_ 20 x 10° x cos (-25.49) x 0.206

B 1.5921:-4

. 20x 10° x sin (-25.49) x 0.2158

5.2463-4
= 23.36 - 3.54
og = 19.82 MN/m?
5 = -Wsinff> _ -4 x 10° x sin(17.64)3°
! 3EI, 3 x 2% 10”7 x 1.741E-6
6, = =0.031m
5 - —Weos§t® 4 x 10° x cos(17.64)3°
Y 3EI, 3 x 2« 10” x 1.381E-5
8, = -0.0124m

5. = 720 x 10° X sin(-25.49) x & _, jop 40

48. x 1 x 10” x 5.246E-4

5, = 20 x 10%0s(-25.49%4’ _ _y 51p 3y

48 x 1 x 10”7 x 1.592E-4
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CHAPTER 14

1. Maximum shearing force occurs at the ends,
where Foax = Wl/2 =200 x 3/2
Fohox = 300 kN

F .. x 15

Maximum shearing stress = od

or » - 300x15 1E3
0.1x0.2 1E6

= 22.5 MPa

<>

@ mid-span 7 = F =0

2.
——om—] BEY—
[ i S jﬁ
]
—{ THICKNES I
O-!m = C-0lm D'i"ﬁ‘.l :
| ' @
[N}
1 f l — B BRI I
(o) (&)
3 3
[ 01x012°  009x0L oo
12 12
Flange
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pp = 208 x 000 x 0.055 ;40053 - 35 87 MN/m?

0.01 x 6.9E-6

Web

(0.1 x 0.01 x 0.055 + 0.05 x 0.01 x 0.025) x 100E3

>

v 0.01 x 6.9E-6
7o.= 97.83 MN/m>
b.
Section a y ay ay? i
1 1E-3 0.105 1.05E-4 1.103E-5 8.33E-9
1E-3 0.05 SE-5 2.5E-6 8.33E-7
) 2E-3 - 1.55E-4 1.353E-5 8.416E-7
y= 0.0775

Iys = 2.358E-6m*

A _ 1003 x 0.045 x 0.01 X 0.0275 _ ¢ 4o prpa
F 0.01 x 2.358E-6 -

_100E3(0.1 x 0.01 x 0.0275 + 0.0225%/2 x 0.01)
v 0.01 x 2.358E-6

= 127.36 MPa
s
3. | T
wi /N
T S i
’ +
N ! ! A
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_0.1x0.1

_ x 2 = 1.667E-5m*
i2

INA
b =0.1(1 - 10y)

0.1

IydA = jbdy.y = l 0.1 (1 - 10y) . ydy

2 0v31% o1 1
0.1 [% - _3L % [3y? - 20y,

- 9_61 0.01 - By? - 20y%)]

. 0.5x0.1 [0.01 - (3y? - 20y*)]
6 x 1.667E-5 0.1 (1 - 10y)

5000 [0.01 - (3y? - 20y’)/(1 - 10y)

(1 - 10y)[-(6y - 60y?] - (-10) [0.01 - (3y* - 20y*)] = O
- 6y + 60y* + 60y* - 600y> + 0.1 - 30y> + 200y’ = 0
- 400y° + 90y* -6y + 0.1 =0

+ 400y% - 90y + 6y -0.1 =0 =¥

1200y? - 180y + 6 = - = 0
y
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0+ 921 o017
v, ;
0.022
- 0017 + - 0.024
Y2 329
2.31E-3
- 0.024 - 0.025
Y3 237
Y4 = 0.025 -0

y =0.025 m perpendicular to NA

s = 5000 x 8437SE-3 _ < 5s nrn/m?

0.75

L
0-4 @

-
]
o2 b = 2R cos 6
y = Rsin @
dy = R cos 6dé
fydA = [bdy.y
L2 02x04  wx0.1* | 062E-3
NA 12 64 '

/2
j ydA = 0.2 x 0.2 x 0.1 - L 2Rcosf. Rsind.RcosAdd
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/2

4E-3 + 2R3 l;cosz() d(cosf)

B 3
4E-3 + 2.5E-4 | SO 0]

- 4E-3 + 2.5E-4 |0 - %]
J ydA = 3.917E-3m>
. 0.5 x3.917E-3
0.1 x 1.062E-3
= 18.44 MPa
| = i
N

/ A b = 2R cos 6
K y yx y = Rsin 6
e dy = R cos 6d6

Proof of | ydA

n/2
[yaa - | 2RcosB.Rsin6.Reos8d8
0

n/2
=2R3 f cos?0sinfd6
0

- 2R3 f cos?8d(cosB)

nf2
cos’0
3

-2R3

2R3
3
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dA =
2
- 2R} 2 4R
y S . X =
3 arR? 37
3 4
5. 1= 1x1'_ 7x06 _0e333 _ 536E-3
12 64
I =0.077 m*
y=057=0
y=04m
. = 50x1x0.1x045 - 2922
04 1 x 0.077 ’
y=03m
. = 50x1x02x04 _ 5195
03 1 x 0.077 '

b =2R cos ¢; y = Rsin ¢; dy = R cos ¢.d ¢

IydA = Jy.bdy = —JZR3.cosz¢ d(cos¢)
=+ 2TR3 [coss 2

y=02m ¢ =sin! (0.2/0.3) = 41.81°
{ ydA = 1x0.3x0.35-% x 0.3% cos® (41.81°)

0.105 - 7.454E-3 = 0.0975 m?

b = 0.553 m

T = 114.49

y=0.1m

) = sin’1(0.1/0.3) = 19.47°
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§ ydA = 1x0.4x0.3-% x0.3% cos 3 (19.47)

= (.12 - 0.0151 = 0.1049m>

b=0.434m
7 = 156.95
y=0¢=0

fydA = 1x0.5x0.25 - % x 0.3% = 0.107m3
b=1-2R=04m

v = 173.70

[@y =0, 7, = 173.7; 75, = 156.95; 75, = 114.49;

T0.3 = 5195, T0.4 = 2922; @ y :0.5; To_5 = O]

6. b —d
T

TJ

b
L_____—____—l
N

I = 0.5833 tb’
N F b _ 0.5tb®F _  0.5b°F
7= _btx = = =
tI 2 t.I 0.5833tb3
s - 0.8572F
bt

Fg = (0.429F/bt) * bt = 0.429F
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Moments about centre of web

FA = O.429Fx.t2)_x2
A = 0.429
6b

2T

‘[ (t.R.dp) (Rsing)>

27

- (R3 ‘[ _[_1_— cos2¢]
2

Iya=_mR?
¢
J ydA = J'th¢>/Rsin¢> = tR? [~cos¢]?
= tR? [-cos¢ + 1] = tR? (1 - cos¢)
T, = thR3 . tR?2 (1 - cose) = FQ - cos¢) ;ﬂiOSd))
FA = J 7, . tLR%d¢ = 7%112 [6 - singl>"
A =2R
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7a.

—_—,jr O-.l &

o-2

(Q) (L)

>
1
|
>
=] O f—

tx 0.1

Iy, =02t x02%x 2 + x2+01xtx0.15x2

= f (02 x cos ¢)? (t x 0.2 do)
0

= 0.016 t + 1.667TE-4t + 4.5E-3t

+8E—3tf (1++052¢) do
0

0.0207t + 0.01257 t

I = 0.0333t

Ft
I

E 2
~— - 5E-3
6 y[

.1

1

-1;1 {3.333E-4) (-3.333E-4)}

6.666TE-4Ft _
0.0333t
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