4-1

Chapter 4

For a torsion bar, kt = T/6= Fl/ 6, and so &= Fl/kt. For a cantilever, k, = F/6,6= F/k,. For
the assembly, k= F/y, or,y=F/k=16+ 6
Thus

kT

F_F* F
k K

Solving for k
1 K ks

4-2

For a torsion bar, kt = T/60= FIl/6, and so 8= Fl/kt. For each cantilever, k| = F/&, o =
F/k, and,o. = F/k. For the assembly, k= F/y, or,y=F/k=18+ & +5..
Thus

F F
=—t—t—
k. ko k.

F_FP
k

Solving for k

1 3 k K K;
? +l+i kk 1P +k ok, +kK
k|

ko koK

Kk =

4-3

(a) For a torsion bar, k =T/8=GJ/I.

Two springs in parallel, with J =zd; /32,
and d1 = d1 = d,

k:£+£:£G d_14+d_;
X l-x 32 X l=x

=1Gd4(1+L) Ans. (1)
32 X =X

Deflection equation,

p _Tx_T, (1-x)
G JG
resultsin =~ T, = L(-x) (2)

From statics, T; + T, =T = 1500. Substitute Eq. (2)
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TZ(I_—Xj+T2=1500 = T,=15007 A (3
X

| —x

Substitute into Eq. (2) resulting in T = ISOOT Ans.

11
(b) From Eq. (1), k =%(o.54)11.5(106)(§+ 1

10-5

From Eq. (4), T, = ISOOT =750 Ibf-in  Ans.

5

From Eq. (3), T, = ISOOE =750 Ibf-in  Ans.

16T, 16(1500)

(4)

J: 28.2(103) Ibf -in/rad  Ans.

From either section, 7 = = =30.6(10°) psi =30.6 kpsi  Ans.
zd’ 7(05°) (10°) p P
4-4  Deflection to be the same as Prob. 4-3 where T; = 750 Ibf'in, |; =1/2=51in,andd; =0.5
in
91 = 192 = 9

T (4 T,(6 750(5

ﬂ.l( ) :7,2( ) _ p () 2—522—1}=60(103) 1)

~dic ~d/G (05%)G v

32 32 32
Or, T, =15(10%)d; ()

T, =10(10%)d; 3)
Equal stress, 7, =7, = 16T, _ 161, = L=T_2 (4)

zd?  zd? dd d?

Divide Eq. (4) by the first two equations of Eq.(1) results in

I 0
d’ _d; _
E—E = d2 = 15d1 (5)
dt d;
Statics, Ty + T = 1500 (6)

Substitute in Egs. (2) and (3), with Eq. (5) gives

15(10°)d;! +10(10°)(1.5d,)" =1500

Solving for d; and substituting it back into Eq. (5) gives
d; =0.388 8 in,d, =0.583 2 in Ans.
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From Egs. (2) and (3),

T1 = 15(10%(0.388 8)* = 343 Ibf:in Ans.
T, =10(10%(0.583 2)* = 1 157 Ibfiin Ans.
: : T 343(4)
Deflection of T is = = " =0.053 18 rad
JG (z/32)(0.3888")11.5(10°)
Spring constant is k=t - 1500 _ 28.2(10°) Ibf-in  Ans.
6, 0.05318

16(343
The stress in d; is 7, = 16T31 __16(3%) +=29.7(10°) psi =29.7 kpsi ~ Ans.
7d;  7(0.3888)

16(1157
The stress in d; is 7, = 16T§ _ 1o )3 =29.7(10°) psi =29.7 kpsi ~ Ans.
zdy  7(0.583 2)

() Let the radii of the straight sections be r; =d; /2 and r, = d, /2. Let the angle of the
taper be o where tan = (r, — r1)/2. Thus, the radius in the taper as a function of X is

r=r, +Xtan ¢, and the area is A= 7 (r; + X tan @)”. The deflection of the tapered portion
is

| | !
PO VL NS N N—
. AE 7E 5 (1 +Xtan ) 7E (|’1+Xtan05)tan05‘0

R 1 CF (11
7E|rtana tana(r+ltane)| zEtanalrn r,

_F - F ltana FI
rEtana rr, szEtana rr, zrrE
4FI
= Ans.
zd,d,E

(b) For section 1,

o L APl 3A000) 5 40004y in  Ans.
AE  7d7E  7(0.5)(30)(10°)

For the tapered section,

_4 FL_ 4 1000(2) —=226(10")in  Ans.
7 dd,E 7 (0.5)(0.75)(30)(10°%)
For section 2,
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_FI_ 4FL _ 4(1000)(2)
T AE zd2E  2(0.75%)(30)(10°%)

=1.51(10%)in  Ans.

4-6 (@) Let the radii of the straight sections be r; =d; /2 and r, = d, /2. Let the angle of the
taper be a where tan = (r, — r1)/2. Thus, the radius in the taper as a function of X is
r=r; + X tan ¢, and the polar second area moment is J = (7 /2) (r; + X tan a)*. The
angular deflection of the tapered portion is

[
|
SRV S SN SR B
o GJ 7Gy (r+xtana) 372G (r+xtana) tana‘
0
_2r_tr _ ! S N
37 G| rtana tana(l’l+|tana)3 " 37 Gtana o)
2 T B 27( | r;—rf 2 Tm(RHnntr)
37Gtana r’r, 376G ', 37 G r’r)
32Tl (d12 +d,d, +d; )
=—— v Ans.
37 G d;d;
(b) The deflections, in degrees, are
For section 1,
1 :T_I(180j: 32]'I (180)2 32(1500)(2)6 (180)22'44 deg  Ans.
GJ 7d'G 7(0.511.510")\ =
For the tapered section,
_32TI(d’+dd, +d,*) [180}
3z Gd’d,’ T
1500)(2)| 0.5° +(0.5)(0.75) +0.75>
:2( X )[ - ( z( 3) ](180)21'14 deg  Ans.
R4 11.5(10%)(0.57)(.757) Vs
For section 2,
6, :T_I[lsoj _ 32? (180} _ 32(14500)(2) : [ISOJ _0481deg  Ans.
GJ 7d,;G 7(0.7511.5(10°)\ =
4-7  The area and the elastic modulus remain constant, however the force changes with respect

to x. From Table A-5 the unit weight of steel is y= 0.282 Ibf/in’, and the elastic modulus is
E =30 Mpsi. Starting from the top of the cable (i.e. x = 0, at the top).

F=nA)(I1-x)
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5 - |F_c|x:_I 1—xix—? ( 1X2) :7_|2:O.282[500(162)]
27 ), 2E 2(30)10

=0.169 in

From the weight at the bottom of the cable,

5, = 4VI_ 4(5000) [500(12)]
TAE 2d’E 72(0.5°)30(10°%)

0=0,+06, =0.169+5.093=5.262 in Ans.

5.093 in

The percentage of total elongation due to the cable’s own weight

;”ﬁ(loo) 321%  Ans.

48 SF,=0=R,-F = R,=F
Ma=0=M;-Fa = M;=Fa
Vag =F, Mag =F (X —a), Vgc =Mpc =0
Section AB:
XZ
jF (x-a |(7—¢slx)+c:1 (1)

HAB:()a'[X:O = C; =0

Fofx F(x X
— || ——ax |dx=—| ——a— |+C 2
Yae = [2 j EI(6 2} ’ @

yae=0atx=0 = C,=0

Fx?
Yae =gy (x—3a) Ans.
Section BC:
B,c =—[(0)dx=0+C,
BC — EI

From Eq. (1), at x=a (with C; = 0) 6‘—i a_Z_a(a) ——FaZZC Thus
410 VTR 2 2B

o Fa’
S ] =1
Fa’ Fa’
= dx =— Xx+C 3
Voc == | S +C 3)
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F(a® _a° Fa’
From Eq. (2),atx=a(withC, =0), y=—| ——a— |=— . Thus, from Eq. (3
q.(2) (with C, )yEI(6 2} el q. (3)

2 3 3
_Fa a+C, =~ Fa = C,= Fa Substitute into Eq. (3)
2El 3El 6El

Fa’ Fa’ Fa®
X + =
2El 6El 6El

(a—3x) Ans.

Yec =—

The maximum deflection occurs at X= 1,

y - Fa’
max 6EI

(a-3l) Ans.

4-9 XEIMc=0=F({/2)-R;l = R =F2
2Fy=0=F/2+R,-F = Ry=F/2
Break at 0 <x<1/2:
Vas =R =F/2, Mag =R X=Fx/2
Break at1/2 <x<1:
Vec=R1-F=-R;=-F/2, Mgc=Rix-F(x-1/2)=F{-x)/2

Section AB:

I 2
F(j FI?
From symmetry, Opg =0 atx=1/2 = +C, =0 =— . Thus,
YIIMERLY, Zhs 4E1 1T T 16El
Fx2 FI? F
Opg =——— - (ax*-1? 1
" El 4 16EI 16EI( ) M

F F (4%
=——|(4x* =1*)dx =———| —-I’x |[+C
Y2 = T6El ( ) 16EI( 3 j ?
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yas=0atx=0 = C,=0,and,

B Fx
Yre = 1SEN

(4x* =317 Q)

Ygc 1S not given, because with symmetry, Eq. (2) can be used in this region. The
maximum deflection occurs at X =1 /2,

ym_ii)my.z}_ ER

48E1 | \ 2 48E

4-10 From Table A-6, for each angle, 1,.; =207 cm®*. Thus, |=2(207) (10*) = 4.14(10°) mm*

From Table A-9, use beam 2 with F =2500 N, a = 2000 mm, and | = 3000 mm; and beam
3 with w =1 N/mm and | = 3000 mm.

Fa’ wl?
= a-3l)-
Vi 6El ( ) 8EI
2 4
_ 2500(32000) : [2000_3(3000)]_ (1)(.?000) :
6(207)10°(4.14)10 8(207)(107)(4.14)(10°)
=-25.4 mm Ans.

M, =-Fa—(wl*/2)
=—2500(2000) — [1(3000%)/2] = — 9.5(10°) N-mm

From Table A-6, from centroid to upper surface is y = 29 mm. From centroid to bottom
surface is y = 29.0 — 100= — 71 mm. The maximum stress is compressive at the bottom of
the beam at the wall. This stress is

My~ -9.5( 0°)(-71) _

o, =——2= 7 —_163 MPa Ans.
| 4.14(10%)
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4-11 y 450 Ibf 300 1bf
R, = 14 450 10 300) =465 Ibf
o—%( H%( )= 6 fi 4 fi 10 fi o

6 10 © B —
R. =2 (450)+ ~2 (300) = 285 Ibf ‘
S Do T T

M, =465(6)12 = 33.48(10%) Ibf:in
M, = 33.48(10%) +15(4)12

=34.20(10%) Ibfin
Gmax=M“‘“ = 15=3%2 75084
V4 V4

For deflections, use beams 5 and 6 of Table A-9

2 3
y|X:lOft=w (I—j +a2—2ll— _B
6Ell 2 2| 48El

oo 450(72)(120) 300(240%)
T 6(30)(10°)1(240) 48(30)(10%)!
| =12.60 in* = 1/2=6.30 in*

(1202 +72° —2402)—

Select two 5 in-6.7 Ibf/ft channels from Table A-7, | = 2(7.49) = 14.98 in*, Z =2(3.00) =

6.00 in®
12.60( 1
oo =——| —— |=-0.4211in
ymldspan 1498[ 2}
O = 342 =5.70 kpsi
6.00
4-12 | :6—7;(1.54) =0.2485 in*
From Table A-9 by superposition of beams 6 and 7, at x =a = 15 in, with b = 24 in and
1=39in
Fba , ., wa 2 33
=——a +b" -I"]l+—_la"—-a’ -1
y oEll [ ] 24El ( )
N = 342(24)15 (15 +247 =397 |
6(30)10°(0.2485)39
(150/ 162)(15) [239)(15°)-15°~39° | =-0.0978 in  Ans.
24(30)10°(0.2485)

Atx=1/2=19.5in
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g Fall=(/2)] (I—j2+a2—2ll Lw(/2) 2I(|_j2_(|_j3_|3
6EIl 2 2| 24El 2) 2
_340(15)(19.5) [10.5° +15*-39°]
6(30)(10°)(0.2485)39) -

150/ 13)09'5) [2(39)(19.5%)-19.5’ ~39* | ==0.1027 in Ans.
24(30)(10°)(0.2485)
% difference = —0 02700978 50 s 0104 Ans.

—-0.0978

— 1 3y 3 4
4-13 | —5(6)(32 )=16.384(10°) mm

From Table A-9-10, beam 10

Fa’
=— l+a
Ye 3EI( )
Fax
=_|2_X2
Ve 6EII( )
dyizi(ﬁ_&&)
dx 6Ell

Atx=0, Woo _ 0,
dx

_Fal” _Fal
A 6EIl  6EI
Fa’l
=—@.a=-—
Yo =% 6El
With both loads,
Fa’l Fa’
=- - l+a
Yo =GBl T 3EI (+a)
2 2
=— Fa (Bl +2a)=- 4003(300 ) 3 [3(500) + 2(300)] =-372mm Ans.
6EI 6(207)10°(16.384)10
At midspan,

=1.11lmm Ans.

_2Fa(l/2) |2—(|—j2 _ 3 Fal® _ 3 400(300)(500°)
® 6El 2 24 El - 24207(10°)16.384(10°)

4-14 | = é(z“ ~1.5*)=0.5369 in*
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From Table A-5, E =10.4 Mpsi
From Table A-9, beams 1 and 2, by superposition

EP Ea ~ —200[4012)] . 300[2(12)]

yB=_ - +A_(a_3|)_ 6 6
3El  GEI 3(10.4)10°(0.5369)  6(10.4)10°(0.5369)

Yg =—194in Ans.

[2(12)-3(4)(12)]

4-15 From Table A-7, | =2(1.85)=3.70 in*
From Table A-5, E =30.0 Mpsi
From Table A-9, beams 1 and 3, by superposition

3 4 3 5+2(5/12)](60*
yA:_FI C@w)l 150(§0) [+ 6)]( ) o 0182in Ans.
3El 8EI 3(30)10°(3.70)  8(30)10°(3.70)
4-16 1 =2d*
64

From Table A-5,E =207(10°) MPa
From Table A-9, beams 5 and 9, with F¢c = Fa = F, by superposition

3
yoo—tBl L PR gy o o] [-Fl’ +2Fa@a’ -31%) |

48El  24El 48Ey,
_ 1
48(207)10°(-2)

=53.624(103) mm*

{—550(10003)+ 2(375)(250)] 4(250°) —3(10002)]}

\/—I = \/—(53 624)10° =323 mm  Ans.

4-17 From Table A-9, beams 8 (region BC for this beam with a = 0) and 10 (with a = a), by

superposition
Vo = 6“2”( ~3h¢ +21°) + F;:(I(Iz—xz)
:é[MA(ﬁ—3Ix2+2I2x)+Fax(I2—x2)} Ans.
= B )+ E U 1y ek
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:(E_I;I'){_MAl +F[(x-17 -a@3x-D]}  Ans.

4-18 Note to the instructor: Beams with discontinuous loading are better solved using
singularity functions. This eliminates matching the slopes and displacements at the
discontinuity as is done in this solution.

ZMC:O:RII—wa[I—a+§j = Rlzz;—?(zl—a) Ans.

wa’

2
wa w
Ve =R —wx=j(2| —a)—wx=a[2| (a—x)—az] Ans.

Ans.

Y F=0=20(2-a)+R-wa = R=

2

wa
Voo =—R, =- Ans.
BC 2 2|
w
Mg = [VdX=— I ax—— -

AB J‘ AB 2||: :|
Myp=0atx=0..C=0 = M s [2al a —Ix] Ans.
M :IV dX:I_wade:_waszrC

2 2
My =0atx=1 ~ C, =2 = M =201-x Ans
2 21
\Y/ I 1

HABzf—dx:— w—x(zal—az—lx)dx:i Dlax—Lane —Lye +C,
El ElY 2l El| 2l 2 3

1 > 1 o0 15
J'gABdX I[zl (alx —Ea X _EIX j+C3}dx
:L z[lab(}_lazX} —L|X4J+C3X+C4
El 12

21\3 6
Yag =0atx=0 .. C, =0

El El I 2l
O =0, atXx=2a
2 3
1 ﬂ(alaz—la“—lla3j+c3 S (Ia—la2j+c5 :sza +C, (1)
El] 2l 2 3 Ell 2l 2 6
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1 ¢| wa 1 1| wa’(1 1
=|6,.dx=— Ix——x* |+C. |dx=— —Ix*==x* |+C.x+C
- IBC EII{ 2|£ 2 j 5} El{zl [2 6 j ’ "}

wa’l?

Yec =0atx=1 .. C,=—

1 | wa’(1 1, 1
=— —Ix* —=x == |+ C(x~I
Yec El{zl (2 6 3 j st )}

—c|

Yag = Yoc atX=a ..

2
ﬂ(lala3—la5—ila“}rgazﬂ(llaz—laﬁ—ll3 +C,(a-1
21\ 3 6 12 21 (2 6 3

wa’ 2 3
Ca=—. (312’ —41°)+C (a-1) 2)

2

Zgjl (—a® —417) . Substituting this back into (2) gives

Substituting (1) into (2) yieldsC, =

2

C, = a (4al -a’ —4|2). Thus,
24|

Yag = ﬁ(%lﬁ —2a°x’ - Ix* +4a’lx - a4x—4a2I2x)
= Ymu= 22;;(” [2ax2(2l —a)-Ix’—a’(2l —a)z} Ans.
Yec = m(@ IX* —2a’x’ —a*x—4a’l’x+a'l) Ans.
This result is sufficient for ygc. However, this can be shown to be equivalent to

w

=——(4alx’ —2a’x’ —Ix* —4a’I’x +4a’lx—a*x )+ X —

Yac 24EII( ) 4EI( 2y’
Yoc = Yas + = (X— ) Ans.

24 E I
by expanding this or by solving the problem using singularity functions.

4-19 The beam can be broken up into a uniform load w downward from points A to C and a
uniform load upward from points A to B.

3 2 2 X 2 3 2 2
Ve =7, Ell[sz (21-b)—Ix* —b* (21 -b) }— 4E”[zax 2l-a)-Ix -a (2I—a)]
_24E”[2bx (21-b)—b* (2 -b)’ —2ax*(2l -a) +a (2|—a)} Ans.
Y =m[sz (21 —b)—Ix* —b?x (21 -b)

—(4alx3 -2a°x’ —Ix* —4a2I2x+4a3Ix—a4x)— I(x— a)“] Ans.
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Yor = w
© 24Ell
— Y Talx’ —2a2% —Ix* —4a2I2x+4a3Ix—a4x+I(x—a)“]
24Ell

w
24ElI

[4b|x3 —2b2x% —Ix* —4b?*x + 4b°IX —b*x + |(x—b)4]

[(x=b) —(x=a)" |+ ¥, Ans.

4-20 Note to the instructor: See the note in the solution for Problem 4-18.

2
ZFyzozRB—w;I‘ —wa = RB=Z§—?(2|+a) Ans.

For region BC, isolate right-hand element of length (I + a —X)
wa’

Ve =-R,=— T Voo =w(l+a—x) Ans.
2
My =-RX=—x, Mg =—2(l+a-x)’  Ans
2l 2
wa’
El0y = [ M pdx =——==x* +C,

41

2
Ely, :—%ﬁ +C,x+C,

2
yag=0atx=0 = Cr,=0 .. EIyAB:—%x3+Clx

wa’l
=0atx=1 = C, =
Yre D)
Ely __wal X3+wa2IX_wa2x(|2_X2) =y __wazx(lz_xz) Ans
el 12 12 0 12EN '
EI@BC:IMBCdx:—%(I+a—x)3+C3
ElYgc :—ﬂ(l +a-x)' +C,x+C,
24
4 4
yee=0atx=1 = -2 .cl+c,=0 = c,="2 _c1 ()
4 24
2 2 3 2
O = O atx—1 = -wal wal wa oo o W,
12 6
. . . wa’r , . .
Substitute C; into Eq. (1) gives C, = 1 [a +4I(I+a)].Substltutebackmtoygc
y L —ﬂ(lJra—x)"—wa2 x(I+a)+wa4+wa2|(l+a)
 EI|l 24 6 24 6
w 4
=———|(l+a-x) —-4a’(l-x)(l+a)-a* Ans.
i (1+a—x)' 4’ (1-x)(1+a)-a' |
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4-21 Table A-9, beam 7,

R1=R2=w7|=w=500 Ibf 1
WX 100x
= 21%° - x* — 1) = 210)x* =X’ ~10°
Yoo 24EI( K -x-T) 24(30)106(0.05)[( X |

= 2.7778(10"’)x(20x2 X —1000)

) —dﬂ:i(6lx2—4x3 —I3)

Slope: 8,5 =

Yec = 9AB|X:| (X

dx  24El
w wl’
AtX:L HAB|X:IZE(6”2_4I3_I3):E
Gowl 100(10°)
— =—\( X—- =
) 24EI( ) 24(30)106(0.05)(

From Prob. 4-20,

wa® 100(4%)

R =
Al

_ waZX( 2

Yae = 12BN

100(4%)x
—x)= 12(30)10° (0.05)

wa

=80 Ibf ¥ Ry :—(2I+a)=100(4)
2l 2(10)

Yoc = L[(I +a-x) —4a*(1-x)(I +a)—a4]

" 24E|

Xx-10)=2.7778(10")(x~10)

[2(10)+4] =480 Ibf T

(10° = x*) =8.8889(10) x (100 X’)

100 4 2 4
=— 10+4-x) —4(4*)(10-x)(10+4)—4
24(30)106(0.05)[( #40)" = 4(#)(10-x)(10-+4) -4
=-2.7778(107)| (14~ x)" +896x 9216
Superposition,
R, =500-80=420 Ibf T Ry =500+480=980 Ibf T Ans.

Yas =2.7778(10°) x(20x - x* ~1000) +8.8889(10° ) x (100~ x*)  Ans,

Yoc = 2.7778(10‘3)(X—IO)—2.7778(10“’)[(14—x)4 +896x—9216} Ans.

The deflection equations can be simplified further. However, they are sufficient for

plotting.

Using a spreadsheet,

X 0 0.5 1 1.5 2 2.5 3 3.5
y  0.000000 -0.000939 -0.001845 -0.002690 -0.003449 -0.004102 -0.004632 -0.005027
x 4 45 5 55 6 6.5 7 7.5
y  1-0.005280-0.005387 | -0.005347 | -0.005167 |-0.004853|-0.004421]-0.003885 |-0.003268
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8 8 9 95 10 105 11 115
y  -0.002596 -0.001897 -0.001205 -0.000559 0.000000 0.000439 0.000775 0.001036

>

12 12.5 13 13.5 14
0.001244 0.001419  0.001575 0.001722 0.001867

0.002

0,001 Beam Detlection. Pfob. 4-21 g
0.000 1\
0.001 /
A\ /

v(in) -0.002
0.003 \\

\
0.004
N
0.005
0.006

4-22 (a) Useful relations
_F _48El

y I
K®  1800(36°)
" 48E  48(30)10°

k

=0.05832 in*

From | =bh?/12, and b =10 h, then | =5 h*/6, or,

=% = /w ~0.5141in

h is close to 1/2 in and 9/16 in, while b is close to 5.14 in. Changing the height drastically
changes the spring rate, so changing the base will make finding a close solution easier.
Trial and error was applied to find the combination of values from Table A-17 that
yielded the closet desired spring rate.

h(in) | b (in) | b/h |k (Ibf/in)
12 |5 10 | 1608
12 |5% |11 | 1768
12 |5% |11.5]1849
916 |5 8.89 | 2289
9/16 |4 7.11] 1831
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h="%in, b =5 % in should be selected because it results in a close spring rate and b/h is
still reasonably close to 10.

(b) 1=5.5(0.5)’/12=0.05729 in*
Mc (Fl/4)c 401 4(60)10°(0.05729)

o=—>="T o F=2=
| | Ic (36)(0.25)

SE (1528)(36)
48El  48(30)10°(0.05729)

=1528 Ibf

=0.864 in Ans.

y:

4-23 From the solutions to Prob. 3-68, T, = 60 Ibf and T, = 400 Ibf
xd*  m(1.25)°
64 o4
From Table A-9, beam 6,
S
(-575)(30)(10)
" 6(30)10°(0.1198)(40)
460(12)(10)
6(30)10°(0.1198)(40)

dz d | Fbx F,b,x
0 — — ) | 1% 2 b2_ 2 b 2_|2
( A)y (dx jx 10in {dXI:6E” (X " 1 ) 6EI (X ’ ):|}X=10in

_ _{_Flbl Gx +b? - 1)+ 22 (340 4p2 |2)}
6EIl 6Ell -

= (5675)(3 0 [3(107)+30” ~40° |
6(30)10°(0.1198)(40)

) [3(10%)+12> -40" |
6(30)10°(0.1198)(40)

=6.0210")rad  Ans.

| = =0.1198 in*

EbX b;—lﬂ
X=10in

(102 +30° —402)

(102 +12° —402) —~0.0332in  Ans.

4-24  From the solutions to Prob. 3-69, T, =2880 Nand T, =432 N

4 4
| =ﬂ=ﬂ=39.76(103) mm*
64 64
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The load in between the supports supplies an angle to the overhanging end of the beam.
That angle is found by taking the derivative of the deflection from that load. From Table
A-9, beams 6 (subscript 1) and 10 (subscript 2),

Ya= [‘980 o (3, )]beam + (Yoo (D

Orc. _{:X {%(x%aﬁ—mx)}} | =[6F§| (6Ix—3x2—a12—2I2)}

Fa,

I>-a’
6EII( ’)

Equation (1) is thus

x=I

Fa, > _» F.a,’
=—LL(I"-a’)a,——22(+
Vo= g7 -a’)a -S2-(+a)

B —3312(230)
6(207)10°(39.76)10° (510)
=-7.99 mm Ans.

2070(300°) (510

(5107 -2307)(300) - ¢ .
3(207)10°(39.76)10

+300)

The slope at A, relative to the z axis is

a4 2 F(X ) N2 B
(6,), = 6EII(I a’)+ {X[ “E] [(x 1)’ —a,(3x |)ﬂ}

:%(|2—af)+6':2 [3(x=1)* =38, (x=1)-a,(3x-1)|

x=l+a,

58 12 g2 (3a +2l1a,)

6EII
- _3312(230) (510" -230)
6(207)10°(39.76)10° (510)
2070 2
T 6(207)10°(39.76)10° [ 3(300%)+2(510)(300) |

=-0.0304 rad Ans.

4-25 From the solutions to Prob. 3-70, T, =392.16 Ibf and T, = 58.82 Ibf

4 4
=792 049 09 in
64 o4

From Table A-9, beam 6,
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A—[m( +b2—I? )} = (_365 0)d4)®) (87 +147-227)=0.0452 in Ans.
6EIl 6(30)10°(0.049 09)(22)

x=8in

A= [Fb 20X (3¢ by - )} = (_430‘98)(6)(8) (8°+6°—227)=0.0428 in Ans.
6Ell s 6(30)10°(0.049 09)(22)

The displacement magnitude is & =+/y2 +22 =+/0.0452> +0.0428° =0.0622 in ~ Ans,

_(dy d | Fbx 2 b |2 Fb )
(QA)Z_(dxl_a {dx[&fll( +h I)} EII(3a o7 =19

=304 [3(8%)+14*-22? |=0.00242rad ~ Ans,
6(30)10°(0.04909)(22)

dz d | =F,b,x F,b
0,), =|-——| = x> +b; —1° =—22(3a’ +b} -1”
(6.), ( dxlza {dx{ oENl O )}} 6EII( b -T)

- (45098)0) [3(8%)+6°-22 | =~0.00356 rad ~ Ans.
6(30)10°(0.04909)(22)

The slope magnitude is ©, = \/0.002422 +(—O.OO356)2 =0.00430 rad Ans.

4-26 From the solutions to Prob. 3-71, T, =250 Nand T, =37.5 N
4 4
74 _7CO 5 g54 mm*

64 64
[F . bx —3455in45°)(550)(300
Y =| - X D (x +b2 - )} :( - ) (530 )(3002+5502—8502)
6Ell i 6(207)10° (7 854)(850)
=1 60 mm Ans.
Z, = I:bx(x b2—|)+FbX(x b;—lz)}
6 ” X=300mm

B (345 c0s45° )(550)(300)
~6(207)10° (7 854)(850)

6(207)10°(7 854)(850)

The displacement magnitude is & =Y, + 2 = \/1.602 +(—0.650)2 =1.73 mm Ans.

(3002 +550° —8502)
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dy d FbX 2 s 1 F] b1
6,),=| == by | =" (3] +b] -1
(6.), [dxlal {deEu( +-1’) oen O T D)

1

B —(3455in45°)(550)
 6(207)10°(7 854)(850)

B dz _ d F bX 2 2 2 F,b,x 2 2 2
@)y == {d xj W {dx[éEll (b =)+ i e b )}}

F.b, F,b,

= 3a’ +b7 -1’ 3a’ +b; -1
" 6E ||( ' ) 6EII( " )
345co0s45° )(550

| : )550 [3(300%) +550” - 850" |
6(207)10°(7 854)(850)
~ ~287.5(150)
6(207)10° (7 854)(850)

The slope magnitude is © , = /000243 +0.000191> = 0.00244 rad  Ans.

[3(3002 )+550° —8502] ~0.00243rad  Ans.

1

[3(3002)+1502—8502}=1.91-10’4rad Ans.

4-27 From the solutions to Prob. 3-72, F; =750 Ibf
7zd*  7(1.25)"

= =0.1198 in*
64 64

From Table A-9, beams 6 (subscript 1) and 10 (subscript 2)

F.b F
oo | ot ) Bt )|
( ~300c0s20° ) (14)(16)

6% +
6(30)106(0 119 8)(30) (
=0.0805 in Ans.

e,
(300 5in20° ) (14)(16) (~750c0s20°)(9)(16)
+

6(30)106(0 119 8)(30)( - ) 6(30)10°(0.119 8)(30)( )
=-0.1169 in Ans.

The displacement magnitude is & =+/Y; +Z, = \/0.08052 +(—O.ll69)2 =0.142in  Ans.

(750sin20°)(9)(16)
6(30)10°(0.119 8)(30)(

2—302)+ 2—162)
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d Yy d F1yb1X 2 2 2 Fzyazx 2 2
_(9y| 4 b2 —12)4 222X ()2 _
(60, (d x] {dx[6EII L e TR,

F.b F
- (3ar b - 1) 22 (1230

B (~300c0s20° ) (14)
~ 6(30)10°(0.119 8)(30)
(750sin20°)(9)
+
6(30)10°(0.119 8)(30)

— ﬂ _ i Flzblx 2 22 Fzzazx 2 2
(0.), = (d ij=a|_ {dx[éEn (b7 -1)+ 6EIl (1)

- D (337 47 1) 2 (123

__ (300sin20°)(14) [3(16°) 414 307 (~750c0s20°)(9) 30 -3(16°)]
6(30)10°(0.119 8)(30) 6(30)10°(0.119 8)(30)
=0.00115rad  Ans.

1

[3(167)+14” =307 ]

[302 -3(16? )] =8.06(107)rad ~ Ans.

2
The slope magnitude is ©, =\/[8.06(10-5)} +0.00115% =0.00115 rad Ans.

4-28 From the solutions to Prob. 3-73, Fg =22.8 (10°) N
4 (50
| =i=u=306.8(103) mm*
64 64

From Table A-9, beam 6,

Flyblx 5 5 F b x
=| (b - 1)+ 22 (X + b -1
Ia {6E|l( : ) 6EIl ( : )x:400mm

[1 1(10%)sin 20° } (650)(400)
6(207)10°(306.8)10°(1050)
[22.8 (10°)sin25° } (300)(400)
6(207)10°(306.8)10°(1050)
=-3.735 mm Ans.

(4002 +650° —10502)

(4002 +300° — 10502)
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F,bx
_I 22 2
ZA l: 6 ” (X )+ (X ):|X 400mm

[1 1(10%)cos 20° ] (650)(400)

6(207)10°(306.8)10°(1050)

[—22.8(103)cos 25°](300)(400)
6(207)10°(306.8)10°(1050)

The displacement magnitude is & =+/Y; + 2, = \/(—3.735)2 +1.791> =4.14 mm  Ans.

d y d F bX F zb X
(6, :(Wj a {dx{ 6EIl (X b7 1)+ 62EI2I (X2+b22_|2)}}x=a

Flybl 2 k2 g2 Fzybz 2 K2 g2
:a(%ll +bl —1 )+a(3al +b2 —1 )

[1 1(10°)sin 20° } (650)
6(207)10°(306.8)10°(1050)
[22.8(103 )sin25° } (300)
6(207)10°(306.8)10° (1050)
=-0.00507rad  Ans.

dz d | F,bx F, b, x
9 —_| == — 2 b2_|2 222 2 b2_|2
(6.), [d xj {dx[ 6EIl (Xt +b7 1)+ 6EIl (x*+b. )}}

F.b F..b,
=gy (33 b7 =) =2 (387 by 1)

[1 1(10%)cos 20"](650)
6(207)10°(306.8)10° (1050)
[—22.8(103)cos 25°](300)
6(207)10° (306.8)10° (1050)
=-0.00489rad  Ans.
The slope magnitude is ©, =1/(~0.00507)" +(~0.00489)’ =0.00704 rad Ans.

(4002 +650 —10502)

(4002 +300? —10502) ~1.791mm  Ans.

1

[3(4002 )+650? —10502]

[3(4002)+3002 —10502]

1

[3(4002)+6502 —10502]

[3(4002 )+300? —10502]

4-29 From the solutions to Prob. 3-68, T; = 60 Ibf and T, =400 Ibf, and Prob. 4-23, 1 =0.119 8
in*. From Table A-9, beam 6,
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dz d| F bx F, b, x
2 - | —— —_J= 1271 2 b2_|2 27V 2 bz_lz
(%), (d XJ S {dx{ 6EIl (¢ +b 1) + 6EIl (x*+b; )}}x_o

F.b N ~575(30) e
6Ell(b 1) g (B 1)= 6(30)106(0.1198)(40)(30 40°)

B 460(12) (12
6(30)10°(0.119 8)(40)

o0, +(22), - B e - B2

_ [ZETI (61x—21> ~3x* ~a? ) +

2 402) =-0.00468rad  Ans.

6EI|

F,a F,,a
Gl ) =
—575(10)(40° =10%)  460(28)(40° —28°)

=— y - 6 =-0.00219rad  Ans.
6(30)10°(0.119 8)(40)  6(30)10°(0.119 8)(40)

LETio ] —22 (6lx - 21° - 3% —aj)}

x=I

4-30 From the solutions to Prob. 3-69, T; =2 880 N and T, =432 N, and Prob. 4-24, | = 39.76
(10*) mm*. From Table A-9, beams 6 and 10

(dy d[FbX o b2 p2ys Faxz
(00)2_(dx]0 {dx[6EII(X AT )}}x_o

Fb, X X } 2 Fa,l
= 3 +b7 -1 + % 1P - _ Fib, 2%
[6 ( el E”(l )2
_ —33312(280)3 (2802_5102)+ 2070(3300)(510) 3

6(207)10°(39.76)10° (510) 6(207)10°(39.76)10

=0.0131rad Ans.

(dy) _[d[Fad-x, . . :
(9°)Z_[dx], {dx[ T 2IX)+ (' )}}X_,

[ 1(6|x 217 -3x* —a’) + 2(I2 )} = EIII( a’)-

F.al
3El

Ell 6Ell
3 -3 312(230)
- 6(207)10°(39.76)10°(510)
=—-0.0191rad Ans.

2 070(300)(510)
3(207)10°(39.76)10°

(510> —230%) —

4-31 From the solutions to Prob. 3-70, T; =392.19 Ibfand T, = 58.82 Ibf, and Prob. 4-25, | =
0.0490 9 in*. From Table A-9, beam 6
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_ﬂ d FbX x> 2 )2 _Flyl 2
(90)2_[dxlo {dx{6EII( +h I)}}X_O%En(b R

_ ~350(14) (14
6(30)10°(0.04909)(22)

o0, -(52), el )

- —450.98(6) (6 22°)
6(30)10°(0.04909)(22)
——0.00624rad  Ans,

- 222) —0.00726rad  Ans.

The slope magnitude is ©, = \/0.007262 +(—O.00624)2 =0.00957 rad Ans.

R R e

F,a F,a
6lx-21> -3x’-a’)| =—2t—(’-a’
[6EII( I)L oEn | )

= _6350(8) (22° -8’)=-0.00605rad  Ans.
6(30)10°(0.0491)(22)
dz d[F,a0-X)/, . }
b ), = =—q—| 2 2—=(x" +a; -2Ix
(), (d xj ] {dx[ 6EIl (¢ +a7-2ix) Ny
F.,8 F,,a
= 6lx—21° —3x* —-a’ —_ 2% (]2 _g2
|:6E|| ( z)ll 6EIIl ( 2)
== _4(,50'98(16) (22°-167)=0.00846 rad ~ Ans.
6(30)10°(0.04909)(22)

The slope magnitude is O, = \/(—0.00605)2 +0.00846> =0.0104 rad Ans.

4-32 From the solutions to Prob. 3-71, T; =250 N and T, =37.5 N, and Prob. 4-26, | =7 854
mm*. From Table A-9, beam 6

_ﬂ d FbX 2 2 2 _F]yl 2
(%);[dxlo {dx{6EII( +h I)}}X_O_6Ell(b "

B [ -345sin45° |(550)
 6(207)10° (7 854)(850)

(5502 —8502) =0.00680rad  Ans.
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x=0

_(dz)y  JdIRbx s oy, BbX s s
(eo)y_—(a]x_o_—{&{—éél (x*+b7 -1 )+—62E|2| (x> +b; -1 )}}
[ 345c0s45° |(550)
6(207)10°(7 854)(850)(

F.b F,,b

_ -287.5(150)
6(207)10°(7 854)(850)

The slope magnitude is ©, =+/0.00680* +0.00316> =0.00750 rad Ans.

_(dy) _Jd F,adl-x, , - | Rya o1 aed a2
(ec)z_(dxl_l_{dx[—&ll (x +a 2IX)HX_I_{6E”(6IX 212 —3x al)}

Ry oo [ -345sin45° | (300)
= — —a =
oenl ) T 60071077 854)850)

(6,) :—(Ej :—{i{w(xﬁaf—2Ix)+w(x2+a§—2Ix)}}
A TS I O =T 6EIl

[ 345c0s45° | (300)
~ 6(207)10°(7 854)(850)

50 —8502)

(1502 —8502) ~0.00316rad  Ans.

x=I

(8502 ~300° ) —-0.00558rad  Ans.

x=I

F,a, /2 .2 F.a,/,,
=——1L(]"-a’)-—22(I"-a) )=
6EII( 1) 6EII( 2)
B -287.5(700)
6(207)10°(7 854)(850)

(8502 —3002)

(8502 —7002) = 6.04(10‘5 ) rad  Ans.

. . 2 2
The slope magnitude is ©, = \/(—0.00558) +|:6.O4(1075 )} =0.00558 rad Ans.

4-33 From the solutions to Prob. 3-72, Fg = 750 Ibf, and Prob. 4-27, 1 =0.119 8 in*. From
Table A-9, beams 6 and 10

dy d Flyblx 2 2 2 Fzyazx 2 2
6,),=| == | =1=—|==—(X+b’ 1)+ —(1" -
(66), (d xl_o {dx{6EII (b7 -1+ 6EII ("-=x) »

F.b F . a F.b F.al
_ 1y 1(3X2+b12—|2)+ 2y 2(|2—3X2) __ly 1(b12_|2)+ 2y 72
6Ell 6Ell 0 6Ell 6El
—300co0s20° (14 750sin20° |(9)(30
= [ - Jas (147 - 2)+[ - Jox ) 000751rad  Ans
6(30)10°(0.119 8)(30) 6(30)10°(0.119 8)
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dz d | F,bx F.a x
9 —__| == — 2 b2_|2 27727 |2_ 2
(6), (d xl_o {dx[ GEIl (X7 -1)+ GEII U )}}0

F.b F,,a F.b, F,,al
B [6E|l<3 RLIL 62EII2(|2_3X2)10= 6Ell(b )

o [ 300sin20° |(14) (147 -30°)- [ ~750c0s20° (9)(30)
6(30)10°(0.119 8)(30) 6(30)10°(0.119 8)
The slope magnitude is ®, = J0.00751% +0.0104> = 0.0128 rad Ans.

o0.-(31) el Pagr ew-m B )|

=0.0104 rad Ans.

F.a F,.a F.a F.al
_| ‘(6|x—2l2—3x2—af)+£(lz—3x2) __ly 1(|z_a12)_ 2y72
6Ell 6Ell ., O6El 3EI
—300c0s20° [(16 750sin20° {(9)(30
= [ - Jao (30°- 2)—[ - Jox ) 00109rad  Ans.
6(30)10°(0.119 8)(30) 3(30)10°(0.119 8)

0, (%) {2 B0 w2 B2 )]

S YT PO YE W) WALt ¥ VR My} S () WL
6EIl 6EIl . 6El 3E
[300sin20° | (16) (30 -16') [-750c0s20° (9)(30)

=— - +

6(30)10°(0.119 8)(30) 3(30)10°(0.119 8)

The slope magnitude is ©¢ =1/(~0.0109)’ +(-0.0193)" =0.0222 rad Ans.

=-0.0193 rad Ans.

4-34 From the solutions to Prob. 3-73, Fg = 22.8 kN, and Prob. 4-28, | = 306.8 (10*) mm".
From Table A-9, beam 6

dy d F bX 2 2 2 Fz b2X 2 2 2
6,) =| - b =17 )+ =L (X + b 1
(), {d xszo {dx{ GEIl (b7 - 1)+ 6EIl (s =) »

(52 -1 |:2yb2(2 ) [11(10°)sin 20° ] (650) (

6EIl N 6EIl \ " 6(207)10°(306.8)10° (1050)
[22.8(103)sin25°}(300)
6(207)10°(306.8)10° (1050)

2—10502)

(3002 —10502) —-0.0115rad  Ans.
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@), (L] LB o) Bt |
x=0 x=0
F.b F,,b
:_61EIi(b12_|2)_ﬁ(b22_|2)
. [11(1033)cos20°}§650) (630 -1050')
6(207)10°(306.8)10°(1050)
[—22.8(103)cos25°](300)
~ 6(207)10°(306.8)10°(1050)

The slope magnitude is © = /(~0.0115)’ +(-0.00427)’ =0.0123 rad Ans.

() :(ﬂ} ={1[M(x2+af—2|x)+w(x2+a§—2lx)}}
© \dx)_ |dx| 6El 6Ell

F:
S Gix - 21* —3x —al)+ 2ya?(6|x-2|2—3x2—a§)
6EIl =] o

(3002 —10502) = -0.00427rad  Ans.

x=I

) Flyal( ) P ) [11(103)sin20°](400) (
6Ell ') 6EN 2] 6(207)10°(306.8)10° (1050)
[22.8(103)sin25°}(750)
6(207)10°(306.8)10° (1050)

@), 3 ) =] e v 2 B )
x=I X=

F.a F,,a
- {6E”(6Ix 217 3% —a) )+ 62E”2(6Ix—2I2—3x2—a22)}

> ~4007)

(10502—7502)=O.0133rad Ans.

[1 1(10*)cos20° } (400)
6(207)10°(306.8)10°(1050)

F F

[—22.8(103)cos 25°](750)
T 6(207)10° (306.8)10° (1050)
The slope magnitude is O, = J0.0133+0.01122 =0.0174 rad  Ans.

(10502 —4002)

(10502 - 7502) =0.0112rad  Ans.

4-35 The required new slope in radians is @ pew = 0.06(7/180) = 0.00105 rad.
In Prob. 4-29, 1 =0.119 8 in”, and it was found that the greater angle occurs at the bearing

at O where (6o)y = — 0.00468 rad.

Sinced is inversely proportional to I,
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— _ 4 _
Hnew Inew - eold Iold = Inew =7 d /64 = Hold Iold /Hnew

new
1/4
64
or, dnew = (_ I old

V4

The absolute sign is used as the old slope may be negative.
e, = (ﬁ

T

4-36 The required new slope in radians is @ pew = 0.06(7/180) = 0.00105 rad.
In Prob. 4-30, | =39.76 (10*) mm*, and it was found that the greater angle occurs at the

bearing at C where (6c)y = — 0.0191 rad.

eold

7

new

—-0.00468

1/4
0.1198| =1.82in  Ans.
0.00105 ‘ j

See the solution to Prob. 4-35 for the development of the equation

64| 0 "

dnew = —|2* Iold)
64]-0.0191 v

Oy =| —|—-——{39.76(10°) | =62.0mm  Ans.
7 [0.00105

4-37 The required new slope in radians is & pey = 0.06(7/180) = 0.00105 rad.
In Prob. 4-31, | = 0.0491 in*, and the maximum slope is ©&¢ = 0.0104 rad.

See the solution to Prob. 4-35 for the development of the equation

64|90 "
dnew :(_ —oL Iold]

7 |0,
dnew=(ﬁ 0.0104

1/4
0.0491| =1.77in  Ans.
7 10.00105

4-38 The required new slope in radians is @ pew = 0.06(7/180) = 0.00105 rad.
In Prob. 4-32, 1 =7 854 mm4, and the maximum slope is @p = 0.00750 rad.

See the solution to Prob. 4-35 for the development of the equation
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new

new

0.00750

7 10.00105

1/4
‘7 854} =32.7 mm Ans.

4-39 The required new slope in radians is @ pey = 0.06(7/180) = 0.00105 rad.
In Prob. 4-33, 1=0.119 8 in*, and the maximum slope ®@= 0.0222 rad.

See the solution to Prob. 4-35 for the development of the equation

7|6

7 10.00105

eold

1/4
IoldJ

0.0222

new

1/4
‘0.119 8) =2.68in  Ans.

4-40 The required new slope in radians is @ pew = 0.06(7/180) = 0.00105 rad.
In Prob. 4-34, 1 = 306.8 (10°) mm*, and the maximum slope is @¢ = 0.0174 rad.

See the solution to Prob. 4-35 for the development of the equation

64|06,

64| 0.0174

1/4
IoldJ

6,

new

1/4
306.8(103) =100.9 mm  Ans.
0.00105

4-41 g = 7 1%64 =0.04909 in*, Jpg =2 s = 0.09818 in®, lgc = (0.25)(1.5)*/12 = 0.07031 in*,
lcp = 7 (3/4)"/64 = 0.01553 in*. For Eq. (3-41), p. 102, b/c =1.5/0.25=6 = 4 =0.299.

The deflection can be broken down into several parts

1. The vertical deflection of B due to force and moment acting on B (y;).
2. The vertical deflection due to the slope at B, 8, due to the force and moment acting on

B (y2 = C_D 1931 = 2931).
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3. The vertical deflection due to the rotation at B, &g;, due to the torsion acting at B (y; =

E 931 =5 (931).
4. The vertical deflection of C due to the force acting on C (y4).

5. The rotation at C, &c, due to the torsion acting at C (y3 = CD 6 = 26c).
6. The vertical deflection of D due to the force acting on D (ys).

1. From Table A-9, beams 1 and 4 with F = — 200 1bf and Mg = 2(200) = 400 Ibf in
-200(6") 400(6% )

3 (30)106 (0.04909) ’ 2(30)106 (0.04909)

2. From Table A-9, beams 1 and 4

2 2
0y, =13 P (x_31) Mo =[ﬂ(3x—6l)+MBX}
dx | 6EI 261 |[ [ 6El El |

| 6
- {E[_FI +2M B]} ~ 2(30)10°(0.04909)

=0.01467 in

Y =—

[—(—200)(6) + 2(400)] =0.004074 rad

y 2 =2(0.004072) = 0.00815 in
3. The torsion at B is Tg = 5(200) = 1000 Ibf in. From Eq. (4-5)

(TL 1000(6)

Op, = [—J = —=0.005314 rad
JG g 0.09818(11.5)10

y3=15(0.005314) = 0.02657 in
4. For bending of BC, from Table A-9, beam 1

-200(5)

=0.00395 i
3(30)10°(0.07031) "

Y, =—

5. For twist of BC, from Eq. (3-41), p. 102, with T =2(200) = 400 Ibf'in

g _ 400(5)
" 0.299(1.5)0.25° (11.5)10°

=0.02482 rad

y s =2(0.02482) = 0.04964 in
6. For bending of CD, from Table A-9, beam 1

-200(2’)

=0.00114 i
3(30)10°(0.01553) "

Yo =—
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Summing the deflections results in
6
Yo = Z y; =0.01467+0.00815+0.02657 +0.00395 + 0.04964 + 0.00114 = 0.1041 in Ans.

i=1

This problem is solved more easily using Castigliano’s theorem. See Prob. 4-71.

4-42

The deflection of D in the X direction due to F; is from:

1. The deflection due to the slope at B, 8, due to the force and moment acting on B (x; =
E 931 =5 931).

2. The deflection due to the moment acting on C (X»).

1. For AB, Iag = 7 1%/64 = 0.04909 in*. From Table A-9, beams 1 and 4

2 2
Oy, = ) (x—3l)+ME‘X =[ﬂ(3x—6l)+MBX}
dx | 6EI 2Bl | | 6El El |,

= {;E[ﬂ +2M B]} =5 (30)1066(0.04909) [~(100)(6)+2(-200) ] =~-0.002037 rad

X1 = 5(-0.002037) = —0.01019 in
2. For BC, Igc = (1.5)(0.25)*/12 = 0.001953 in*. From Table A-9, beam 4

CMP 2(-100)5

= = =—0.04267 i
ST 2(30)10°(0.001953) "

The deflection of D in the X direction due to Fy is from:

3. The elongation of AB due to the tension. For AB, the area is A = 7 1°/4 = 0.7854 in

x3=(F|j ___Z150(9) -=-3.82(10") in
AE ),e  0.7854(30)10

4. The deflection due to the slope at B, g, due to the moment acting on B (X; = BC g, =
508,). With Iag = 0.04907 in”,

Ml 5(-150)6

- - = -0.003056 rad
B2 El 30(106)0.04909
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X4 = 5(=0.003056) = - 0.01528 in

5. The deflection at C due to the bending force acting on C. With lgc = 0.001953 in*

=E 150(5) ,
Xg=| ——— | =- h =-0.10667 in
3EI ). 3(30)10°(0.001953)

6. The elongation of CD due to the tension. For CD, the area is A = 7 (0.75%)/4 = 0.4418
.2
in

) _[ﬂj _ o -150(2)
* LAE ) 0.4418(30)10°

= —2.26(10’5) in

Summing the deflections results in

Xp = ixi =-0.01019-0.04267 -3.82(10°")

i=1

~0.01528 - 0.10667 —2.26(10‘5 ) —-0.1749 in Ans.

4-43  Jop =Jgc = 7(1.5")/32 =0.4970 in*, Iag = 7 (1*)/32 = 0.09817 in*, Ing = 7 (1*)/64 =
0.04909 in*, and l¢cp = 7(0.75%/64 = 0.01553 in*.

QZ(T_') {T_'j +(T_I] :L(Iouuulmj
G‘] OA G‘] AB G‘J BC G ‘]OA ‘]AB ‘]BC

:250(12)( 2 9 2
11.5(10°)10.4970 * 0.09817 * 0.4970
Simplified

o o TL__ 250012)(13)

© G 11.5(10°)(0.09817)

6, =0.0345 rad Ans.
Simplified is 0.0345/0.0260 = 1.33 times greater AnS.

j =0.0260 rad Ans.

Fl.3 Fl.3 250(13°
yD:y—OC+05(ICD)+ y<eo _ 6( )
3El,, 3El,,  3(30)10°(0.04909)

Y, =0.847 in Ans.

250(12°)
3(30)10°(0.01553)

+0.0345(12) +

4-44 Reverse the deflection equation of beam 7 of Table A-9. Using units in Ibf, inches
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wX (3000/12)x 3

__ 2 =P —IP) = — {2 25)x% —x* [ 25(12 }
V=g (X T 24(30)10° (485) (25)%° =X - 25(12)]
=7.159(10™°) x[27(106)—600x2 + x3] Ans.

The maximum height occurs at X =25(12)/2 =150 in

Yo = 7-159(107°)150[ 27(10°) - 600(150° ) +150° | =1.812in  Ans.

4-45 From Table A-9-6,
Fbx

Y, =@(x2+b2—lz)

Fb
Y. :a(ﬁ +b2x—I2x)
dle_b(3x2 +b? _|2)
dx 6Ell

dy,| Fb(bz—l2)

dx |, 6EIl

4
and set| = 7d, . Thus,
64

dy
Let £ =—EX
ote dx

x=0

4

32Fb(b* -1%)|'
3zEl&

Ans.

L

For the other end view, observe beam 6 of Table A-9 from the back of the page, noting
that a and b interchange as do x and —x

1/4

_|32Fa(|2—a2)|
dR—‘ REIE ‘ Ans.

For a uniform diameter shaft the necessary diameter is the larger of d, andd;.

4-46 The maximum slope will occur at the left bearing. Incorporating a design factor into the
solution for d, of Prob. 4-45,
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37ElE

1/4
. {32an(|2b2)}

37(207)10°(300)(0.001)
d=38.1mm Ans.

B i/32(1 28)(3000)(200)(300” —200% )

4
[ =M=103.4(103) mm*
64

From Table A-9, beam 6, the maximum deflection will occur in BC where dygc /dx = 0

i{M(x2 +a’ —2Ix)} =0 = 3x%° —6Ix+(a2 +2I2):0
dx 6Ell

3% =6(300) x+[100° +2(300°) |=0 = X’ ~600x+63333=0

:%[60045\/6002 —4(1)63 333} = 463.3,136.7 mm

X =136.7 mm is acceptable.

Yo = {M(xz va —2Ix)}

6Ell

X=136.7mm
3(10°)100(300-136.7)
~6(207)10°(103.4)10° (300

)[136.72 +100” ~2(300)136.7]=~0.0678 mm  Ans.

4-47 | = 7(1.25%/64=0.1198 in*. From Table A-9, beam 6

Fad-x,, > .| [Fbx 2
\/[ SEll (X" +a 2Ix)} { (X + )}

_ { 150(5)(20—8)

6(30)10° (0.1198)(20)(8 . _2(20)(8))}

1/2

{ 2560(10)(8) (8°+10° —202)} }
6(30)10° (0.1198)(20)

=0.0120 in Ans.
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4-48 | = 7(1.25%/64 =0.1198 in*. For both forces use beam 6 of Table A-9.
For F{ = 150 Ibf:

0<x<5
FBX/ 5 0 o 150(15) x s
- b’ —1%)= 157 -20
oen 70 ) 6(30)106(0.1198)(20)()( ’ )
=5.217(10°)x(x* ~175) 1)
5<x<20
:—Flal(l_x)(x2+af—2lx)= 150(65)(20_)() [x2+52—2(20)x]
6Ell 6(30)10°(0.1198)(20)
=1.739(10)(20- x)(X* —40x +25) 2)
For F, =250 Ibf:
0<x<10
F2b2x 2 2 2 250(10))( 2 2 2
- b2—1%)= 10% 20
7= X 1) 6(30)106(0.1198)(20)()( ’ )
=5.797(10 ) x(x* —300) 3)
10<x<20
Z:M(x2+a§—2lx)= 250(10)(20_)() [X*+107=2(20)x |
6EIl 6(30)10°(0.1198)(20)

=5.797(10°)(20 - x)(X* —40x+100) (4)

Plot Egs. (1) to (4) for each 0.1 in using a spreadsheet. There are 201 data points, too
numerous to tabulate here but the plot is shown below, where the maximum deflection of
0=0.01255 in occurs at X =9.9 in.  Ans.

0.015

0.6l N
! p. ~
0.065 / \

Displacement (In) 0 ( > - = = ylin}

Ty - , - - .
0.065 N, il WO RPY ' - = z{in}
. L Total {in}
0.01 \'g._..’.,
£.015
4] 5 10 15 20
A (i)
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4-49 The larger slope will occur at the left end.
From Table A-9, beam 8

Myx 2 2
=—2—(x"+3a” —6al +2I
Yas 6E||( )

dyi:ﬁ@x2 +3a’ —6al +2I°)

dx  6Ell
With | = 7d*/64, the slope at the left bearing is
Waal  _g - Ms 52 galvar)
dx |, 6E (zd*/64)]
Solving for d
d =,/ 22Me (3a” —6al +21°) = 4 32(61000) [3(42)—6(4)(10)+2(102)]
37E0, 37(30)10°(0.002)(10)
=0.461 in Ans.

4-50 From Table A-5, E = 10.4 Mpsi
Mo =0=18 Fgc —6(100) = Fgc=33.33Ibf
The cross sectional area of rod BC is A = 7(0.5%)/4 = 0.1963 in”.

The deflection at point B will be equal to the elongation of the rod BC.

FL 33.33(12) S
= = =6.79(10 Ans.
e (AE)BC (0.1963)30(10°) (107) in

4-51 EMo=0=6Fac —11(100) = Fac =183.3 Ibf

The deflection at point A in the negative y direction is equal to the elongation of the rod
AC. From Table A-5, Es = 30 Mpsi.

C (L) 183.3(12) - .
In= (AEJAC_ [yz(o.sz)/4}30(106)_ 3735(107)

By similar triangles the deflection at B due to the elongation of the rod AC is

Do Joo oy 3y, =3(-3.735)10* =—0.00112 in

6 18
From Table A-5, E; = 10.4 Mpsi

The bar can then be treated as a simply supported beam with an overhang AB. From Table
A-9, beam 10
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3El dx\  6El .
F Fa’ 7Fa Fa’
=7—3(x=1)*-3a(x-H-a@Bx-D ||, ——(+a)=——(21 +3a) - l+a
30D =300 =aBx=D) [, o (F ) ==l +3) - (4 )
100(5%)
3(10.4)10°(0.25(2%) /12

Fa’ d (F(x-1) ) Fa’
” X_HJ— (I+a):7{—[—[(x—l) —a(3x—|)]j} “35; (1+a)

Yoo = (ﬁ)(dyi

7(100)5
6(10.4)10°(0.25(2°) /12
=-0.01438 in

) [2(6)+3(5)] ) (6+5)

Ys =Yg +Ys2 =—0.00112 - 0.01438 =—-0.0155 in Ans.

4-52 From Table A-5, E =207 GPa, and G = 79.3 GPa.

(L (B B
" G Joc " \GY )y " 3Bl G(ndo'/32) G(nd,.'/32) 3E(xd,'/64)
_32Fl,’ |OC4+ |AC4+ 2|AB4

r | Gdy' Gd.' 3Ed,

The spring rate is k = F/ |yg|. Thus

-1
k = 32|A82 Ioc + IAC + 2IAB
7 | Gdy' Gd,' 3Ed,
-1
~|32(200%) 200 200 2(200)
7| 793(10°)18% © 79.3(10°)12¢  3(207)10°(8*)
=8.10 N/mm Ans.

4-53 For the beam deflection, use beam 5 of Table A-9.

F
Rl :R2 :E
0, :i, and 9, :L
2k, 2k,
0, —0. Fx
=0 +1—2x+ 4x> -31°
yAB 1 I 48E|( )

1 +k2—klx+ X

—F|-—— 4x* =31° Ans.
Yoo 2k, 2kk,l 48EI( )
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For BC, since Table A-9 does not have an equation (because of symmetry) an equation
will need to be developed as the problem is no longer symmetric. This can be done easily
using beam 6 of Table A-9 witha=1/2

_ _ F(l1/2)(1- ?
YBC::—F‘i'Fk2 I:k1X+ ( )( X) x>+ I——2|X
2k 2Kkl Ell 4
_ | —
-F _L+k2 klx+( X)(4x2+|2—8lx) Ans.
2k, 2kk,|  48El
4-54
R, =$, and R, =|£(|+a)
Fa F
6,=—,and 5,=—1(+a
bk, ’ Ikz( )
0, —O. Fax
=0, +—1—2 X+ 1? —x?
Yae =70 T oen ' )
a
_FJ_% k,a—k (I+a + (1 =x* Ans.
yAB { kll kklZI: :I I )}
yBc:_é‘l+§1;§2X+F(X_I)[(X_I)2_a(3x_l)}

_ =D v
Yec F{ ] kklz[ka k (1+a)]+ = = (x=1)* —a(3x I)]} Ans.

4-55 Let the load be at X > |/2. The maximum deflection will be in Section AB
(Table A-9, beam 6)

—F—bx(x2 +b’ —I2)

Yoo = el
o . B 301 12)0 = 3¢ +b* - =0
dx  GEll

2 K2 2
= f' 3b, xmaxz\/gzo.SWI Ans.

Forx< 12, x.. =1-0.5771=0.4231  Ans.
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4-56
M, = 1(3000)(1500) + 2500(2000) < 3m -
. 2.5 kN
=9.5(10°) N-mm " - N
R, =1(3000) +2500 =5 500 N 1 kN/m
From Prob. 4-10, 1 =4.14(10°) mm"* igl”%,' i 'H = X
-1 A

2

M =—9.5(106)+5500x—%—2500<x-2000>1

dy 6 , X 2
EI—X:—9.5(10 )x+2750x —Z—1250<x—2ooo> +C,

Y _patx=0 ~.C =0
dx
3

S ~9.5(10°) x+2750%* — =~ ~1250(x ~ 2000)"
dx 6
4

Ely =—4.75(10°)%* +916.67%° —=——416.67(x—2000)’ +C
24 ’

y=0atx=0 ..C,=0, and therefore

1
y= —ﬁ[114(106)x2 ~22(10°)x* +x* +10(103)<x—2000>3}

1
24(207)10° (4.14)10°

Yy = — [114(10)3000” - 22(107)3000°

+3000°* +10(103)(3000—2000)3}
=-25.4 mm Ans.

Mo = 9.5 (10°) N-m. The maximum stress is compressive at the bottom of the beam where
y=29.0-100=-71 mm
—9.5(10°)(-71
O = My__ ( )(6 ) ~163(10°)Pa =-163MPa  Ans.
I 4.14(10%)
The solutions are the same as Prob. 4-10.

4-57 See Prob. 4-11 for reactions: Rp = 465 1bf and R¢ = 285 1bf. Using Ibf and inch units
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M =465 x — 450 (x — 72)! = 300 (x — 120)"

El 3—y= 232.5x% - 225(x~72)" —150(x~120)" +C,
X

Ely=77.5 x> — 75 (x — 72)° — 50 (x — 120)° — C,x

y=0atx=0 = C,=0

y=0atXx=2401n
0 =77.5(240%) — 75(240 =72)* = 50(240 - 120’ + C; x = C; =-2.622(10°% Ibfin?

and,
Ely =77.5 x> — 75 (x — 72)° — 50 (x — 120)* —2.622(10°) x

Substituting y =— 0.5 in at X =120 in gives

30(10°%) 1 (— 0.5) = 77.5 (120%) — 75(120 — 72)° — 50(120 — 120)* —2.622(10%)(120)

| =12.60 in*
Select two 5 in x 6.7 Ibf/ft channels; from Table A-7, | = 2(7.49) = 14.98 in*

12.60( 1
: =——|—-—=|=-0421in  Ans.
ymldspan 1498 [ 2)

The maximum moment occurs at X = 120 in where M ,.x = 34.2(103) Ibf'in

_Me 34200925 _5 4, psi  OK.

o
ma I 14.98
The solutions are the same as Prob. 4-17.

4-58 | = 7(1.5%/64 =0.2485 in*, and w = 150/12 = 12.5 Ibf/in.

R, :%(12.5)39+%(340) =453.0 Ibf

M :453.0x—127'5x2—340<x—15>1
El %z 226.5%* —lzT'Sf ~170{x~15)" +C,
X

Ely =75.5%* - 0.5208x* - 56.67(x~15)’ +C,x+C,
y=0atx=0 = C,=0
y=0atx=39in = C,=-6.385(10%) Ibf-in* Thus,

1
y= a[75.5x3 ~0.5208x" ~56.67(x~15)" ~6.385(10")x

Evaluating at X =15 in,
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1
~30(10°)(0.2485)
=-0.0978 in  Ans.

y, [75.5(153)—0.5208(154)—56.67(15—15)3 —6.385(104)(15)]

1
Ymitspn = 30(10°)(0.2485)
= —0.1027 in  Ans.

[75.5(19.53)—0.5208(19.54)—56.67(19.5 ~15)° —6.385(104)(19.5)]

5 % difference  Ans.

The solutions are the same as Prob. 4-12.

3(14)100 7(14)100

4-59 1 =0.05in*, R, = =420 Ibf T and R, = =980 Ibf T

M =420%—50 x>+ 980 (x—10)'

El j—y =210x* ~16.667x* +490(x~10)" +C,
X

Ely =70x* - 4.167x" +163.3(x~10)" + C,x + C,

y=0atx=0 = C,=0
y=0atx=10in = C;=-2 833 Ibfin’. Thus,

1

S U e ) L
y—30(106)0.05[70x 4.167x* +163.3(x~10) 2833x}

~6.667(107)| 70X’ ~4.167x" +163.3(x~10)’ ~2833x | Ans.

The tabular results and plot are exactly the same as Prob. 4-21.

4-60 Ra=Rg=400N, and | = 6(32%) /12 =16 384 mm".
First half of beam,
M = — 400 X + 400 { X — 300 )!

El g_y =-200x” +200(x~300)" +C,
X
From symmetry, dy/dx =0 atx=550mm = 0=—200(550%) + 200(550 — 300)* + C,
= C;=48(10° N-mm’

Ely =—66.67 X’ + 66.67 ( x — 300 )* + 48(10° x + C,
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y=0atx=300mm = C,=-12.60(10") N-mm’.

The term (E1)™" = [207(10%)16 384] ' =2.949 (107" ) Thus
y=2.949 (107'%) [~ 66.67 X’ + 66.67 { x — 300 )’ + 48(10°%) x — 12.60(10°)]
Yo=—-3.72mm Ans.

Ylx = 550 mm =2.949 (107'%) [~ 66.67 (550°) + 66.67 (550 — 300)°
+48(10% 550 — 12.60(10%)] = 1.11 mm  Ans.

The solutions are the same as Prob. 4-13.

4-61
> My =0=RI+Fa-M, = Rlzll(MA—Fa)

d>M,=0=M,+RI-F(l+a) = R, =%(F|+Fa—MA)
M =Rx-M,+R,{x-I)

EId—i:%Rlxz—MAx+%R2<x—l>2+Cl

EIy:%R1X3 —%Msz +%R2<x—l>3+CIX+C2

y=0atx=0 = C,=0

y=0atx=1 = CI:—%R1I2+%MAI.Thus,

1 1 1 3 1 1
ElyzgRlx3 _EMAXZ +gR2<x—I> +(_ER‘|2 +EMAIJX

y 1[(MA—Fa)x3—3MAx2I+(FI+Fa—MA)<x—I>3+(FaI2+2MAI2)X] Ans.

~6EIl
In regions,
Yre =ﬁ[(MA —Fa)x’ -3M,x’l +(Fal® +2MA|2)X:|
=EX”[MA(X2—3|X+2|2)+ Fa(lz—xz)} Ans.
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B"Zéén (M, —Fa)x’ =3M o1 +(Fl + Fa-M,)(x~1)" +(Fal* +2M,1*) x|
=6I;|I MA[X3 3= (x=1) +2X|2J+F[_3X3+(|+a)(x—|)3+ax|2}}
:61| M, (x=1)I* +Fl(x- I)[( -1y’ —a(3x—|)}}

_(x=

— { M |+F[( -1 —a(3x-1) | Ans.

The solutions reduce to the same as Prob. 4-17.

4-62 ZMD:O:R]I—w(b—a){I b+— (b a)} = Rl=w(2|_a) 21-b-
M = Rlx—%<x—a>2+%<x—b>

dy 1
El d—i:ERlx2 —%(x—a)3 +%<x—b>3 +C,

1

Ely :gR1X3 —2—Z2<x—a>4 +2—a;<x—b>4 +Cx+C,

y=0atx=0 = C,=0
y=0atx=I

zé{%@(m “b-a)e 2 (xa)'+ L b’

_X{lw(b—a)

| ET(zl—b—a)|3—2—“;(|—a)“+2—“;(|—b)“}}
:ﬁ{z(b—a)(m ~b-a)x’ —I<x—a>4 +I<x—b>4
~x[2(b-a)(21-b-a)I*~(1-a)' +(1-b)' || Ans

The above answer is sufficient. In regions,
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Vi :ﬁ{z(b—a)(m ~b-a)x’ -x| 2(b—a)(2l -b-a)I*~(1-a)'+(I _b)“}}

= Sagn | 2(b-2)(21-b-a)x’ ~2(b-a)(2l-b-a)l’+(1-a)'~(1-b)'|
Yec :%{2(b—a)(2| —b—a)x3 —|(X—a)4

~x[2(b-a)(21-b-a)I*~(1-a)' +(1-b)' |

w
24Ell

~x[2(b-a)(21-b-a)I*~(1-a)' +(1-b)' |

Yeo {2(b-a)(21-b-a)x’ ~I(x-a)' +I(x~b)’

These equations can be shown to be equivalent to the results found in Prob. 4-19.

4-63 1, = 7(1.375%/64 = 0.1755 in*, |, = 7(1.75")/64 = 0.4604 in*,
Ry =0.5(180)(10) = 900 Ibf

Since the loading and geometry are symmetric, we will only write the equations for half
the beam v

For0<x<8in M =900x—90(x~3)’ T

Atx =3, M =2700 Ibfin V—\

Writing an equation for M / I, as seen in the figure,
the magnitude and slope reduce since | ; > 1 ;.

To reduce the magnitude at X = 3 in, we add the

term, —2700(1/1 1 — 1/ 1){x -3 )0. The slope of 900 at x = 3 in is also reduced. We
account for this with a ramp function, ( X — 3)1 . Thus,

M _ 900 —27oo[l—lj<x—3>° —9oo(i—l]<x—3>‘ —?(x—i%}z

I I1 1 2 1 |2 2

=5128x-9520(x ~3)" ~3173(x~3)' ~195.5(x -3’

Eg—i = 2564x% —9520(x~3) —1587(x~3)" —65.17(x~3)’ +C,

Boundary Condition: % =0atx=81n
X
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0=2564(8)" —9520(8-3)-1587(8-3)" -65.17(8-3) +C, =
Ci =-68.67 (10%) Ibf/in’

Ey = 854.7x° —4760(x~3)" —529(x~3)’ ~16.29(x - 3)" —68.67(10")x+C,
y=0atx=0 = C,=0

Thus, for 0 < x<8in

|854.7X" ~4760(x~3)" ~529(x~3)’ ~16.29(x~3)" ~68.7(10))x | Ans.

1
= 30(10°)

Using a spreadsheet, the following graph represents the deflection equation found above

Beam Deflection

_0.00: l\ ] k 4 L l 7 l
’ 0.006 - \

0,008 - \\

\
0.01 -
0012 - + (i
The maximumis y, , =-0.0102 inatx=8in Ans.

4-64 The force and moment reactions at the left support !

]
are F and Fl respectively. The bending moment F
equation is Q 4 o 8 i o —_
H _
M = Fx - FI '
M
Plots for M and M /I are shown. ’ — L

-Fl
M /1 can be expressed using singularity functions

M
L

M F _ Fl FI I\" F I\ )/
— =—X————(X——) +—(Xx—= _ -
| 21 21, 4l 2 21 2 —Fias, PRI, !
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where the step down and increase in slope at X = | /2 are given by the last two terms.
Integrate

1 2
Eﬂ:ixz_ﬂx_ﬂ X_I_ +i X—l +Cl
dx 41 21 41\" 2/ 41,\" 2

dy/dx=0atx=0 = C;=0

2 3
Ey = F x3—ﬂx2—ﬂ x—l L x—l +C,
1217 4" s\ 2/ 121\ 2

y=0atx=0 = C,=0

F 1\’ 1\’
y=—— 2x3—6lx2—3l<x——> +2<x——>
24EI, 2 2
F 1Y 1Y S5F1°
= 2| =1 =6l = | =31(0)+2(0) |=— Ans.
[ 24EI1[ (zj (2j O+ ()} 96EI,

yl, = 24FE|1 [2(I)3—6I(I2)—3I(I _IET”(X_%I}_E:EI:I Ans.

The answers are identical to Ex. 4-10.

4-65

Place a dummy force, Q, at the center. The reaction, Ry =wl/2+Q /2
2
M - ﬂl + 9 X — wX aﬂ — 1
2 2 2 oQ 2
Integrating for half the beam and doubling the results

1/2 1/2 2
ymax — (2L M [%j de :i {(ﬂjx_ﬁ}(zjdx
Ely \oQ) ), El3[l2 2 |\2

Note, after differentiating with respect to Q, it can be set to zero

1/2 5
- 2w Ans.
. 384El

1/2 3 4

w ) w [ X1 X
S | —x)dx = — | 2 -2
Yo 2EI-[X( X)X 2EI[3 4)

4-66

Place a fictitious force Q pointing downwards at the end. Use the variable X originating at

the free end at positive to the left
2
M:—Qx—wx oM .
2 Q
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| |
Yo = {ij M (ﬂJ dx} _ 1
eIy (6Q) |, El

_wl

= Ans.
SEI

4-67 From Table A-7, 1, = 1.85 in*. Thus, | =2(1.85) =3.70 in*

First treat the end force as a variable, F.
Adding weight of channels of 2(5)/12 =
0.833 Ibf/in. Using the variable X as
shown in the figure

v

60

A

5 Ibf/in

in

Y

150 Ibf

P

0
=

M=-F Y—&ff =-FXx-2917%*
M_ o
oF
1 oo OM 1 (60
Sp=—| M—dX=—| (FX+2917X*)(X)dX
fOEL o EI-[O( )

_ (150/3)(60°)+(2.917/ 4)(60*)
30(10°)(3.70)
-~ y,=-0.182in Ans.

|.||||||||I|.
I *+

v A

=0.182 in in the direction of the 150 Ibf force

4-68 The energy includes torsion in AC, torsion in CO, and bending in AB.

Neglecting transverse shear in AB

M =Fx, @zx
oF

In AC and CO,

T=F,, &

B> oF = IAB

The total energy is

2 2 Iag 2
U=(le +(le +IM—dx
2GJ ), \2GJ ), ¢ 2El

The deflection at the tip is

Chapter 4 - Rev B, Page 46/81



Iy

Ing B
LU _The 0T Teo T FM M Thele Tleobs 1 [ Fx
oF GJ,. oF Gl oF 1 El, oF Gl,. Gl Elg?

Tl | Tl! FI; Fl,.I” Fl.I? Fl;
—lactae | Mleolas | Tl _ aclas colas AB

Gl Gl 3Ely G(zdi/32) G(7dl,/32) 3E(zdj,/64)

3R (e ey 2y
7 |GdY GdY 3Ed:

-1
F_ = (IAC +ICOJrzlABj

5 3213, GdY.  Gdi,  3EdY

-1
7 200 200 2(200) )
32(2002)[79.3(103)184 " 79.3(10°)12* "3207)10° (84)} =8.10 N/mm - Ans.

4-69 |, =(1.375%/64 =0.1755 in", 1, = 7 (1.75")/64 = 0.4604 in*
Place a fictitious force Q pointing downwards at the midspan of the beam, X = 8 in

R :%(10)180+%Q =900+ 0.5Q

For0<x<3in M=(900+0.5Q)X 2—’3=0.5X

For3<x<13in M =(900+0.5Q)x—90(x—3)’ %zO.SX

By symmetry it is equivalent to use twice the integral from 0 to 8

8 3 8
5=| 2 MMy, =Lj900x2dx+Lj[900x—90(x—3)2}xdx
El, 4 El,

) El 6Q
3006 1 1 9,7
= +—[300x3 —90(=x* —2x’ +—x2)}
El, |, El 4 |
120.2(10°
=8100+L[145.5(103)—25.31(103)]= 810, 6( )
El, El 30(10°)0.1755  30(10°)0.4604
=0.0102 in Ans.

Chapter 4 - Rev B, Page 47/81



4-70 1 = 7(0.5%/64=3.068 (107)in*,J =21=6.136 (107 in*, A =7 (0.5%)/4 = 0.1963 in’.

Consider X to be in the direction of OA, y vertically upward, and z in the direction of AB.
Resolve the force F into components in the x and y directions obtaining 0.6 F in the
horizontal direction and 0.8 F in the negative vertical direction. The 0.6 F force creates
strain energy in the form of bending in AB and OA, and tension in OA. The 0.8 F force
creates strain energy in the form of bending in AB and OA, and torsion in OA. Use the
dummy variable X to originate at the end where the loads are applied on each segment,

oM _

0.6F: AB M =06FX 0.6X
OA M —42F M _,,
oF
F-o6F _gs
oF
08F: AB  M=0sFx M _psx
oF
oA M=0sFx M _jsx
oF

T=5.6F ﬂ=5.6
oF

Once the derivatives are taken the value of F = 15 Ibf can be substituted in. The deflection
of B in the direction of F is*

oU (FLY oF, (TLY) oT 1 oM
5 = = a a —_— e M_d_
(%) oF (AEJOA(?FJF(JGJOAaFJFEIZJ. oF
0.6(15)15 5.6(15)15
= . 5.6
0.1963(30)106( )+6.136(103)11.5(106)( )
15(4.2 13
(0.6X)"d X+ (42) [dx+
30(10°)3.068(107) 5
15

—\2 —_

+30(106)3.068(10‘3) (08x) dx

:1.38(10‘5)+0.1000+6.71(10‘3)+0.0431+0.0119+0.1173
=0.279 in Ans.

15
+3O(106)3.O68(10‘3)

15 15

)I(O.SY)Z d X

+30(106)3.068(10‘3 .

Ol d O
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*Note. This is not the actual deflection of point B. For this, dummy forces must be placed
on B in the X, y, and z directions. Determine the energy due to each, take derivatives, and
then substitute the values of Fy =9 Ibf, Fy = — 12 Ibf, and F, = 0. This can be done
separately and then use superposition. The actual deflections of B are

95 =0.08311—-0.2862 j —0.00770 k in
From this, the deflection of B in the direction of F is

(85). =0.6(0.0831)+0.8(0.2862) =0.279 in

which agrees with our result.

4-71

Strain energy. AB: Bending and torsion, BC: Bending and torsion, CD: Bending.

lag = 7 (1*)/64 = 0.04909 in*, Jag =2 Iag = 0.09818 in*, Ic = 0.25(1.5*)/12 = 0.07031 in*,
lcp = 7(0.75%/64 = 0.01553 in*.

For the torsion of bar BC, Eq. (3-41) is in the form of 8 =TL/(JG), where the equivalent of
J is Jeg = foc’. With b/c = 1.5/0.25 = 6, Jgc = Aoc’ = 0.299(1.5)0.25° = 7.008 (107°) in®.

Use the dummy variable X to originate at the end where the loads are applied on each
segment,

AB: Bending M =FX+2F %:Y+2
Torsion T =5F a =5
oF
BC: Bending M =FX ™M =X
oF
Torsion T =2F a =2
oF
CD:Bending M =FX ™M =X
oF

ou Tl oT 1, OM
%= Licar el M O
5F(6) 2F(5) 1 PRI
_ 2 F(X+2)d
0.09818(11.5)106( )+7.008(10‘3)11.5(106) +30(106)0.04909£ (x+2)dx
1 p 1 f
F x°d X F x°d X
+30(106)0.07031£ X X+30(106)0.01553£ e

:1.329(10‘4)F +2.482(10‘4)F +1.141(10‘4)F +1.98(10‘5)F +5.72(1o-6)|:

:5.207(10’4)F =5.2o7(10*4)200=0.104 in Ans.
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4-72 Aps = 7(19)/4=0.7854 in%, g = 7 (1%)/64 = 0.04909 in*, lgc = 1.5 (0.25°)/12 = 1.953
(107 in*, Acp = 7(0.75%)/4 = 0.4418 in’, Iag = 7(0.75%)/64 = 0.01553 in*. For (Jp )y let
F=Fx=-150Ilbfand F, =— 100 Ibf. Use the dummy variable X to originate at the end
where the loads are applied on each segment,

_ oM
CD: M, =FX Y =0
Y oF
F = F_
oF
- M, _
BC: M, =FX+2F, L =X
oF
F=F o _
oF
_ oM
AB: M, =5F+2F,+FX =5
y oF
F.=F AT
oF
5
(5,) :ﬂz(':'-j oF 1 I(FY+2FZ)7d7
“ oF \AE )op OF Elyq

- ElAB _E(SF +2F, +F,X)(5)d Y+(E] o,

B F(Z) 1 F, 2

“oaas (oo ) 30(10")1.953(103){?(5) RS )}
F

1 (6) (1)

F .

" 30(10°)0.04909 [25':(6)”05 (6)+7(6 )S}F 0.7854(30)10°
=1.509(107)F +7.112(10 ) F +4.267(10*)F, +1.019(10* ) F
+1.019(10*)F, +2.546(107 ) F =8.135(10™* ) F +5.286(10* ) F,

Substituting F = Fy =— 150 Ibf and F, = — 100 Ibf gives

(65), =8.135(107*)(~150)+5.286(10™*)(~100) =~0.1749 in  Ans,

4-73 loa = lgc = 7(1.5%)/64 = 0.2485 in”, Joa = Jac =2 loa = 0.4970 in”, 1 a5 = 7 (1%)/64 =
0.04909 in”, Jag =2 Iag = 0.09818 in®, Icp = 7(0.75%)/64 = 0.01553 in*

Let Fy = F, and use the dummy variable X to originate at the end where the loads are
applied on each segment,
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M il

oC M=FX =X, T=12F —=12
oF oF
pc: M=Fx M_g
oF

oU TLY) oT 1 oM
5) =—==|—=| Z=+Y—[M=dx
( D)y OF Z(‘JGJOC 8F+Z ElJ. oF X

The terms involving the torsion and bending moments in OC must be split up because of
the changing second-area moments.

_ 12F(4) 12F (9) 1 2

(5D)y_0.4970(11.5)106( )+0.09818(11.5)106 ( )+30(106)0.2485£FX ax
1 11 o 1 13 o 1 12 o

+30(106)0.04909£FX d X+30(106)0.24s;5£':)( d X+30(106)0.01553£FX ax

=1.008(10*)F +1.148(10° ) F +3.58(107 ) F

+2.994(10° )F +3.872(107° ) F +1.2363(10° ) F

=2.824(10"°)F =2.824(107)250 =0.706 in Ans.
For the simplified shaft OC,

_ 12F(13) 1 T oo o
(%), ~0.09818(11.5)10° ( )+3o(106)o.o4909£FX ‘ X+30(106)0.01553£FX I

= 1.6580(10’3) F +4.973(104‘) F +1.2363(10’3) F= 3.392(10*3) F= 3.392(10*3)250
=0.848 in Ans.

Simplified is 0.848/0.706 = 1.20 times greater AnS.

4-74 Place a dummy force Q pointing downwards at point B. The reaction at C is
Rc=Q+(6/18)100 =Q + 33.33
This is the axial force in member BC. Isolating the beam, we find that the moment is not a

function of Q, and thus does not contribute to the strain energy. Thus, only energy in the
member BC needs to be considered. Let the axial force in BC be F, where
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F=0Q+33.33 *
oQ
0+33.33)12
5 - K&) ﬁ} OB ro09Y i Ans
Qo [LAE Jgc 0Q |, [n(o.s )/4}30(10 )
4-75 log =0.25(2%)/12 =0.1667 in* R,
Asc = 7(0.5%)/4 =0.1963 in’ oo

R, 12 in Q

ZMo =0=6Rc - 11(100) - 18 Q i 6 1n 5in 7in l

0 . '- “

Rc=3Q+ 1833 L AL ?

X X

Ma=0=6Ro—-5(100)-12Q = Ro=2Q+83.33

Bending in OB.

BD: Bending in BD is only due to Q which when set to zero after differentiation
gives no contribution.

AD: Using the variable X as shown in the figure above

M =-100X—Q(7+X) %:—(Hi)

OA: Using the variable x as shown in the figure above

M :—(2Q+83.33)X aﬂ:—2X
0Q
Axial in AC:
F=30+183.3 iz?ﬁ
0Q
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SR RS
Q Jos AE ) oQ El oQ 00

183.3(12) 1 )
= 3)+—{(100%)(7+%)d 83.33)xd
0.1963(30)106() El} ( R)(7+X)d ¥+ [ 2(8338)

=1.121(107 )+ 1 [100}7(7+7)d 7+166.7I06x2dx}

10.4(10°)0.1667|
=1.121(107)+5.768(107)[100(129.2)+166.7(72) | =0.0155 in  Ans.

4-76  There is no bending in AB. Using the variable, rotating counterclockwise from B

M = PRsin@ M =Rsind

F. =Pcosd - =cos 0

F, =Psiné ai=sin9
oP

OMF, =2PRsin’ 0

A=6(4)=24 mm’, r,=40+1(6)=43 mm, r, =40-1(6) =37 mm,
From Table 3-4, p.121, for a rectangular cross section

r—— O 3992480 mm
In(43/37)

From Eq. (4-33), the eccentricity is € =R —r, =40 — 39.92489 = 0.07511 mm
From Table A-5, E = 207(10°) MPa, G = 79.3(10%) MPa
From Table 4-1,C=1.2
From Eq. (4-38)
- Zl(aﬂjdg_,_r@[%jdg_
o AeE\ OP o AE \ oP

IZLG(MFg)dHJrJ‘;’CFrR(inH
0

o AE 0P AG \ 0P
Rsin6)’ : PR(sin 0)’ : CPR(cos 0)’
=_[ ( sin dH J- sm d<9 J~ 2PRs1n Hd6’+J‘2 (cos ) 40
o AeE 0 AG
_ PR ( R\ 5, Ecj 72(10)(40) 40 o, (207 10°)(1.2)
4AE G ) 4(24)(207-10%)| 0.07511 79.3-10°

0 =0.0338 mm Ans.
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4-77 Place a dummy force Q pointing downwards at point A. Bending in AB is only due to Q
which when set to zero after differentiation gives no contribution. For section BC use the
variabled, rotating counterclockwise from B

M = PRsin&+Q(R+Rsin8) aﬂ:R(1+sin(9)

aQ

F. =(P+Q)cosd 2’;’ =cos @

F,=(P+Q)siné g—gzsinﬁ

MF, =[ PRsin @+ QR (1+sin8)|(P+Q)sind
OMF,
aQ

= PRsin 9++PRsm6’(l+sm 0)+2QR 51n6?(1+s1n6’)

But after differentiation, we can set Q = 0. Thus,

MF, =PRsin§(1+2sin6)

A=6(4)=24 mm’, r,=40+1(6)=43 mm, r, =40-1(6) =37 mm,
From Table 3-4, p.121, for a rectangular cross section

f=— 0 ~39.92480 mm

In(43/37)

From Eq. (4-33), the eccentricity is € = R —r, =40 — 39.92489 = 0.07511 mm
From Table A-5, E = 207(10°) MPa, G = 79.3(10%) MPa
From Table 4-1,C=1.2
From Eq. (4-38)

_ i M (oM d,9+j F,R( oF, dg_J‘ZLudg_,_J‘zﬂ oF do
0 AeE | 2Q 0 AE | 0Q " AE 2Q o AG | aQ
PR?

il Smg(“smg)dm—j zede——j sin 6(1+2sin 0)do

+ﬂ , €08 20de
AG

i PR? 7 PR (=x PR 7 CPR PR|[(r R z CE
=| —+1 e I +— = —+l|==2+——
4 AeE 4 AE \ 4 AE 4 AG AE|\ 4

10(40) (7; j 40 712(207)10° |
- | B
24(207)10° (L4 )0.07511 ~ 74 793(10°)
=0.0766 mm  Ans.
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| 3
4-78 Note to the Instructor. The cross section

_r

shown in the first printing is incorrect and the

solution presented here reflects the correction
which will be made in subsequent printings. 075 in— -
The corrected cross section should appear as

] 0375in
i

1.51n

shown in this figure. We apologize for any <] -

0.3751n

inconvenience.

A=3(2.25)-2.25(1.5) = 3.375 in’ Section -1
n_ (+1.5)3)(2.25) - (13+ 307.25 FLI2SL522) s

Section is equivalent to the “T” section of Table 3-4, p. 121,

o 2.25(0.75) +0.75(2.25)
" 2.25In[(1+0.75)/1]+0.75In[(1+3)/ (1+0.75)]
e=R—r, =2.125-1.7960 = 0.329 in

=1.7960 in

For the straight section

1 3 2
I :E(z.zs)(:a )+2.25(3)(1.5-1.125)

] 2.25 2
—| —1.5)(2.25%)+1.5(2.25)| 0.75+===-1.125
= (1.5)(2.25°)+1.5( )( : ”
=2.689 in*
F
4in
X —»‘
For0<x<4in
oF oF

For < /2

F. =Fcosé al:r=cos6?, F,=Fsinf @=sin0
oF oF
. oM .
M =F(4+2.125sin0) ¥=(4+2.1255m6’)

MF, = F(4+2.125sin 0)F sin @ ME,

=2F(4+42.365sin0)sin @
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Use Eqgs. (4-31) and (4-24) (with C = 1) for the straight part, and Eq. (4-38) for the
curved part, integrating from 0 to /2, and double the results

523 lr Exdx 4 F4)(1) +J«zr/2 F (4+2.125sin0)2d0
| Jo 3.375(G/E) 7o 3.375(0.329)
=2 F sin® 6(2.125) 722F(4+42.125sin ) sin &
+ do -
J.O 3.375 IO 3.375
+J-7r/2 (DF cos® 6(2.125) 4o
0 3.375(G/E)

déo

Substitute 1 =2.689 in*, F = 6700 Ibf, E =30 (10°) psi, G = 11.5 (10°) psi

52700 4 4 + ! [16(£j+17(1)+4.516[1ﬂ
30(10°) [3(2.689) " 3.375(11.5/30)  3.375(0329)| |2 4

+2.125(£j_ 2 4(1)+2'125(1) L 2125 (zj
3375\ 4) 3.375 4)| 3.375(11.5/30)\ 4

=0.0226 in Ans.

4-79 Since R/h=35/4.5="7.78 use Eq. (4-38), integrate from 0 to 7, and double the results
M =FR(1 - cosH) 2—I\£=R(1 - cos@)

F =Fsind oF, =sind
oF

F, =Fcosd @:cosﬁ
oF

MF, = F*Rcos@(1 — cosd)

o(MF
(—‘9):2FRc056’(1 — cosf)
oF
From Eq. (4-38),
2
5=2 ij (1—0059)2d9+ﬂj cos’> 0do
AeE Jo AE Jo
_2FR ”cosﬁ(l—cosﬁ)d¢9+l'2FR j‘”sinzﬁd@}
AE Jo0 AG Yo
2FR(37 R 3rx E
ERIER LT 06—
AE\ 2 e 2 G

A=45(3)=13.5mm’ E =207 (10°) N/'mm?%, G = 79.3 (10*) N/mm?, and from Table 3-4,
p. 121,
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h 4.5

r = =375 =34.95173 mm
In- In——
I, 32.75
and e=R —r, =35 —34.95173 = 0.04827 mm. Thus,
2F (35
- (39) 3(3—” B | 3 06n2ﬂj 0.08583F
13.5(207)10° | 2 0.04827 2 79.3

1

0.08583
Note: The first term in the equation for 6 dominates and this is from the bending moment.
Try Eq. (4-41), and compare the results.

where F is in N. For =1 mm, F = =11.65 N Ans.

4-80 R/h=20>10so Eq. (4-41) can be used to determine deflections. Consider the horizontal
reaction, to applied at B, subject to the constraint (), =0.

M:E(l—cosé’)—HRsinQ aﬂ:—RsinH 0<o<Z
2 oH 2

By symmetry, we may consider only half of the wire form and use twice the strain energy
Eq. (4-41) then becomes,

/2
=22

J-O;f/ [_(1 cosd)— HRsm} —Rsind)R d8=0

F R HZ 0o H-= _30_955N Ans.
2 4 4

Reaction at A is the same where H goes to the left. Substituting H into the moment
equation we get,

M :E[ﬁ(l—cosﬁ)—%inﬁ] aﬂzi[ir(l—cosﬁ)—ZsinQ] 0<o<Z
2z oF 2«x 2
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2
5P:6_U : J‘i(M aﬂdeg:i ” FR2 [7(1-cos@)—-2sinF]'R dO
El oF El’0 4r

P

3
- 2F|§EI J'O (2% + 7% cos? O+ 4sin® @ —27% cos O — 4 sin @ + 47 sin cos §) O
T
3
_ FzR 22\ E e | Eval E-2n2 —an+27
27 El 2 4 4
2 3 2 3
_Gr 8xmHFR G 84 BOEY)  _opsmm Ans,
87 El 87 207(10°)[ z(2*)/64]

4-81 The radius is sufficiently large compared to the wire diameter to use Eq. (4-41) for the

curved beam portion. The shear and axial components will be negligible compared to
bending.
Place a fictitious force Q pointing to the left at point A.

M =PRsind+Q(Rsinf +1) 2—I\QA= Rsin 6+

Note that the strain energy in the straight portion is zero since there is no real force in that
section.
From Eq. (4-41),

|

j””L(M a_Mdee} - éjo’”z PRsin 0(Rsin 0+ 1)Rd0
0=0

o EIl 0Q
_ PR e : PR 7o) 159 z
==, (Rsin® +1sing)do = = (4R+ j_30(106)[7[(0_1254)/64](4(5)+4j

=0.5511n Ans.

4-82

Both the radius and the length are sufficiently large to use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stress for the straight portion.
oM 5

Straight portion: M,z = PX 5 X

Curved portion: Mg = P[R(1-cos &) +1] Mgc _

[R(l—cos@)+|]

From Eq. (4-41) with the addition of the bending strain energy in the straight portion of
the wire,
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1 oM g 2 ] OM g
5_jOE(MAB - jdx+jo E(MBC = Rdo

P, PR (72 2
=g [ Xacr g [ [RU-coso) +1Tdg

3
P PR [ [R(1-2c05 0+ cos® 6)+ 2RI(1 - cos ) +1° 46
3EI El Y

3
P PR [ g (a8 2R e+ (84100
3EI El Y

3
_Pl E[ﬁRz—(2R2+2RI)+£(R+|)2}

3EI El| 4 2

P I3 T 3 2 42 2
=—| =+—R'-R(2R’+2RI)+=R(R+I)

EI3 4 2
_ 1 4_3+£(53)—5[2(52)+2(5)(4)]+£(5)(5+4)2
30(10°)7(0.125%) /64 3 4 ?
=0.850in  Ans.

4-83 Both the radius and the length are sufficiently large to use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stress for the straight portion.

Place a dummy force, Q, at A vertically downward. The only load in the straight section is
the axial force, Q. Since this will be zero, there is no contribution.

In the curved section

oM

M = PRsin#+QR(1-cos ) Q

=R(I-cos0)

From Eq. (4-41)

z/2 1 8|V| 1 /2 .
5:{[0 E(M —]Rdel :E-[O PRsmé’[R(l—cos@)]RdH
=0

0Q
PR3 ¢zi2 PR3 1 PR’
= I (sin@—sin@cosP)dl = 1-=|=
El Yo El 2 2EI
1(53) '
=0.174 in Ans.

" 2(30)10° [ 7(0.125*)/64]

4-84 Both the radius and the length are sufficiently large to use Eq. (4-41) for the curved beam
portion and to neglect transverse shear stress for the straight portion.
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Place a dummy force, Q, at A vertically downward. The load in the straight section is the
axial force, Q, whereas the bending moment is only a function of P and is not a function
of Q. When setting Q = 0, there is no axial or bending contribution.

In the curved section

MzP[R(l—COSH)H]—QRsinH %:—Rsinﬁ

From Eq. (4-41)

.

2 7l2 2 2
=—PR j(Rsin@—Rsin@cost9+|sin<9)d9=—PR (RH—lR):—PR (R+2|)
El 0 El 2 2EI
1(52)

2(30)106[71'(0.1254)/64}[

Since the deflection is negative, J is in the opposite direction of Q. Thus the deflection is

72 1 oM 1 /2 ‘
[ a{ g o] =gl PLRu-coso) 1 Jmsneynao

5+2(4)]=-0.452 in

5=0452in T  Ans.

4-85

Consider the force of the mass to be F, where F =9.81(1) = 9.81 N. The load in AB is
tension

Fp=F

For the curved section, the radius is sufficiently large to use Eq. (4-41). There is no
bending in section DE. For section BCD, let &#be counterclockwise originating at D

M = FRsiné aa—'\élstinH 0<6<r
Using Eqgs. (4-29) and (4-41)

3
5:( F'j aFiq” : [M @dee— i (1)+j”ﬂsin29d9
o El

AE ). oF JEI oF T AE
_Fl_aFR’ :E[L 7rR3J: 9.81 0, 7(40)
AE 2Bl E(A 21 ) 207(10) [7;(22)/4} 2[;;(24)/64]

=6.067 mm Ans.
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4-86 Aoa =2(0.25)=0.5 in’, 3
loag = 0.25(2%)/12 = 0.1667 in*,
lac = 7(0.5%)/64 = 3.068 (107) in*

Applying a force F at point B, using
statics, the reaction forces at O and C
are as shown.

10 in

OF,
oF

=

OA: Axial Fg, =3F =3

oM,

Bending Mg, =-2Fx =-2X

. oM

AB: Bendin M,.=-FX A8 __Yx
& M oF

AC: Isolating the upper curved section

M ,c =3FR(sin@+cosd—1) a'g/I—FAC=3R(sin9+cos€—l)

10 20
5=( Fl j o + ! J.4Fx2dx+;.|.F72di
AE OA oF (EI)OAB 0 (EI)OAB 0

3 /2
+(9E|I:|; j(sin@+cos€—1)2d6
AC 0
_3F(10) o 4F (10°) N F(20°)
- 0.5(10.4)10° 3(10.4)10°(0.1667)  3(10.4)10°(0.1667)
9F (10°) w2

+30(106)3.068(10’3) .([(sin20+2sin90059—2sin0+cosz9—2c0s9+1)d9

=1.731(10"° ) F +7.691(10™) F +1.538(107 ) F +0.09778F (1+1—2+5—2+£j
4 4 2

=0.0162F :0.0162(100)=1.62 in Ans.

4-87 Aoa=2(0.25)=0.5 in’,
loag = 0.25(2%)/12 = 0.1667 in*,
lac = 7(0.5%)/64 = 3.068 (107) in*
Applying a vertical dummy force, Q, at A,
from statics the reactions are as shown. The
dummy force is transmitted through section

T 30

10 in

3F+0 O

=1




OA and member AC.

OA: FOA =3F + Q —aaF(%A

AC: M, =(3F +Q)Rsin6—(3F +Q)R(1-cos6)

/2
5=|:(ﬂj [aFOA)_‘_(Lj J. MAC oM AC Rd0:|
AE ol 0Q JT B e 1 T

3 x/2
= 3Flo, + 3FR I(sin@+cos€—l)2d0

(AE)on (Bl o
3(100)10 3(100)10° (7[

B o0 5 ) 0462
_10.4(106)0.5+30(10")3.068(10’3) 4+1 2+4 2+2J 0.462 in Ans.

=1

Mye _ R(sin@+cos&—1)

4-88

| = 7(6%/64 = 63.62 mm*
0@ <rn/2
M = FRsin@ %:Rsine
oF

T =FR(—-cos ) 2—; =R(1—-cos )

According to Castigliano’s theorem, a positive F
AUl JF will yield a deflection of A in the negative Yy direction. Thus the deflection in the
positive Yy direction is

S,) —————{ij’”zF(Rsine)zR d0+— [ FIR(1—cos O)F R d9}
Ay T ~ ElY GJ %

Integrating and substituting J =21 and G=E/ [2(1 + v)]

(5,), = —FE—F:}EM +v)(37”—2ﬂ — —[47 -8+ (@37 -8)V] ZE:
{478+ (Gr-8)(029)]— 060" s Ans

4(200)10° (63.62)

4-89

The force applied to the copper and steel wire assembly is
F. +F =400 Ibf (1)

Since the deflections are equal, &, = J,
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e e

F.I Fl

3(7/4)(0.1019)>(17.2)10°  (x/4)(0.1055)>(30)10°

Yields, F, =1.6046F, . Substituting this into Eq. (1) gives
1.604F, + F, =2.6046F, =400 = F,=153.61bf
F, =1.6046F, = 246.5 Ibf
F 246.5

o, =—= >=10 075 psi=10.1kpsi  Ans.
A 3(x/4)(0.1019)
o, L 153.6 ——=17 571 psi=17.6 kpsi  Ans.
A, (7/4)(0.1055%)
5:( Fl j = 153'6(100)2(12) == 0.703in  Ans.
AE ), (7 /4)(0.1055)7(30)10
4-90 (@) Bolt stress o, =0.75(65) =48.8 kpsi  Ans.
Total bolt force F, =60, A, =6(48.8) (%j (0.5%) =57.5 kips
Cylinder stress o, = _h 57.43 =-139kpsi  Ans.

A (1455 -5

(b) Force from pressure

2 2
P= ”S p= ”(j ) (500) = 9817 Ibf = 9.82 kip
ZFX = O
P, +P.=9.82 (1)
Since 50 = 5b’ _ . 743 -P
Rl Rl ' 6 bolts Ql)—p- 5743 + B, x

(7/4)(5.5 -5)E  6(x/4)(05)E | F0 o kip

Pc=3.5Ps )

Substituting this into Eq. (1)
Pp+3.5P,=45P,=9.82 = P, =2.182 kip. From Eq. (2), P, =7.638 kip

Using the results of (2) above, the total bolt and cylinder stresses are

+L22 =50.7 kpSl Ans.
6(z/4)(0.5%)

Oy =
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7.638
. 139+ 5
(mr/4)5.5 -5

=-12.0kpsi  Ans.

4-91 Te+Ts=T (1)
JG
-0 - AT WO
(J6).  (36), (3G),
Substitute this into Eq. (1)
(JG) (JG)
ST +T,=T = T, = : T
(J6), (J6), +(J6),
The percentage of the total torque carried by the shell is
100(JG)
% Torque = —————"—"— Ans.
(36), +(J6),

4-92 Ro+Rg=W (1) R
OoA = OnB t ’
(ﬂj _ (ﬂ} TT

AE Jon» \AE
600 mm
W=4kN
400R, 600R, 3 J
AE AE 073k @ A=
Substitute this unto Eq. (1) 400 mm
3 0 - -
SRetRe =4 = Ry =1.6 kN  Ans. t
RO

From Eq. (2) R, = %1 6=24kN Ans.

5 _(Flj _2400(400)
A LAE ), 10(60)(71.7)(10%)

=0.0223 mm Ans.

4-93 See figure in Prob. 4-92 solution.
Procedure 1:

1. Let Rg be the redundant reaction.
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2. Statics. Ro +Rg =4000N = Ro =4000—Rg (1)

Ry (600) (R, ~4000)(400)

3. Deflection of point B. 6, = AE AE

=0 (2

4. From Eq. (2), AE cancels and Rg =1 600 N Ans.
and from Eq. (1), Ro =4 000—-1600=2400 N  Ans.

5A=(ﬂ] ___2400(400) —=0.0223mm  Ans.
AE )., 10(60)(71.7)(10°)

4-94 (a) Without the right-hand wall the deflection of point C would be

5 = 5(10°)8 2(10°)5
=2 AE  (7/4)0.75 (104)10°  (7/4)0.5 (10.4)10°
=0.01360 in > 0.005in .. Hitswall Ans.

(b) Let R¢ be the reaction of the wall at C acting to the left («—). Thus, the deflection of
point C is now

[5(10°)-R. 8 [2(10°)-R. |5
¢ (/4)0.75 (10.4)10° " (7/4)0.5*(10.4)10°
4R, 8 5
7(10.4)10° (0.752 0.5

=0.01360 -

j =0.005

or,
0.01360-4.190(10°)R; =0.005 = R, =2053 Ibf =2.05 kip « Ans.

Statics. Considering — +, 5000 —-Ra—-2053=0 = Ra=2947 Ibf=2.95 kip < Ans.
Deflection. AB is 2 947 1bf in tension. Thus

8y =0 = Ry(8) _ 2943(8) -=5.13(10")in — Ans,
AGE (7/4)0.75%(10.4)10

4-95 Since 6Goa = s,

@ _Te® . 3
JG JG 2
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Statics. Toa + Tag =200 (2)

Substitute Eq. (1) into Eq. (2),

%TAB +Thg =%TAB =200 = T, =80Ibf-in  Ans.

FromEq. (1) Ty, = %TAB = %80 =120 Ibf -in Ans.
80(6
0, = (4 ) - 180 _ 390" Ans.
(7/32)0.5*(11.5)10° =
il 16(120) 4890 psi=4.89 kpsi Ans
T = - T, = = S1=4. S1 .
max 7Z'd3 OA 72_(053) p p
16(80) , ,
Tpg = - =3260 psi=3.26 kpsi ~ Ans.
72'(0.5 )
4-96 Since HOA = l9AB,
Toa®) T,5(6)

= Ton =0.2963T 1
(7/32)0.5'G  (7/32)0.75'G = loa o (O

Statics. Toa + Tag =200 (2)

Substitute Eq. (1) into Eq. (2),
0.2963T,; +T,5 =1.2963T,; =200 = T, =154.3 Ibf -in Ans.

From Eq. (1) Ty, =0.2963T,; =0.2963(154.3)=45.7 Ibf -in  Ans.

0, = 154'34(6) - 180 _0.148°  Ans.
(7/32)0.75*(11.5)10° x
161 = —16(45'7) 1862 psi=1.86 kpsi Ans
T — T = = =1. .
max 7Z'd3 OA ”(053) p p

16(154.3)

ro=—— ") _1862 psi=1.86 kpsi  Ans.
e 7r(0.753) P P
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4-97

Procedure 1.

1. Arbitrarily, choose R¢ as a redundant reaction.

2. Statics. ZEX =0, . 13 kip 6 kip
120109 -6010) ~Ro—Ro =0, _ e
Ro=6(10") —Rc¢ (1)

3. The deflection of point C.

~[12(10)-6(10*) - R; |(20) ) 6010 +R; |(10) RO,
¢ AE AE AE
4. The deflection equation simplifies to
—45Rc+60(10°)=0 = Rc=13331bf =133kip Ans.

From Eq. (1), Ro=6(10%)—1333=4667 Ibf =4.67kip Ans.

Fas = Fg + Rc =6 +1.333 =7.333 kips compression

O s B 7384y, kpsi  Ans.
A (0.5)1)
Deflection of A. Since OA is in tension,
~Rolos  4667(20)

Oa =000 =" )p ~(0.5)(1)(30)10°

=0.00622 in  Ans.

4-98

Procedure 1. iﬂ w ! i
1. Choose RB as redundant reaction. ¢¢\L¢ &1 ¢ L i ¢ '|| i ¢ i' | ¢ i ¢ i .l b
2. Statics. Rc =wl - Rg (1) AP f‘[ %
TR, R,
M, :%wlz—RB(l—a) )
3. Deflection equation for point B. Superposition of beams 2 and 3 of Table A-9,
RB(I—a)3 W(I—a)2 2 2
= 4l(l-a)—(l-a) -6l |=
Yo 3EI | 24E [ (1-a)-(1-a) -6 J 0

4. Solving for Rg.
Rg = S )[6I 41(1-a)+(1-a) }

v )(3I2+2al +a2) Ans.

8(1-a

Substituting this into Egs. (1) and (2) gives
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(SI2 —10al —a2) Ans.

M. :—wIZ—RB(I—a):%(lz—zal—az) Ans.

4-99 See figure in Prob. 4-98 solution.

Procedure 1.
1. Choose Rg as redundant reaction.

2. Statics. Rc=wl - Rg (1)

MC:%wIZ—RB(I—a) ®)

3. Deflection equation for point B. Let the variable X start at point A and to the right. Using
singularity functions, the bending moment as a function of X is

1 oM
M :—waerRB<x—a>1 ) =(x-a)

|
NI O VLU
R, Eli  0oR,

or,

RB:%[3(I4—a4)—4a(l3—a3)}: (37 +2al+a*)  Ans.

Re =l =Ry = (51*~10al-a’) Ans.
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4-100 Note: When setting up the equations for this problem, no rounding of numbers was
made. It turns out that the deflection equation is very sensitive to rounding.

Procedure 2.

1. Statics. Ri +Ry=wl (1) ‘ w

( RRRRARRRRRRRRRRREEE SN

M
1
2. Bending moment equation. R R,

R2I+M1:%wlz )

M = Rlx—lwx2 - M,
2

Elg—yzéRlxz—%thMchl 3)
X
1

1 1
Ely :gR1X3 —gwx4 —EMIXZ +Cx+C, (4

El =30(10°)(0.85) = 25.5(10°) Ibf-in’.
3. Boundary condition 1. At x =0, y = — R, /k; =— R/[1.5(10%)]. Substitute into Eq. (4)
with value of El yields C, =— 17 R;.

Boundary condition 2. At x =0, dy /dx = — M,/k, = — M,/[2.5(10°)]. Substitute into
Eq.  (3) with value of El yields C; =—10.2 M.

Boundary condition 3. At x =1, y = — Ry/ks = — R1/[2.0(10%)]. Substitute into Eq. (4)
with value of El yields

C12.75R, =ARP - wl A M 1P 2102MI-17R,  (5)
6 24 2

Equations (1), (2), and (5), written in matrix form with w = 500/12 1bf/in and | = 24 in,
are

1 1 0 R, 1
0 24 1 R, p=1 12 +(10)
2287 12.75 -532.8 ) |[M,| |576

Solving, the simultaneous equations yields
R1 =554.59 Ibf, R, =445.41.59 Ibf, M; =1310.1 Ibfin Ans.

For the deflection at x=1/2 = 12 in, Eq. (4) gives
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Lissasoyiz - L3950 Ligzi0.0)12
24 12 2

Vet =W&(
-10.2(1310.1)12-17(554.59) |
=—5.51(10"") in Ans.

4-101 Cable area, A= %(0.52 )=0.1963 in? T Fag v -
Procedure 2' A 16 in 16 in Cv 16 in
A B D
1. Statics. Ra+Fge + For=5(10) (1) |g,
5000 1bf
3 For + Fge = 10(10°) )
2. Bending moment equation.
M =Ry X+ Fge (X—16)' =5000(x -32)
dy 1 1 2 2
EI&:ERAX2+5FBE<X—16> —2500(x—32)" +C, 3)
Ely :%RA% +% Foe (X—16)’ —@(x—ﬂf +Cx+C, (4
3.B.C.1: At x=0,y=0 = C,=0
B.C.2: Atx=161n,
Ve = —(ﬂj oo FeeG® —=—6.453(10°)F,,
AE ). 0.1963(30)10
Substituting into Eq. (4) and evaluating at X = 16 in
Ely, =30(10°)(1.2)(—=6.453)(10°)F,, = % R,(16")+C,(16)
Simplifying gives 682.7 Ra +232.3 Fge + 16 C; =0 (5)
B.C.2: Atx=48in,
y, = —(ﬂj - PG _ 645300)F,
AE ). 0.1963(30)10
Substituting into Eq. (4) and evaluating at X = 48 in,
Ely, =—232.3F,, = % R, (483)+% Foe (48-16)° —¥(48—32)3 +48C,
Simplifying gives 18 432 Ra + 5 461 Fge + 232.3 Fpr + 48 C; =3.413(10% (6)
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Equations (1), (2), (5) and (6) in matrix form are

1 1 1 0)(R, 5000
0 1 3 0 ||Ry| | 10000
6827 2323 0 16 ||For| 0

18432 5461 2323 48)|C, 3.413(10°)
Solve simultaneously or use software. The results are

Ra=-970.51bf, Fge=39561bf, Fpr=2015Ibf, and C; =— 16 020 Ibf:in>.

3956 2015
O = =202 kpsi, o, = =10.3 kpsi  Ans.
B 0.1963 P o 0.1963 P

El =30(10°(1.2) = 36(10°) Ibf:in’

1 (9705 5 3956, s 2500, .
y_36(106)( s X (x-16) = (x-32) 16020x)
B 1 3 3 3
—36(106)(—161.8x +659.3(x~16)" ~833.3(x~32)" ~16 020x|
. 1 ; .
B:x=16in, Y, = 36(106)[—161.8(16 )-16 020(16) | =-0.0255in  Ans.
C:x=321in,
1 3
= ~161.8(32")+659.3(32-16)" ~16 020(32
be = gqigr) OS2 r6503(2-16)' 16 020(32)
=—0.0865in  Ans.
D: x=48 in,
| 3 3
= | ~161.8(48")+659.3(48—16)  —833.3(48-32)" 16 020(48
Jo = gL 6148 6503 (4816) ~833:3(48-32)" 16 020(49)|

=-0.0131in Ans.

4-102 Beam: El =207(10%21(10°%) ¥
=4.347(10°) N-mm”.

F
Rods: A = (7/4)8 = 5027 mm?. |~ BE
75 mm 75 mm C T5mm D
Procedure 2. —
A B
1. Statics. R, Fop
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Rc +Fge —Fpr =2000 (1)
Rc + 2Fge = 6 000 (2)
2. Bending moment equation.
M=—2 000X+ Fge (x—75 )" + Rc (x = 150 '

g

1 1
- :—1000X2+5FBE<x—75>2+5RC<X—150>2+Cl (3)

Ely=— 10300 3+éFBE<x 75y’ +%RC<X—150>3+CIX+C2 (4)
3.B.C1. Atx=75mm,

FI Fae (50) By
- =- ——4.805(10°)F,
e ( AE) 50.27(207)10° (107)Fee

Substituting into Eq. (4) at X =75 mm,

4347(10°)] -4.805(10°) Fye | = —@(753) C,(75)+C,

Simplifying gives
20.89(10° ) Fye +75C, +C, =140.6(10°) (5)

B.C2. At x=150 mm, y = 0. From Eq. (4),

1000

1
3
100150«

Fac (150-75)’ +C, (150)+C, =0

or,
70.31(10°) Fye +150C, +C, =1.125(10") (6)

B.C 3. At x=225 mm,

FI For (65) .
=2 ] = = 6.246(10°)F
o (AEJDF 50.27(207)10° (10°) e

Substituting into Eq. (4) at X = 225 mm,
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4.347(10°)[ 6.246(10° ) Fye. | = —¥(2253)+% Foe (225-75)’

+% R, (225-150) +C, (225)+C,

Simplifying gives
70.31(10° )R, +562.5(10° ) Fye —27.15(10° ) Fyp +225C, +C, =3.797(10°)  (7)

Equations (1), (2), (5), (6), and (7) in matrix form are

1 1 1 0 0 2(10°)
RC

1 2 0 0 0 6103)

0 2089(10) 0 75 1 in _L1a0.6(10°

0 70.31(10°) 0 150 1| C, 1125(10°

70.31(10°) 562.5(10°) -27.15(10°) 225 1 C, 3.797(10°)

Solve simultaneously or use software. The results are

Rc=—2378 N, Fge =4189 N, Fpr =— 189.2 N Ans.
and C; = 1.036 (10") N-mm?, C, = — 7.243 (10*) N-mm’.

The bolt stresses are oge = 4189/50.27 = 83.3 MPa, opr = — 189/50.27= — 3.8 MPa Ans.

The deflections are

1
From Eq. (4 =—— [ -7.243(10°) | =-0.167 mm Ans.
LA 4.347(10")[ (10°)
For points B and D use the axial deflection equations®.
4189(50
Ye :—(ﬂj =- (50) - =-0.0201 mm Ans.
AE ) 50.27(207)10
—189(65
yD=(ﬂj = (65) +=-1.18(10") mm Ans.
AE Jor  50.27(207)10

*Note. The terms in Eq. (4) are quite large, and due to rounding are not very accurate for
calculating the very small deflections, especially for point D.

4-103 (a) The cross section at A does not rotate. Thus, for a single quadrant we have
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o
oM ,
The bending moment at an angle €to the X axis is

M = MA—?(I—COSH)

0

oM
oM ,
The rotation at A is

Rd&=0

ou 17" oM
A [m
oM, ElJ oM,

17 FR
Thus, EI{MA—T(I—COSH)}(I)RM':O = (

0

or,
w,-E2(1-2)
2 T
Substituting this into the equation for M gives
M = E(cosé’—zj (1)
2 T

The maximum occurs at B where 8= /2

M. =M, =% Ans.
T

(b) Assume B is supported on a knife edge. The deflection of point D is JU/JF. We will
deal with the quarter-ring segment and multiply the results by 4. From Eq. (1)

oM R( 2)
—=—|cosf@——
oF 2

T
Thus,
z/2 3 7/2 2 3
5D:Q=i MﬂRde:FR J.(Cose_gj de:FR (Z_gj
oF ElY  oF El ) El \4 7
3
_ R (7z2—8) Ans.
47El
4-104
p :C7Z'2E|
cr |2
4
|=1(D4—d4)=”D (1-K*) where K =2
64 4 D
Cr’E| nD* 4
CE { o 17K )}
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5 1/4
= & Ans_
7r3CE(1— K“)

4105 A=2D?(1-K?), 1=2D*(1-K*)=2D*(1-K?)(1+K?), where K=d/D.
4 64 64
The radius of gyration, k, is given by
LIS
A 16

From Eq. (4-46)
P S 52)?

(z/4)D*(1-K*) 7 47°K’CE ' 42°(D*/16)(1+K*)CE

ol ene  481PaD(1-K?)

4P, =7D’(1-K?)S, 7D (1K) CE

4 Cr+4sj|2(12—|<2)

7(1+K?)CE
4P 4817 (1-K?)

1/2
° [ﬁSy(lK2)+7z(l+ KZ)CEzz(le)sy]

=2 P Sylz ) Ans
s K2) 7°CE(1+K?) '

0.9

V0.9% +0.5

Using ng =4, design for F; =Nng Fgo =4(1373) = 5492 N
| =40.9°+0.5* =1.03m, S,=165MPa

In-plane:

4-106 (a) =M, =0, (0.75)(800)— F,(0.5=0 = F,=1373N

1/2 3
k= (I—Aj = [bhbr/]l2j =0.2887h=0.2887(0.025)=0.007218 m, C=1.0

103
0.007218

I}
k
( J 27 (207)(109) _1574
165(10%) '
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Since (1/k), > (I/k)use Johnson formula.
Try 25 mm x 12 mm,

165(10°) 1
P, =0.025(0.012)1165(10° ) - — a7 T =29.1kN
T

This is significantly greater than the design load of 5492 N found earlier. Check out-of-
plane.

Out-of-plane:  k =0.2887(0.012) = 0.003 464 in, C=1.2
| 103
Kk 0.003 464
Since (1/k), <(I/k)use Euler equation.
1.27*(207)10°

97.3

297.3

P. =0.025(0.012) =8321N

This is greater than the design load of 5492 N found earlier. It is also significantly less
than the in-plane P, found earlier, so the out-of-plane condition will dominate. Iterate
the process to find the minimum h that gives P, greater than the design load.

With h=0.010, P,,=4815 N (too small)
h=0.011, P,;= 6409 N (acceptable)

Use 25 mm x 11 mm. If standard size is preferred, use 25 mm x 12 mm. Ans.

(b) o, =—ﬂ=—i=—10.4(1o6) Pa=-10.4 MPa
dh  0.012(0.011)

No, bearing stress is not significant. Ans.

4-107 This is an open-ended design problem with no one distinct solution.

4-108 F = 1500(/4)2> = 4712 Ibf. From Table A-20, S, = 37.5 kpsi
P =ng F=2.5(4712) = 11 780 Ibf

(a) Assume Euler with C=1

1/4

.. P 64P 12)" | 64(11790)50° ,

=2t = d=|2 | = <1193 in
64 Cr’E 7°CE 7* (1)30(10°)

Use d = 1.25 in. The radius of gyration, k= (1/A)"*=d /4 =0.3125 in
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L ~160
K 03125
eV (22230(10°))
(l _| 27 CE 27 (H30(10°) ~126 - use Euler
k) | s, 37.5(10%)

2 6 4
b 7 (30)105(;/64)1.25 14194 bt

Since 14 194 Ibf > 11 780 Ibf, d = 1.25 in is satisfactory. ~ Ans.

1/4
64(11780)16° : :
=|——~2 | =0.6751n, souse d=0.750 in

(b)
7* (1)30(10°)
k=0.750/4=0.1875 in
I—_ 16 =85.33 use Johnson
k  0.1875
3750100) T 4
P, =2-(0.750%)137.5(10° ) | ———/8533 | ———— [ =12748 Ibf
4 2 1(30)10
Used=0.75 in.
(©
N 1A% 301 Ans.
4712
Ny :%:2.71 Ans.
4712

4-109 From Table A-20, Sy = 180 MPa "=9.81(300)=2943 N

4F sind= 2 943

735.8
sin @
In range of operation, F is maximum when 6= 15°

= 73?580 =2843 N per bar

S

F =

Per = NgFmax =3.50 (2843) =9 951 N

| =350 mm, h=30 mm
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Try b =5 mm. Out of plane, k=b/v12 =5/:/12 = 1.443 mm

1350 sp6
k 1.443
/2
4)207(10°) |
( j =178.3 .. use Euler
180 10°)
1.47%(207)10°
p - ACTE _530) 147 ( Z =7290 N
(17k) (242.6)

Too low. Try b =6 mm. k = 6/~/12 = 1.732 mm

1_35% _ 202.1

k 1.732

2 1.477(207)10°
p = ASTE _g30)-tE ( 2 ~12605 N
(1/k) (202.1)
O.K. Use 25 x 6 mm bars Ans. The factor of safety is
J12005 443 Ans.
2843
1500 Ibf 9000 1bf
4-110 P=1500+9 000 =10 500 Ibf Ans.
SMa =10 500 (4.5/2) — 9 000 (4.5) +M = 0 l l
| |
M = 16 874 Ibfiin A I C
-{_)

e=M/P=16874/10 500 = 1.607 in Ans. U”

From Table A-8, A=2.160 in’, and | = 2.059 in®. The stresses are determined using Eq.

(4-55)
k2 _%:¥—0.953 in?
1.607(3/2
:_E( j:_msoo 1 LOOTGI2) |15 bsi= 1716 kpsi Ans.
A 2.160 0.953

4-111 This is a design problem which has no single distinct solution.

Chapter 4 - Rev B, Page 78/81



4-112 Loss of potential energy of weight =W (h +0')
Increase in potential energy of spring = %k& ?
W(h+68)= %ké‘ ?
2W

or, &’ _Té_%h =0. W =30 Ibf, k=100 Ibf/in, h = 2 in yields

52-066-12=0

Taking the positive root (see discussion on p. 192)

5 = %[0.6+\/(—0.6)2 +4(1.2)} ~1436in  Ans.
Frox =K Smax = 100 (1.436) = 143.6 Ibf  Ans.

4-113

Equating these provides the velocity of W; at impact with W,.

v, =4/20h

Wh :%Vivf =
g

(M

The drop of weight W, converts potential energy, W, h, to kinetic energy%vivl2 .
g

Since the collision is inelastic, momentum is conserved. That is, (m; + my) v, =m; vy,

where v, is the velocity of W + W, after impact. Thus

W, +W, W, W,
——20,=—0, = U

W \2gh

g g

) :W Z)l =
L+ W, W, +W,

2

The kinetic and potential energies of W; + W, are then converted to potential energy of

the spring. Thus,

%Wl Wa 2 (W W, )5 = 1ks?
g 2

Substituting in Eq. (1) and rearranging results in

2
srooWMtWo g o, Wi D 3)
k W, +W, k
Solving for the positive root (see discussion on p. 192)
2 2
5=L YW, 4(W1+W2) PSS
2 k k W, +W, k
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W; =40 N, W, =400 N, h =200 mm, k =32 kN/m = 32 N/mm.

2 2
s=1 (Mj+ 4(40”00) 140 2000 506 mm  Ans.
2 32 32 40+400 32

Fmax = k5 = 32(2906) =030 N Ans.

4-114 The initial potential energy of the k; spring is V; = %kla2 . The movement of the weight

W the distance y gives a final potential of V¢ = %kl (a— y)2 +%k2y2. Equating the two

energies give

1 1 1
Ekla2 =5k‘ (a-y)’ +5k2y2

Simplifying gives
(k +k,)y*—2aky=0

2k,a

This has two roots, y =0, . Without damping the weight will vibrate between
1 + 2

2ka
k, +k,

Ans.

these two limits. The maximum displacement is thus Y max =
1

With W =5 Ibf, k; = 10 1bf/in, k, = 20 1bf/in, and a = 0.25 in

2(0.25)10
Yinax = u =0.1667 in Ans.
10+20
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