CHAPTER 9

M =M + HR sin § - VR (1 - cos 6)

5V = __JMa_de
Y

= i J [M + HR sin 6§ - VR (1 - cos 6)] [-R(1 - cos 6)] Rdf

EI
butH=V =0
oy = - MR j M (I - cos ) do
EI
2 T
- - MR [0 - sin 0]
EI 0
oV = —WE/;R- ie upwards
SH = L j M M Rag
EI JdH
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- % J [M] Rsinf Rdf

MB2
MR [cos 6]

-MR?

gr (711

2
0H = ZMR to the left
EI

1b. Y — (:

M =M+ HR (1 -cos ) + VRsin 6 4\/

Vo o= L [ [M] Rsinf Rdf Vo _
Bl

2 w/2
- MR [- cosf ]
EI 0

= 0+ 1]

oV = _ downwards

Sy 0= — j [M] R (1 - cosf) Rdf

2 w2
= MR 15 _sing ]
0
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Y%

oV

HR(1 - cosf) + VR sind

EIT 1[HR (1 - cosf) + VR sinf] Rsin.Rdf

R2

i J {HR (sinf - sinf cosh) + VRsin® 8} df

R? sin’f (1 - cos 26)

— (HR [- 0 - \" - =

i { [- cos ] + VR I 3 d()}
R* sin’g VR sin20,] "
=__ JHR [- 0 - —_ -

EI{ [=cosh = =—T+ 5 16 2]}0

R .V

RIH[E1 -0 -¢1-0+Y[x-0 - -

S { [(+ )= 1=0 = Y- 0) - (0 0)]

3
R_ 2H + 7!'_\/_
EI 2
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3 g
SH = 1}; ‘[ [H (1 - cosf) + Vsing] R (1 - cosf) df

3
=% J' H(l - 2cosf + coszﬂ) + V(sinf - sinf cos#)dd

ks

. 2
H [ - 2sinf] + V | -cosf - sin®f | g J (1 + cos26) 4o
2 ) o

3 . .2
- R JH 0 - 25000 + &+ S0207 Ly _cosp - SN0y
EI 2 4 2
R3
=_{HH —O+0]—(O)+V[(+1—O)—(—1+O)]}
EI
3
SH =B_I [3”H +2v]
2.
AB BC
M = WR ( 1- cos ) M = W [2R + R (1 - cos ¢)]
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SW= L [ WR (1 - cos 6). R(l - cosf) Rdo
b}

I
x/2
. % ‘[ [2R + R (I - cosé)]? Rdf
3 ™
= “21{ ([ (1 - 2cosf + cos> 6) db
wr® )
+ i [4 + (1 - 2cos¢ + cos“¢p) + 4 (1 - cos¢)]do
3 ; T )
= “};1; ) [1 - 2sinf+ g + 5”;20}0 + J [4 + 1 - 2cos¢ + cos®> + 4 - 4 cos o127 do

-

3 : il
- WR <|:7l'—0+%r+0:| -[O]+|i9¢—65in¢)+?zi+smz¢j|2

4 0
3
SWRT P37 9T LT Lol -0
El 2 2 4

3
bw = WRT 25T _ 6
EIl 4
3.
Straight Curved
M = Wx M = W (b + R sinf)
*W
l
A
| lr
o
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b
6W=LI 1 Wx.xdx+%v1. I (b + Rsind)* Rdé
3
LI J [b2 + 2b Rsinf + R? sin2] Rd6
3EI  EI
Wb WR [., R%  RZ%in20] 77
=~ + b- 8 - 2bRcosf + -
3EI  EI 2 4
3 2 2
=Wb+WR b7r_0+R7r+O + R
3Bl EI 2 4
_ Wb®  7WR (b + R} | 2bRW
3Bl 2EI 2 EI
3 2 2
oW =W D g |bm R R
El |73 2 3

Distance by which the two end separate

3 2 2
=2E b_+R b71—+R7r + 2bR
EI 3

=
I
jo

M = Wx
BC
M = Wa + Hy

74



a a

6W=_£Wx.2dx+E1fl;(Wa+Hy)adx

_ Wa?  wa? =®
= -0+ —.[y]
3EI El 0

3
SW = 4Wa
3EI
6H=E_IIIW.x.odx+%J (Wa + Hy) y. dy
2 3
=0 + i __W_a_y_ .+ _Ii_ ’
El | 2 30,
3
SH = Wa’ to the right
2EI
s f— |y —]
T
h
i?‘r/g AL—»H
AB BC CD
M = Hx M = Hh M =H (h -x)
h b h
6H = L [ Hx2dx » L [ Hh?dx + L H(h - x)*dx
[ EI EI
H | h’ ;
= - 17— +h% + | (h® - 2hx + x?) dx
EI | 3
3 3
SRR O L N I I
EI | 3
oy = Hh” | 2h
EI 3

75



{J [Hx]deJ [Hb - Rx] . -x dx +J [H (b - x) - Rb]. —bdx}
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0

M = H( -

h b h
SH = L [ Hx®dx + L [ Hh?dx + L [ Hh - x02dx
Y El EI
H Jh ;
= _— Y= +h% + | (h? - 2hx + x?) dx
El | 3
3 3
- H h_+h2b+h3 h3+l‘_
EI | 3
2
sy = HhT | 2h
ElI |3
6. e —
T c B
lr
D
J—r—/‘r ’w—"-H
AB BC R
(Hx) M = Hb - Rx
ﬂ =0 = _L I M a_M dx
oR EI IR
0=_—
EI
3 2
0= { R mpx + ng . szx}
3 3 3
0= H RbD .5 HOD L o
2 2
dR-H
3
R = % H acting downwards
Ul Al = 05 A') . 0'] = 02 AZ/AI

X) - Rb



2 2 Z V4 Z ya Z
Mg (h+8) = oL % A £, + 2 xA, ¢ 1 l
1=} 2E 1 1 2 2 2 L @
|
or {_ B l B g\é‘v«:aK%
NN
M (h 6 6) 0% * Ag: gl 0’% Ae Ls T
+ + = -+ . % =~
== 3
2 [ aZ 3
. - —
Mg(h+el£’l+62£2)=_2_E. _A_l._+Azzz r_:___J]I—
2 2
Mg|h + g, Al 0| Aby A, L,
E E 2E | A
2 2
Mg | e AL, Lo l, .9 AL, A, 0,
AE E 2E | A, 2
L% 072 o, * 0.8 >
2%9.81 |04 + 2 L2 _ %2 [216 5 up g
E E 2E | 1E6
19.62 (0.4 + 3.6E-12 ¢, + 4E-12 0,) = 2.5E-120,% (4.56E-4)
. 1.14E-150, - 1.491E-100, - 7.848 = 0
_ L.491E-10 + /(2.223E-20 + 3.579E-14)
. 2.28E-15
_ 1.491E-10 + 1.892E-7
2.28E-15
o,= 83.04 MN/m?; o, = 0, AJA
g, = 49.82 MN/m?
8. Let W, = equivalent static load
W, =0, A, + o, A 1
0 =€, = ¢
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49.82E6 x 1.2 , 83E6 x 0.8
2Ei1 2El11

g ag
5:_._}.04-._2 =
g b

= 2.989E-4 + 3.32E-4
8 = 0.631 mm

=€l =¢€¢l

c 8

g g

Ze s
EC ES

o. = E, o/E; = 0.07 g,
“ W, =0.070,x 0.2 + 0,x 0.01

W, = 0.014 o, = 0.01 o,

W, = 0.024 ¢,

2 2
Mg (h+08) = — « Al + —% x AQ
8 2E, ¢ 2B

g, 0.07203 03
20x9.81 (04 + —= 0 = * Al + — *x Al
E 2E 2E

S c ]

196.2 (0.4 + 1.5E-110) = 1.05E-13 ¢2 + 7.5E-14¢,?
78.48 + 2.943E-9¢, = 1.8E-13¢.’

1.8E-130.% - 2.943E-9¢, - 78.48 = 0

_ 2.943E-9 + /8.66E-18 + 5.65E-11

® 3.6E-13

2.943E-9 + 7.517E-6
3.6E-13

g, = - 20.89 MN/m?

- 1.46 MN/m?

Q
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