4-1

Chapter 4

For a torsion bar, k7= T/60= Fl/6, and so 8= Fl/kr. For a cantilever, k; = F/6,6= F/k;. For
the assembly, k= F/y, or, y=F/k=10+ &
Thus

F F’ F

y=—=——t—

k k, k

Solving for £
_ 1 _ klkT

TP kPP+k,

kr K

4-2

For a torsion bar, k7= T/60= Fl/6, and so 8= Fl/kr. For each cantilever, k; = F/6, &= F/k,
and, &; = F/k;. For the assembly, k= F/y, or, y = F/k=10+ & +7r.
Thus

F F’ F F
k k. k k

Solving for £

kLklkT

k = = 3
kk, > + Kok, + .k,

1
1 1
_ R +7
kT kl kL

4-3

(a) For a torsion bar, k =7/60 =GJ/I.

Two springs in parallel, with J =7d; */32,
and di =dr=d,

k:£+£:1G d_14_|_d_;
x [I-x 32 x [I—x

:iGd“(LLj Ans. (1)
32 x [—x

Deflection equation,

g Tx _T(l-x)
JG JG
L (1-x)

results in I =———=~ (2
X

From statics, 71 + T> = T'= 1500. Substitute Eq. (2)
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[—x

g(—j+7;=1500 = 7;:1500? Ans.  (3)

X

Substitute into Eq. (2) resulting in

(b) From Eq. (1), £ :%(0.54)1 1.5(106)(g+ "

10-5

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

5

From Eq. 3), 7, = ISOOE =750 Ibf -in

167, _

T ZISOOI_TX

1 1

Ans.

Ans.

16(1500)

From either section, 7 =—
7d,

7z(0‘53)

Ans.

=30.6(10%) psi =30.6 kpsi

(4)

]: 28.2(103) Ibf -in/rad  Ans.
5

Ans.

4-4
in

01=0,=46

7, (4)

_N(6) _

750(5) 4T,

32 32

Or,

Equal stress, 7, =7, =

T ac Zaic

T,=15(10°)d;
7, =10(10%)d;
167, 16T,

3 3
rd;  nd,

d4
3%(0.54)G 1

(2)
3)
L _TL

e I T
FERT 4)

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

L T
4 _d
4T, ~ 6T,
df o dl

Statics, 71+ 7> = 1500

d,=1.5d  (5)

(6)

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

15(10°)d,! +10(10°)(1.54, )" =1500
Solving for d1 and substituting it back into Eq. (5) gives

d1=0.38881in,d>=10.583 2 in

Shigley’s MED, 11th edition

Ans.

Deflection to be the same as Prob. 4-3 where 771 = 750 Ibf-in, /i =[//2=51in,and d; = 0.5

67

:—2:

2=60(10) )
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From Egs. (2) and (3),

T1 = 15(10%)(0.388 8)* = 343 Ibfiin Ans.
T = 10(10%)(0.583 2)* = 1 157 Ibfin Ans.
343(4
Deflection of T'is 6, = L _ ( 4) ~=0.05318 rad
J,G  (z/32)(0.388 8")11.5(10°)
Spring constant is _r__1500 28.2(103) Ibf-in  Ans.
0 0.053 18
16(343
The stress in d| is T, = 167;‘ = (343) - = 29.7(103) psi=29.7 kpsi  Ans.
7d] (0388 8)
16(1157
The stress in d| is T, = 16T32 = ( )3 = 29.7(103) psi=29.7 kpsi  Ans.
7dy  7(0.5832)

(a) Let the radii of the straight sections be 1 = di /2 and > = d> /2. Let the angle of the

taper be a where tan « = (r2— r1)/2. Thus, the radius in the taper as a function of x is
r=r1+xtan @, and the area is 4 = 77 (r1 + x tan a)®. The deflection of the tapered portion

1S

l
I} l
1
5:!—(F jx:ij_—dx 3 :—i |
o AE 7rE0(r1 +xtana) TE (”1 +xtana)tana‘o
A N S ! __F J1 1
7nE| rtana tana(r+ltana)| zEtanalrn 7
_F rn-n F ltana  FI
rEtana rnr, rmEtana rnr, wrnE
= il Ans.
ndd,E
(b) For section 1,
o, = ri = 41? = 4(12000)(2) - =3.40(10") in  Ans.
AE  7md E 7(0.57)(30)(10%)
For the tapered section,
_4 M4 1000(2) =2.26(10")in  Ans.

xdd,E 7 (0.5)0.75)(30)(10°)
For section 2,
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s _ FL_ AFL _ 4(1000)2)
* AE  mdlE  7(0.75%)(30)(10°)

=1.51(10*)in  Ans.

4-6 (a) Let the radii of the straight sections be 71 = di /2 and r2 = d> /2. Let the angle of the
taper be o where tan = (72— r1)/2. Thus, the radius in the taper as a function of x is
r=r1 +x tan ¢, and the polar second area moment is J = (z/2) (r1 + x tan a)*. The angular
deflection of the tapered portion is

!
l 1
szde:zT dx 4:_12T 1 : |
0GJ 2G o (r+xtana) 372G (r,+xtana) tanoz‘0
eI S 2 T (11
37 G| 1 tana tan e (7, +ltana)3 3z Gtana\ . r)
2 7 g-p 271( 1 V=g 2mn(itmer)
3z Gtana rr, 3xG\n-r) Ky 3G wr
32 71 (d} +d\d, +d;)
=—— e Ans.
3G d;d;
(b) The deflections, in degrees, are:
Section 1,
P :Ll(180) _ 324TI (180) _ 32(1500)(2) : (180) _24ddeg  Ans.
GJ\ & nd G\ & 7(0.5H11.510°)\ =
Tapered section,
0 £Tl(d12 +dd,+d,’) (180}
3z Gd’d,’ V4
32 (1500)(2)] 0.5 +(0.5)(0.75)+0.75 | (180
=— - 3 3 =1.14deg  Ans.
3z 11.5(10%)(0.57)(.75") V4
Section 2,
0, - LZ(ISO) _ 323‘1 (180j _ 32(14500)(2) : (180} _0481deg  Ans.
GJI\ & zd,G\ & 7(0.75M)11.510°)\ =
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 1bf/in® and the elastic
modulus is £ = 30 Mpsi. Starting from the top of the cable (i.e. x = 0, at the top).

F = (A)(I~)
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" 0.282[50012)]
' Fdx wj;(l—x)dx:%(lx—lxzj _ 78 0282[50002)]

= _w YL 1 =0.169 in
o AE E 27 ), 2E 2(30)10

From the weight at the bottom of the cable,
s WL _ A _ 4(5000)[500(12)]
" AE  zd*E  7(0.5%)30(10%)
0=0,+0, =0.169+5.093 =5.262 in Ans.

=5.093 in

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

0169 100y=321%  dns.
5.262

48 XF,=0=Ri-F = Ri=F
My=0=M—-Fa = M;=Fa
Vip=F, Mup =F (x —a), Vgc=Mpc =0

Section AB:

1 F(x*
0,=—|F(x—a)dx=—| ——ax |+C 1
4 E]I( ) EI(Z J : )

Gi=0atx=0 = C1=0

F ¢ x* F(x x’
=—|| ——ax |dx=—| ——a— |+ C 2
Yas EI(Z J EI(6 2} . @

yap=0atx=0 = C>=0,and
_Fx2
6EI

Yz (x—3a) Ans.

Section BC:

F(a Fa’
F Eq. (1), atx= ith C;=0), =—| —— =— = (3. Thus,
rom Eq. (1), at x = a (wi 1=0) EI( ) a(a)} 2El 3. Thus

B Fa®
2EI

BC —
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2 2
—jgljdx:—Fa x+C, 3)

Ypc = 2 El

Fl(da a’
From Eq. (2), atx = ithC,=0), y=—| ——a— |=
q.(2), atx=a (with C2=0), y E]( 2]

Fa’ Fa’ Fa®

a+C,=-
2EI 3EI

Fa’ Fa® _ Fa’

Fa’
3EI

. Thus, from Eq. (3)

C, = = C, = SEl Substitute into Eq. (3), obtaining

=— X+ = a—3x Ans.
Yoo =T mr T Rl 6EI( )
The maximum deflection occurs at x=/,
Fa®
= a-—3l/ Ans.
Y an 6EI( )

49 3IMc=0=F((/2)-Ril = Ri=F/2
YF,=0=F/2+R,-F = Rx=F)/2
Breakat 0 <x<//2:

Vis=Ri1=F/2, Msp=Ri1x=Fx/2

Breakat//2<x</:

Vec=R1—-F=—-R>=—-F/2, Mpc=Rix—-F(x-1/2)=F({—-x)/2

Section AB:

From symmetry, 4=0atx =1/2 =

F )Cz Flz F (4)(?2—]2)

8" Fl 4 16EI 16EI
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F F (4x
=——|(4x’ -1 )dx=——| —-I’x |+C
Y =g (4 F )& 16EI( 3 x] :

vap=0atx=0 = (C>=0,and,

_ Fx
48FE]

Vs (4x*-31%) 2)

¥Bc 18 not given, because with symmetry, Eq. (2) can be used in this region. The
maximum deflection occurs at x =/ /2,

l
"oy 3
ymax = 2 4(1) _312 = rl Ans.
48ET 2 48ET

4-10 From Table A-6, for each angle, /1.1 =207 cm*. Thus, 7=2(207) (10*) = 4.14(10°) mm*

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

2 4
Fa (a—31)— wl
6EI 8EI
_2500(2000)
6(207)10°(4.14)10°

=-25.4 mm Ans.

ymax =

(1)(3000)*
8(207)(10°)(4.14)(10°%)

[2000-3(3000)] -

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

J— 6 J—
o —-My__9510 )(671) __163 MPa Ans.
1 4.14(10%)
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4-11 ¥ 450 Ibf 300 Ibf
R, = 14 450 10 300) =465 Ibf
0 =55 0 +5,(300)= Gft | 4t g o

6 10 o -
R. =—(450)+—(300) = 285 Ibf T - x
20 20 R, 2,

M = 465(6)12 = 33.48(10°) Ibf-in
Ms = 33.48(10%) +15(4)12
=34.20(10%) Ibfin

:Mmé‘X = 15=ﬁ Z=228in’
VA Z

max

For deflections, use beams 5 and 6 of Table A-9
Yx=ton = Ea[l—(l /2)] l:(ij +a’ -2l i} - Bl

GEIl 2 2| 48EI
0.5 450(72)(120) (120° 472" ~ 240" 300(240°)
6(30)(10°)7(240) 48(30)(10°)7

1=12.60in* = I/2=6.30in*

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 :
o =——| —— |=-0.421in
ymldspan 1498 ( 2}
O = 342 5.70 kpsi
6.00
T 4 . 4
4-12 I= a(l.S )=0.2485 in
From Table A-9 by superposition of beams 6 and 7, at x = @ = 15 in, with b =24 in and
/=39 in
Fba 5 .5, » wa 2 3 13
= +b" -1 1+——QRla" —a’ -1
Y= En VA
v, = 342(24)15 (157 +24° =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=195in
2 2 3
o fall=dr2)] (i) PPNV G 21(1) _(ij P
6EIl 2 2| 241 |T\2) 2
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_ 340(15)(19.5) [1952+152_392]
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 = —0 102 00978 500 s 019 Ans,

—-0.0978

413 I= %(6)(323) =16.384(10°) mm'*

From Table A-9-10, beam 10

Fa’
=-— [+a
Ye 3EI( )
_Fax .,
v = e\ =)
dyAB — Fa (12_3x2)
dx  6FEIll

Atx=0, Da _g
dx

_ Fal’ _ Fal
4 6Ell  6EI
Fa’l
=-0,a=—
Yo 4 6El
With both loads,
Fa’l Fa®
== - [+
Yo =T 6Bl 3EI (+a)
2 2
__fa (3l +2a)=— 4003(300 ) -[3(500)+2(300)] =-3.72 mm  Ans.
6EI 6(207)10°(16.384)10
At midspan,

2 2 2
:2Fa(1/2){12_(1) }_ 3 Fal’ _ 3 400300)(500%) o

Ve =TGR 2) |24 Bl 24207(10°)16384(10)

4-14 = 6%(24 ~1.5*)=0.5369 in*

From Table A-5, E =10.4 Mpsi
From Table A-9, beams 1 and 2, by superposition
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Fl Fd o ~200[4(12)]’ . 300[2(12)]

sz s (a_ )= 6 6
3EI  GEI 3(10.4)10°(0.5369)  6(10.4)10°(0.5369)

vy =—1941n  Ans.

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

4-15 From Table A-7, 1=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*
py = tE _Grwgl! | 15060 [S+20/IDIO0D ey gy
3E 8EI 3(30)10°(3.70)  8(30)10°(3.70)
416 1="4g*
64

From Table A-5, E =207(10°) MPa
From Table A-9, beams 5 and 9, with Fic = F4 = F, by superposition

3
Rl | _Fa 4 =37 = [=— [-F,* +2Fa(4d” =31%) ]

48El  24EI 48Ey,
~ 1
48(207)10° (-2)

= 53.624(103) mm*

Yp =~

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

\/—(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= é‘gl( 30 +20x) + fg;(zz—xz)
_ é[MA (+ =30 + 2x) + Fax (- x°)| Ans,

yBC:{%{ 6]\;[?}11()63—3lx2+212x)}}x (x-n+L ("E Il)[( 1) —aBx~1)]
_ 2{;{1 x—I)+ Fé’;ll)[( 1Y —a(3x-1)]
=(Z;II){—MAZ+F[(x—Z)2—a(3x—l)]} Ans.
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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.

e

ZMc:Olel—wa(l—a+§J = R = Y 21—a) Ans.

wa’

wa
ZFy:O:E(ZI—a)+R2—wa = Ry=—p dns.

wa w
V=R —wx=g(2l—a)—wx=z[2l(a—x)—a2] Ans.

wa*

Ve =—R, =— Y Ans.

w x° 5
MAszVAde:E[Zl[a —?j—a x [+C,
M, ,=0atx=0..C=0 = M, =z§—;[2al—a2—lx} Ans.
wa’ wa’
MBC:IVBCdx:I_ Y dx =— Y x+C,

2
wa

2
My . =0atx=1[ .. C, = 5 = MBczwz—c;(l—x) Ans.

0,5 Z.[MAB dxzL ﬂ(2al—a2 —lx)dx—i{ﬂ( Ix? —lazx2 —%Ix3]+C3}

EI EIY 21 CEI 21 2
1 w 1 1
Vs :J-GAde :Ej{z—l(alxz —Eaz)c2 —Elx3j+C3}dx

:L ﬂ(labf—la2x3—le4j+C3x+C4
EI|21\3 6 12

v=0atx=0 .. C,=0

2 2
0, =jMBC dr = w—i(l—x)dsz{w—a(lx—lxzj+C5}

EI EI° 2 EI| 2] 2
O, =0, atx=a..
2 3
L z(alaz—la“—llag’jJrQ S (la—la2j+cs :>C3=wa +C; (1)
EI'| 2] 2 3 EIl 21 2 6
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1 ¢| wa® 1
yBCZJ‘GBCdx:EJ[ 57 (IX—EXZ]+C5:|CZX:

wa’l?
6

1 Twd (1, 1, 1
- Tl 3——13J+c _1
Yae EI{ 21 (2 A s(e=1)

Yap =Vpc AX=a ..

ﬂ(lakf —la5 —Lla4j+C3a =
21\3 6 12

2
Coa- wa
24]

Vee =0atx=1 .. C, = -Cyl

21 \2

(3la® =41 )+ Cs(a—1) (2)

2

Substituting (1) into (2) yields C; = Z;)Zl

EI

1 [wa2

21

(llx
2

? —%x3j+C5x+C6}

wa® (1 1
(—la2 ——a —§l3J+C5(a—l)

(—az -4 2) . Substituting this back into (2) gives

2
C, =" (4al —a* ~41*). Thus,
24]
w 3 2.3 4 3 4 272
Vs 2—24EH(4alx =2a°x —Ix"+4a’lx—a'x—4a’l x)
= Y= 230211 [2axz(21—a)—lx3 -a’ (21—a)2] Ans.
Ve = %EH(&ZZIXZ —2a°x* —a*x—4a’*x + a4l)

Ans.

This result is sufficient for yzc. However, this can be shown to be equivalent to

_ w
Ve = Bl

w
Yec = Vus t—(x- a)4 Ans.

24E1

(4alx3 —2a*x’ —Ix* —4a*Px +4a’lx - a4x) +

w

4
X—a
24E1( )

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 4 to C and a

uniform load w upward from points 4 to B. Using the results of Prob. 4-18, with b = a for

A to Cand a = a for A to B, results in

[2ax2 Ql-a)-Ix’ —a* (21—a)2}

wx [ 2 wx
- 26> (21 —b)—Ix* —b* (21 —b) |-
Van = a2 Gl B)—be =5 Y] 24l
- 2:"211 [ 2bx> (2 -b) b (21— b) —2ax’ (2 —a)+d’ (2z—a)2] Ans.
Yae = %Eﬂ_sz%zz—b)—zx‘* —b*x(21-bY

—(4alx3 —2a’x’ —Ix* —4a’x + 4a31x—a4x)—l(x—a)4] Ans.
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Yep = | 4bI’ =20°x° —Ix* 4B x + 4b° I —bx + 1(x ~b)* |

T 24Ell

- 24521;[401)63 —2a’x’ —Ix' —4a’Px+4d’lx—a'x +1(x—a)' ]

24EI[( -b)* —(x—a) ]+yAB Ans.

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

S F =0= wa” 2 (21+a)  Ans.
21 21
For region BC, isolate right-hand element of length (/ + a —x)
2
V.,=—R, w; , Vie =w(l+a—x) Ans.
2
M, ,,=-Rx= wzc; , Mjgcz—%(l—i-a—x)2 Ans.

2
a
x*+C,

EI0,, = [ M dx =~

2
Ely,, = —%ﬁ +Cx+C,

yp=0atx=0 = C,=0 . E[yAB:—’“f—z"lx3+c1x
2
yap=0atx=/ = Clzwal
12
ET __wa2x3+wazlx_wazx(lz_xz) = _wazx(lz_xz) Ans
Yar =) 12 121 Yas = En '
ElG,. = IMBCdx= —%(l+a—x)3 +C,
Ely,,. :—2—’“2)‘(1+a—x)4 +Cx+C,
4 4
yse=0atx=1 = -4 1cl+C,=0 = C,=2% _c1 (1)
4 24
2 2 3 2
Op=Oscatx=1 = —wal+wal=wa +C, => C =—wa (l+a)
12 6 ’ ;
wa’

Substitute Cs into Eq. (1) gives C, =

2 [az +41(1+ a)] . Substitute back into ysc

4 2
x(l+a)+u;(: +wZ l(l+a)}

2

:_L[(l+a x) 44’ (l—x)(l+a)—a4} Ans.
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4-21 Table A-9, beam 7,

Rlszz%lzwzsoo Ibf 1
wx 100x
=X (op_y )= 2(10)x* —x* ~10°
Vin =g (20— =P) 24(30)10"(0.05)[( 10

=2.7778(10 ) x(20x - x° —1000)

Slope: 6, :“?—xwzﬁ(&xz —4x’ 1)

3
Atx =1, 9A3x=,=%(6112_4l3_13):%
Wi 100(10°) .
i =2l ()= ~10)=2.7778(107)(x =10
Yo = Ol (x=1) =, pr(x=1) 24(30)10"(0.05)(x ) (107)(x-10)

From Prob. 4-20,

2 100(4°
R =24 - () g0 ot 4 RB=ﬂ(2l+a)=100(4)[2(10)+4]=480 Ibf 1
20 2(10) 21 2(10)
wax 100(4%)x
- P —x?)= 10° - x* ) =8.8889(10°) x(100— *
Y=o () 12(30)106(0.05)( <) (10°%)x(100-)
. w N a2 (7 4
Voc = 24E[[(l+a x) —4a’(I-x)(I+a) a}
100 4 2 4
= 10+4-x)" —4(42)(10-x)(10+4) -4
24(30)106(0.05)[( +4-x)' ~4(#)(10-2)(10+4)-4
=-2.7778(10°)[ (14~ x)" +896x~9216
Superposition,
R, =500-80=420 Ibf T R, =500+480=980 Ibf T  Ans.

Va5 =2.7778(10 ) x(20x” —x* —1000) +8.8889 (10 ) x(100-x*)  Ans.
Vo =27778(107) (x=10) ~2.7778(10°)[ (14 - x)" +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
0.000000 : -0.000939 : -0.001845  -0.002690 :-0.003449:-0.004102:-0.004632:-0.005027

X 4 4.5 5 5.5 6 6.5 7 7.5
-0.005280  -0.005387 : -0.005347 - -0.005167 :-0.004853 :-0.004421 :-0.003885 :-0.003268
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X 8 8.5 9 9.5 10 10.5 11 11.5
-0.002596. -0.001897 -0.001205; -0.000559 0.000000 0.000439 0.000775 0.001036

X 12 12.5 13 13.5 14
0.001244 0.001419 0.001575 0.001722 0.001867

0.002

0.001 Beam Deflection, Prob. 4-21 _—
. -

0.000

-0.001 “
v (in) -0.002 \\ //

-0.003 AN

-0.004 AN /

-0.005 ~ -
-0.006

4-22 (a) Useful relations
_F _48EI

y P
K* 1800(36°)
48E  48(30)10°

k

=0.05832 in*

From 7 = bh3/12,and b = 10 h, then =5 h*/6, or,

= =D o514

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.

7 (in) b (in) b/h | k (Ibflin)
12 5 10 | 1608
12 5% 11| 1768
12 5% 11.5 | 1849
9/16 5 8.89 | 2289
9/16 4 7.11 | 1831
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h="1n, b=15 " 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*

Me _(FL/&c _ . _4ol _4(60)10°(0.05729)
! 1 lc (36)(0.25)
FI’ (1528)(36)

48EI  48(30)10°(0.05729)

=1528 Ibf

=0.864 in  Ans.

y

4-23 From the solutions to Prob. 3-79, 7, = 60 Ibf and 7, =400 Ibf
zd*  7(1.25)*
64 64
From Table A-9, beam 6,
6EIl
__ (=575)(30)(10)
~ 6(30)10°(0.1198)(40)
460(12)(10)
6(30)10°(0.1198)(40)

(6,) :_(ﬁ] - i[m(xz_,_bf_ﬁ)_,_w(ﬁ +b22_]2)}
T ™ N P 6EIl -

= —{—Flbl (3x’* +b’ —12)+—sz2 (3x* +b,’ —12)}
6LIl 6Ll

=— (5675)(30) [3(102)+302 —402}
6(30)10°(0.1198)(40)
—460(12)
~6(30)10°(0.1198)(40)
=6.0210%)rad  Ans.

I= =0.1198 in*

Fb,x

X +b> -1+
( ! )6EII

(x* +b,’ —lz)}

x=10in

(102+302—402)

(102 +122 —402) —-0.0332in  Ans.

x=10in

[3(10%)+12> -40" ]

4-24 From the solutions to Prob. 3-80, 7, =2880 N and 7, =432 N

B xd* 3 7(30)*

= =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= [9BC|C (a, )]bem 6 17) N ()

d| Fa (l x) Fa
BC| = {dx [W(xz +a’ —2lx)}}x = {ﬁ(&x—bcz —a’ =20 )}

: |

Equation (1) is thus

x=/

Fa, (5 2 Fz 2
= I"—a)a [+a
Vi 6EH( 1) 27 3EI( 2)

B -3312(230)
6(207)1 0’ (39.76)103 (510)
=-7.99 mm Ans.

2070(300%)
3(207)10°(39.76)10°

(5107 -230)(300) - (510+300)

The slope at 4, relative to the z axis is

_ﬂ 2 2 F,(x-1) _ _
(eA)Z_6EH(1 a, +{dx{ T [(x=1)" —a,(3x z)]}}

x=l+a,

_ %(12 —a?)+- (x-D-a,Gx-D] .
5;111 (I’ -a’ (3a2 + ZIaz)
_ —3312(230) (5107 ~230°)
6(207)10°(39.76)10°(510)
2070

T 6(207)10°(39.76)10° [3(3002) N 2(510)(300)]

=-0.0304 rad Ans.

4-25 From the solutions to Prob. 3-81, 7, =392.16 Ibf and 7, = 58.82 Ibf

4 4
7=74 7 049 09 in?
64 64

From Table A-9, beam 6,
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EANE) 2 4 142 _992) 20,0452 in dns.

yA=[m(x2+b12—lz)} = 3
6Ell e 6(30)10°(0.049 09)(22)

z, =[M(x2+b22—12)} = (_4§0'98)(6)(8) (8°+6°—227)=0.0428 in Ans.
e 6(30)10°(0.049 09)(22)

6E1l

The displacement magnitude is & = /)2 +22 =+/0.0452> +0.0428° =0.0622 in  Ans.

0,) =| — b2 —1 3a’ +b} -1
(). (dxl_a {dx[6EIZ( o )}} " 6EL 1( " )

(=350)14) [3(8%)+147 22 |=0.00242rad ~ Ans.

- 6(30)10°(0.04909)(22)
dz d | —-F,b,x Eb
0,) =| — D Bl I it Ml GV Y Y L (30 2 2
( A)y ( a’xl_a1 {dx{ 6FEll ( : )}}Ml 6EIl( 12 )

- UN) [3(87)+6" 22" |=-0.00356 rad ~ Ans.
6(30)10°(0.04909)(22)
The slope magnitude is ©, =+/0.00242* +(~0.00356)° =0.00430 rad Ans.

4-26 From the solutions to Prob. 3-82, 7, =250 Nand 7, =37.5 N
4 4
_zd”_7CY 5 g54 mm
64 64
—-345sin45° )(550)(300
( ) 350K )(3002 +550” —850° )

E.b
v, =| 2R (bt -2 = .
6EIl oo 6(207)10°(7 854)(850)

—{Flsz( +b2 -1 )+Fb"( 2+b22—12)}
EII x=300mm

(345 cos 45° )(550)(300)( 00% +550> —8502)
6(207)10° (7 854)(850)
_287_53(150)(300) (3002 +1502 —8502) =—0.650 mm  Ans.
6(207)10° (7 854)(850)

The displacement magnitude is & =+/y% +z> = \/1.602 +(—0.650)2 =1.73 mm  Ans.
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dy d|Fbx, , , F.b 2,12 2

0,) =| =L | =1 (¥ +p-1 S YL
(6,). (del {dx{ oz * 0 T) e Ot
—(345sin 45°)(550)
 6(207)10° (7 854)(850)

dz d| F_bx Eb,x
(6,), = _(ELI = —{E[ﬁ(ﬁ +b? —12)+ﬁ(x2 +b) -1 )}}

b,
6EIl

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

_ sz 2 2 2
——5(3% +b -I")-
345c0s45°) (550
| § )50 [3(300%)+550 -850 |
6(207)10° (7 854)(850)
_ -287.5(150)
6(207)10° (7 854)(850)

The slope magnitude is © , =~/0.00243> +0.000191> =0.00244 rad Ans.

(3a; +65 -1*)

[3(3002)+1502—8502]=1.91-1o*‘rad Ans.

4-27 From the solutions to Prob. 3-83, F, =750 Ibf
rd* B 7(1.25)*
64 64

I= =0.1198 in*

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

Eyblx 2 g0 ooy Banx
=| 2 (P 4b )+ —x?
& { 6EIl (¥ 0 -17) 6EIl ( ) e

B (~300c0s20° ) (14)(16) (16 +14° -30°)+
6(30)10°(0.119 8)(30)
=0.0805 in Ans.

oGl

(300sin20° ) (14)(16)
~ 6(30)10°(0.119 8)(30)
=-0.1169 in Ans.

The displacement magnitude is 6 =+/y’ +z> = \/0.08052 +(—0.1169)2 =0.142in  Ans.

(750sin20°)(916) , .,
6(30)106(0.1198)(30)( -167)

(—750c<6-)s20°)(9)(16) (0 -16°)
6(30)10°(0.119 8)(30)

(162+142—302)+
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dy d|Fbxe, 5 o\ By o,
0,) =|— =q—| = b —I" ) +—=——(I" -
(6,). (dxl_al {dx{ GEIl (b7 =1+ GEIl (7-+)

E b F, a
_6‘;:1;(3 +b7 —-I*)+ ﬁ(ﬂ%af)

1

_ (—3006(:os20°)(14) [3(16°)+ 14" =30
6(30)10°(0.119 8)(30)
(750sin20°)(9)
+ _ [
6(30)10°(0.119 8)(30)

_|dz _ Jd|Ebx 5 4, o Flax,
(84), =~ (dxj N {dx[6EIl( HhEE) 6EIl ¢ x)}}

—“1

2 —3(162)] =8.06(10")rad  Ans.

F_b, F,
=~ blz_lz)_g?cllzz(lz_wlz)
(3005in20°)(l4) (—750005200)(9) [302—3(162)}

=- _ 3(167)+14* =307 |- (,
6(30)10°(0.119 8)(30) 6(30)10°(0.119 8)(30)
=0.00115rad  Ans.

The slope magnitude is © , = \/[8‘06(10‘5)]2 +0.00115% =0.00115 rad  Ans.

4-28 From the solutions to Prob. 3-84, Fz=22.8 (10°) N

4+ r(50*
I =ﬂ=u=306.8(103) mm*
64 64
From Table A-9, beam 6,

E; | 2 g2 F, 2
+b° )+ (x> +b -1’
yA |: 6Ell ( ) 6E ( ) x=400mm

) [1 1(10%)sin 20° } (650)(400)
~6(207)10°(306.8)10°(1050)
[22.8(103 )sin 25°}(300)(400)

6(207)1 0’ (306.8)1 0’ (1050)
=-3.735 mm Ans.

(4002 +650° —10502)

(4002 +300> —10502)
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z,= {—Flzblx (2 4B - Py 4 T2
4| 6El ! 6EIl

[11(10°)c0s 20" | (650)(400)

6(207)10°(306.8)10°(1050)

[ -22.8(10")cos 25" [ (300)(400)
6(207)10°(306.8)10°(1050)

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

(6,). = (%la = {% {%”}lx(ﬁ +5’ 1) +Fész;;‘(x2 +b -1 )}

—¢

= (x2+b22—lz)}

x=400mm

(4002 +650 —10502)

(4002 +300° —10502) =1.791 mm  Ans.

E bl 2 2 2 F;sz 2 2 2
:$(3a1 +bl -1/ )—i—@(&zl +b2 -1/ )

[1 1(10°)sin 20"}(650)
6(207)10°(306.8)10°(1050)
[22.8(103 )sin 25°} (300)
6(207)10°(306.8)10°(1050)
=-0.00507rad  Ans.

(6,), = —(%L = —{%{%(f +b? —12)+122Tl}2;6(x2 +b)’ —12)}}
= —1;1?1]’}(3%2 +b] —12)—%(&13 +b; 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.

3(400% )+ 650* —1050°
(4007)

3(400%)+300% —1050°
(4007)

X=a

3(400% )+ 650> —1050°
(400%)

3(400% )+300% —1050°
(4007)

The slope magnitude is ©,, =/(~0.00507)" +(~0.00489)’ = 0.00704 rad ~Ans.

4-29 From the solutions to Prob. 3-79, T1 = 60 1bf and 7> = 400 Ibf, and Prob. 4-23,/=0.119 8
in*. From Table A-9, beam 6,
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Fuby (o o Fubya oy =575(30) a2

6E[l(b -7) 6Ell (67 -1%) 6(30)10°(0.119 8)(40)(30 40°)

B 460(12) (12
6(30)10°(0.119 8)(40)

dz d | F.a,(I-x) F,.a,(l-x)
(ﬁc)yz (dx] l: {dx{w(x +Cll 2Zx) ng(szraf—le) y

dz d Fbx 2 2 2 szzbzx 2 2 2 il
0.) - _ b 1)+ (2 g
(%), (dx) B {dx[6E]l (et =P (et

- 402) = -0.00468rad  Ans.

—_ M(6zx—2zz—3x2—az)+%(6lx—212—3x2—az)
' 6El :

6Ell .
H F.
a1 =)

—575(10)(40° =10%)  460(28)(40° —28°)
=— - - - =-0.00219rad  Ans.
6(30)10°(0.119 8)(40)  6(30)10°(0.119 8)(40)

4-30 From the solutions to Prob. 3-80, 71 =2 880 N and 7> =432 N, and Prob. 4-24, 1 =39.76
(10°) mm*. From Table A-9, beams 6 and 10

(90) = Q — i|:}:ib1x(x2+b12_lz) Fa2 (12 ):|
= \dx)_,~ lax|6En 6EIl .

Fa F,al

3x +b -1 + 2 (7 - _ fb 2y 2%
[6 z( ) ( )L) 6EII(1 ) 6EI
_ —33312(280)3 (280°510°)+ 2070(3300)(510) 3
6(207)10°(39.76)10°(510) 6(207)10°(39.76)10

=0.0131rad Ans.

_(dy) _Jd|FRa(l-x) , Fax
(QC)Z_(dsz_{dx[ opir ¢t A (o )}}x_,

[Fal (6lx—21% =35 —a?)+ 2% (12 _3 )} _ha g0y Bal

GEIl GEIl . 6EI 3EI

_ 331230 50 gy 2070600)510)
6(207)10°(39.76)10° (510) 3(207)10°(39.76)10

=-0.0191 rad Ans.

4-31 From the solutions to Prob. 3-81, 71 = 392.19 Ibfand 7> = 58.82 Ibf, and Prob. 4-25, I =
0.0490 9 in*. From Table A-9, beam 6
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dy d|Fbx, , 5, Kb,
0.) =22 = |2 (x*+b" -1 =——(b" -1
(6). (dxlzo {dx[6EIl SRl Teen D

= _6350(14) (14°-22%)=0.00726rad  Ans.
6(30)10°(0.04909)(22)
(0,), = L=| == i{—ﬂzbﬁ(x%b;-ﬂ)} RGP
’ dx) _, dx| 6EIl ., G6EI
_ —450.98(6) (6-22°)
6(30)10°(0.04909)(22)

=-0.00624 rad Ans.

The slope magnitude is ©, =4/0.00726> +(—0.00624 ? =0.00957 rad  Ans.
o

(6.). = (ﬂ} - {i{w(xz +al —2lx)}}
* o \dx)_, |dx 6EIl -

F F
—| 2 (gr-2r -3¢ —a?) | =B g
6EIl B

= —3508) (22° -8)=-0.00605rad ~ Ans.
6(30)10°(0.0491)(22)
(0.), - _(%] _ _{ a {Fcégl— I _M)}}
X x=l X x=[
= —{M(&x—ﬂz -3x’—a; )} = —M(l2 —azz)
6EIl w  GEI
- —430.98(16) (22’ -167)=0.00846 rad  Ans.
6(30)10°(0.04909)(22)

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

4-32 From the solutions to Prob. 3-82, 71 =250 N and 71 =37.5 N, and Prob. 4-26, I =7 854
mm*. From Table A-9, beam 6

F b F b
(6,). = ay| _J4|nor lx(x2+b12—lz) =22 (p> 1)
* \dx)_, |dx| 6El ., OEl

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

(5502 —8502) =0.00680rad  Ans.
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x=0

o (dz)  Jd|Ebx; s o o\ E.bxi s .,
(eo)y_—(alzo_—{a[ﬁ(x +b -1 )+62T121(x +b2 -1 )}}
[ 345c0s45° | (550)

6(207)10°(7 854)(850)(

E bl 2 2 F b 2 2
=Tl (pr P22 (p2 )=

6EIl( ! ) 6Ell( : )
~ —287.5(150) (1

6(207)10°(7 854)(850)

The slope magnitude is ®, =+/0.00680% +0.00316> =0.00750 rad Ans.

F oa/(l- F
(HC) = ay = 4 M(x2+af—21x) = L%(6lx—212—3x2—a12)
*o\dx)_, |dx 6Ell ., Lokl

F.a, ,. | -345sin45°|(300)
= — a =
6EIl 77 6(207)10°(7 854)(850)

(6.) =- az) __ i[w(xz+af—2lx)+w(xz+a§—2lx)}
v~ \dx ), lax| 6En 6EIl

_ —M(lz —af)—m(lz —ai) _ [345c03s45°}(300) (8502 _3002)
6EIl 6Ell 6(207)10°(7 854)(850)
~287.5(700) (s

6(207)10°(7 854)(850)

50° — 8502)

50% — 8502) =0.00316rad  Ans.

x=/

(- (8507 =300 ) =-0.00558 rad ~ Ans.

x=l

50° —7002) = 6.04(10’5 Jrad  Ans.

. . 2 2
The slope magnitude is ® . = \/(—0.00558) 7{6.04(10_5 )} =0.00558 rad Awns.

4-33 From the solutions to Prob. 3-83, Fz = 750 Ibf, and Prob. 4-27, I=10.119 8 in*. From Table
A-9, beams 6 and 10

dy d|Fbx, , o o\, Bax .,
0,) =| ZX| L DR () 2
(66). (dxl_o {dx{ oz & 0 ) g (1) B

F. b E F b F, a,l
_| B 1(3x2+b12—lz)+ 24 (12—3)62) _ My 1(b12—12)+ 2%
6EIl 6EIl . GEl 6EI
- [_300“’5 200](14) (14 -30%)+ [75()51“ 200}(9)(30) =0.00751rad  Ans.
6(30)10°(0.119 8)(30) 6(30)10°(0.119 8)
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o, ~{5) - {;’x[imb B

_ EE’;Z(s o) it l(zz_sx2)Lo=_%(b5_12)_%‘;2’

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

The slope magnitude is @, :\/0.007512+0.01042 =0.0128 rad Ans.

(dy ) M F, VX (s
(QC)Z_(EJX_;_{dx{ 6EIl (x* +a ~20)+ 6EIl o )}},

=0.0104 rad Ans.

= Fya l(61 212—3x2—af)+—Fzya2 (lz—3x2) Eyal (lz—alz)——Fzyazl
6Ell 6Ell . 6EIl 3E]
~300c0s20° |(16 750sin20° |(9)(30
= [ - Jas) (30" - 2)—[ - Jox ) 00109rad  dns
6(30)10°(0.119 8)(30) 3(30)10°(0.119 8)
0.) =-|4] -4 [—F 20 (2, g2 g L —xz)}
Y d x) dx 6EIl 6EI1l .
— l:Fizal (6[ 2]2_3x2_a12)+F;za2 (12_3x2):| :_Fizal (12_a12)+F'22a21
6Ell 6Ell ., 6Ell 3E]
[ 300sin 20° |(16) [~750c0s20° (9)(30)

=-0.0193 rad Ans.

T 6(30)10°(0.119 8)(30)( -16°)+ 3(30)10°(0.119 8)

The slope magnitude is ©, = \/(—0.0109)2 +(~0.0193)" =0.0222 rad  Ans.

4-34 From the solutions to Prob. 3-84, Fp =22.8 kN, and Prob. 4-28, I = 306.8 (10°) mm*.
From Table A-9, beam 6

dy d|Fbx, o 5 o Bbxo o
6,) =| == b2 —I)+ 22 (x4 b2 —1
(66). (dx]xo {dx[ 6EIl (i =)+ 6EIl SR »

:FL@( Py b [ 11(10°)sin 20° | (650)
GEII " GEIl \ 6(207)10°(306.8)10°(1050)
[22.8(103)sin25°}(300)
6(207)10°(306.8)10°(1050)

(6502 —10502)

(3002 ~1050> ) —-0.0115rad  Ans.
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(Z_j =_{ {};;;(xz+b12—12)+—};2%b[2;€(x2+b§—lz)}}

2 2 F b 2

a0 1) 1)
[11(103)c0s20°}(650) i X

~ T 6(207)10°(306.8)10°(1050) (6307 ~1050°)
[—22.8(103)cos25°}(300)

6(207)10° (306.8)10°(1050)

x=0

(3002 - 10502) =-0.00427rad  Ans.

The slope magnitude is ©,, =(~0.0115)’ +(-0.00427)" =0.0123 rad dns.

[(dy) _ L@ (l—x) F, a,(l—x)
wﬁz‘(m}_ﬁ{w{ S A G mﬂ}ﬂ

F a
o l(6lx 21 -3x" —a’)+ by 2(6lx 217 -3 —az)
6E1l 6Ll

x=/

:M(z_ oo 2oy [11(10°)sin 20° | (400) (
6EIl ") 6El 2) " 6(207)10°(306.8)10°(1050)
[22.8(103)sin25°](750)
6(207)10°(306.8)10°(1050)

_(dz) __[d[Ra(-» Foa,0=x)
(), = (dxl_l_ {dx[ IR Ay G 21)“)}}

=— M(61)6—212—3x2—alz)+ = 2(61)( 212—3x2—a22)
61l 6Ell

050> —400° )

(10502 —7502) —=0.0133rad  Aws.

x=l

x=/

F " -a Fa, [11(103)coszo°}(400)
BT AR )_ﬁ( - 2):_6(207)103(306.8)103(1050)
[—22.8(103)00525"](750)
6(207)10°(306.8)10°(1050)

The slope magnitude is © . = \/0.01332 +0.0112°> =0.0174 rad Ans.

(10502 —4002)

(10502 —7502) =0.0112rad  Ans.

4-35

The required new slope in radlans is @ new = 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), = — 0.00468 rad.

Since@ is inversely proportional to /,
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Onew Inew = Gold Lo = hew=n7n d4 /64 = eold Iod / Ornew

new
1/4
Iold j

The absolute sign is used as the old slope may be negative.
dncw = (ﬁ
V4

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

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

Hold

(7

new

64
T

or, d.., :(

—-0.00468

1/4
0.1198| =1.82in  Ans.
0.00105

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

640 "
dnew = _leloldJ
7Z- HHCW
64|-0.0191 v
o =| —|——={39.76(10°) | =620 mm  Ans.
7 10.00105

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

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

64|06 "
dnew = (_ —o Ioldj

7|6
d :(@ 0.0104

1/4
0.0491| =177  Ans.
7 10.00105

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

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

new

Goa.
0,

new

1/4
IoldJ

0.00750

1/4
7 854 =32.7 mm Ans.
0.00105

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

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

old

1/4
IoldJ

0.0222

new

1/4
0.1198| =2.68in  Ans.
0.00105

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

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

eold

1/4
IoldJ

0.0174
0.00105

new

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

4-41 Lip= 71%64=0.04909 in*, Jup =2 Lip = 0.09818 in*, Izc = (0.25)(1.5)*/12 = 0.07031 in*,
Icp = 7 (3/4)*/64 = 0.01553 in*. For Eq. (3-41), b/c=1.5/025=6 = £ =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 (y1).
2. The vertical deflection due to the slope at B, &1, due to the force and moment acting on

B(On»= CD 61 = 261).
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3. The vertical deflection due to the rotation at B, s, due to the torsion acting at B (33 =

BC g1 =5 Os1).
4. The vertical deflection of C due to the force acting on C ().

5. The rotation at C, &c, due to the torsion acting at C (y3 = CD 6c = 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 lbf and M = 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 =1L P 3y ¢ Mo ={£(3x—6l)+MBx}
dx| 6EI 261 || | 6EI El |

; 6
= {E[_Fl +2M, ]} - 2(30)10°(0.04909)

y, =— =0.01467 in

[-(~200)(6)+2(400)] = 0.004074 rad

y2=2(0.004072) = 0.00815 in

3. The torsion at B is 7 = 5(200) = 1000 Ibf'in. From Eq. (4-5)

1000(6
6’Bz=(£j = (6) —=0.005314 rad
JG ), 0.09818(11.5)10

¥3=>5(0.005314) = 0.02657 in

4. For bending of BC, from Table A-9, beam 1

-200(5)
3(30)10°(0.07031)

Yo=7 =0.00395 in

5. For twist of BC, from Eq. (3-41), with 7= 2(200) = 400 lbf'in

400(5)

6, = - 0.02482 rad
© 7 0.299(1.5)025 (11.5)10° h

y5=2(0.02482) = 0.04964 in
6. For bending of CD, from Table A-9, beam 1

-200(2°)

~0.00114
3(30)10°(0.01553) "

Y6 =~
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Summing the deflections results in
6

Vp = Zyi =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. 4-78.

4-42 The deflection of D in the x direction due to F: is from:
1. The deflection due to the slope at B, 651, due to the force and moment acting on B (x1 =
BC Gp1 =56).
2. The deflection due to the moment acting on C (x2).

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

2 2
0y =1L P 3y ¢ Mo ={£(3x—6l)+MBx}
dx| 6EI 261 || | 6EI El |

= {JE[—FI + 2MB]} =3 (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

M 2(-100)5

_ ML — 004267 i
T 0EL T 2(30)10°(0.001953) "

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

3. The elongation of 4B due to the tension. For 4B, the area is 4 = 7 1%/4 = 0.7854 in?

x3:(Flj ___~150(6) ~=-3.82(10") in
AE ), 0.7854(30)10

4. The deflection due to the slope at B, @52, due to the moment acting on B (x1 = BC Oy =
5082). With 1,5 = 0.04907 in*,

M, 5(-150)6

- = -0.003056 rad
EI 30(106)0.04909

B2

Shigley’s MED, 11th edition Chapter 4 Solutions, Page 30/96



x4=5(—=0.003056) = - 0.01528 in

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

3 150(5°
X = LA - ( ) =-0.10667 in
3EI),.  3(30)10°(0.001953)

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

in?

x6:(£J ___~1502) -=-226(10") in
AE )., 0.4418(30)10

Summing the deflections results in

X, = Zéle =-0.01019-0.04267-3.82(10"")

i=1

—0.01528—0.10667—2.26(10’5) =-0.1749 in Ans.

443 Jos=Jsc = 7(1.5%/32 = 0.4970 in*, Jus = 7 (1*)/32 = 0.09817 in*, Lis = 7 (1*)/64 =
0.04909 in*, and Icp = 7(0.75%)/64 = 0.01553 in*.

3 LB A
GJ 04 GJ AB GJ BC G JOA JAB ']BC

:250(12)( 2 .9 2
11.5(10°) 0.4970 ~ 0.09817 = 0.4970
Simplified

p T 25002)(13)

" GJ 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.

250(123)
3(30)10° (0.01553)

3
:Fyloc3+ (i) Fley' _ 250(13°)
3E1,, "7 3El, 3(30)10°(0.04909)
v, =0.847 in Ans.

v, +0.0345(12) +

4-44 Reverse the deflection equation of beam 7 of Table A-9. Using units in 1bf, inches
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wx (3000/12)x ;
- U —x* — ) =— {2 25)x% —x* —[25(12 }
Y 24EI( =2 1) 24(30)10° (485) (25)x" ~* ~[25(12)]
- 7.159(10-10)x[27(106)—600x2 + x3] Ans.
The maximum height occurs at x =25(12)/2 =150 in

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

4-45 From Table A-9, beam 6,
_ Fbx
6EIll
_Fb
6EI1l
dy_LzF_b(?)xz +b2 —lz)
dx 6FEIll
dyL| Fb(bz_lz)
dx|._,  6EIl

v, (x2+b2—lz)

Y, (x3 +b2x—l2x)

4
Let &= Dy and set/ = 7d, . Thus,
d 64

X x=0

320p(b> =17
3nElE

L

Ans.

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

1/4

) |32Fa(12 —a2)|
d, —‘ 3Bl ‘ Ans.

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

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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[32070 (1% -5?) .
- 3rEIE

i 32(1.28)(3000)(200) (3007 —200°)
N 37(207)10°(300)(0.001)
d=381mm Ans.

4
—m=103.4(103) mm*
64

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

i{w(xuaz_zzx)}o = 3x’=6lx+(a*+20°)=0
dx| GEIl

3x° ~6(300)x+[ 100" +2(300°) |=0 = x*~600x+63333=0

x= %[600 +./600? - 4(1)63 333} — 463.3,136.7 mm

x =136.7 mm is acceptable.

6E1l

x=136.7mm

- [M( v _zzx)}

3(10°)100(300-136.7) L
: : [136.77 +100 -~2(300)136.7 | =—0.0678 mm  Ans.
6(207)10° (103.4)10° (300)

4-47 1= 7(1.25%/64=0.1198 in*. From Table A-9, beam 6

2 2
5= [—Flal(l — %) (x2+a12—21x)} +[—F252x (x2+b22—12)}
6Ll

_ 150(5)(20—8) . :
{6(30)106(0.1198)(20)(8 +5 2(20)(8))}

{ 2560(10)(8) (87 +10° —202)} }
6(30)10° (0.1198)(20)

=0.0120in  Ans.
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4-48 1= 7(1.25%/64=10.1198 in*. For both forces use beam 6 of Table A-9.
For F1 = 150 Ibf:

0<x<5
Fbx 150(15)x
=g )= 6(30)10° (5).1198)(20)(362“52_202)
=5.217(10° ) x(x* ~175) 1)
5<x<20
y:—Flal(l_x)(xz+a12—21x): 150(5)(20—x) [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
F.b,x 250(10) x
#= g )= 6(30)106(f).1398)(20)(x2 +10°-20°)
=5.797(10) x(x* ~300) (3)
10 <x <20
z =—an2 (l—x) (x2 + azz —ZIx) = 250(10)(20—x) [xz +10? —2(20)x]
6Ell 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

0.005 / \
Displacement (in) 0 K< =7 = = =y(in)

NG -, (in)
S —_— - =z
0,005 1> s————— Z
AN J Total (in)
-0.01 ™. —
-0.015
0 5 10 15 20
X (in)
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4-49 The larger slope will occur at the left end.
From Table A-9, beam 8

M, x
+3a* —6al +2I*
Y = 6E]l(x a a )

Dap - My (3,2 134> 6at+21%)
dx  OFIll

With /= 7d*/64, the slope at the left bearing is

D =9A=—M4 (3a* —6al +217)
dx |, 6E (7d" /64)1
Solving for d
32M, 28307 —6al +217) = 4 32(61000) [3(42)—6(4)(10)+2(102)]
\37E0, 37(30)10°(0.002)(10)
=0.4611n Ans.

4-50 From Table A-5, E=10.4 Mpsi
SMo=0=18 Fsc —6(100) = Fgc=3333 Ibf
The cross sectional area of rod BC is 4 = 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) o
- = =6.79(10 Ans.
. (AEJBC (0.1963)30(10°) (10%)in  ans

4-51 EZMo=0=6 F4c —11(100) = Fuc =183.3 1bf

The deflection at point 4 in the negative y direction is equal to the elongation of the rod
AC. From Table A-5, Es; = 30 Mpsi.

FL 183.3(12
Ya=7— ( ( )

AEjAc_ [7(05%)/4]30(10°) -

—3.735(10*4) in

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

%A:% = y,u =3y, =3(-3.735)10" =0.00112 in

From Table A-5, E, = 10.4 Mpsi

The bar can then be treated as a simply supported beam with an overhang 4B. From Table
A-9, beam 10,
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o =(3D) e

Fa’ B F(x-1) _ ~
x-,m]_wl(”a)_ {x( omr LD el Z)]j}x

F Fa® 7Fa Fa®
= 6 [3(x Iy =3a(x—N)-aBx-1)]|,.,, 3E(Z+a)_—6—(2l+3 )—
100(5%)

3(10.4)10°(0.25(2°) /12

(l+a)

7(100)5
=- - ; [2(6)+3(5)]-
6(10.4)10°(0.25(2°)/12)
=-0.01438 in
y5 =y +yz=—0.00112 — 0.01438 =— 0.0155in  Ans.

(6+5)
)

4-52  From Table A-5, E4 = 71.7 GPa, Es= 207 GPa.
IMo=0=450 Fcp— 650(4000) = Fep=5777.8 N

__(ﬂj _ 5777.8(220) 02172 mm
Y= \UE ), T (7/4)0.006*(207)10°

The deflection of B due to yp is

(v8)1 = (650/450) (- 0.2172) =—-0.3137 mm
Treat beam OADB as simply-supported at O and D. Use beam 10 of Table A-9 and use
the equation for yc,

Fa*(I+a) 4000(0.2)° (0.450+0.2)
Ia)y == = 3(71.7)10°(0.012)0.050° / (12)
=-3.868(10°) m =-3.868 mm
Superposition:
yg=(ve) + (v8)2 =— 03137 —3.868 =—4.18 mm Ans.

4-53 From Table A-5, E4=71.7 MPa, Es =207 MPa
SMo=0=1450 Fcp— 150(4000) = Fep=1333N
_ (FL) 1333(220)
o= _(EJ@ T (7/4)0.006% (207)10°
The deflection of B due to yp is

(va)1 =(650/450) (— 0.0501) =—0.0724 mm
Treat beam OADB as simply-supported at O and D. Find slope at B for beam 6 of Table

=-0.0501 mm

A-9,
_ Fa 3 2 2 2 2
yBC—6EH[—x +3Ix —(21 +a )x+la ]
dy Fa
0, === ——| 3x*+6Ix-20"-a’
P dx 6Ell[ ]
For OADB,
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4000(0.15)| ~3(0.450)" +6(0.450)0.450 ~2(0.450)" ~0.15" |
9 =
P 6(71.7)10° (0.012)(0.050° /12)0.450

=0.004 463 rad

Deflection of B due to slope at D is
(v8)2 =0.004 463(200) = 0.8926 mm
Superposition:
ye= 81+ (y8)2 =—0.0725 +0.8926 = 0.820 mm Ans.

4-54 From Table A-5, E4=10.4 Mpsi, Es= 30 Mpsi
XMo=0=18 Fcp—6(100) = Fcp=33.33 Ibf
V= —(ﬂj =- 33'332(12) =—6.792(10") in
AE )y (7/4)0.5°(30)10°
The deflection of 4 due to yz is
(a1 = (6/18) (- 6.792)10° = — 2.264 (107%) in
Treat beam OAB as simply-supported at O and D. Use beam 6 of Table A-9

Fbx, 5 ., 100(12)6(6> +12> ~187) N
= b -1*)=- =-5.538(10
(), == (" +27=F) 6(10.4)10°[ (0.25)2° /(12) |18 (107) in
Superposition:
ya= a1+ (a2 =—2.264(10°%) - 5.538 (10%) = - 5.56 (10 in Ans.

4-55 From Table A-5, Es =30 Mpsi
XMo=0=18 F4c—11(100) = Fyc=183.3Ibf

FL 183.3(12) N
(7 = -3.734(10 Ans.
Va (AE)AC (7/4)0.5 (30)10° (107%) in "

4-56 From Table A-5, E4 = 71.7 MPa, Es = 207 MPa
IMo=0=450 Fcp— 650(4000) = Fep=5777.8 N

__(ﬂj _ 5777.8(220) 02172 mm
Y= \UE ), T (7/4)0.006*(207)10°

The deflection of 4 due to yp is
(v4)1 = (150/300) (- 0.2172) =—-0.1086 mm
Treat beam OADB as simply-supported at O and D. Use beam 10 of Table A-9

(), = (7 -+) 4000(0.2)0.15(0.450* ~0.150°)
Y4 TSN ~ 6(71.7)10°[(0.012)0.050° / (12) ]0.450
=0.8926(107) m =0.8926 mm

Superposition:
va= a1+ (a2 =—0.1086 +0.8926 =0.784 mm Ans.

4-57 From Table A-5, E4=71.7 MPa, Es= 207 MPa
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Mo =0=450 Fcp— 150(4000) = Fcp=1333N
_ (FLY) _ 1333(220)
Yo = _(EJCD " (7/4)0.006* (207)10°
The deflection of 4 due to yp is

(ya)1 =(150/300) (- 0.0501) =—0.02505 mm
Treat beam OADB as simply-supported at O and D. Use beam 6 of Table A-9

) Fbx( o) 4000(0.3)0.15(0.15* +0.3* —0.45°)
Yl = 6En ~ 6(71.7)10°[ (0.012)0.050° /(12) ]0.450
=-0.6695(10"") m =-0.6695 mm

Superposition:
va=a1 + (a2 =-0.02505 — 0.6695 =—0.695 mm Ans.

=-0.0501 mm

4-58 From Table A-5, E =207 GPa, and G = 79.3 GPa.

— LZ l LZ l FIAB3 _ FVIOCIAB2 FVIACIAB2 FZAB3
|y3|— a T T = 2 + 4 + 4
GJ ) oe GJ ) " 3EL, G(7d,*'/32) G(md,'/32) 3E(mdy/64)

32FL,° | I Lye 21,
- s 7t 2
7 Gd,.' Gd,' 3Ed,

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

-1
k:{?’zlwz{ loc4+ Lic —+ 2IAB4:|}
r | Gdy' Gd,' 3Ed,
-1
~|32(200%) 200 200 2(200)
| om [ 793(10°)18F  79.3(10°)12°  3(207)10°(8Y)

=8.10 N/mm Ans.

4-59 For the beam deflection, use beam 5 of Table A-9.

F
R1:R2 :E

5 =L ands, =L
2k, 2k,

0% v IX e _3p)
I 48EI

Ve =F —L+k2_k1x+ al (4x* =30°) Ans.
2k, 2kk,  48EI

T :_51 +
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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 with a =1/2

_ _ F(1/2)(1- 2
yBC:_F+Fk2 LT (1/2)(1=x) 2+l o
2k 2kk] Ell 4

_ ]—
-F _L+k2 k1x+( x)(4x2+12—81x) Ans.
2k 2kk] 4SEI
4-60
R, :%, and R, =§(1+a)
5 =54 ands, =L +a)
Ik Ik,
o, —0. Fax
=5 +——2x+ PP -x
Yor =TT oen )
a
=F{— k,a—k, l+a +— I* - Ans.
Yap {kll kaZ[ ) ( )}
5,=6,  F=)

(x=0) )
yBC:F{—kill+kklz[ka k (1+a)]+ o T2 (x-D) —a(3x—1)]} Ans.

4-61 Let the load be at x > //2. The maximum deflection will be in Section AB
(Table A-9, beam 6)

Fbx , , .,
+b” -1
Vs =g * )
dyAB: P Gesp-r)=0 = 3W+p-F=0
dx  6EIl

2 2
,/ b = \/g =0.577] Ans.

Forx< I/2, x,, =1-0.5771=0.423]  Ans.
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4-62
M, =1(3000)(1500) +2500(2000) 3m

- 9.5(106) N-mm
R, =1(3000)+2500 =5 500 N

< 2m >|

1 kN/m

From Prob. 4-10, 7 =4.14(10°) mm"* ()Z | H = '
= A

2

M:—9.5(106)+5500x—%—2500<x-2000>1

3
B - ~9.5(10°)x +2750x* - =~ ~1250(x - 2000)" +C,
dx 6

D _gatx=0 -C =0

dx
3
E1Y - ~9.5(10° ) +2750x% ~ =~ ~1250(x - 2000)’
dx 6
4

Ely = —4.75(10°) x* +916.67x - 2~ 416.67 (x—2000)" +C
24 ’

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

y= _ﬁ[m(loé)xz ~22(10%)x + x* +10(103)<x—2000>3]

1
24(207)10° (4.14)10°

Yy =— [ 114(10°)3000” - 22(10°)3000°

+3000* +10(103 )(3000 - 2000)3}
=-254 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 = M__ ( )(6 ) 163(10°)Pa=—163MPa ns.
I 414(10°)

The solutions are the same as Prob. 4-10.

4-63 See Prob. 4-11 for reactions: Ro = 465 Ibf and Rc = 285 1bf. Using 1bf and inch units

M =465 x — 450 (x — 72)! = 300 (x — 120)!
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EIZ—yz 232.5x% ~225(x~72)’ —150(x~120)" +C,

X

Ely=715x=75(x—72) =50 (x — 120> — C1x

y=0atx=0 = =0

y=0atx=2401in

0 =77.5(240%) — 75(240 —72)° — 50240 — 120> + C1x = Ci=-2.622(10°) Ibf.in?

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

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

30(10°) 7 (- 0.5) = 77.5 (120%) — 75(120 — 72)* — 50(120 — 120) —2.622(10%)(120)

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

1260 1
oo =——of) —— |=-0.4211n  Ans.
ymldspan 1498 ( 2)

The maximum moment occurs at x = 120 in where Mmax = 34.2(10%) Ibf:in

_ Me_ 342010025 ., i OK

o
ey 14.98
The solutions are the same as Prob. 4-11.

4-64 I = (1.5%/64 =0.2485 in*, and w = 150/12 = 12.5 1bf/in.
R, =%(12.5)39+%(340) =453.0 Ibf

M= 453.0x—%x2 ~340(x~15)’

E1Y 2650 122 ~170(x~15)" + C,
dx 6
Ely=75.5x* - 0.5208x" - 56.67 (x—15)’ + C.x + C,

y=0atx=0 = C,=0

y=0atx=39in = C, =—-6.385(10%) Ibf-in’> Thus,

y= é[75.5x3 ~0.5208x" ~56.67(x~15)" ~6.385(10") x|

Evaluating at x = 15 in,
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! 3 4 3 4
V4 :30(106)(0.2485)[75'5(15 )-0.5208(15")-56.67(15-15)" ~6.385(10 )(15)}

=-0.0978 in  Ans.

1 3
L= 75.5(19.5°)-0.5208(19.5* ) -56.67(19.5-15)" —6.385(10*)(19.5
ymldspan 30(1 06 )(02485) |: ( ) ( ) ( ) ( >( ):|
= —0.1027 in  Ans.
5 % difference  Ans.

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

3(14)100 7(14)100

4-65 1 =0.05in*, R, = =420 Ibf T and R, = =980 Ibf T

M =420x—50x2+980 (x — 10 )!

E1% 22105 ~16.667x° +490(x~10)" +C,

dx
Ely =70x" —4.167x" +163.3(x~10)’ + C.x + C,

y=0atx=0 = (=0
y=0atx=10in = C;=-2 833 Ibf'in. Thus,

1
©30(10%)0.05
= 6.667(107)| 70x ~4.167x" +163.3(x~10)' ~2833x | dns.

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

y | 705 ~4.167x" +163.3(x~10) ~2833x |

4-66 R,=Rp=400N, and /= 6(32%) /12 =16 384 mm*.
First half of beam,
M =—400 x + 400 { x — 300 )!

E1% = 20027 +200(x~300) + C,
dx
From symmetry, dy/dx=0atx=550mm = 0=—200(550%) + 200(550 — 300)2 + 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 (EI)"' = [207(10%)16 384] ' =2.949 (107! ) Thus
y=2.949 (10719 [ 66.67 x> + 66.67 { x — 300 )* + 48(10°) x — 12.60(10°)]
yo=-—3.72mm Ans.

Ve = 550 mm =2.949 (1071%) [- 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.

4-67
Y M,=0=RI+Fa-M, = Rl=%(MA—Fa)

Y M,=0=M,+RI-F(l+a) = R, =%(Fl+Fa—MA)

M =Rx-M,+R,(x-1)

EJ%:%RI)& —MAx+%R2 (x=1y +C,

Ely =%R1x3 —%Msz +%R2 (x-1) +Cx+C,

y=0atx=0 = =0

y=0atx=] = ( :—%Rllz+%MAl.Thus,

1 1 1 s (1 1
Ely= gle —EMsz R, (x=1I) +(—8Rll2 +EMAl]x

1
y= @[(MA —Fa)x*=3M x’l+(Fl+Fa—M ,){x-1) +(Fal’ +2M I’ )x] Ans.

In regions,

Vi = é[(MA ~Fa)x’ =3M 'l +(Fal’ +2M I* ) x|

X
6Ll

[MA(xz—3lx+212)+Fa(lz—x2)} Ans.
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(M, —Fa)x’ =3M (1 +(Fl+ Fa=M,)(x~1) +(Fal* +2M J*)x |
MA —3x°—(x- l)3+2x12}+F[—ax3+(Z+a)(x—l)3+axlz}}
=M, (x=1)1* + FI(x=1)] (x=1) ~a(3x=1)]|

6El
_( {—M l+F[(x l) —a(3x—l)}} Ans.

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

1

E(b-a)} ~ R-

4-68 > M, :O:Rll—w(b—a)[l—lﬁ

M:Rx—%<x—a>2+%<x—b>2
dy 1

EIE —ERlx2 —%(x—a>3 +%<x—b>3 +C,

1 w w 4
Ely—ng —£<x a> +ﬂ<x—b> +Cx+C,

y=0atx=0 = =0
y=0atx=/

1] 1 w 4
R, 3. W +—(]-
C = 1{6 [ > (l a) (l b)}

)/ZL{l&_a)(Zl—b—a)x3 _%<X—a>4+ﬂ<x—b>4

EI|6 2] 24

_X%E Z"(l;l—a)(zl—b—a)l3 —2—a;(l—a)4 +2_u;(z_b)4}}

:TEU{2([)—a)(2l—b—a))c3 —l<x—a>4+l<x—b>4

x| 2(b-a)(2-b-a)P ~(1-a) +(1-b)' |} ans.

The above answer is sufficient. In regions,
w

Via = {2(b=a) (2 ~b-a)x =3[ 2(b-a)(2~b-a)l* ~(-a)' +(1-b)' ]|

24EIl
wx

_ [Z(b—a)(Zl—b—a)xz —2(b—a)(2l-b-a)l’ +(I-a)’ —(l—b)“}

24EIl
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w
24EIl

~x[2(b-a)(21-b-a)i* ~(1-a) +(1-0)' |}

Vs {2(19—6;)(21—17—a)x3—l(x—a)4

_L . o 3 . 4 _ 4
yCD_24EIZ{2(b a)(2l-b-a)x’—1(x—a) +1(x-b)

" Fo-a-a-ar—-or -]

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

4-69 I = 7(1.375%/64=0.1755 in*, I, = 7 (1.75%)/64 = 0.4604 in®,
R1 = 0.5(180)(10) = 900 Ibf

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

For0<x<8in M =900x-90(x-3) T

Atx =3, M=2700 Ibfin \/\

Writing an equation for M /I, as seen in the figure,
the magnitude and slope reduce since 7, > [1.

To reduce the magnitude at x = 3 in, we add the
term, — 2700(1/11 — 1/ 12){ x — 3 )°. The slope of 900 at x = 3 in is also reduced. We
account for this with a ramp function, { x — 3)! . Thus,

M 900x 11 0 11 190 )
== ~2700| ——— |(x=3)" =900| ——— |(x=3) = Z==(x -3
1 ]l (1 12]< > (1 ]2]< > 2< >

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

2

EY 25641 ~9520(x—3) ~1587(x~3)" —65.17(x-3)’ +C,

dx
.. dy .
Boundary Condition: o =0atx=81n
X

0=2564(8)" ~9520(8-3)~1587(8-3)" —65.17(8-3) +C, =
C1 = - 68.67 (10%) 1bf/in®

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

Thus, for0<x<8in

1 5 X \
4. 3 —4 — - 2 — —1 2 — _ . 1 3 A )
30(10‘))[85 73’ ~4760(x=3)" ~529(x~3) ~16.29(x—3) ~68.7(10 )x} ns

y:

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

Beam Deflection

0 1 2 3 4 5
-0.002 -

-0.004 - \
y (in) 0.006 \\

-0.008 - \

-0.01 - R —

-0.012 - -
x (in)

The maximumis y,_, =-0.0102inatx=81in Ans.

4-70 The force and moment reactions at the left support |
are I and F1 respectively. The bending moment d

equation is

M=Fx-Fl

Plots for M and M /I are shown. i %
-Fl L i

M /I can be expressed using singularity functions

W
el

M F Fl F < l>° F < 1>1 e |
—=—x———(x——=) +—{(x—= _ -
i 21,\" 2 ~fin SIC T

where the step down and increase in slope at x =/ /2 are given by the last two terms.
Integrate

1 2
de 4l 20,7 A4l

H
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dy/dx=0atx=0 = C1=0
2 3
121,741, 81\ 2/ 121
y=0atx=0 = (=0

2 3
y=L 2x° —6Ix* -3/ x—i +2 x—i
24E1 2 2

F AN 1Y SFI
= |2/ = | —61| & | =3100)+2(0) | = - Ans.
etz 24EI[ (2} (2] O)+2( )} 961, "
2 3 3
- 2(1)3—61(12)—31(1—1] +2(x—1] L Ans.
=1 24F] 2 2 16EI,

The answers are identical to Ex. 4-10.

4-71 Place a fictitious force, Q, at the center. The reaction, Ri=wl/2+ Q/2

2
M — ﬂ + g X — wx aﬁ — f
2 2 2 oo 2
Integrating for half the beam and doubling the results

1/2 1/2 2
R L 7 (CL P (ﬂljx_w_x (zjdx
El "\ 80 EY|\ 2 2 \2
0=0

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

1/2
Sw

384l

_ﬂlfxz(l_x)dx_i x1_xt
Yo =21 T2EI 3 4

4-72 Place a fictitious force Q pointing downwards at the end. Use the variable X originating at
the free end and positive to the left

2
M = —Qx — wx aﬁ [
2 o0
/ 1 2 1
Vi = LJ.M aﬁ dx :L _wx (—x)a’x:i xdx
EI'y oQ EI'Y 2 2EI 5
0=0
4
= wl Ans.
&EI
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4-73 From Table A-7, I1.; = 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 1Ibf/in. Using the variable x as < 60 in -
shown in the figure
150 Ibf
5833 5 Ibt/in
M=-r-220 2017 WV
0 y A
v v
OF 1L -
5, = “’Maﬂdf=Lj6°(Ff+2.917;?2)(f) A% = (F¢’ /3429175 /4
ET°0 oF El70 EI 0

_ (150)(60%)/3+(2.917)(60%) / 4
30(10°)(3.70)
~y,=-0.1821in Ans.

=0.182 in in the direction of the 150 1bf force

4-74 ; l[-’

' P a
‘ B D R, =—+—
AT X A 2 lQ
R ’ R P (/+a
4—11‘ é | % ‘ B a C) RBZE_( l )Q
OSXSL M:(£+£ij aﬂzﬁx

2 2 1 o0 I
iS)cél M:(£+g jx—P(x—ij aﬂzﬁx
2 2 1 2 o I
[<x<(l+a) M=Q(l+a—x) a]M=(14rcz—)c)

0
We observe that for section BD, the only force is O, which is zero, so there is no
contribution to the deflection at D from the strain energy in section BD.

Yy = LJ‘MM%dx =L J.m&xzdxjtj.l (&xz—&xz-F&dex
EI70 oQ 00 ElJ0 2] 12\ 21 / 2

The first two integrals can be combined from 0 to /,

3 3 2 2
yD:L Pal” _ Pa P - L e > - ! _ Pl Ans.
EI| 6] [ 2 4 2 16E1
(b) Table A-9, beam 5 with F' = P,
P P

d
Slope: @ :d—i :M(uxz —312) :@(4x2 —lz)
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PI? P’

Atx=0, 0,=- . By symmetry, 6. =
Ty At T
=al,. = Pal’ Ans This agrees with part (a)
Ye < T16El . g p

4-75 The energy includes torsion in AC, torsion in CO, and bending in 4B.
Neglecting transverse shear in AB

M = Fx, 8ﬂzx
oF

In AC and CO,
oT
TZFIAB’ EZIAB

The total energy is

2 2 Lig 2
Uz[TlJ {le +JM .
2GJ ). \2GJ )., 1 2ElL,

The deflection at the tip is

I/IB IAB
LU _ Tl o Ty ol 't M oM, Ty Ty, | f Pra
OF  GJ, oF GJ., oF 1 El 0F GJ,. Glo El,1

5: TlAClAB + TICOIAB + FIEIB — FZAlelB + FZCOIjB + FljiB
Gl Glo 3El, G(zdi./32) G(rdf,/32) 3E(zdj,/64)

_32F (e e 2y
z \Gdi. Gdi, 3Ed’,

-1
_ F __7 Lyc n leo " 2
5 320,\Gdi. Gd!, 3Ed:,

P ( 200 200 2(200)

-1
32(200%)| 79.3(10°)18" 79‘3(103)124+3(207)103(84)J =810 Nimm.— Ans.

4-76 I = 7(1.375%/64 = 0.1755 in*, L = 7 (1.75%)/64 = 0.4604 in*

Place a fictitious force Q pointing downwards at the midspan of the beam, x = 8 in
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R, =%(10)180+%Q =900+0.50

For0<x<3in M=(900+0.5Q)x E;—g:O.Sx

For3<x<13in M =(900+0.50)x-90(x-3)’ %:O.Sx

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

8 3 8
5:[2 M%x] =Lj9oox2dx+Lj[900x—90(x—3)2}xdx
VEL2Q" ) T ElLy EIL?

3 8

- 300x° +L[300x3 —90(lx4 —2x’ +2x2)}

El |, EL 4 27,
8100 1 ~ N1 8100 120.2(10°)
“TELEL [1455(10)-2531(10 )]_30(106)0.1755+30(106)0.4604
=0.0102 in Ans.

4-77 I = 7(0.5%)/64=3.068 (102)in*,J =2 1=6.136 (107) in*, 4 =7(0.5%)/4 = 0.1963 in’.

Consider x to be in the direction of O4, 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 4B 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

06F AB M =06F% = -06%
oOF
OA4 M =42F M _ 45
oF
F=06r Li_gs
oF
08F AB M =08F% M _ g%
oF
04 M=08F% M _ g%
oF
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T=56F 8T =56
oF
Once the derivatives are taken the value of /= 15 Ibf can be substituted in. The deflection

of B in the direction of F is*

oU (FL\ oF (TL M
(%) =55 :(AEJOA oF +(JGJOA oF E[ZI d
_0.6(15)15 (0.6)+ 5.6(15)15 (5.6)
©0.1963(30)10° " 6.136(107)11.5(10°)
15 T, 15(4.2%) 13
+30(10 )3.068(10° )l(o %) dx+30(106)3 068(10° !
15 b2 2
+30(106)3.068(10‘3)JO-(O'SX) dr 30(106 )3.068(10° {

= 1.38(10’5)+0.1000+6.71(10’3)+0.O431+O.01 19+0.1173
=0.279 in Ans.

*Note. Be careful, this is not the actual deflection of point B. For this, fictitious 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 Fx =9 Ibf, F},=— 12 1bf, and F> = 0. This can
be done separately and then added by vector addition. The actual deflections of B are
found to be

o =0.0831i-0.2862 j —0.00770 k in

From this, the deflection of B in the direction of F' is

(53 )F = 0.6(0.083 1) + 0.8(0.2862) =0.279 in
which agrees with our result.

4-78 Strain energy. AB: Bending and torsion, BC: Bending and torsion, CD: Bending.
Lig= 7 (1%)/64 = 0.04909 in*, Jup =2 Lip = 0.09818 in*, Ipc = 0.25(1.5%)/12 = 0.07031 in*,
Icp = 7(0.75%/64 = 0.01553 in*.
For the torsion of bar BC, Eq. (3-41) is in the form of 8 =TLAJG), where the equivalent of
J is Jeq = fbc>. With b/c = 1.5/0.25 = 6, Jgc = fbc> = 0.299(1.5)0.25% = 7.008 (10~3) in*,

Use the dummy variable X to originate at the end where the loads are applied on each
segment,
AB:Bending M =FXx+2F 88—];[=f+2
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Torsion T =5F —=5
oF
BC:Bending M =FX aﬁ= X
oF
Torsion T =2F oar =2
oF
CD:Bending M =FX aﬂ: X
oF
5, -y ILOT s 1 OM
oF JG oF EI oF
5F(6) 2F (5) 1 ;

= — 2,
~0.09818(11.5)10° (5)+ 7.008(10‘3)11.5(106)2+30(106)0.04909{F(’“Lz) dx

5 2

1 . 1 o g —
+30(106)0.07031£Fx dx+30(106)0.01553£Fx ax
:1.329(10‘4)F+2.482(10-4)F+1.141(10*‘)F+1.98(10-5)F+5.72(10-6)F
= 5.207(10‘4)F = 5.207(10‘4)200 =0.104 in Ans.

4-79 Aup= 7 (1%)/4=0.7854 in%, Lz = 7 (1%)/64 = 0.04909 in*, Izc = 1.5 (0.25%)/12 = 1.953
(107%) in*, Acp = 7(0.75%)/4 = 0.4418 in?, L5 = 7(0.75%)/64 = 0.01553 in*. For (& )« let
F=Fy=—-150Ibf and 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 )
oF
F =F o, _,
oF
_ oM, _
BC: M =FX+2F, =X
’ oF
F-F, L
oF
~ oM
AB: M =SF+2F +F3X 5
y oF
F=F o, _y
oF
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jFx+2F) d¥

0

(5D)x -

U _ (FL] aF 1
oF \ AE )., oF EIBC

+LT(5F+2FZ+FZ)?)(5)M+(£) oF,
F(2) (1)

" 0.4418(30)10°

G5
+ —_
30(10 1953 10°)] 3

[25F(6)+10Fz(6) %(62)5} 078511;))
)

=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*) .

z

1
" 30(106)0.04909

()

Substituting F'= F, = — 150 Ibf and F.> =— 100 Ibf gives

(6,), =8.135(107*)(~150)+5.286(10*)(~100)=—0.1749 in  Ans.

4-80 Jo4=1Ipc= m(1.5%)/64 =0.2485 in*, Joa = Jsc =2 loa = 0.4970 in*, Lip = 7 (1*)/64 =
0.04909 in*, Jup =2 L4z = 0.09818 in*, Icp = 7(0.75%)/64 = 0.01553 in*

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

oc: M=FXx aﬁ:f, T=12F 8_T=12
oF oF
DC: M=FXx aﬂ:f
oF

=_ z(JGJOCGF ZE[j _d_

The terms 1nV01V1ng the torsion and bendmg moments in OC must be split up because of
the changing second-area moments.
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12F (4) 12F (9) 1

2
_ o
( D)y_o.497o(11.5)106( )+0.O9818(11.5)106 (12)+3o(106)0.2485£Fx ¥
11 1 ) 1 12 o
30(106 )0.04909 ! (10 )o. 248511Fx ax+ 30(10"’)0.01553!1?)C 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 P 1 o
(%), ~ 0.09818(11.5)10° (12)+3o(106)0.04909£Fx der3o(106)0.01553!F)C -

= 1.6580(10‘3)F +4.973(10‘4)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.

4-81

Place a fictitious force Q pointing downwards at point B. The reaction at C is
Rc=0Q+(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

oF

F=0+33.33 —=1
0 20
0+33.33)12
5B=‘2—U {(%) Z—F} - - ) —(1)=6.79(10") in  Ans.
Qly 500y, [#(05%)/4]30(10°)
4-82 Iop=0.25(2%/12=0.1667 in* | R,
_ 24 — ) C
Aac=(0.5%)/4=0.1963 in 100 Ib
R, 12 in 0
2Mo=0=6Rc-11(100)-18 0 l 6 1n 5in 7 in

OM LD B
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Rc=30+ 1833
SMi=0=6Ro—5(100)— 120 = Ro=20+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) aa—]g:—(ﬂf)

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

M:—(2Q+83.33)x aﬂ:—bc
oQ
Axial in 4C:
F=30+183.3 a—F:3
o0

R RS
0 ),, \4E)o0],, \EI 0 ),

1833(12) L 2
= 3)+—[(100%)(7+%)d ¥+ [ 2(83.33) x’d
0.1963(30)10° )+ g7 J(1007)(7+)d ¥ + [ 2(83.33)

0
1
10.4(106)0.1667

=1.121(107 )+ {100??(7+)?)df+166.7j06x2dx}
0

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

4-83 Table A-5, E4=71.7 GPa, Es = 207 GPa, EI = 71.7(10%)0.012(0.05%)/12 = 8962.5 N *m’
= — 4000 Ibf a
SMo=0=450 Fuc+650F = Fuc= — 1444 F T -
oF

AC
7LAC 220 F

FAC 2
_ " oF
(yB )1 T B4 } 1 TFAC T
_ —1.444(~4000)(~1.444)220 UT
~207(10°)(7/4)0.006” R

=-0.3135 mm
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M4=0=-450Ro+200F = Ro=04444 F
0<x<0450m M =0.4444Fx OM / OF =0.4444x

450<x<0.650m M =F(0.650—x) 8M/8F=(O.650—x)

1 ¢! oM 3 1 0.45 ) 0.65 5
(yB)2 = E OMa_Fdx _E[JO (04444)FX dx+J.0‘45 F(065—X) dx}
- 4444Y’ 4
= 4000{(0 ) 0.453—1(0.65—x)3065}:—3.867 mm
8962.5 3 3 0.45

ye= ()1 + ()2 =—0.3135-3.867=—4.18 mm Ans.

4-84 Table A-5, E4=71.7 GPa, Es =207 GPa, EI = 71.7(10°)0.012(0.05%)/12 = 8962.5 N *m?
YMo=0=450 Fcp+ 6500 — 150(4000) = Fcp=1333-1.4440 _

By gy
FCD a;;‘CDLCD
(3,). = Q 0-0 4000 N 220 0
1 C
E4 ¥ Fep
1333(~1.444)220 o T
= 2 —X
207(10”)(z /4)0.006° I ‘A D ‘ B
R
=-0.0724 mm L 150 — 300 | 200 |
$F,=0=Ro—4000+1333-1.444 0+ Q = Ro=2667+0.444 Q
0<x<0.150m M = (2667 +0.4440) x OM /80 = 0.444x

150<x<0450m M =(2667+0.4440) x —4000(x—0.150) = (—1333+0.4440) x + 600
oM / 6Q =0.444x
0.450<x<0.650m M =(0.65-x)Q oM /0Q=-x
1 ¢, OM 1
sh=g7 Moo ® =4
EI 0 |,

3 —_—
_1 {2667(0'444)0'15 J{ 133350'444)(0.453—0.153)+w(0.452—0.152)}}

0.15 0.45
[ [ 2667x(0.4d4x)dx+] (—1333x+600)(0.444x)dx]

T EI 3

_— (7.996)=8.922(10*) m =0.8922 mm
8962.5

ve= s T (y8)2=-0.0724 + 0.8922 = 0.820 mm Ans.

4-85 Table A-5, E4=10.4 Mpsi, Es =30 Mpsi, EIl = 10.4(106)0.25(23)/12 =1.733 (106) Ibf+in?
SMo=0=18 Fpc+6F = Fpc=—-F/3
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F =—100 Ibf 1=

FBC aaFv;iCLBC
Y T
(~1/3)’(-100)12 X
 (7/4)0.5*(30)10° ()T
__ =S\
=-2264(10") in Roy
YFy=0=Ro+F+ Fpc = Ro=—-2F/3

0<x<6in M=—§Fx 8M/6F=—§x

0<X¥<12in M=FBC5:—%F;7 6M/6F:—§f

1 ¢ M 1 6 2 12 2y
(yA)z :E oMngZEUO (—2/3) szdx+IO (—1/3) szdx}
F (4 1 ~100
= | —6+—12° |=—————(96)=-5.540(10) i
EI(27 "7 j 1.733(106)( ) (107) in

ya =@+ (a)2 = —2.264 (10°) — 5.540 (107

=-5.56 (1073) in Ans.

4-86 Table A-5, E4=10.4 Mpsi, Es =30 Mpsi
XMo = 0=6(Fac+Q)— 11(100)

] OF _
Fic=1833-0 20 L 100 Ibf
F, a;?ACLAC 1‘ W ac
(1) =22l 0 — 7
T 2
C_IBB3(NI2 ey e B
(7/4)0.57(30)10° 107) i 0

Treating beam OADB as a simply-supported beam pinned at O and 4 we see that the

force QO does not induce any bending. Thus,

ya=@an=-3.734 (10%) in Ans.

4-87 Table A-5, E4=71.7 GPa,
k=P /&5=10 (10%/(107%)

(_j
k
A F=-300N

=10 (10 N/m,
EI=171.7 (10%0.005(0.03%)/12 r _
— 806.6 N+ m? l T A -
(a) OA: Ro=F 0 | _—,
oM 4 b
M=Rox=Fx —=x By
Ox ) |—<— 250 mm————=——250 mm ———=

Shigley’s MED, 11th edition

Chapter 4 Solutions, Page 57/96



1 M 1 o -
o) = [ M gy = L[ P =20 _(0250')10' =-1.937 mm ns.
' EI' OF EI %0 3(806.6)
(b) 4B: M=FXx oM =X
oF
Since 4B is the same length as OA, the integration is identical to part (a). Thus
(vB)2 =—1.937 mm Ans.
(¢) AC: Eq. (4-15): EMo=0=250 F4c+ 500 F = Fuc=-2F
oF
2 Fie=m 2F(2)  4(-300
U:i = (yB) :G_U: oF _ ( ): ( ):—0.12mm Ans.
2k > OF k ko 10(10°)

d  ye=@Os)+ @82 +(B)3 =2(-1.937)—0.12=-3.994 mm Ans.

4-88 Table A-5, E =30 Mpsi, G = 11.5 Mpsi. (El)45 = 30(10°) (n/64)1* = 1.473 (10°)
Ibf*in%, (JG)us = (1/32)14 (11.5)10° = 1.129 (10°) Ibf*in2, (ED)zp = 30(10°) 0.25
(1.25%)/12 = 1.221 (10°) Ibf*in2. F = 200 Ibf.

i 500 Ibf

300 Ibf

(a) AB atxz: M, =-500x,

oM
M_=(F-300)x, aFZ =X,
1 ¢ M 1 6 (200-300)6°
=—— | "M, —=dx, = F —=300)x2dx, =~ —
(o) (EI)ABIO “oF T 1473 (IOG)L( ) 3(1.473)10°
=-4.888(107) in
oT
T
Ti= 4F o _4 (). =—2L . _4200)46) 01701 in
OF " (JG),,  1.129(10°)
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(o1 = (p)i + (¥p)ii = — 4.888 (107*) +0.01701 = 0.0121 in

(b) BC at xc has no F. Therefore, (yp)> =0 Ans.
(¢) BD at xp:
oM 1 o4 200(4’)
M =Fx =X - szdx - N 7
R R (), (EI), Jy P, 3(1.221)10°

= 3.494(10-3) in Ans.

(d) yp = (o)1 + (yp)2 + (yp)3 =0.0121 + 0 + 0.0035 =0.0156 in ~ Ans.

4-89 Table A-5, E =207 GPa, G =79.3 GPa, (El).4z = 207 (10°)(1/64) 0.025* = 3.969 (10%) m*,
(JG)ap = (1/32) 0.025% (79.3)10° = 3.041 (10%) m*
(a) AB: Bending: 3

M, =-300x, L =0

No contribution from Q. ksl

oM

M_=(450+0Q)x, ansz
1 ¢, oM

Vp) =—| M, —=dx

(), EIY 780 7|,
1

0.150 2
J- 450 x5 dx,

0

(E1),,

B 450(0.1503)

_Wzl.zm(lo-“) m =0.1275 mm

Torsion: T, =0(0.1)-450(0.125) = 0.10 - 56.25 ‘Zg =0.1
ar,
X a AB _
(vp). = O o _75625(0.1)0.150 -2.775(10*) m =-0.2775 mm
oG, 3.041 (10)

(yp)1 = (p)i + (¥p)ii =0.1275 - 0.2775 =-0.150 mm Ans.
(b) BC: Break at xc has no Q in it. Thus, (yp)2=0  Ans.

(¢) BD: Axial has no Q. Thus no contribution. Bending only has Q and since Q =0, no
contribution. Therefore, (yp)3; =0  Ans.
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d  yp=@p) +(yp)2 +(yp)3=—0.150+0+0=—-0.150 mm  Ans.

4-90

Table A-5, E =30 Mpsi, G = 11.5 Mpsi. (El)4s = 30 (10°) (n/64) 1* = 1.473 (10°) Ibf*in?.

oM
(a) AB: Break atxzg: M, =(0—500)x, 6Qy =X,
y
? 500 Ibf
(Z ) _ 1 Jtl aM} dx
D) (E[)AB 0 y aQ B 0s0 P 300 Ibf i S
~500(6°) : ~
- 3(1.473)10°
=-0.0244 in

No contribution of Q to Ty, M,. Thus,

(zp)1 = (zp)i=—0.0244 in  Ans.
(b) BC: Break xc shows no contributions from Q. Thus, (zp)2 =0 Ans.
(¢) BD: Break xp shows no contributions from Q for M, M,, or T.. For axial,

F=0 2—2 =1 but setting O = 0 gives nothing. Thus, (zp)3; =0  Ans.

() zp=(zp)1 =—0.0244 in  Ans.

4-91

Table A-5, E =207 GPa, (El)4z = 207 (10°)(n/64) 0.025* = 3.969 (10%) m*,
¥

(A

(EA)sp =207(10%) (n/4) 0.025% = 101.6 (10°) m*. F=—300 N.

Shigley’s MED, 11th edition Chapter 4 Solutions, Page 60/96



(a) AB: Break at xz shows only contribution to M, from F

oM

M, = Fx, aF} =X,
1 ¢ oM 1 0.150 —300(0.1503
(ZD)1=—J. M, ——>dx= I Fx; xB:—3)
EIY 7 OF (EI),, " 3(3.969)10
=-850(10") m =-0.0850 mm  Aus.
(b) BC: Break at xz shows no contribution from F. Thus, (zp)> =0 Ans.

(¢) BD: Break at xp shows only contribution to axial force from F'

F.=F oF
OF
OF,
F 2L,
(z,), =—0F = _ 300(1)0'100:—2‘95(10-7) m=-295(10"*) mm Ans.
P (E4),, 1016 (10°)
(d) zp=—0.0850 + 0 —2.95 (10*) =~ 0.0853 mm Ans.

4-92 There is no bending in AB. Using the variabled, rotating counterclockwise from B

M = PRsin@ 8£=Rsin9
oP

F =Pcosd oF, =cosf
oP

F,=Psind %:sinﬁ
oP

oMF, =2PRsin’ 0

oP

A=6(4)=24 mm*, r, =40+1(6)=43 mm, 1, =40-1(6) =37 mm,
From Table 3-4, for a rectangular cross section
ro= 6 . 39.92489 mm
In(43/37)

From Eq. (4-33), the eccentricity is e = 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
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From Eq. (4-38)
s 1 O(MF,
5= MM R s FoR 08, da—jzi—( “’)d9+j LR g
0 deE\ oP o AE\ 0P " AE 0P 0 4G \oP

. . 2 . . 2 . .2 . 2
:IZP(R51n0) d6’+_[02 PR(:l;H) de—joz 2PRsin’ @ IOZ CPR(cos0) 10

do+
0 AeE AE
3
=7rPR(£ _2+ECJ= 7(10)(40) : 40 +1_2+(207 10 )(31.2)
4AF G 4(24)(207-10°){ 0.07511 79.3-10

0 =0.0338 mm Ans.

4-93 Place a fictitious force Q pointing downwards at point 4. Bending in 4B is only due to O
which when set to zero after differentiation gives no contribution. For section BC use the
variabled, rotating counterclockwise from B

M = PRsin6+Q(R+ Rsin6) 2—AQ/I:R(1+sin9)
F =(P+Q)cosb - =cos 6
F,=(P+Q)sin8 %:sine

MF, = [PR sin @+ OR (1+sin H)J(P +Q)sin @
OMF,
o0

= PRsin® 0+ +PRsin@(1+sin )+ 20R sin (1+sin )

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

OMF, _ PRsin 0(1+2sin0)

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

= 3992480 mm
In(43/37)

From Eq. (4-33), the eccentricity is e = 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),
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so[f M (M) gy [P ER(OE) 2 L OME) (s CER(OE ),
0 AdeE\ 60 0 AE\ 00 o AE 00 °© AG \ 0Q
2 x z .
:PR IZSin9(1+sin9)d9+ﬂjzsmzede_ﬂ Zsin0(1+2sin9)d0
AeE Jo AE 40 AE 70

e

+% * cos® 0d
AG Y0

T PR* 7 PR (rx PR 7 CPR PR[(rx R 7 CE
=| —+1 +——|—=+2 +— = —+l [—2+——
4 AeE 4 AE \ 4 AE 4 AG AE|\ 4 e 4 G

10(40) {(ﬁﬂj 90 712(207)10° |

“24(207)10°[L4 " Jo.07511 T 79.3(10)

4
=0.0766 mm  Ans.

4-94 A=13(2.25)-2.25(1.5)=3.375 in?
2 — (LH15)(3)(225) ~(1+0.75+1.125)(1.5)(2.25)

=2.125in
3.375
Section is equivalent to the “T” section of Table 3-4,
2.25(0.75)+0.75(2.25) 17960 in

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

For the straight section

1 3 _ 2
I _E(z.zs)(3 )+2.25(3)(1.5-1.125)

1 2.25 ?
—| —(1.5)(2.25%)+1.5(2.25)] 0.75 +===—1.125
= (1.5)(2.257)+1.5( )( : ”

=2.689 in*

4in

Mg W
oF oF

For0<x<4in

M =-Fx

For 0< /2
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F . OF, .
F.=Fcos0 0 L =cosd, F,=Fsin@ —%=sind
oF oF

M = F(4+2.125sin0) Z—Agz(uz.ussine)

MF, = F(4+2.125sin0)F sin @ aﬂfe

=2F(4+2.365sin0)sin 6

Use Egs. (4-31) and (4-24) (with C = 1) for the straight part, and Eq. (4-38) for the
curved part, integrating from 0 to n/2, and double the results

: 2
) :z{lJ':szdx+ F4)(d) +J'”/2F (4+2.125sin6) 10

E|I 3.375(G/E) 3.375(0.329)

. J.m Fsin® 0(2.125) 46— Im 2F(4+2.125sin 0)sin @
0 3.375 0 3.375

. J.m (1)F cos” 6(2.125) 40
o 3375(G/E)

do

Substitute 7= 2.689 in*, F = 6700 Ibf, E = 30 (10%) psi, G = 11.5 (10°) psi

5 20700)) 4 | 4 + ! [16(£]+17(1)+4.516(£H
30(10°) [3(2.689)  3.375(11.5/30)  3.375(0329)[ 2 4

+2.125(£)_ 2 4(1)+2‘125(£j+ 2.125 (1]
3375\4) 3375 4)] 3.375(11.5/30)\ 4

=0.0226 in Ans.

4-95 Since R/h =35/4.5 =7.78 use Eq. (4-38), integrate from 0
to 7, and double the results

M =FR(1 — cos6) aﬂzR(l — cosd)
oF
F =Fsind aF’:sinH
oF
F,=Fcos® 8ﬂzcosé?
oF
MF, = F*Rcosf(1 — cosf) E
a(LFQ):2FRCOSQ(1 — cosb)
oF

From Eq. (4-38),
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89
Il
NS}
1
e

F—];J': cos’> 6do

2R “cos (1 cosa)de+12FRj”sin29d9
AE AG P

2FR 37z R 37z E
= +0.67—
AE 2 e 2

A=4.53)=13.5mm? E =207 (10°) N/mm?, G = 79.3 (10°) N/mm?, and from Table 3-4,

h 4.5
n = =375 =34.95173 mm
In¢ In——=
v 32 75

and e=R —r,=35—34.95173 = 0.04827 mm. Thus,
2F (35) (3_;; 35 3z 207

= . + 2 O67z—j 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 = 1.65 N Ans.

4-96 R/h=20>10so Eq. (4-41) can be used to
determine deflections. Consider the horizontal
reaction to be applied at B and subject to the
constraint (J,), =0.

M=TR0_cosoy—mrsing M __Rsng  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
au 2 (M oM

— |RdO =0
@ =om= | (5]

0

Iﬁ/z[—(l cos@)— HRsin } —Rsin@)R df =0

ELF T oo H-= F_30_955N Ans.
2 4 4
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The reaction at 4 is the same where H goes to the left. Substituting A into the moment
equation we get,

M:E[ﬂ(l—cosé’)—Zsinﬁ] aﬂ:£[7z(1—cost9)—2sin6’] 0<o<Z
2 oF 2z 2

2
P:a_UzJ‘i M pio-2 /2FR2 [7(1—cos@)—2sin O] R dO
oP EI oF EI’0 4rx
FR® ¢z ,  , . ) . .
:2 ZEIIO (" +7m"cos" @+4sin" @ -2 cos@—4rsin@+4xsinfcosl) do
Vs
3
_ IR ﬂ2(£]+ﬂ'2(£j+4(£j—2ﬂ'2—47Z'+27Z'
27" EI 2 4 4
2 _ 3 2 _ 3
:(37r 87 —4) FR :(37z 8T —4) (30)(407) — 0224 mm  Ans.
gx  El 8z 207(10°) 7(2")/ 64]

4-97 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 4.

M = PRsin@+Q(Rsinf+1) Z—ngsin0+l

Note that the strain energy in the straight portion is zero since there is no real force in that

section.
From Eq. (4-41),

5= 1" L rao| == ["" PRsino(Rsino+1)RA0
! EIY0
0=0

o EI\" 60
PR e b no)do=TR (T 1= 12.5°) z
==, (Rs1n29+zsm9)d9_ — (4R”j_30(106)[,,(0_1254)/64](4(2'5)+2j

=0.0689 in Ans.

4-98 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.

Straight portion: ~ M ,, = Px My _ x
oP
. oM,
Curved portion: M. = P[R(1-cos6)+] —p = [R(1-cos6)+]

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, w2 1 oM,
5, = OE[(MAB — jdx+ jo E(MBC 5 |Rd0

EP; xdx + I O/Z[R(I—COSH)-I-Z]ZCZH
flf?l+}lj§ [R2(1_2COS‘9+COS2 9)+2Rl(1—cosl9)+lz]d9
3
- :lf?IJr% O/Z[RZCOSZH_(ZRZ+2R1)Cos9+(R+l)2]d0
3
3EI EIl 4 2
3
:i l_+ R — R(2R2+2R1)+£R(R+l)2
ElI|3 4 >

1
- 30(10°) z(0.125"
=0.106 in  Ans.

)/64{23 Z(2.5)-25[2(25)+2(25)(2) |+ (25)(2.5+2)2}

4-99 R=25in,d=0.1251n,/=2in, P =1 Ibf, E =30 Mpsi.
EI=30 (10° (n/64) 0.125* = 359.53 Ibf+in>.

oM

Member ABC: 0<x<1/2 M =0Qx @:x
Since O = 0, there is no contribution.
[/2<x<] M=Qx+P(x—l/2) Z—Ag:x

!

(5A)1=[éj;Maa—gde_o [0+j x—1/2) xdx}

_p(@ e _plr [ ] P /2) 0
CEI\3 4 )|, EI3 3 4 4

_sp o 5(1)2°
T 48EI 48(359.53)

=232(107) in

Member CD:
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0<O<r M=Q[l+R(l—cos@)]JrP[l/2+R(1—cost9)]
oM

@:[H—R(l—cosﬁ)]

(6,), :LJ-”P[Z/2+R(l—cos@)][l+R(1—cos€)]Rd@

PR ) ) 2

== |7 124 (31/2) R(1-cos0) + R (1-cos 0’ |d6

Zf "[1?/2+(31/2)R—(31/2) Rcos 0+ R* — 2R’ cos 0+ R’ cos” 0 | d6
_PR

T El

_PR
T El
7Z-PR|: 2

[

{12 /2+(31/2)R+R* - (31/2)Rc0s9—2R2cos6’+R2(1+CgszeﬂdQ

[P r2+(31/2)R+(3/2)R* = [(31/2) R+ 2R’ Jcos 0+ (1/2) R cos 260} d0

7(1)2.5

/2+(31/2)R+(3/2)R? 22/2)+[3(2)/2](2:5)+(3/2)2.5
I= (35953){( )32 }

=0.4123 in
01 = (041 H(04)2=2.32 (10*3) +0.4123 =0.4146 in Ans.

4-100 E =30 Mpsi, EI =30 (10%) (1/64) (0.125)* = 359.53 Ibf*in?.

0< <7/2 M=(P+Q)Rcosb, zﬁzkcosé’1

P s
0<6,<rx M =QRcos 0, Z—g = Rcos b,

No contribution in 6 range since Q = 0. Thus

5= (" Mpag
EI 7 60

_ PR’ £+sin201|”/ PR 7(1)2.5

2EI 2 2 |, AEI  4(359.53)

- L[ PR* co R0, =T [ (14 c0s20,)d6
L EIY 2EI % e

=0.0341 in Ans.

4-101 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 fictitious force, Q, at 4 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

M = PRsin 6+ QR (1-cos6) %:R(l—cosﬁ)

From Eq. (4-41)
72 1 oM 1 72 :
(5A)V:[j0 E(M@ d@L_O:EL PRsin 0] R(1-cos ) |Rd0

3 3
_ PR I/z(sinﬁ—sinecosﬁ)dﬁsz (l—lj
] J0 El 2

_ PR’
2EI

3
= 1(25) =0.0217in & Ans.
2(30)10°| 7(0.125%)/ 64

4-102 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 fictitious force, Q, at 4 vertically downward. The load in the straight section is
the axial force, O, whereas the bending moment is only a function of P and is not a
function of 0. When setting O = 0, there is no axial or bending contribution.

In the curved section

M:P[R(l—cosﬁ)+I]—QRsin0 Z—gz—Rsinﬁ

From Eq. (4-41)
21 (M 1 2 .
(5/4)V=D0 E(ME dHL-o:EJO P[R(1-cos®)+1](~Rsin@)RdO

2 /2 2 2
__PR J‘(Rsin@—Rsin@cos9+lsin6)d9:—PR (R+l—lRJ:—PR (R+21)
El ) EI 2 2EI

B 1(25%) - _
T e{o15) ] [2.5+2(2)]=-0.0565 in

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

5=0.0565in T  Ans.

4-103 EI=30(10°) (n/64)(0.125)* = 359.53 Ibf*in2.
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AB: Only Q and since Q = 0, no contribution to ().
CD:

M =QRsin¢9+P[(l/2)+R(1—cost9)] aa—]g:RsinH

6,), =" X rao

EIv 00 |,

1 ¢# .
:EL P|:(l/2)+R(l—cosH)]Rsm@Rd&’

PR2 PR2
== [ (1/2)cos@—Rcos@—(R/2)sin 0]‘ o (/+2R)

_(n2s®
359.53

[2 +2( 25] 0.1217 in T Ans.

4-104 EI=30(10° (n/64)(0.125)* = 359.53 Ibf*in*

AB: Only Q. Since Q = 0, no contribution.
BC:

M = QR (1+cos )+ PRsin Zﬂ:R(l+cosﬁ)

1 /2 6M 1
(514 )V - M

/2
=— “Rd0| =—""(PRsin®)R(1+cos0)do
EI %0 00 |, EI"
3 /2 3
:PR (—cos&’+lsin26’j :PR (1+l)
EI 2 . EI 2
3 3(2.5°
_3PR ( ) =0.0652 in ¥+ Ans.

2EI 2(359 53)
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4-105 Consider the force of the mass to be F, where F'=9.81(1) =9.81 N. The load in 4B is
tension

or,

F,=F
AB oOF

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 = FRsin@ g—]\;:Rsinﬁ 0<@<rx
Using Eqgs. (4-29) and (4-41)

3
5:(”] s, IKM% d@zﬂ(1)+jo%sin20d6

AE ), oF 0 EI\' oF AE
_Fl_aFR :E(L 7:R3j: 9.81 0, #(40)
AE 2B E(A 21 ) 207(10°)| [(2*)/4] 2[=(2")/64]

=6.067 mm Ans.

4-106 Aos=2(0.25)=0.5 in%, =
Toas = 0.25(2%)/12 = 0.1667 in*,
Lic= 7(0.5%/64 = 3.068 (10°%) in*

Applying a force F at point B, using
statics (AC is a two-force member),
the reaction forces at O and C are as
shown.

10 in

0OA4: Axial F,, =3F ok, =3
oF

=l

. M
Bending M,, =-2Fx 881;/1 =-2x

. — M —
AB:Bending M ,,=-FX aa—FABz X

AC: TIsolating the upper curved section

M ,. =3FR(sin@+cos&—1) aM—AC=3R(sinl9+c059—l)

oF
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10 20
5:(Flj O, 1 [4Fxdx+ ! [Fxdx
os OF (EI), . % ( .

3 /2
OFR .[(sint9+cost9—1)2 do
(EI)AC 0
3F(10) 4F (10°) F(20)
= 6(3 + 6 + 6
0.5(10.4)10 3(10.4)10°(0.1667) ~ 3(10.4)10°(0.1667)
9F(103) 712

0107 ).068(107) 4 (S 0 2sin0cos0-2sind s cos” 0~ 2c0s0+1)d0

:1.731(105)F+7.691(1o4‘)F+1.538(103)F+0.09778F(£+1—2+£—2+fj
4 4 2

=0.0162F =0.0162(100)=1.62 n Ans.

3F+0
4-107 Aos=2(0.25)=0.5 in?,

Toas = 0.25(2%)/12 = 0.1667 in*,
Lic = 7(0.5%/64 = 3.068 (10°%) in*

3F+0

Applying a vertical fictitious force, Q, at & d

A, from statics the reactions are as

shown. The fictitious force is transmitted _ 10in A 10 in

through section O4 and member AC. 3P+ © s
oF,, x £

OA: F, =3F+Q =1

00
AC: M, =(3F+Q)Rsin0—(3F+Q)R(1-cosb)

/2
5= [(ﬂj (aF o1 j + (ij [ M, M sc Rde}
AE 04 aQ E[ AC 0 6Q

3 x/2
_ 3o, + SR I(sin9+cos0—l)2d0

(AE),, (EI), %

3
__3(00ji0 | 3(100)10 (£+1—2+1—2+5]=0.462m Ans.
10.4(106)0.5 30(106)3.068(10’3) 4 2

aM—AC:R(sin¢9+cost9—1)
oQ

0=0

4

4-108 I= 7(6%)/64 = 63.62 mm*

0<@<rn/2
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M =FRsin@ aﬂstinH
oF

T =FR(1-cos®) a—T=R(1—cos 0)
oF
According to Castigliano’s theorem, a positive 0 U/0 F will yield a deflection of 4 in the
negative y direction. Thus the deflection in the positive y direction is

_ aU _ 1 z/2 . 2 l 7/2 2
CHY __5__{510 F(Rsin0)’R d9+ajo F[R(1-cosO)' R d@}

Integrating and substituting J =27/ and G=E/ [2(1+v)]

FR| 7 37 FR’
0,),=— —+(+v)|—=-2||=—|47-8+(Bx-8)v
Oy ==, [4 ( )( 4 ﬂ [ ( ) ]4EI

= [47 -8+ (37 —8)(0.29)] 4(2((5);03552?33 - 125mm  Ans.

4-109 The force applied to the copper and steel wire assembly is
F +F =400 Ibf (1)

Since the deflections are equal, 5, =9,

(ﬂj _(ﬂj
AE)  \4E ),
Fl Fl

c — S

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

Yields, F. = 1.6046 F§. Substituting this into Eq. (1) gives

1.6046F, + F. = 2.6046F, =400 = F, =153.6 Ibf

F. =1.6046F =246.5 Ibf

Foo 2303 40075 psi=10.1kpsi  Ans.
3(z/4)(0.1019)

= AC
_E 1536 17571 psi=17.6 kpsi  dns.

c

O =
T A (7/4)(0.1055%)

5:(52] = 153.6100)12) = 0.703in  Ans.

(7 /4)(0.1055)*(30)10°
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4-110 (a) Bolt stress

Total bolt force

Cylinder stress

o, =0.75(65) = 48.8 kpsi

Ans.

F,=60,4, = 6(48.8)(%) (0.5%) = 57.5 kips

Ll

57.43
o = =
A4 (m/4)(55-5%)

c

(b) Force from pressure

XF:=0

Py, + P.=9.82
Since o, =0,,
Pl

C

7Zl)2 T 52
4

pP=

(1

=-13.9 kpsi

Ans.

(500) =9817 Ibf =9.82 kip

% 5743 -DP

P

(/4)(5.5* =5%)

Pc.=3.5Pp

i holts

x

?—h— 3743 + B

E 6(z/4)(0.5)E

Ut P = 52 kip

2)

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

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

o, =48. +$22:50.7 kpsi  Ans.
6(7/4)(0.5%)
o, =-139+ 7.638 =-12.0kpsi  Ans.
(/4)(5.5*-5%)
4111 T.+Ts=T (1)
JG
h-o = _LL_ Tl z.=( )CTS )
(JG).  (JO), (JG),
Substitute this into Eq. (1)
(JG) (JG)
T +T. =T = TI= : T
(JG), * - (J6),+(J6),

The percentage of the total torque carried by the shell is

% Torque =

100(JG),
(JG). +(JG)

c

Ans.

Shigley’s MED, 11th edition

Chapter 4 Solutions, Page 74/96



4-112 Ro+Rs=W (1)

RE
004 = O4B t
(ﬂj _ (ﬂ} o B
AE ),, \AE ),
&00 mm
W=4kN
400R, 600R, 3 J
AE AE o= (@) A
Substitute this unto Eq. (1) 400 mm
3 - )
SRitR,=4 = R,=16KN  dns. t
Ry

From Eq. (2) R, = %1.6 =24kN Ans.

o —( il j ___2400(400) __ 0.0223 mm  Ans.
04

T 10(60)(71.7)(10%)

4\ AE

4-113 See figure in Prob. 4-112 solution.
Procedure 1:
1. Let Rp be the redundant reaction.
2. Statics. Ro +Rp =4000N = Ro =4000—-Rz (1)

3. Deflection of point B. &, = RBIEE;)O) + (R, _4(1)4(2))(400) =0 (2

4. From Eq. (2), AE cancels and Rg=1600 N  Ans.
and from Eq. (1), Ro=4000—-1600=2400N  Ans.

=

=0.0223 mm  Ans.

( Fl ] _2400(400)
AE ), 10(60)(71.7)(10%)

4-114 (a) Without the right-hand wall, the deflection of point C would be

5 FI 5(10°)8 2(10%)5

= = +

=2 (7/4)0.75° (10.4)10° * (z/4)0.5* (10.4)10°
=0.01360 in >0.005in . Hitswall Ans.
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(b) Let Rc 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
(7/4)0.75°(10.4)10° " (7/4)0.5*(10.4)10°

~0.01360—— e 6( 82+ Szjzo.oos
7(10.4)10°\ 0.75* 0.5

C

or,
0.01360—4.190(10’6)130 =0.005 = R.=20531bf=2.05kip < Ans.

XF:=5000+Rs4—2053=0 = R4=-29471bf, = R4=2.95Kkip < Ans.

Deflection. AB is 2 947 1bf in tension. Thus

R,(8) 2947(8)

8y =0,= =
P 4,E (7/4)0.75%(10.4)10°

= 5.13(10*3) in — Ans.

4-115 Since 64 = O3,

T, (4) _ T,(6) N 3
JG ~ JG
Statics. Toa+ Tuz =200 (2)

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

%TAB +T,, =§TAB =200 =  T,=801Ibf-in  Ans.

3 3

From Eq. (1) T, :ETAB :580 =120 Ibf-in  Ans.
80(6
0, :(EJ = E ) - 180 =0.390" Ans.
JG ) (7/32)0.5°(11.5)10° =
to7 = 16(120) 4890 psi=4.89 kpsi A
Toax = Toy = = si=4. s ns.
max 7Z'd3 04 7[(053) p p
16(80) , ,
T = ~ =3260 psi=3.26 kpsi ~ Ans.
7(0.5")
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4-116 Since 64 = O3,

T,(4) T,
(7/32)0.5°G ~ (x/32)0.75'G

= T,=02963T, (1)

Statics. Tos + Tup =200 (2)
Substitute Eq. (1) into Eq. (2),

0.2963T,, +T,, =1.2963T,, =200 = T, =15431bf-in  Ans.
FromEq. (1) T,, =0.2963T,, =0.2963(154.3)=45.7 Ibf-in  Ans.

154.3(6) 180

0, = 0.148" dns.
* T (7/32)075 (11.5)10° 7 "

fer 5 10057 1362 psiz1 86 kpsi 4
T — T e = =1. l’lS.
max 7Z'd3 0A 7[(053) p p

160543) 1563 psi=1.86 kpsi 4
T, = = =1. ns.
Y x(075) P P

4-117 Procedure 1
1. Arbitrarily, choose Rc as a redundant reaction.
2. Statics. XF,=0,
12(10*) - 6(10°) = Ro— Rc =0
Ry e
Ro=6(10)—Rc (1) ¢
3. The deflection of point C.

12 kip B kip
Fy O Fyy | ol R

X

5 [12(10%)-6(10°) - R.. |(20) ) 6(10%)+ R, ] (10) G
¢ AE AE AE
4. The deflection equation simplifies to

—45Rc+60(10)=0 = Rc=13331bf =133kip Ans.
FromEq. (1), Ro=6(10%)—1333=4667Ibf =4.67kip Ans.

F4p= Fp+ Rc=6+1.333 =7.333 kips compression
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O .5 _Ep 7733 —14.7 kpsi ~ Ans.
4 (0.5

Deflection of A. Since OA is in tension,

5,=0,,= Rolo, __4667(20) _=0.00622 in  Ans.
AE  (0.5)(1)(30)10

4-118 Procedure 1 \L o / q‘
1. Choose Rp as redundant reaction. ¢ ¢ i ,L & i ¢ ¢ ¢ ¢ ¢ ¢ i ‘L ¢ ¢ L i ¢ b
Y
2. Statics. Re=wl— Rz (1) 4L o (‘YT M,
l c?‘-’RB RC
MCZEwlz—RB(l—a) (2)

3. Deflection equation for point B. Superposition of beams 2 and 3 of Table A-9,

R,(I-a) w(l-a) .,
- 41(1-a)~(I-a) —6I* |=0
=g g LAy 6

4. Solving for RB

)+(1-a) |

= (312 +2al +a’ ) Ans.

8(1—a)

Substituting this into Eqgs. (1) and (2) gives

R.=wl-R, zg(lzia)(sﬁ_lOal—az) Ans.

1 w
Mc:Ewlz—RB(l—a):g(lz—Zal—az) Ans.

4-119 See figure in Prob. 4-118 solution.

Procedure 1
1. Choose Rp as redundant reaction.

2. Statics. Re=wl— Rg (1)

Mc=%wlz—RB(l—a) ()
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3. Deflection equation for point B. Let the variable x start at point 4 and to the right. Using
singularity functions, the bending moment as a function of x is

1 oM
M:—wa2+RB <x—a>1 R, :<x—a>1
ou 1 ¢ oM

= = — d

& OR, EI{ R, *

!
:—0 —waz (0)dx+é£{—%wx2 +R, (x—a)}(x—a)dx =0

or,

—%w[%(ﬂ —a4)—§(13 —a3)}+1§—3[(l—a)3 —(a—a)ﬂ =0

Solving for Rp gives

RB:%[3(14—a4)—4a(13—a3)}= @ (312+2al+a2) Ans.

8(/-a) 8(/-a)
From Egs. (1) and (2)
R.=wl-R,=—2 (SZZ—IOal—az) Ans.
¢ ? 8(l—a)
MC:%wlz—RB(l—a)z—(lz—2al—a2) Ans

4-120 Note: When setting up the equations for this problem, no rounding of numbers was made

in the calculations. It turns out that the deflection equation is very sensitive to rounding.

Procedure 2

1. Statics. R+ Ro=wl (1) ‘ w

RI+M, = %wﬂ ()

2. Bending moment equation. R R
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1
M:Rlx—awxz—Ml

Elj—y:%Rlxz —éwﬁ -Mx+C, (3)
X

1 1 1
Ely = gRlx3 —ﬂwx4 —EMlx2 +Cx+C, (4)

EI'=30(10%)(0.85) = 25.5(10°) Ibf-in?.
3. Boundary condition 1. Atx =0, y = — Ri/k1 = — Ri/[1.5(10%)]. Substitute into Eq. (4)
with value of EI yields Co =— 17 Ry.

Boundary condition 2. At x =0, dy /dx = — Mi/k, = — M1/[2.5(10°)]. Substitute into Eq.
(3) with value of E/ yields Ci1 =—10.2 M.

Boundary condition 3. At x = [, y = — Ro/ks = — R1/[2.0(10°)]. Substitute into Eq. (4)
with value of E/ yields

—12.75R, = lRIF I —lMllz -102M,/-17R, 5)
6 24 2

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

1 1 0 R, 1
0 24 1 R, {=412 }(10°)
2287 1275 -532.8 ) |M,| |576

Solving, the simultaneous equations yields
R1=1554.59 1bf, R = 445.41.59 1bf, M1 =1310.1 Ibf'in Ans.

For the deflection at x =1/2 =12 in, Eq. (4) gives

1 1 1 500 1
= | —(554.59)12° ————12* ——(1310.1)12>
x=12in 25.5(106)[6( ) 24 12 2( )

~10.2(1310.1)12-17(554.59) |

y

=—5‘51(1o-3) in Ans.
T .
4-121 Cable area, A= Z(0.52) =0.1963 in’ T Fap I Fpr
Procedure 2 A 16in 16in C 16 in
T B 1 D
B 5000 Ibf
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1. Statics. R4 + Fpg + Fpr= 5(103) (D)

3 Fpr + Fpe=10(10°) (2)
2. Bending moment equation.

M =R x+F,, (x-16) —5000(x-32)
EI% = %RAxZ +%FBE (x=16)"-2500(x-32)" +C, 3)

2500

Ely = %RA;& +%FBE (x=16) - (x=32) +Cx+C,  (4)

3.BC.1: At x=0,y=0 = =0
B.C.2: Atx=161n,

v, = —(ﬂj o FO® (5300,
AE ), 0.1963(30)10

Substituting into Eq. (4) and evaluating at x = 16 in
Ely, =30(10°)(1.2)(=6.453)(10°)F,, = %RA (16')+C,(16)
Simplifying gives 682.7 R4 +232.3 Fpe+ 16 C1 =0 (5)

B.C.2: Atx=481n,

vy = —(ﬂj _ - FBY _ gus300)F,
AE ), 0.1963(30)10

Substituting into Eq. (4) and evaluating at x =48 in,

Ely, =-2323F,, = éRA (483)+éFBE (48-16)° —253&(48 —32)* +48C,
Simplifying gives 18 432 R4+ 5 461 Fpr +232.3 Fpr+ 48 C1 = 3.413(10°) (6)

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

1 1 1 0)[R, 5000
0 1 3 0||F,| | 10000
6827 2323 0 16||F,| 0

18432 5461 2323 48)| C, 3.413(106)
Solve simultaneously or use software. The results are

Ri=-970.51bf, Fpg=239561bf, Fpr=20151bf, and Ci;=— 16 020 Ibf'in’.
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3956 2015
Oy = =202 kpsi, o,.= =10.3 kpst  Awns.
PE0.1963 P Pr0.1963 P

EI'=30(10°)(1.2) = 36(10°) Ibf:in2

1 (9705 5 3956, s 2500
36(106)( 5 x + <x 16>
1
36(106)

y= (x=32)' 16 ozoxj

(~161.8x +659.3(x~16)" ~833.3(x~32)" ~16 020x|

1

B:x=16m, y, :36(106)

[-161.8(16*)~16 020(16) | =—0.0255in  Ans.

C:x=321n,
1

36(10")
=—-0.0865in Ans.

Ve = [—161.8(323)+659.3(32—16)3 ~16 020(32)]

D: x=48 in,
R
36(106)
—-0.0131in  Ans.

7 [—161.8(483)+ 659.3(48-16)" ~833.3(48-32)’ ~16 020(48)}

4-122 Beam: EI =207(10%21(10%)
=4.347(10°) Nomm?2. | 2kN Fep
Rods: 4 = (7/4)8% = 50.27 mm>. l .
Procedure 2 i O

75 mm @ T5mm D
—x

A4 B

1. Statics.
Rc+ Fpe—Fpr =2000 (1)
Rc+2Fpe =6 000 (2)
2. Bending moment equation.

M=-2000x+ Fpg(x—75) + Rc{x—150)!
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EI%:—IOOOxZJr%FBE <x—75>2+%RC (x=150)" +C, 3)
X

EIy:—gXS‘FéFM <x—75>3+%RC<x—150>3+C1x+C2 (4)

3.B.C1. Atx="75 mm,

F Fy (50) By
=—|—] =- = —4805(10°)F
Vo (AEJBE 50.27(207)10° (10°°) F

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

4347(107) -4.805(10°) F,, | = —@(753% C,(75)+C,

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

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

_—103(,)0'(1503)+%FBE (150-75) +C, (150)+C, =0

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

B.C3. Atx =225 mm,

Fl F,. (65) .
) T =6.246(10°) F,
. (AEJDF 50.27(207)10° (107)

Substituting into Eq. (4) at x =225 mm,

4.347(10°) 6.246(10°) F,,. | = —@(2253)%1«;}5 (225-75)’

+%RC (225-150)" +C, (225)+C,

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

Equations (1), (2), (5), (6), and (7) in matrix form are
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1 1 -1 0 0 2(10)
RC
1 2 0 7 6(103)
3 BE
0 20.89(10°) 0 75 1 E, =l406(10%)
0 70.31(10°) 0 150 1(] ¢ 1125(10")
70.31(10°) 562.5(10°) —-27.15(10°) 225 1 G 3.797(10°)
Solve simultaneously or use software. The results are
Rc=—-2378 N, Fpe =4189 N, Fpr=—189.2 N Ans.

and C1 = 1.036 (107) N-mm?, C> = — 7.243 (10%) N-mm°.
The bolt stresses are ope =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.
1 Ya 4.347(109)[ (10)]
For points B and D use the axial deflection equations*.
Fl 4189(50)
Ve=—|——=| =- - =-0.0201 mm Ans.
AE ), 50.27(207)10
—189(65
Vb =(1J = (65) -=-1.18(10" ) mm Ans.
AE ), 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.

4-123 Everything in Ex. 4-15 is the same except kz = 40 MN/m.
yp=—Fp/ks=—Fg/40 (10°)=—-2.5(107%) Fp
Equation (7) is replaced by

EI(-2.5)107"F, = —%(0.2)3 +%(0)3 +0.2C, +C,

With E7=1.25 (10*) N +m?, the equation reduces to

—1.3333 (103) F4 +3.125 (10%) F5 + 0.2 C1 + G
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The remaining equations come from Ex. 4-15

i -1 1 -1 0 O] F 0
4 4 0 -3 0 0 r 0
~4.7746(10°*) 0 0 0 1{lpl_l 1875
~1.3333(107) 3.125(10™) 0 02 1/|C 0
-7.1458(107) 5.625(107) —6.3662(107) 0.35 1| G 0

Solving for the unknowns gives

F, 2350 N
F, 5484 N
F.t={ 3134N Ans.
C 95.239 N-m’
C, ~17.628 N-m’
Equation (3): 1.25(10*)y=- 2365 0,0, 2484 (x-02)" +95.239x-17.628

Which reduces to y=—0.03133 x> +0.07312 (x — 0.2)* +7.619 (10~3) x — 1.410 (10-3)
Atx=0,y=y4=—1410(10°) m=— 1.41 mm Ans.
Atx=02m,y= ys=—0.03133(0.2)° +7.619(10-3)0.2 — 1.410(10~%)
=—1.37(10%) m=-0.137 mm Ans.
Atx=0.35m,
y=ye=—0.03133(0.35)3 + 0.07312 (0.35 — 0.2)° +7.619(10-3)0.35 — 1.410(103)

= 1.60 (10*) m = — 0.160 mm Ans.

4-124 (a) The cross section at A does not rotate. Thus, for a single quadrant we have
oU
=0
oM ,
The bending moment at an angle @to the x axis is

M=MA—E(1—COS(9) oM =1
2 oM ,
The rotation at 4 is
/2
= ov :LJ-M oM RdO =0
oM, EI

oM,

0
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1 /2 FR
Thus, — | |M,——(1-cos@)|(1)RdO=0 = M, ——
2 [ =D |0) (v,
or,
- 2(1-2)
2 V4
Substituting this into the equation for M gives
M = E(cosé’—gj (D)
2 V4
The maximum occurs at B where € = 7/2

FR
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)

aﬂ:ﬁ(cos@—zj

M, =M;=- Ans.

oF 2 T
Thus,
72 3 72 2 3
S, _OU _ 4y M g ER J(COS@_EJ d09- R (Z_Ej
OF El 3 OF EI 3 P EI\4 1
FR®
= (7[2—8) Ans.
Az El
4-125
Cr’EIl
cr = lz
4
1:1(1)4—614):”1) (1-&*) where K =&
64 64 D
Cr’E| nD* .
-G )
5 1/4
64P [
D= 3—“4 Al’lS.
P CE(I—K )

4-126 A:%DZ(I—KZ), ]:6—7;D4(1—K4):6—7;D4(1—K2)(1+K2), where K = d /D.

The radius of gyration, £, is given by
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2
i :izD—(HKZ)
A 16
From Eq. (4-46)
P, s S22

(z/4)D*(1-K7) S arecE T 47* (D /16)(1+ K ) CE

ol e _4S§12zD2(1—K2)

4R, =D (1-K7)S, 7D’ (1+K*)CE
2712 (1_ 2
o1k, —an ]

Ap 4521 (1-K7) "
D= ot 4
!nSy(le) 7z(1+K2)CE7r(1K2)Sy]

=2 Fy + S0 . Ans
|78, (1-K?) 2’CE(1+K?) '

0.9

4-127 (a) =M, =0, (0.75)(800)—%
0.9> +0.5>

Using ng = 4, design for Fer = ng Fpo =4(1373) = 5492 N
[=40.9"+0.5> =1.03m, S, =165 MPa

In-plane:

F,(0.5=0 = F,, =1373N

A bh

Lo 103 149

k 0.007218
2 9 1/2
(ij (27 (207)210 ) 1574
k), 165(10%)
Since (// k), > (I/ k) use Johnson formula.
Try 25 mm x 12 mm,

1/2 3 172
k= (ij - (bh /12] =0.2887h=0.2887(0.025)=0.007218 m, C=1.0

165(10°) oy
P, =0.025(0.012)4165(10° ) - — (142.7) GO =29.1kN
T

This is significantly greater than the design load of 5492 N found earlier. Check out-of-
plane.
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Out-of-plane: £ =0.2887(0.012)=0.003 464 in, C=1.2
103 _ 297.3
k 0.003 464

Since (// k), < (l/ k) use Euler equation.

1.27°(207)10°
——=8321N

P, =0.025(0.012)

This is greater than the design load of 5492 N found earlier. It is also significantly less
than the in-plane Pc: found earlier, so the out-of-plane condition will dominate. Iterate
the process to find the minimum /4 that gives P, greater than the design load.

With 4 =0.010, Pc:=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, = L & VE B ~10.4(10°) Pa=-10.4 MPa
dh  0.012(0.011)

No, bearing stress is not significant. Ans.

4-128

(a) M , =0=800(750 —LF 500
A BD
\N9* +5°
800 N
F,,=1373 N Ans.
(b) GzE: 1373 =4.99 MPa Ans.
A 25(1 1)
(© I, =+0.9°+0.5* =1.030 m
In plane, Table 4-2 = c=1

5 1/2
k:\/I/A:[bhb}/llzJ =h/\12=0.025//12 =0.007 217 m

[/ k=1.030/0.007 217 = 142.7.

Eq. (4-45): (é} =£2”2CE J”2{z;z2(1)2o7(1o°)] =157.4

S 165(106)

y

Since (// k)1 > [/ k, use Johnson formula, Eq. (4-48)
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P =A!Sy(%é) é]:o.zs(o.on) 165(106){$(142'7)] m

=26 720 N =26.72 kN

£ ZM:19.5 Ans.

F,, 1373

n=

(d) Out of plane, Table 4-2, C=1.2, k=0.011/+/12 =3.175 (10 m,

1/k=1.030/3.175 (10%) = 324.4. Since I / k > (I/ k)1, use the Euler formula, Eq. (4-44)

cr

: 1.272%(207)10°
—A{(ifkﬂzo‘ozs(o.on){ ”32(4(172) 0 }=6 407 N

n= £ w: 4.67 Ans.

F,, 1373

(S 4
4-129 Out of plane bending, C =1.2. T‘ x

[82_42
TFBCJ FB(w

XM, =0:400{1200—

1200 N

F,-=1386 N Ans. S,
B

k=NT74=|(bh* 112)/(bh) =h/\12=0010/12 =2.887(107) m

1/k=0.8/[2.887(107%)] = 277.1

Eq. (4-45): &) =(2”2CE Jm {2”2(1'2)207(109)] =156.6

S 200(106)

y

Since [/ k > (I / k)1, use the Euler formula, Eq. (4-44)

cr

: 1.27%(207)10°
:A{(ffkﬂzo‘oz(o.m){ ”2§70172) 0 }:6 386 N
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n= L ﬂ =4.6 Ans.

F,, 138

4-130 This is an open-ended design problem with no one distinct solution.

4-131 F=1500(/4)2% = 4712 1bf. From Table A-20, S, =37.5 kpsi
Pee=nqs F=2.5(4712) =11 780 Ibf

(a) Assume Euler with C =1

5 ) 1/4 2 1
64(11790)50
T RE d=(64Pﬂl} {#} ~1.193 in

T64  CrE 7°CE 7 (1)30(10°)
Use d = 1.25 in. The radius of gyration, k= (1/A4)"*=d /4=0.3125 in
T__30 160
k03125
)’ (272 ap30(10°))
(i N ac . LQ) =126 .. use Euler
k), S, 37.5(10°)
2(30)10° (1 / 64)1.25"
p == (30) 5(; 254194 1bf

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

1/4
64(11780)16 : .
(b) =l 7 | =0.6751n, soused=0.750in
7 (1)30(10°)
k=0.750/4 = 0.1875 in
£= 16 =85.33 use Johnson
k  0.1875
37.5(10°) oy
P, =£(0.7502) 37.5(10°)-| ——"85.33 | ——— =12748 Ibf
4 27 1(30)10
Use d=0.75 in.
(c)
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14194

n(a):m:3.01 Ans.
N, :%:2.71 Ans.
4-132 From Table A-20, S, = 180 MPa W=9.81300)=2943 N

4F sinf=2 943

o 7?;5 8
sin @
In range of operation, F'is maximum when &= 15°
ax = 7_35'8 =2843 N perbar
sin15°

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

/=350 mm, 2 =30 mm

Try b =5 mm. Out ofplane,kZb/\/l_ =5/412 = 1.443 mm

L:ﬂ_2426
k 1.443
; 4)207(10°) ]
(—j =178.3 .. use Euler
k 180 (10°)
2 1.477(207)10°
P =aS"E 53012 ( 2 =7290 N
(1/k) (242.6)
Too low. Try b =6 mm. k= 6/+/12 = 1.732 mm
izﬂzzozi
k1732
2 1.477(207)10°
P, = aSTE a0 LA (0101 605 N
(1/k) (202.1)

O.K. Use 25 x 6 mm bars A4ns. The factor of safety is

= @ =443 Ans.
2843

4-133 P=1500+9000=10500Ibf Ans.
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1500 Ibf 9000 Ibf
TM4=10500 (4.5/2) —9 000 (4.5)+M =0 l l

M =16 874 1bf-in

=Y,

e=M/P=16874/10500=1.607in Ans. 4 Pw ¢

M
From Table A-8, 4 =2.160 in?, and [ = \/

2.059 in*. The stresses are determined using

Eq. (4-55)
=L 229969532
A 2.160
1.607(3/2
o, __r 1+e—fj:—10500 1+ (3/2) =—17157 psi =—17.16 kpsi ~ Ans.
A 2.160 0.953

4-134 This is a design problem which has no single distinct solution.

4-135 Loss of potential energy of weight = W (h +0)

Increase in potential energy of spring = %ké‘ 2

W(h+5)= %k&z

or, 52—27W5—27Wh20. W =130 1bf, k=100 Ibf/in, 2 = 2 in yields

52-066-12=0
Taking the positive root [see discussion after Eq. (b), Sec. 4-17]

5 =1 [0.6+\/(—0.6)2 +4(1.2)} _1436in  Ans.

max :5

Finax =k Omax = 100 (1.436) = 143.6 1bf Ans.

2

4-136 The drop of weight W converts potential energy, W1 A, to kinetic energy%ﬂ (2
g

Equating these provides the velocity of W at impact with 5.

lﬁvf =  u,=y2gh (1)

Wih=
2g
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Since the collision is inelastic, momentum is conserved. That is, (m1 + m2) v2 = m1 v,
where v; is the velocity of Wi + W; after impact. Thus

—Wl-szzg:Kv1 = 0,= " v, = W J2gh  (2)
g g W+w, W+,

The kinetic and potential energies of W + W, are then converted to potential energy of
the spring. Thus,

lei +(W,+W,)6 L
2 g 2
Substituting in Eq. (1) and rearranging results in

WosWs s o W h

Z_ 3
AT 3)
Solving for the positive root [see discussion after Eq. (b), Sec. 4-17]

2 2
5:1{2Eliﬁi+J4(W7;W3j+8 ud h} (@)

)

2|7 & W+W, k
Wi =40 N, W> =400 N, 7 =200 mm, k = 32 kKN/m = 32 N/mm.

2 2
s=L (ﬂ9i£99j+ 4(40+400j b0 2000 o006 mm  dns.
2 32 32 40+400 32

Fnax = k6 =32(29.06) =930 N Ans

4-137 The initial potential energy of the ki spring is V; = %kla2 . The movement of the weight

. . . 1 1 .
W the distance y gives a final potential of V; = Ekl (a- y)2 + Ekz y*. Equating the two

energies give

1 1 2 1
Eklazzzkl(a—y) +§kzy2

Simplifying gives
(k, +k2)y2 —2ak,y=0
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2k,a

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

1 + 2
.. . . . 2ka
two limits. The maximum displacement is thus y max = Tk Ans.

1 + 2

With W= 5 Ibf, k1 = 10 1bf/in, k> = 20 Ibf/in, and a = 0.25 in

2(0.25)10 )
Viax =—————=0.1667 in Ans.
10+20
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