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STRENGTH OF MATERIALS AND STRUCTURES N6

QUESTION 1
1.1 b .
at200mm:a+—=30x10°........(D) Vv
0,22
b

1.2

1.3

1.4

1.5

at 140 mm : a + =0 2)v

0,142
(1) — (2) : 25b — 51,02b = 30 x 10°

b =-1,153 x 10° v
a = 58,824 x 106 v

b (=1,153 x 10°)
_ _ 6 _
Onmin = @ — 022~ 58,824 x 10° — 022 v = 87,647 MPa ¥ ®)
b
at200mm:a+—==30x10°.........(1) v
0,22
b

at 250 mm : a +

= v
o757 = O (2)

(1) —(2) : 25b — 16b = 30 x 10°

b =3,333%x10°V
a=-53,333x10°V

b (3,333 % 106)
— — 6 —
Ofgmax — @ — 0,22 = —53,333 x 10 _—0’22 v = —-136,667 MPa v (6)

D,
5d1 = F(O_H -9 X O-R)

)

= S50 % Tg5 (87647 X 10° = 0,3 x 30 X 10°)

5d, = 78,647 X 10~°m v (1)

D
6d2 =EC(O—H _19 XUR)

__0Z (—136,667 x 10% — 0,3 x 30 x 10°)
= —_— X - X X
200 x 10° ’ ’
8d, = —145,667 X 10~6m v’ (1)
Ad = Sdl — Sdz
= 78,647 x 10— (—145,667 x 107°)
Ad = 0224 mm v (1)
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STRENGTH OF MATERIALS AND STRUCTURES N6

QUESTION 2
2.1 wl? 12 x 103 x 42
M = = =24 kNm v
8 8
M 24x103
== —= “6m3 v
— = e = 300X 10 °m
Lighest profile is 305 X 102 X 28,6 kg/m v (Z = 352,1 X 107°m3) (3)
2.2 _ SwL?
Y = 384E]

4 v 5% 12 x 103 x 44
360 384 %207 x 109 x|

1 =17,391x10"°m* v
Lighest profile is 305 X 102 X 24,5kg/mv (1 = 43,64 X 10~°m%) (3)
2.3 Correct profile is 305 x 102 x 28,6kg/m Y
This profile will satisfy both stress and deflection limits v (2)

2.4 M 24x10®
C= 7 T3521x10-5 ¥ @

5wL* 5x 12 % 103 x 4*

- - = 4,428 mm v
384E] 384 x 207 x 10° x 43,64 x 10-6 mm

y (2)

[10]
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QUESTION 3
3.1 D? — g2 X (2,82 — 2,62
a=™ ) _mx( ) _ 0,848 m? v
2 2
D* — g 24 _ 1 g
= ) _ ) 077amt v

64 64

W = pAhg = 2400 X 0,848 x h X 9,81 = 19970,728h v
F=pxA,=12x10°x28Xxhx0,6=2016h v

_W_19970728h _ ..
%= T 0848

_ FeY 2016h x 0,5k x 1,4

- = 1823,233h%* vV
%= 0,774

for no stress o, = gy

1823,233h2 = 23544h v
h=14559m v (8)

3.2 04 = 23544h = 23544 x 14,559 = 342,771 kPa = d, v

Omax = 0q + 0p = 342,771 + 342,771 = 685,543 kPa ¥ (compressive) v (3)
[11]

QUESTION 4
4.1 W, = pgAl = 2000 x 9,81 X 1,2 X 2,5 X 1 = 58,86 kN v’

V=W, +W,=47,677 + 100 = 158,86 kN v 2)
4.2 1 —sin30

= = v

Cu 1 + sin30 0,333

o _pgh® . _1680x9B1x25°x0333 . .

g~ ) X uw 2 - ’ (2)
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4.3 W~M =W, X x, + W, X x, = 58,86 X 0,6 + 100 X 0,4 = 75,316 kNm v’

F~M = F, X

” = 17,168 x 0,833 = 14,306 kNm v

w| s

VXx+F~M=W~M
158,86 x x + 14,306 = 75,316 v

x=0384m v
B
There will be tension because x < 3 v’ (falls outside middle third)

4.4 e=05B—-—x=06-0384=0216m v

V 6Ve 15886 6x 158,86 x 0,216
Ooe =gt gz =715 * 122

= 275,326 kPa (comp) v

V 6Ve 15886 6 X 158,86 x 0216
Cheet =5~ gz T 12 122

= —10,559 kPa (tensile) v

4.5 Oute = Omax X FOS = 275,326 x 3v = 825,978 kPa v’

QUESTION 5

200 X 103 v=3674m Y

A
> Wr Jz,4 X 106 + 300 x 103
5.2 yW@-D_24x 106(3,674 — 0,8)

v =862.27 kNm v
8 8 ’ m

5.3 S M _B6227x10°
Toxn 110x106x5 ’ m

Lighest I — beam is 457 X 191 x 82 kg/m v (Z = 1612 x 107°m3)
54 l=bxn+0,075(n—1) =0,1913 x5+ 0,075 x4 v =1,2565m v

— 6 —
5.5 M= W(L-1) _ 2,4 x10°(3,674 — 1,2565) v

= v
3 3 725,32 kNm

5.6 S M 7smx10t
Toxn 110x106x10 > m

Lighest I — beam is 356 X 171 X 44,8 kg/m v (Z = 686,1 X 107°m?)

(6 x2)
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QUESTION 6
6.1 mA;(d —n) = A1y + Ay,
15 x 600 x 107%(0,6 —n)v' = 0,5 x 0,1(n — 0,05)v' + 0,2 X 0,5(n — 0,1)? v/
100n%? +39n—-6,9 =0
n=0132m v (4)

6.2 o5 m(d —n)
o, n

120 x 10° _ 15(0,6 — 0,132) ,
o. 0,132

o, =226 MPa v
o, =120 MPa v (3)

6.3 o.(n—t) 2,26 x105(0,132 - 0,1
O = n—t) _ ( )=0,55MPa\/

n 0,132 (1)

2 2
6.4 M, = O,SUCAcgn —10,50.,(b —e)(n—t) 3 (n—1t)

2 2
=0,5x% 2,26 x 500 x 132 ><§>< 132—0,5><O,55><300><§><322 v

= 6576,557 — 56,806 v/
M, = 6519,752 Nm v (3)
6.5 M, = g,A,(d —n) = 120 X 10° x 600 X 10~6(0,6 — 0,132) = 33685,434 Nm v

M =M, + M, = 6,5198 + 33,685 = 40,205 kNm v’ (2)
[13]
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QUESTION 7
7.1 wx;  w(L —xy)?
2d  2(d+h)
2 )2
Xt _ (160 — x;) v
8 14
160—x _ [14
X1 8
x, =6888m v (3)

7.2 - wx? 15 % 103 x 68,882

= v = 4447944 kN v

H™ 2d 2x8 (2)

7.3 F,, =wx, = 15X 10% X 91,12 = 1366,798 kN v

Frp = |F? + F2, = \[4447,944 + 1366,798? = 4653,208 kN v )

7.4 At 120 m from lower support: x; = 120 —x; = 51,12m v

F,; = wxs = 15 x 103 X 51,12 = 766,798 kN v’

Frs = |FZ 4+ F% = \[4447,944% + 766,798% = 4513,556 kN v/ 3)

[10]
QUESTION 8
8.1 R, x 1,2 =2600 X 0,8 + 981 X 0,4 + 600 X 1,2 X 0,6 v
R, = 2420,333N v
Rp X 1,2 = 2600 x 0,4 + 981 X 0,8 + 600 X 1,2 X 0,6 v/
Ry = 1880,667 N v (4)
8.2 M = 2420,333 X 0,4 — 600 X 0,4 X 0,2 v = 920,133 Nm v/ )
8.3 T = (T, — Ty)r = (2000 — 600)0,2 = 280 Nm v/ (1)
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84 M, =05(M+M2+T?)=05(920,13 + /920,132 + 2802 ) = 940,963 Nm v/

M. = nd3o
€T 32
X d3x70x10°
940,963 =
32
8.5 F (D% — d¥o
M, =———77—
32D
940,063 = = [D* — (0,5)*] x 70 x 10°
T 32D
940963 = X (0,9375D%)70 x 10°
S 32D
D =52,662mmv
d =26331mm v .
8.6 d2 — (D?—d?) 51,5422 — (52,662% — 26,3312)
0 . _ _ ‘/ ) 0 ‘/
Yo saving d? 51,5422 21,7% 2
[15]
TOTAL: 100
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