T; = 38.6 kN
Joint B

V, = Tj sin a3
V, = 27.29 kN

H, = T; cos a3 = 27.29 kN
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CHAPTER 2

p—t

o = pgh = 1020 x 9.81 x 5000 = 50 MN/m?
2. A, = 1.767E-4; A, = 3.142E-4; A; = 7.069E-4

o, = 283 MN/m?; o, = 159.1 MN/m?; o; = 70.73 MN/m?

5= (283x0.2 + 159.1 x 0.3 + 70.7 x 0.5) x —EO
2E11
6 = 6.984E-4m = 0.698 mm
s 5o (283x02  1591x03  707x05) o
2E1L 7E10 1E11
60 = 1.318 mm
d
4. u = ﬂ __1
AE |4,
Y
A = X (lf 2 _ 7854E-5 m’
- LIES X1 (0 1ss)
7.854E-5 x 2E11
= 7.958E-4 m
u = 0.796 mm

Proof of formula for problem 4
Y4 ot b=

A\lzlcm Az:éﬁcm_

—~== d "

@ x —~
Im ——]

d = 1E-2 + 7E-2 x



d =1E-2 (1 + 7x)

@ x
gz WV _ W x 4
7d*> 7 x [1IE-2(1 + 7Tx)]
= 12732 W
(1 + 7x)?
@x
. = 12732 W
(1 + 7x)* x 2E11
. = 06.366E-8W
(1 + 7x)?
5 6.336E-8W 6x
u= 2
(1 + 7x)°
U = 6.366E-8W j _ldx
(1 + 7x)*

1
6.366E-3 | —— 1+ | = -9.094 [0.125 - 1]
T +7x) 1,

7.96E-4m

=
1]

Free expansion = «fT = 15E-6 x 1 x 10 = 1.5E-4m

From solution to problem 4,



\'Y
1.5E-4 = 7.96E-4 * |__T_
0.1E6

. Wy = 18844N

@ smaller end,

o= _-18344 _ 540 MN/m?

7.854E-5

W = (p. A, +p, A gt

= (0.896 + 0.1572) x 9.81 ¢ }

W = 10.332 ¢ L

Compatibility l

T = or g, = 0.5¢,
From 1
o, 1s design criterion

ie 0. =30 & g, = 60

Equilibrium
W =o0, A, + o, A
or 10.332 ¢ = (30 x 1E-4 + 60 x 0.2E-4) 1E6

.. 0 =406.5m

9
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Average stress in copper = 15 MN/m?

.. Average strain = I_SEE = 1.5E-4
1El1

6 = 1.5E-4 x 406.5 = 0.06098 m
= 60.98 mm

Check

oay (steel) = 30 MN/m?

sy (steel) = 1.5E - 4

6 = 15E-4 x 406.5 = 0.061 m

w

W _= 100 000 + 53.68 ¢

but W = ¢A = 200 E6 x 8E-4
= 160 000 N
Equating 1 and 2

160 000 = 100 000 + 53.68 ¢

¢ = 1118 m
6p = 0y
2(’61=362
2 L2
El E2
o, E;
or o, = =
2E2

F 0 =W(-x)

(100 000 + (7860 - 1020) x 8E-4 {g)



F
: ;
o A, = W - x)
4
o = W - x)
AL
F,+F, =W

W -x 2E, * A,

* 0.5A =W

W -x) , WE-x _ 2x*3E
¢ AL E

- [1+3]=¢

40 -4x =1¢
4x = 3¢
x = 0.75¢
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CHAPTER 3

+b/2
Ina = b.dy.y? —
-b/2
bl
37 b/2 (d
la. =b [L] N
3] w2
b
2
LN A
NAT T3 — lr __—.-'
b. From similar triangles
1.414b _ B
0.7070  0.707b-y
or 2(0.707b -y) = B
( y) N
0.707b
Iy = I B.dy.y> b &
-.0707 b
0.707b

2 l 2(0.707b - y)y* dy

0.707b

2 1 (1.414 by? - 2y3) dy

5 [1.414by3 ) 2y4] 0.707b

3 4 1o

Iya = 2b* (0.1666 - 0.1249)
b4
Ina = —

[ 8%
(9]



2a.

Section a y ay ay? i,
1 8 10.5 84 882 0.67
2 5 5 25 125 41.67
T 13 - 109 1007 42.34
JO)
7= X _g38cm C '
La N ) A
- 3@
I, = Lay* + Li, = 1049.3 “_ iU -
Iya = L, -y?Za = 1049.3 - 8.382 x 13
Iya = 136.4 cm* = 1.36E-6m*
2b.
Section a y ay ay? i
1 8 14.5 116 1682 0.67
2 12 8 96 768 144
3 20 1 20 20 6.67
T 40 - 232 2470 151.34
y= 22 -s58cm t_—g
40
I, = 2470 + 151.34 = 2621.34 —®
Tya = 2621.34 - 5.82 x 40 N—- A
4 4 X ' ! X
Ina = 12757 cm® = 1.276 E-5 m
11 x 14> _ = x 10*
2c¢. Ina = -
NA 12 64

Iya = 2024 cm* = 2.024 E-5m*




2d.

Section a ay ay? u,
1 154 7 1078 7546 2515.3
-78.54 6 -471.2 -2827.4 -490.9
) 75.46 - 606.8 4718.6 2024.4
- 606.8 i
= — =28.04 |
R T o | /:/®
4 AVeVE
Iyx = 4718.6 + 2024.4 = 6743 cm ’ |
I |
Iya = 1865 cm* = 1.865E-5 m* L
3. First case
Section a y ay ay? i
1 2E-3 0.13 2.6E-4 3.38E-5 6.7E-8
2 1E-3 0.07 7E-5 4 9E-6 8.33E-7
3 4E-3 0.01 4E-5 4E-7 1.33E-7
T 7E-3 - 3.7E-4 3.91E-5 1.03E-6
7= 27E% _ 0529
7E-3

Iyy = 3.91E-5 + 1.03E-6 = 4.013E-5m*

Iya = 2.054E-5 m*

Second case

INA

% reduction

_0.1x0.14 _0.09 x0.1°

12
2.287E-5 - 7.5E-6 = 1.537E-5m*

2.054 - 1.537

2.054

12

x 100% = 25%




CHAPTER 4

= pgA = 2400 x 9.81 x 4 = 94176

M = LV"’_Z
max 8
M 5
W= X = 8M_ /¢
82 max
(_T - Mmax
y I
M = o » I _ 1E6 x11.333 = 1.333E6
y

Substituting 3 into 2
w = 10.667E6/(>

Equating 1 and 4

f = 10.64 m
y = 1.026
Ina = 1.279

M, = 1.2466E6
w = 9.973E6/¢> = 2400 x 9.81 x 3.8037

S. ¢ =10.55m

y = 0.974

Iya = 1.279

M = L1E6x1.279 _ 1.313E6

max 0.974
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