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SOLUTION 11.63

Bending moment:
Over AB:

Over BC:

Total:
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SOLUTION 11.71

v
RN

Bn'

Reactions:

C=—-P —, =—P «,
4 A 4

3 3 A —p1

Members AB and AC are zero force members.

Fep = -P

3

Equilibrium of joint A.

Using the force triangle,

Strain energy:

2
Fio = P? +(%Pj _ Bp2

Deflection at B.

" 16
5 .
Fap = ZP (tension)
F2L,
U= [
)2 2EA
F, L F2L
5 5
AD +=P Ry 2
2 2 1.9531P%/
BD -P 1 P2/
3 3
CD -=p Ry 2
2 2 0.4219P%¢
> = 3.375P%
2
U - 3:375P%
2EA
2U
—PyB =U Vg = —

P
=3.375— <
VB EA
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SOLUTION 11.92

Units: Forces in kips; lengths in ft.
E = 29 x 10° ksi | =291in*
El = (29 x 10%)(291) = 8.439 x 10°kip - in? = 58.604 x 103kip - ft?
Add clockwise couple M, atend C.
Strain energy: U= —dx =—[M32dx
2El 2EI

U _ 1, oM
oM, EId T oM,

Slope at C (formula). 6. =

Bending moment diagram.
Portion BC: (0 < x < 2ft)

ét"‘_”‘ —:i“""*bm M =—4x=Mo
-
A ¢ M =-1 Set M, =0.
Hikips aI\/IO
m ¢ ) 2 2 2
~, — [P andx =25 =8 kip-#t?
e Jo M o= J, 40eDek=5 x| =8 ke

49kfr5L l‘“‘-'f' Portion AB: (2ft < x < 8ft)
w (

L 1) i
B2 :]‘2 ¢ M = -8(x - 2) —4x - M,
!' -* oM

M,
8 oM 8
L M - L [-8(x — 2 — 4x](~1)dx
8 8 8
:E(x— 2)? = (4)(6)? + (2)(64 — 4) = 264 kip - ft?
2 2
Slope atend C. (calculated)
g =34 _ 272 O = 4.64x107° rad << <«
El  58.604x10
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SOLUTION 11.93

SOLUTION
Units: Forces in kips; lengths in ft.

E=29x10°ksi | =291in*
El = (29 x 10%)(291) = 8.439 x 10%kip - in? = 58.604 x 10° kip - ft*
Let Q be the force at end C. It is later set equal to 4 Kips.

. M? 1 5
Strain energy: U=|—-dx=—|M~*dx
J‘ZEI 2El
Deflection at C (formula).
=Y Ly Mg,
o0Q El oQ
Bending moment diagram.
8 Q. Portion BC: (0 < x < 2ft)
|
&£ 5 7R M = —Qx
A [ oM B

—X Set Q =4 Kkips.

aQ
~ 2 oM 2
: Io M de = jo (—4%)(—x)dx

4 4

ak;fsl Q. =3 =10.67 kip-ft®

0

gk_m_jt Portion AB: (2 ft < x < 8ft)
M = -8(x — 2) — Qx

M _ —X Set Q = 4Kkips.
oM,

6 oM 8
L M %dx - L [-8(x — 2) — 4x](=X)dx

8 8

X2

—16—
2

_af® 2 _ 8 2
—8J'2(x 2x)dx+4Lxdx
3
+4X—

8
g X
3 31,

+
3 3 2 2 3 3
=1536 kip - ft

2 2

Beer/Johnston, Mechanics ql;i\MeQ@]rials, geo © 80.12. T{pe McGraw-Hill Companies

enoy. brown univers



Deflection at C.  (calculated)

1536 +10.67 _ 1546.67

- = 0.0264 ft
El 58.604 x 10°

5

Jc =0.317in. | «
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SOLUTION 11.101

Find the length of each member as shown.

Add vertical force Q at joint B.

Joint C:

Joint B:

Solving simultaneously,

+T2Fy =0:

+—b-ZFX =0:

+—=3F, =0:

oU o

4

4

3

soe M _ogri_bgpory
5Q OQ 2EA EAT 4Q

Fea—48=0 Fg =6.0kN

EFCB +Fep =0 Fgp=-3.6kN

4
g AB +§FBD -36=0

3

+T2Fy:0: EFAB—EFBD_4.8_Q:O

Fps =6.25+0.8333Q kN

Fop =—1.75-0.8333Q kN

Fee Fap

Joint D: +T2Fy =0: gFBD +Fup =0 o
Fao = —g Fap =1.05+0.5Q
withQ =0
Member F(10°N) OF16Q L (m) F(SF/2Q)L (10°N - m)
AB 6.25+0.8333Q 0.8333 2.0 10.4167
AD 1.05+0.5Q 0.5 2.4 1.26
BD -1.75-0.8333Q -0.8333 2.0 2.9167
BC 6.0 0 1.5 0
CD -3.6 0 2.5 0
) 14.593
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1
8y =—ZF(SF/oQ)L
s = A~ F(GFIAQ)

14.593x10°

" (200x10°)(500 x10°°)
=145.9x10°m

35 =0.1459 mm { «

rown univers
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SOLUTION 11.102

Find the length of each member as shown.
Add horizontal force Q at joint B.

|
Ao _FL 1 _lor

0p=——=—72—=—-U233F—L B
0Q 0Q 2EA EA  2Q <t

4 Feo

Joint C: +T2Fy =0: CFeg—48=0  Fep =6.0KN 4.8 kN
. 3
Joint B: +—=XF, =0: EFCB +Fp=0 Fp=-36kN Q Fan
4 4
+—)-ZFX=O: EFAB +§FBD—3.6—Q=O
3. 3 Fes Feo

+T2Fy :0: EFAB—EFBD—4.8:0

Solving simultaneously, Fas =6.25+0.625Q kN
Fgp =-1.75+0.625Q kN

Feo Iﬁo
. 3
Joint D: +T2Fy =0: EFBD +Fpp =0 K

Foo = _g Fep =1.05-0.375Q
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F(SF/6Q)L

Member F(10°N) OF16Q L (m) (10°N-m)
AB 6.25+0.625Q 0.625 2.0 7.8125
AD 1.05+0.375Q -0.375 2.4 —0.9450
BD -1.75+0.625Q 0.625 2.0 —2.1875
BC 6.0 0 15 0
CD -3.6 0 2.5 0

) 4.680

g =—ZF(F/OQ)L
s =pa > F(OFIOQ)

4.680x10°

" (200x10°)(500 x10°°)
=46.8x10°m

Jg =0.0468 mm « <
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SOLUTION 11.106

Add couple M, at point D.

Reactions at A:

Member AB: , jl\l/\l/l =1
D
U —d
AB = 0 2E] Yy
Set My =0.
Mg 1 oM 1! PI®
=—| MZ=dy=—-| (Py)ydy=——r
op Eldo o 0 El IRGEY 3EI
Ny _ 11, M _PI?
ZZAB _ | M =
oM, EI-[ M, j (PY)@dy 2EI
Member BC: M =M, +R, =My +PI Z—'!:I, jl\:/l =1
D
I M2
Use = | —dx
BC -[OZEI
Set M, =0.
Mgz 1 oM PI3
= |v|— =—| (PH()dx
AP El oP j( Jox
Mgz 1 ¢!, M Pl2
M, EIJ. M I( Y
Member CD: M =My + Py ﬂ:y oM =1
oP M,
I M2
Uep = | —d
o Y= y
Set My =0.
Mg 1 M PI®
oP  El aP j( Py =
Mo 1 ¢!, M Pl2
—_— M P =
e = T j( y)@)dy =
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(a) Horizontal deflection of point D.

3
5P=5UAB +§UBC +5UCD _ l+1+1 1
oP oP oP 3 3) El
(b)  Slope at point D.
2
HD:&UAB +5UBC +§UCD — £+1+1 i
My My Mg 2 2 ) El

3
§P:5PI - <4
3EI
2P|?

6, = <
b= )
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SOLUTION 11.108

Add horizontal force Q at point A.

Over AB: M =%Pv+£Qv
M_1, M _\B,
oP 2 Q 2
o=l o
2EI
Set Q =0.
L L
%:ij ﬂd\/:i lpv lv dv
oP El JP El 2 2
1pr’
12 EI
My _ Lty oM MREINENL
oQ El oQ EI 2 2 12 El
Over BC: M=-P x—L +£QL, m=— x—L , m=£L
2 2 oP 2 oQ 2
L|\/|2
.[0 2EI
Set Q =0.
L L 2 3|k 3
%:ij ﬂdxzi P X—L dxzi X—L :ii
oP El JP El Jo 2 3El 2 o 12 El
2L
L _ L
Moo L1y Mg, -t p(x_hj NE] de__@(x_gj _o
oQ ElJo  2Q El Jo 2)\ 2 4EI 2
(a) Vertical deflection of point A.
5.~ s Mg PL
PP oP % = 6El
(b)  Horizontal deflection of point A.
3 3
o= e | e _N3PL §Q_01443i—> <
oQ oQ 12 El El
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