 29.6k Ans,
/81t 05K 408) k.
K/t \ /8% Fft ) 9ft
ek J1IIdIPiLLLL] 1k N f | 2ok
T .X— a /
" X m =X 75\ ! lasst
1 95t || A
: . <
1K + 5t
ik © sk
o5k A *
(b) 405k ()
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10-14. Determine the reactions at the supports. EI is 500 Ib/ft
constant.

A

3k

| 10 ft |

10 ft

Compatibility Equation:
(+1)  0=Ac - Cfec 1)

Use virtual work method

\ 1 Jt ’
Ac = /LmM (x1)(=025x%) —625 A L o5 K/t
C - ! .
o \

—dx = ——dxy = —— T 11711771 2

EI A EI EI b i
e fmm (0033333 o
ce EI , EI ! EI p
fOﬂ = !
625  333.33 /
From Eq. 1 0=— — ’ /
EI EI PR
/_Tae
C, = 1.875k Ans. +
A, = 3.00k Ans.
A, = 3125k Ans.
M, = 6.25k-ft Ans.

1875k
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10-15. Determine the reactions at the supports, then draw
the moment diagram for each member. E is constant.

Compatibility Equation:

(+1)  0=A4,—Afia

Use virtual work method

L 8 _ 10 _
gy = [ g [, O,

El El El
L 8 2 8 2
mm (x1) 8 + x7)
= [ My = [ g+ | S, +
Jaa A Er Y T ), Er M /0 EI T

_ 17066.67 3925.33A
El El 7

10(16)2

From Eq. 1 0

A, = 4348k = 4.35k

C, =0k
C, = 5.65k
My = 104k - ft
", K vy
-1 3ft | l

El “F

10k
‘ 8 ft 8 ft ‘
Y B
4 >
10 ft
c v
1)
—17066.67
EI
392533
EI
Ans.
Ans.
Ans.
Ans.
oK

L 8t 81t

!""" X \. j‘——“xb‘/

[ )] —

7
M,'o loki
My=-80-0

80.0 kfL
10:0 K

__arﬂ —-
—_

®

-10-4kft
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#10-16. Determine the reactions at the supports. Assume
A is fixed connected. E is constant.

Compatibility Equation. Referring to Fig. a, and using the real and
virtual moment function shown in Fig. b and c, respectively,

L 9m 2
mM —x3)[-(4x5 + 60
A = / e - / (=x3)[(4x3 )]dx3 _ 89
"o EI 0 El4p El,g

L 9m
mm (=x3)(—x3) 243
= 0x = dx: =
Jee K El ™" l Ely T ELy Y

Using the principle of superposition,

AC = A,Cv + Cy cC

v

8991 243
+) 0= +C
1) El,p y<E1AB)

C, = -37.0kN = 37.0kN 1

Equilibrium. Referring to the FBD of the frame in Fig. d,
HE3FE =0 A, —20=0 A, =20kN

C+3M,y =0, My +37.009) — 8(9)(4.5) — 20(3) = 0
M, =51.0kN-m

+1YF, =0; A, +370-809) =0 A, =350kN

8 kN/m

Lp = 1250 (10° mm*

9m

Ans.

Ans.

Ans.

Ans.

Igc = 625 (10°) mm*

20 kN

A
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10-16. Continued

Im

- ? 364 kN 7=
m

I .
o LI VAT TTITT

, X <
2m

M,= - (4X;"+60) h - [3m
NET IR f “j&
. o

AN

==

M,=~20X
Am

X,
(b) "
L Im
9 kn-m X,
:-ﬂ
RO KN 1kA m,= ’X_; X,
/ ;l I
/ ’
e 2l Xy
/: - | A’C"'
(@
o 6c9) kv
L Fom . 45m
/ II" ———————————————————— 7
/ A;L / . :
/ R
/ L My A 3m
/l_} ' 1 20 k)
\'C?
Ca) %fcc 3am
(A)
Qd=37-o kal
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10-17. Determine the reactions at the supports. EIl is

constant.

Compatibility Equation:
(+1)  0=Ac-Cyfec

Use virtual work method:

L
mM
A =/—dx
¢ )y EI EI

0
L 9 2
mm (x; +9) 243.0
- 2y = dx, =
Jec /0 El /0 El VT Er

From Eq. 1 OZ%_% y
C, = 39.0kN
A, =330kN
A, = 240kN

M, = 450kN-m

Kn|m 8 xalm
A II"JIgﬂu}m Jlllllhm
A T Ik o ‘
om = ‘r’
g z
r);r,'«c‘ a-ﬁc
‘,._.___.___.__.igm .
%—- L
\
Cyhee /Fl_
Z
t

/"(—x1 + 9)(72x; — 4x} — 396) —9477
= dx, =

El

e T
7200

f’ X: om
M= 20X,

9m
] A g ’

8 kN/m

M

Im
':__:_____..__,.x’ ‘
)

";Hu

9

396 ki.m

e N
- .
| bm
39.0 el
2.0 kn.m

4kN/m
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10-18. Determine the reactions at the supports A and D.
The moment of inertia of each segment of the frame is

listed in the figure. Take E = 29(10%) ksi.

L
mM
A =/—dx=0
A )y EI

3
10(lx)(Gx%) 10
2 (10)(170-2x)
+£ 7dx+[ ——dx

Elgc

188125

El-p

L2
= — — +
faa A E]dx 0

+HlA + Afia=0

18,812.5 12
188125 ( 50) _ 0
Elqp \EI-p
A, =-150k
+13F =0 -30 + 15 + D, = 0;
L3 F =0 D, =2k
C+DMp =0;
He
e 7
B _}LL_-::._Z, !
i ? ¥ m= |a
M0 Va \H: 70-23 "
1]
g e L
o e Z
lo k-t
4 3aK

Elcp

1042 0102 1250
dx + dx =
o Elpc o Elcp Elcp

D, =150k

3Kk/ft

IAB = 600 il’l.4

Ipc = 800 in.*

ICD = 600 in.4

10 ft

Ans.

Ans.

Ans.

15.0(10) — 2(10) — 30(5) + Mp = 0; Mj = 19.5k-ft Ans.

10 ft

[S
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10-19. The steel frame supports the loading shown. 3k/ft
Determine the horizontal and vertical components of reaction l l l l l l l l l l l l
at the supports A and D. Draw the moment diagram for the
frame members. E is constant. 1 C
B L =2,

12 ft I I

Compatibility Equation:
A D
Ap + Diufpp =0 ) 77—%— =ﬂ%
Use virtual work method: ! 151t ‘
L 15 2
mM 12(22.5x — 1.5x7) 5062.5
Ap = ——dx =0+ dx +0 =
P l Er " A EQI) * El
L 1201 .2 15 2
mm (1x) (12) 2232
= ——dx =2 dx + dx =
Joo /0 ET™ ), EL YT )y Een)™ T EL
From Eq. 1
5062.5 2232
+ D, =0
ElL ElL

D, =-2268k = 227k Ans.
C+D2 M,y =0;  -45(75) + D(15) = 0 D, =225k Ans.
+T2Fy =0 22545+ A, =0; A, =225k Ans.
£ >F =0 A, — 2268 = 0; A, =227k Ans.
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#10-20. Determine the reactions at the supports. Assume A > —
and B are pins and the joints at C and D are fixed > D C)
connections. E7 is constant. _
L5k/fe| 121t
> A Bigi—

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

L 12 ft 2 15 ft

mM X1(18X1—0.75X1) 12(720.}(2)

Ay = [ TV = Sl hhad U Y e, + 0
By /0 El " /0 El AL A EI %

16200
EI

L 12 ft 15 ft 12 ft
mm x1(x1) 12(12) x3(x3)
= [ = O 0+ it Sl B,
fos A £l A £ M A Er 2T TEr 46

Using the principle of superposition, Fig. a,

Ap, = A'py + B.fpp

16200 3312
+ = +
(%) 0 El B’V( El )
B, = -4891k =489k <« Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

5 SF =0 15(12) — 4891 — A, =0 A, =1311k = 131k Ans.
C+3M,=0;  By15) — 1.5(12)(6) = 0 B, =720k Ans.
+1 3 F, = 0; 720 — A, =0 A, =720k Ans.
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10-20. Continued

154t /5 ft
¢ —
Nr—= 1A — A
P e .- (I
iy !|ft | M = 16x-075x7] iz
! 1
: / l’ 7(' 7;3
Q%A - ok 0
| ¢ (b)
720 K 720 k.
] T ——— A\ 12t X
\‘ 7
) X
\ /
\ M= /2
\
\‘ H‘" S m =X, /th
k . m ::X
+ ‘A——J % — I [
Bh, el Tk IRt
. ©
“‘“-»—».__..-—\"/\ /5 f¢
‘\ )
\ i N
\ Oft| |
N\ Bk
Ex N\ !
oty bit |
¥ : | B=4.891K
B"fbb ] Ay T
C%) R 4 A B"J
f @)
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10-21. Determine the reactions at the supports. Assume A
and D are pins. EI is constant.

Compatibility Equation: Referring to Fig. a, and the real and virtual 0
moment functions shown in Fig. b and c, respectively.

L 15 ft 20 ft
mM (x1)(8x7) (0.25x, + 10)(6x,)
A'D, = [ My = SR vy + dx, + 0
w= ) BT A El T El 2
25000
EI

L 15 ft 20 ft
0.25x, + 10)(0.25x, + 10
bp = / —mmdx:/ 7(x%(lxl)dxl +/ ( e X a2 )dx2
0 0 0

EI EI
10 ft
(x3)(x3)
+
A' El d.ng

4625
EI

Using the principle of superposition, Fig. a,

Ap, = A'py + Difpp

25000 4625
@ o=T0 ()
D, = 5405k =541k < Ans.
Equilibrium:
EDF =0, 8-5405-A,=0 A, =259%6k =259k Ans.

C+3My, =0; D,(20) + 5.405(5) — 8(15) =0 D,

4649k = 465k  Ans.

+TF, =0, 4649-A4,=0 A, =4649k =465k Ans.
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10-21. Continued

) 2oft
8k 20/¢

. e ——— L Y 4 ) Xz
) oft "
54 %
v Mz= 6 ™ /Off
514 - 1 %

bk

. XINLL
b‘zb'}&

(b)

Y

8k G KN

— . —1
—\ ot
1 Xa
\ A
| 4 4 |__m,f0'25"a“°i 1, ,
Y lojt
Aph - P 1k
X M=%
1 LK 025 k
%-wk )
20t
8k
—
10ft
15t
' Ax px=\5'405k
| D
T
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10-22. Determine the reactions at the supports. Assume A
and B are pins. E1 is constant.

Compatibility Condition: Referring to Fig. a, and the real and virtual moment

functions shown in Fig. b and c, respectively,

L 3m
M —4)(-20 240
A,Bh — / de = 0 + / wdxz + 0 =
0 0

EI EI EI
L 4m 3m
mm (=x1)(=x1) / (94
= — = —_— + [
IsB %Eldx A £ dx, A £l dx,
4 m
(=x3)(=x3)
+ P ——
A El d.X3
~90.67
EI

Applying the principle of superposition, Fig. a,
Ap, = A'p, + B.fps

240 90.67
+ == 4 it
((_) 0 EI Bx( EI >

B, = 2647kN =265kN —
Equilibrium: Referring to the FBD of the frame shown in Fig. d,

ESF =0, A, —2647=0 A, = 2.647KN = 2.65kN

C+>XM,=0, B@B)+20-20=0 B, =0

+H1SF=0  A,=0

20 kN;n(‘
D

3m

Ans.

Ans.

Ans.

Ans.
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10-22. Continued

. 3m
X
ZO(N.?:-/ A = g%ﬁm

X Mf 0 %S

3m

Xz
' 20 kN-m |
( TN 3 - .
ﬁ; % N
\ Im,z =4
\ :
i i My=-Xs 4m
] V1 A I
"' ', m, =——)Cl %L ;'
/
/ ! X %
]
é’ 1 kd——%s: g Lk
: @)

20 MT ’ )20 kN-m
| |

4m

Br2.647kN

f

"l

/

II

'I

,I

ll \

/ B N 2
e

5)6/ &6

(@)

<

hy @y %
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10-23. Determine the reactions at the supports. Assume A 9 kN/m
and B are pins. E1 is constant.

Compatibility Equation: Referring to Fig. a, and the real and virtual

moment functions in Fig. b and ¢, respectively, B s e e G e
L Sm 3 T
mM 4(7.50X2—0.3X2) 187.5
A'Bj, = ——dx =0+ ——————dx, + 0= ——
h A E1 Y A El = EI
L 4m Sm 4m
mm (x1)(x1) / 4(4) / (x3)(x3)
— dx = dx, + dx, + d
Tus A El" A El T ) BT ), TR 4%
_122.07
EI

Applying to the principle of superposition, Fig. a,

Ap, = A'p, + B.fpp

187.5 122.07
+ S
(£) 0 EI t( EI )
B, = -1.529kN = 1.53 kN <« Ans.

Equilibrium: Referring to the FBD of the frame in Fig. d,

tSE =0 A 1529=0 A, =1529kN = 1.53kN  Ans.
1
C+EMa=0: B(S) — 5()()(1667) =0 B, = T50kN Ans.
1
CHEMp=0; (OE)3333) — A,(5) =0 A, = 150kN Ans.
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10-23. Continued

1 kN 1kn
(<)
+9)(5) kN

-~
-
-~
-~
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*10-24. Two boards each having the same EI and length L
are crossed perpendicular to each other as shown. Determine
the vertical reactions at the supports. Assume the boards
just touch each other before the load P is applied.

AE! e AE,
(P-E)/p (P-E)?/p
Ay =Mp=——— 2+ — |
E E 16E1 (2) 16E1 (6)
(P - E)L?
~ 48EI
2 2
A//:M :EYLKE)_EyLKE)
E E" " 16EI\ 6 16EI\ 2
E,L
 48EI
AE! e AE"
(P - E)L? E,L?
~ 48EI  48EI _
(g gL
-(P-E,) = -E, G WEL
P g Ll .
E, = 5 Ans. ) Hg? }-N‘E'
- (P-EME
For equilibrium: T Teer B
WEL
P
Ay—By—Cy—Dy—Z Ans.
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10-25. Determine the force in each member of the truss.
AE is constant.

Compatibility Equation:

0= Aup + Fipfapas 1

Use virtual work method:

ANL _ (LO)(1333)(5)  ((LOLOGI() _ 13.493

Aup = E AE AE E e
_ ol _206) | CLOY(4) _ 2024
fapag = AE - AE GE = AE
13.493  20.24
From Eq. 1 O_W_FFAB
Fap = —0.667k = 0.667 k (C) Ans.
Joint B:
3 3
+1XF, =0 SFap + (5 J0.6666 — 0.8 = 0
FBD = 0.667 k (T) Ans.
+ -0 = ]
FISF =0 Fgc =0 Ans
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10-26. Determine the force in each member of the truss. Sk
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.

_nNL  1[(133)(1061)@)  (133)(6)4)  (HB)3)
Bes = 2745 = E{ 1 * 1 T }
. {(—1.667)(—13.33)(5)}
2
_ 1044 8 "
a E h.“l_(__- 17 I
- 35" 1{2(1.33)2(4) 2(1’3) 2(—1.667)2(5)} wl N\ b
Jenen = AE E 1 AT 2 .1k \
_ 34l < bk
E

Acp + Fepfepep = 0

104.4 N FCB(34.1) —0

E E
H 1.6k
Fep = —3.062k = 3.06k (C) Ans. P
A 31.33 B
Joint C:
3
+1 3 F, =0 “Fyc — 8 +3.062 = 0; Bk
5 Foe ©
Fuc = 823k (O) Ans. %
) Fae 3.062K
FDC = 658 k (T) AIIS.
Fou
Joint B: l éf sBx
3 Motk ul 10.11
+13F, =0; -3.062 + (5)(FDB) =0; ®
Fpp = 5103k = 5.10k (T) Ans.
4 for
+ . Fap— 6 — 5.103(7> =0 l {“"
= 2F=0; AP 5 Itk il 1010
Fa = 101k (C) Ans. ®
Joint A:
3
+13F, =0 823+ | 5 )Fpa = 0;
Fpa = 494k (T) Ans.
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10-27. Determine the force in member AC of the truss.
AFE is constant.

Compatibility Equation: Referring to Fig. a, and using the real force and virtual
force in each member shown in Fig. b and c, respectively,

3m
. _ <nNL _ 1(16.67)(5) (-1.60)(-1333)(4) _ 168.67
Ayc = EAE = AE + AE = E o
oL [(D)G)] | (16014 | [(-0.6)*](3)
facac = ﬁ_z{ AE}+ AE T aE
213
"~ AE

Applying the principle of superposition, Fig. a

Auc = Ay + Excfacac

168.67 2132
=———+ —
0="4F FAC( AE )

Fae = 1911 kN = 7.91 kN (C)

Ans.
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10-27. Continued

*10-28. Determine the force in member AD of the truss.
The cross-sectional area of each member is shown in the
figure. Assume the members are pin connected at their
ends. Take E = 29(10%) ksi.

Aup = Enj] EL = % %(—0.8)(2.5)(4) + (2)(%)(—0.6)(1.875)(3)
+ %(—0.8)(5)(4) + %(1)(—3.125)(5)
20583
- E
2

fioan = S5 = 123 )o@ + 23 )-0676) + 23 )y |

_oom

E €__ -0 D

Aup + Eapfapap =0

[ el

“b. o
20. . i

20583 FAD(6973> - X

E E :’f -0.8 8 [ - C

FAD = 2.95kN (T) Ans.
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10-29. Determine the force in each member of the truss. 20 kN
Assume the members are pin connected at their ends. AE is
constant.

Compatibility Equation:

0= Aup + Fapfapap

Use virtual work method

ANL _ (Z07071)(-10)@2) , (0.7071)(=20)(2)  (1)(14.142)(2.828)

An = =
an =2 AE AE AE AE
8243
AE
nnl  4(-0.7071)%(2)  2(1)%(2.828)  9.657
fapap = 2= = + =
AE AE AE AE
From Eq. 1
82.43  9.657
=2 L
0="4g © ag Bw
Fap = —8.536 kN = 8.54kN (C) Ans. 15 tu
Joint A: T - X
45 c
+13F, =0 Fp — 8.5365in45° = 0 g, lawor
Fup = 6.04kN (T) Ans. 4
A SE =0 Fap — 8.536c0s45° = 0
Fup = 6.036 kN = 6.04 kN (T) Ans.
Joint C:
+13F, =0; —Fcp sind5° — 15 4+ 25 =0
Fep = 1414 kN = 14.1 kN (T) Ans.
LS F =0 Fep — 14.14cos45° = 0
Fep = 10.0kN (C) Ans.
LCKN A
IC &N 15 kN 0 Kd 15 kA
2m 2m 1 20RA N
€ » Yc
R h Fap}MA’
m >\\< “/
A w8
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10-29. Continued

Joint B:
I XFE =0
+13F, =0
Joint D:
IYF=0;
+1YF =0

Fpr cos 45° + 6.036 — 14.14cos 45° = 0
Fgp = 5.606 kN = 5.61 kN (T)
—Fgp + 5.606sin 45° + 14.14sin 45° = 0

Fgp = 13.96 kKN = 14.0 kN (C)

Fpr + 8.536cos45° — 10 =0
Fpr = 3.96 kN (C)

8.5365in45° + 13.96 — 20 = 0 (Check)

Ans.

Ans.

Ans.

Ans.

s, sk

10-0 KA (¢)

0-707/ Cc) e

>\

0707/ (¢) g

0 Y

o-7071 Ce)

10-30. Determine the force in each member of the pin-
connected truss. AE is constant.

Aje = E”AVEL = ﬁ[(—0.707)(1.414)(3)(4) + (1)(-2) V18]
20485
T AE
L 1 5 5
facac = 2 p = p4(-07077() + 2017V 18]
14485
 AE
Ayc + Facfacac =0
20485

AE

14.485
Ful—>])=0
o 155)

Fae = 1414k = 141k (T)

Joint C:
+13F, =0
A3F=0

Due to symmetry:

Joint D:

+1YF =0

Fpc = Fep = F

2 — 1.414 - 2F(cos 45°) = 0;

FDC = FCB = 0414k (T)

FAD = FAB = 0414k (T)

Fpp — 2(0.414)(cos 45°) = 0;

Ans.

Ans.

Ans.

Ans.

Ans.

14 N4
-2
A 0 \¢ K

b
Mc/

by

s
=
&

o
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10-31. Determine the force in member CD of the truss.
AE is constant.

Compatibility Equation: Referring to Fig. a and using the real and virtual force in
each member shown in Fig. b and ¢, respectively,

, <nNL _[08333(-750)(5)] . (-03810)(6.00)(8)  80.786
ACD_EAE_Z[ AE }Jr AE B AE
n? ~0.5759)2(\V/65 0.8333%(5
fencn = Sk = o AN | SO

. (-0.3810)%(8) . 1’(4) 17453
AE AE AE

Applying the principle of superposition, Fig. a,

Acp = Ap + Fepfepen

0= 80.786 (17.453>
~ AE P\ AE
Fep = 4.63kN (T) Ans.

@)

0.8333 kN

-038/0 kN b
)
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*10-32. Determine the force in member GB of the truss.
AE is constant.

Compatibility Equation: Referring to Fig. a, and using the real and virtual
force in each member shown in Fig. b and c, respectively,

H g

nNLi ¢

1 . S
Nop = D05 = ap| (0707DA0)10) + (~0.7071)(16.25)(10) / \7\—"/ \
+ 0.7071(13.75)(10) + 0.7071(5)(10) + 0.7071(~22.5)(10) o A “7‘\ /&”&J

+ (—=0.7071)(—22.5)(10) + 1(8.839)(14.14) ‘éﬂ @_S_
+ (—1)(12.37)(14.14)} 3 - ‘-

_ 103.03
AE

L {0.70712(10)} N 3{(—0.7071)2(10)} N 2{(—1)2(14.14)}
Jopon = 24 p = AE AE AE
1%)(14.14
N 2[( ) )}
AE
_ 86.57

AE

Applying the principle of superposition, Fig. a

Agp = A + Fosfoses

~103.03 86.57
0="4F +FG3( AE) (
Fop = 1.190k = 1.19k(T) Ans. )
889K 237k,

~0707/k G0 7071K. =

f:_.___:,.'=.’
0 4"\//\\°<W"

4 © 07071 JO707IK p O
/625K 10K éi';« 5k 1375k @)
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10-33. The cantilevered beam AB is additionally supported
using two tie rods. Determine the force in each of these
rods. Neglect axial compression and shear in the beam.
For the beam, I, = 200(106) mm*, and for each tie rod,
A = 100 mm?. Take E = 200 GPa.

Compatibility Equations:
App + Fpsforps + Fesfeps = 0 ey

Acp + Ipgfcaps + Fesfepes = 0 )

Use virtual work method

L 4
0.6x)(-80
ADB — / ﬂdx — /de — _1024
0 0

El El EI
L 4
_ [mM _ [(x)(80x) ~  1706.67
Acp = /0 E19% = /0 El YT TR
L 4 2 2
mm nnL (1x) (1)*(3) 21.33 3
= | dx+ > —— = dx + = +—
Jenes = | “prdx AE )y EI T AE EI | AE
L 4 2 2
mm nnL (0.6x) (5 7.68 5
= —dx + —_ = dx + = 4 =
Josps /0 Er" AE ), EI Y7 TAE T EI T AE
e = Y0.6x)(1x) 128
IDBCB . EI AE"
From Eq.1
~1024 7.68 5 12.8
+ + + Fepl————[=0
E(200)(107) FDB{E(200)(104) E(lOO)(104)} CB{E(zoO)(mJ‘)}
From Eq.2
.24 o)
170667 L 128 { 233 3 } . YA sk
Pt e, = .03
E00)10%  P* E@00)10%) PLE200)10°)  E(200)(107) 5 . =R
0.064F g + 0.13667Fc5 = 8.533 Wt — |
Bokw
Solving M(KkA m)
Fpg = 1924 kN = 192 kN Ans. l

Fop = 53.43kN = 53.4kN Ans. [/4
-60:l
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10-34. Determine the force in members AB, BC and BD
which is used in conjunction with the beam to carry the
30-k load. The beam has a moment of inertia of I = 600in*,
the members AB and BC each have a cross-sectional area
of 2 in% and BD has a cross-sectional area of 4 in%. Take
E = 29(10%) ksi. Neglect the thickness of the beam and its
axial compression, and assume all members are pin-
connected. Also assume the support at F is a pin and E is
aroller.

L 3 4
M L 0.57143x)(40x 0.42857x)(30x
:/L:E”N _ X J409) ;[ QAETHE0
o EI AE o EI o EI
_ 480
EI
L 2 2 3 2 4 2
B /ﬂd . EM B / (0.57143x)%dx . (0.42857x)%dx
Jepsp = | ¥ AE El A EI
. (1)’(3) . (0.80812)2\V/18 N (0.71429)%(5)
4E 2E 2E
_ 68571 34109
EI E
A + Fgpfapsp = 0
480(123) (6.8571(123) 3.4109(12)) .
E(600) BD\ " E(600) E a
-~
Fpp = —22.78k = 22.8k (C) Ans. e 0.57008% Me 041851x
0.577143
Joint B: 080810
0.5y
1 4 ;
% >F=0; _E43(7> + (g)FBC =0 @
2
3 1 0,4 "y
+1>F, =0, 2278 —(g)FBC —FAB(\@> =0 Nio
FAB =184k (T) Ans.
FBC =163k (T) Ans. 5 5
. 3
RN
B0z 23 3¢,
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10-35. The trussed beam supports the uniform distributed
loading. If all the truss members have a cross-sectional
area of 1.25 in2, determine the force in member BC. Neglect
both the depth and axial compression in the beam. Take
E =29(10°) ksi for all members. Also, for the beam
I4p = 750 in*. Assume A is a pin and D is a rocker.

Compatibility Equation: Referring to Fig. a, and using the real and virtual loadings
in each member shown in Fig. b and c, respectively,

L 8 ft 2
mM nNL (-0.375x)(40x-25x") ar , ,
BC = + = + T e A P S e A O W
BC A g1 Xt 2 g =2 A El dx +0 | | Jr ” ﬁ||
SK
. 3200k-ftt 3200(12%) k-in® 0254
B EI  [29(10° k/in?](750in®)
L 2 2 8ft, 2
m n°L (—0.375x)
= _— + _ = —
Iscae A Eldx EAE 2 A £ dx

+ ﬁ[ﬁ(a;) + 2(0.625%)(5) + 2(-0.625)?]

481t L 158125t

EI AE
B 48(12%) in’ 15.8125(12) in '

©[29(10)*k/in])(750 in*)  (1.25 in)[29(10°) k/in?] Are
= 0.009048 in/k T

Applying principle of superposition, Fig. a

Apc = A'pc + Fpefpese ' LS

0 = —0.2542 in + Fye (0.009048 in/k) “Mecfecee.
()
Fpe = 28098 k (T) = 28.1k (T) Ans. e
[3h 1 | 1 Vit - &1t
X | T S ‘]
A N . 7, oz D
\A‘\_‘ = (@] //';/"
TR :.é/;—lv—« == /{
£ O/. e
A0k, =) 4Ok .
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#10-36. The trussed beam supports a concentrated force 8
of 80 k at its center. Determine the force in each of the three
struts and draw the bending-moment diagram for the beam.
The struts each have a cross-sectional area of 2 in2. Assume
they are pin connected at their end points. Neglect both the
depth of the beam and the effect of axial compression in the
beam. Take E = 29(10%) ksi for both the beam and struts.
Also, for the beam I = 400in*.

k

nNL
AE

L
mM

A :/7dx+

N >

12
0.5x)(40
2/ (0.5x)(40x) g = 23040
0

El El

L 2 2 12 2 2 2
m n°L (0.5x) (1)*(5)  2(1.3)7(13)
= [ —dx+ >——=2 + +
Jevep A T Y | TE T g AE
_ 288 4894
EI AE
Acp + Fepfepep = 0
23,040 288 4894\ _
S 40 T TPl o2 |
124 124 14*
Fep = —64.71 = 64.7k (C) Ans.
Equilibrium of joint C:
FCD = FAC = 84.1k (T) Ans.
W Box H a7 et
Fes A A} n s
Su .'l‘ “ 3 [ o
© K" Blisk gy Bk l
N mso.Syx iy
e R
1 "‘ 1 ‘ L] ‘DJ"-—(B
ok L 3 LV
v’ o.s »
‘: e Yok 0 0 (] (7Y
focs

e
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10-37. Determine the reactions at support C. EI is
constant for both beams.

O_le——~

Sl

Support Reactions: FBD(a).

LHSFE =0 ¢ =0 Ans.

C/(L) - By(g) =0 (1]

Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are

C+D2 M, =0

pL3 B
YB T 48EI ~ 48EI
,_PLy PG pL?
Y8BT 3E1 T 3EI  24EI
,  PLip B,L’ 1
3EI 24EI

l

VB

The compatibility condition requires

(+1)

Vg = 'UB’ + 'UB”
BL*  pp3 . (_ ByL3)
48E1  24E] 24E1
2P
By =75

Substituting B, into Eq. [1] yields,

Ans.

I

-
-
-
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10-38. The beam AB has a moment of inertia I = 475in* }
and rests on the smooth supports at its ends. A 0.75-in.- A.
diameter rod CD is welded to the center of the beam and to

the fixed support at D. If the temperature of the rod is c
decreased by 150°F, determine the force developed in the
rod. The beam and rod are both made of steel for which 50 in.

E =200 GPa and a = 6.5(10°)/F.
D

Method of Superposition: Using the method of superposition as discussed in
Chapter 4, the required displacements are

PL’ Fep(120°)
’U = =
© T 48EI T 48(29)(10%)(475)

Using the axial force formula, v%'—:"’:_rﬁ-?%

(3

|
PL Fcp(50 M50 4 5p
:—:%:0.0039031% ) s
AE  £(0.75%)(29)(10°)

= 0.002613F-p |

oF

The thermal contraction is, initial

ko
- 6T A final
8r = aATL = 6.5(107°)(150)(50) = 0.04875 in. |

The compatibility condition requires

(+1) ve = 8 + O
0.002613F-p = 0.04875 + (—0.003903F¢p)
FCD = 7.48 klp Ans.

T - - T

LT TN 2 Ifﬁ I '11 2

Iy = = 1 [ fm 1)
FITTITLT s F e
1 w 2

r L 1 "t
I
M

9.' 2 wl¥
e % 2 z
Sp————— = L
L

W ¥
- Wi
_1,_ 12
o
) T
= 1
7 Mg
+
Bt

WA
1]
I
!

‘

/

I

!

’

l

13
oi <
-i OE

394




© 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.

10-39. The cantilevered beam is supported at one end by a
L-in.-diameter suspender rod AC and fixed at the other end
B. Determine the force in the rod due to a uniform loading
of 4 k/ft. E = 29(10%) ksi for both the beam and rod.

=)

15 ft
4k/ft L
- LO)JHHHHHHH :
clEEr Bk
Iye =350in By
20 ft ‘
L 2
mM nNL (1x)(— 2x) 80.000
= il x+0=—
Asc /0 £ / 0 El
20 2 2
x (1)*(15)  2666.67 15
+ “dx + = —
Jacac = / B E /0 TR EI | AE
+ Auc + Faclacac =0
~80.000 (2666.67 15 ) 0
EI AC\ EI AE
80.000 2666.67 15 )
330 AC\ 350 0232 ) =0
T e 7(53)
FAC = 280 k AIIS.
‘[‘c -‘f."b
° !
]
Mt Ayt B 1]
LT, | o
N [ A
M= -2yt i
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#10-40. The structural assembly supports the loading
shown. Draw the moment diagrams for each of the beams.
Take I = 100(10%) mm* for the beams and A = 200 mm?>
for the tie rod. All members are made of steel for which

E =200 GPa.

15 kN

4m
8 kN/m
Compatibility Equation 28 l l l l l l l l l l i] |
B
A
0= Acp + Feplepes (1) ‘
Use virtual work method ‘ 6m ‘
L 6 2
M 0.25x1)(3.75 0.75x,)(11.25
Ay [ M, (0.25x;)( xl)dxl L [ 075x)( xz)dxz om o
y EI b EI b EI )
6 5 1;&" "’""ms
(Lx3)(—4x3) : ¢ ?
L e e i
—-1206 i s
-= LT
Ea ==
L "6 2 2 2
mm nnl. (0.25x,) / (0.75x,) L - |
Jescs /0 £1 9 AE % g ot | T e
(x4 o
b, EI " AE - em 2m
hp'—___—’x’\ - r‘n.i‘—;;
780 4.00 ? ' e
EI = AE M=375X, U Mye1125%,
dm 375 Al IA
From Eq.1 81125 KN
8 xn/m
1206 780 4.00 }_ 0 Ladll ]} ,
E100010°)  ““LE100)(10%) 200109 E AT 00 S g ]
—]
Fep = 15075 kN (T) = 15.1 kN (T) ' Gm
~N
N ‘}____,,,):I‘ m‘=0-75)r." r"_{ 15K
g /J ol ] i bm 1'1:11
m,» 025X, ] nr i |
028 { ]’_ T & J
4] o075 ] — T
- 50
} m3"xJ ¢ ! 7519 cn 2255604
yo—
~
J’J““"‘i
(7]
M(kN.m) 15.075 kA crm)
45 B kAl [m 4
r —t— X ()
, } X (2 ) 3, be »|
| g 7 ”"ZJr 2z 1 5355

32.925 %N
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10-41. Draw the influence line for the reaction at C. Plot
numerical values at the peaks. Assume A is a pin and B and
C are rollers. EI is constant.

\ 6m }
The primary real beam and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,
144
fac =My =0, fpc=Mp=0 fCC:M/C:E
The maximum displacement between A and B can be determined by referring to
Fig d.
+13F, = 0; 1(i)x—izo x=Vi2m Vi
7 ’ 2\EI El /
7
6 1/V12 \/E) e
+ — . ! + — _ | — _ = i
CHIM =0, My El(\/ﬁ) 2( i ><\/ﬁ)( 3 0 ///
13.86
fmax = ?
Dividing f’s by fcc, we obtain
x (m) 0 V12 6 12
C, (kN) 0 -0.0962 0 1 Ca)

1
12
1l
|
0 — ¢ 12
-0-0962

_x(m)
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10-42. Draw the influence line for the moment at A. A
Plot numerical values at the peaks. Assume A is fixed and § |
the support at B is a roller. EI is constant.

3m

The primary real beam and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,

1 3
XAn = g faa=My =0, fga=Mp=0, fCA:M’C:E

The maximum displacement between A and B can be determined by referring to
Fig. d,

+T2Fy=0; 1(x> _L_O x=1v3m

3E1 2E1

C+2M =0 (3E1>( )( 027;2'21(\/5) Mo = 1kNm

fmaX:Mmax: - EI

3m

Dividing f’s by a4 4, we obtain

x (m) 0 1.268 3 6

M., (kN -m) 0 ~0.577 0 1.50 0.3533 kN

+EE)3)

03333 kN
@)

Ve

)| |

)2

(268 3

,I MC-Z?I

.50

-0577

xam)

398




© 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.

10-43. Draw the influence line for the vertical reaction at
B.Plot numerical values at the peaks. Assume A is fixed and
the support at B is a roller. EI is constant.

The primary real bean and qualitative influence line are shown in Fig. a and its
conjugate beam is shown in Fig. b. Referring to Fig. c,
C+DMp=0; M, —1(i>(3)(2)=0 fsg = M} -2
B ; B~ 5\ E] BB B~ Ly
Referring to Fig. d, _ -
1/ 3 225 -~
+ =0: R = =M. == -
C+XMc=0; M Z(EI)G)(S) 0 Jep=Mec="—1; -

Al = 0. Dividing f’s b btai = =
SO, fap ividing f’s by fzp, we obtain /l c
A B

0 3 6 -
o 3km [ 3m 3m
B, (kN) 0 1 25 1kn

EL 2m
h ~J T Ve
E— = (: { \\\ !
A B C IL - DMB
€ i€ X I 3m
3m 3m l
(b) <)
By (k)
INERTEY
z(fl),Zm 1 am <50
i - \\\\\ l
~._ l
=) ) Me |
I3 | x(

(el ) )
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*10-44. Draw the influence line for the shear at C.
Plot numerical values every 1.5 m. Assume A is fixed and
the support at B is a roller. EI is constant.

_0-__:

al/

acf
¥
4.
. 3m
The primary real beam and qualitative influence line are shown in Fig. a, and its
conjugate beam is shown in Fig. b. Referring to Figs. ¢, d, e and f,
6.1875 , 22.5
foc=My=0 f1.5C=M'1.5:_7EI fae :M3’:__H
49.5 26.4375
f3é =My =75 fasc=Mus=—Fp; foc=M's=0
s 72 .
Dividing f’s by M = Er we obtain
x (m) 0 1.5 3- 3* 4.5 6
Ve (kN) 0 -0.0859 -0.3125 0.6875 0.367 0

K
A
=2
EL IIm
!
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10-44. Continued

\/.B*L

3m

M2

3t EL

l5m
1 20435 4 4
M4'5 EIL =
Aol -
AY: A
T (¥ 18

—Xx(m)
&

10-45. Draw the influence line for the reaction at C.
Plot the numerical values every 5 ft. EI is constant.

x=0ft

AO = MQ’ = 0
x=5ft

, 125 315 166.67

As= My = 21667 — - 2(5) = =

x=10ft
, S0, 375 20833
Mg = My = 3333 = 2(10) = - =

A}i
‘ B
‘ 15 ft | 151t
- Jm
AU ™
Tl'Ok,
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10-45. Continued

x=15ft 2.5
.0
Ais=Ms =0 . l , 211
x =20 ft Jms 7 IMio
1. "“‘j’d
My = gy = 220 S0y 18IS 54167 APl 3}';“’ 23335
00Tk ET EI EI
x=251t
2250 125 187.5 1333.33 2.5 . 50.0
— [ + . _ ( — 2152 22
Bos = Mos = =+ g 1667 = = 7 = g € Ei e ‘?)gg
_ , rd.. } ‘ H S l
e M“( L__Lﬂ m(t 7 e, 3;15
1815 b tea s
, 2250 /.aﬁ,« EIL
Az = Ms3y' = El 553&181 3a3ft
X Ai/As
0 0 Cyelke)
5 -0.0741 e
10 ~0.0926 ” 053
024t
15 0 el i P Xt
-0 . 20 2s
20 0241 OR! -0-0926
25 0.593
30 1.0
At20ft:  C, = 0241k Ans.
10-46. Sketch the influence line for (a) the moment at E,
(b) the reaction at C, and (c) the shear at E. In each case,
indicate on a sketch of the beam where a uniform distributed F
live load should be placed so as to cause a maximum A E & B & C D
positive value of these functions. Assume the beam is fixed ‘ |
at D.
Mg
onn
B c
0 T I\—-/i/\ = X(’H) ¢ » >
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10-46. Continued

Ve J11i1d

A j J
[\I /\{ x(m) I\3m 3m é6m é6m
0 3 o~ 24

e
. | —x(m) A °
2 24

)
0 6 / \ e
I ¢m | em

10-47. Sketch the influence line for (a) the vertical
reaction at C, (b) the moment at B, and (c) the shear at E. In

each case, indicate on a sketch of the beam where a uniform
distributed live load should be placed so as to cause a A B T C & D E F
maximum positive value of these functions. Assume the | |

FZm | 2m ‘ 4m ‘ 2m ‘ 2m

beam is fixed at F.
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*10-48. Use the Miiller-Breslau principle to sketch the -
general shape of the influence line for (a) the moment at A A

and (b) the shear at B.

N
@) 5
ﬁ\
I ——
10-49. Use the Miiller-Breslau principle to sketch the 1:‘ ﬂ

general shape of the influence line for (a) the moment at A
and (b) the shear at B.

(a)

404



© 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.

10-50. Use the Miiller-Breslau principle to sketch the - -
general shape of the influence line for (a) the moment at A A’ B’
and (b) the shear at B.
C
8L

) e
(b)
10-51. Use the Miiller-Breslau principle to sketch the A B
general shape of the influence line for (a) the moment at A f f
and (b) the shear at B.
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