12-1 An 1.2 steel strap having a thickness of 0.125 in. and
a width of 2 in. is bent into a circular arc of radius 600 in.
Determine the maximum bending stress in the strap.

1M u=-E
p EI P
However,

Mc _(Ellp)c _ (E)E

_ 0.0625

5% (29)(10°)=3.02ksi  Ans
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12-2 The L2 steel blade of the band saw wraps around the
pulley having a radius of 12 in. Determine the maximum nor-
mal stress in the blade. The blade is made of siecl having a
width of 0.75 in and a thickness of 0.0625 in.

1M H
p EI P
However,

Mc _ (Ellp)c _ (E)E

o= (0'032125 )(29)(10°) =75.5ksi  Ams
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12-3. Determine the equation of the elastic curve for the
beam using the x coordinate that is valid for 0 < x < L/2. P

Specify the slope at A and the beam’s maximum deflection.

EI is constant.

Support Reactions and Elastic Curve : As shown on FBD(a).

Moment Function : As shown on FBD(b).
Slope and Elastic Curve :

d*v
EI E;i- = M(x)

P ,
=—x"+C;x +C,
Elv 12‘ 1 2

dv L
Boundary Conditions : Due to symmetry, == =0 atx = 3

Also, v =0atx =0

P(LN\? _ PL?
From Eq.{1] o=z(-2.) +C, €=
FromEq[2] 0=0+0+C, C,=0

I

-~ -
——— +.___, 3
L T2

2 <

’)
'g' @) z
v(x)
Dl) Meo=£x
< |
£ ®)

The Slope : Substimte the value of C, into Eq.[1],

pL? N
T ns

E x=0
8] N .

The negative sign indicates clockwise rotation.
{2 .

The Elastic Curve : Substitute the values of C,and C, into Eq.[2],
Px

D=ZEI(4’IZ-3L2) Ans

L
Vg OCCULS at x =E'

PL?

The negative sign indicates downward displacement.
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*12-4 Determine the equations of the elastic curve using P
the xy, and x3 coordinates. EI is constant, L

? A B
El %’ = M(») Lg - ]

—a_
n — |
My = Tx, a ‘ »
i |
gy Py !
dn® L .
duy Pb

1
2
EIZ2 = —x° + G M)

o TA

Elv = gfx,’ +Cm + G @

7
M, = %’312 - P(x, - a)
= m——
Buth = L — a.Thus l
M, =Pa(l~%) a

Pa
d*v, x E b La_
— = 1 -2
2 dxll Pa‘( L) L .
dvy 53
= = - =)+ G 3)
El Pa(x; 2L) + Gy

dx Vi p
Elv, = Pa (% - ?Z) + Cyxy + Cs 4) 1 L

Applying the boundary conditions : Pal ’

v =0ax =0 Pb

2
0=P“3" +GL+C ) L

Applying the continuity conditions :

__J]
b
YV,
D||,l.¢ = Dllx,-a

j5. 8
Pb 4 a? a L
— = Pa(— - =) + Ga+ C, )

6La + Cia a(2 6L) 3 «

=‘°'| = 9
dxy lx=a  dxy lsy=a

2

7
Qaz+c]=pa(n_ﬂ_—)+cg m
2L 2L

Thus,

Solving Eqs. (5). (6) and (7) simuhanious\y y-eld&z Elo, = P02 - ng;( - P
Phz_py, C= ~2801? + ad) 6L
G =g ; oL

v = - (L - bx) Ans
pa® 6EIL

a
G=7

3
Pa, .2 2 Pa
= 2 o2y - =@+ aT )y —
Elv, Pa(z 6L) oL s

v = _Pf.(sxgz, _2 - QL +dxn +d'L) Ans
6EIL
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12-5 Determine the cquations of the elastic curve using the
x; and xp coordinates. ET is constant.

2
4% - M
dx;?

M(x) =0:. E

[8Y]
E]‘_i_u_’ = C
dx

5 f—x

—-L—_—‘ .

2
Elv, = Cin + G2 @

M,(x) = Px— P(L-a)

2
E].d_EE =Px; - P(L-a)
dxy?

grdvz - Pt - P(L-am +Cs (©)
&, 2

Elv, = ox? - BE 5 L ) @
6

)M =0
Boundary conditions :

dv, X
Alx, =0, — =0

1
dx;
FromEq.(3), 0=0G

Atx, =0, v, =0 ,1’
0=0Cs

A ‘
Conwinity condition : Ms
dv, — - dvz ]
MasensETE W T E —

From Egs. (1) and (3),
P(L ~ a)*
G = -l 2

P(L - a)?
CPL-af; G

Atxy =a x =L-at =V

From Egs. (2) and (4),

P(L - a)

2 P(L-a)® P(L-a
(___2_,),”,6-1 _PL-a PL-O

6 2

Pa(L - a?® P -a)
e R
From Eq. (2),
v = _”.[«3(1_—«;)%:l ~3a(L - @) ~2AL- @)  Ans
6E]

<
P
n

£ g -3w-ad) Ans
6EI
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12-6 The simply-supported shaft has a moment of inertia P
of 2/ for region BC and a moment of inertia / for regions
AB and CD. Determine the maximum deflection of the A 8

beam due to the load P. E ] K E
P
Mx)= —2-11
L _.j._ L ‘_l__ L ___l..__ L —
My(x) = gxz }._ 4 4 4 4

Elastic curve and slope :

EIE—Y = M(x)
dr®

L

21

e F‘J +C, W
1

d’v
IF
dw

Elv, =l—?2i+C,xl +C; 2

I =224 ) X,
& 'i —y Moo= 25,

2, = fl*zi +Cyxm +Cy @

Boundary Conditions :

P,
v =0 at x =0
From Eq. (2), C; =0 ::GL) M(x) = _%xb

dw L
Ez_ = at x; = E P/Z/

From Eq. (3),

Xx

Continuity conditions :

dﬂ:‘-iﬁ at X|=x1=1—'
dg  dx; 4

From Egs. (1) and (3),

PL? pPL* 1 PL*
—+C) === (—)
& 128 2 16

L
v =W a x=p=g

From Eqs. (2) and (4)

3 2 L
PL _SPL° L o -1(11‘_)( Y= C¢
768 128 4 1536 2 16 4

C-pL

=L

384
323 = 24L%x, - L)

= 76BEI( * :

_ _-3pL _3pL |
Ymax = Vet = 5%KET  256E1
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12-7 Determine the equations of the elastic curve for the P
beam using the x; and x; coordinates. Specify the slope at a
A and the maximum deflection. E/ is constant.

A
Elastic curve and slope : _&

d’v
El— =M(x) Xl“l
dr? l—:xl‘__l

For M, (x) = Px;
d*v,

El— = Px

ad

dv ,\‘
Eldx +C )

Elv = % +Cix +C; [¢) 1
E Y M )= PX,
ForM;(x) = Pa

d*w
El—= =Pa 1
EIZE =Par, +C; 3 )
2

Ehy = ”T“é + G +C, @
Boundary Conditions :
w=0 a x=0
From Eq. (2)
Ci=0
Due t0 symmetry :
s 0 a x= L
dx 2
From Eq. (3)
0=Pat+c, Substitute C; into Eq. (5)
2 Pa’?
Pal Cq = —
¢, =-fL
2 dv,
Continuity conditions : I‘ = (X| +a’-al)
i=wv at X =x=a
E+C| =f_a.3-Pa2L+C‘ 6A=£'_ _ Pa@-1) A
2 2 duls=0 2ET ns
Pa’ 2
Ca-c,=Pa _Pa’L ®)
3 2 Px,
dv,  dw v = G—Elle +3a(a-L)] Ans
rakabrag x=x=a
dn  dn
Pa? PaL v = P -1y +a?) Ans
S5 *Ci=Pat-—= 6EI
Pa’ Pal Pa . 2 .2
Ty = =2 (4a*- A
T Vaus = ¥a| ot = 5o (da’ =3LY) ns
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*]12-8. The shaftis supported at A by a journal bearing that
exerts only vertical reactions on the shaft,and at C by a thrust
bearing that exerts horizontal and vertical reactions on the
shaft. Determine the equations of the elastic curve using the
coordinates x; and x,. EI is constant.

b e
i = =u
l’-ll—-' ' I-—l: R
f a -~ b —"l
Elastic curve and slope. :
B M) -7
dx? "’r"l)’ %,
For M, (x) = —-El-,acl )
¢ 3 i
v, P *
& et -
1
P ad i %’xf +C, @ T

x, |
P, 4
By =X +Cx+G @ ,Lx_r
«'7

For M2 (x) = -sz

E]ﬁ = -P,x2

dx?
2
dv, _—Px
EIZ:: =+ G 3) Continuity conditions :
dvy -dv,
p . dxl = -de at X, =a X, = b

Eb, = —2 4+ Cyx, + G, @

Boundary Conditions : From Egs. (1) and (3)
" _ Pb 3

vy =0 at x=0 __..(az)+Pib=Lb2.;.
FromEgq. (2), C, =0 2a 6 ?
vi=0 a x; =a
FromEgq. (2), G = M

Pb 3 2
0= 6_1143 +Cia Substitute C, into Eq. (5)
C = Pab
1= C = PY®  Pat?

v;=0 at x,=b ' R

FromEq. (4),
Py y =22
O=——6——+C3b+C4 1 —@[x’ -a’x,]  Ans
Py
C3b+ C, = '—3— (5)

__P 3 2
vy = 537("‘2 +bQa+3b)x,~ 2b* (@ +b)) Ans
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12-9 The beam is made of two rods and is subjected to the
concentrated,load P. Determine the maximum deflection of
the beam if the moments of inertia of the rods are /44 and
I5¢, and the modulus of elasticity is E.

Elpe — = -— + C, [¢9)

Elgc v, =_”’§ +Cn + G @ M(X) = -PX’ (’ T

My(x) = - Pxy
d*v,

Elg )

= -Px P

. Mx)=-pX,
Bla Jh = -n’+ G ® K(

Elg v, = —%xz’+ Gx +Cy (4) L

Boundary conditions :

Atx =1L, i—?
2

=0

PL?
0=-—TL+C3; Cy = —

Atx; =L, v=20

pPL*  PL PL?
0= -— + —+ Cq; Cy = ——
s 2 ‘ 3
Continuity conditions : G = e PP _ b PP

dv, _ dv s 3 L 3 3
dn  dy

Atxy =x =1,

From Egs. (1) and (3), vt Pl floe _PE | PL‘) PP be PP pe PP PP

ke pLI PE he PP
Ehe' 6 hg 2z 2 tRlmt w3 3!

1 [_P_l:+ 1 =_l_[_f£ ﬂ‘i] ALn =0, viliao = vy

Elc.. 2 Ely 2 2

Unmaz = —(X __ _ B L __ P 3 3 Lip
2 2 2 —}=—{l -1 - (28
¢ = lie, PP PL P Ebhc hs 3 1y 3 3 3m, Gt
W2 2732

P 1,
= —{(1-22)p _ 3
Aty =x =1, v, =1 3Els Ipc) } o Ans

From Egs. (2) and (4),
1 P I
LB e

Ehc® 6  Ls

PP} PL* PP 1 PP PLYI pPL
(—— +—)+ =11+ G} = —[~— + — - —]
2 2 2 Ely 6 2 3
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