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STRENGTH OF MATERIALS AND STRUCTURES N6

QUESTION 1: THICK CYLINDERS

1.1 b
at 100 mm:a+ﬁ= 100 x 10° ...... ... (Hv
b
at200 mm:a + —= = 40 x 10° ....... ...... (2)V
0,22
(1) — (2):100b — 25b = 60 x 10°
b =800 x 103v
a=20x10%
t100 10y = b
a mm: oy = a RE
20 % 10° 800 x 103
B 0,12
oy = —60 MPa (tensile)v’
t 200 = b
a mm: oy = a 0.22
20 % 10° 800 x 103
B 0,22
oy = ov
1.2 d
5d1 = _(O-H -9 X O-R)
E
0.1 (=60 x 10° — 0,3 x 100 x 10°)
=——(—60 X — X X
200 x 10° '
8d; = —45 x 107® m (increase)v’
d =100 + 0,045 = 100,045 mmv’
D
13 5d2=—(O'H—19><O'R)
E
0,2
=— (0 — x 40 x 10°
200><109(0 0,3 x40 x 10°)

8d, = 12 x 107 m (increase)v’

D =200+ 0,012 = 200,012 mmv
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STRENGTH OF MATERIALS AND STRUCTURES N6

14 ‘= D—d _ 200,012 — 100,045 _ 499835 v
T2 T 2 - F57ess mm (1)
[11]
QUESTION 2: TENSION IN CABLES
2.1 Fr = a,As + 0,4,
=42 x50+ 14 x 45V
2.2 Fr 8400
= — — \/
Vo " 0 140 m

Vo = |yZ — 2 =./1402 — 882 = 108,885 mv'

y1 = /yoz +¢£2 = ,/108,8852 + 622 = 125,3 mv

h=y,—y, =14,7mv (4)
= = X _— = v
Xy yoln< e 108,885 x In 108,885 80,472 m (1)
24 F; 7800
—_— — T e— /
V3 " 0 130 m

03 = /ygz —y2 = /1302 — 108,885% = 71,0211 mv’

ys 45 130 + 71,0211
X3 = yoln< e ) = 108,885 X ln( 108,885 ) = 66,759 m (from TP)v’
X = x; —x3 = 80,472 — 66,759 = 13,713 m (from highest support) v’ (4)

[11]
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QUESTION 3: BENDING AND DEFLECTION OF BEAMSs
3.1 Iyx =2X Ly =2%19,11 X107 = 38,22 x 107 m*v
Iyy = 2 x (I, + Ar?)
=2X (1,478 x 107° + 3,218 x 1073 x 0,0499%)v
Iyy = 18,982 X 107® m*v’ (3)
3.2 Consider the stress limit:

M =0z =80x%10°x 2 x 191,1 x 10° = 30,576 kNmv'

- WL N wl?
4 8
W x4 496,386 x 42
30576 = Z + 3

W = 29,583 kNv’

Consider the deflection limit:

Ao w3 N SwL*
" 48EI  384EI
_ W x 43 5 X 496,386 x 4%
10 x 1073 = + v

48 x 200 x 38,22 x 103 * 384 x 200 X 38,22 x 103
W = 56,089 KNV’

= Maximum allowed load is 29,583 KNv’ (5)
3.3 o = 80 MPa as this was the limiting factorv’
__29583x4®  5x496386x4'
T 28200 X 38,22 X 103 ' 384 x 200 x 3822 x 108 70" 2)
3.4 FL3
A=
48E1

F x 43
5377 —2)x1073v =
( ) 48 x 200 x 38,22 x 103

F = 19,359 KNV’ (2)
[12]
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QUESTION 4: DIRECT AND BENDING STRESSES

4.1 Uity 8X 107° % 0,02+8x 1073 x 0,12
£ ar B 16 x 1073V
Y; =0,07mv and Y, = 0,13 m (3)
4.2 bd3 0,2 x 0,043
| =—+Ah? =———+8x1073x 0,052 =21,1 x 107 ® m*v
12 12
bd? 0,05 x 0,163
I,=—+Ah? = ——— +8x 1073 x 0,052 =37,1 X 107° m*v
12 12
Iyy =1 +1, =21,1x 1074+ 37,1 x 1076 = 58,2 x 10~ m*v’ (3)
4.3 F 40 x103 )
Oq = Z = W = 2,5 MPav (tensile)v’ (2)
4.4 FeY, 40x103x0,37 0,07 GV
Opt =—— = 582 X 10-° = 22,251 MPa (tensile)

| FeY, 40x 10 x 0,37 x 0,13
Obc =77 = 58,2 x 10-6

= 41,323 MPa (compressive)v’

Ort = 04 + 0y = 3,125 + 22,251 = 25,376 MPav (tensile)v’
Ore = 04 — Oy = 3,125 — 41,323 = 38,198 MPav’ (compressive)v’ (6)
[14]

QUESTION 5: RETAINING WALLS

5.1 pgh® 1000 x 9,81 x 6

= = J
Ry =5 : 176,58 kN

W, = pgAl = 2100 % 9,81 X 0,5 % 1 X 6 = 61,803 kNv
W, = pgAl = 2100 x 9,81 X 2 X 6 = 247,212 KNV’
V=W, +W,=61803+ 247,212 = 309,015 kNv' (4)

. h
52 F~M =F, X 3= 176,58 x 2 = 353,16 kNmv

W~M = W;x, + Wyox, = 61,803 x 0,667 + 247,212 x 2v' = 535,626 KkNmv’ 3)

53 FOS = WM _ 535626

F~M _ 353,16

= 1,517 v (not safe,should be > 2)v 2)

Copyright reserved Please turn over



MARKING GUIDELINE -6-

5.4

5.5

STRENGTH OF MATERIALS AND STRUCTURES N6

Vx + F~M =W~M
309,015x + 353,16 = 535,626V

x = 0,59 m from toev’

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

e=05B—-x=15-059=091mv

V 6Ve 309,015 6x309,015x 0,91
Omax =g+ 5y =—5—+ 2 = 290,474 kPav’

Oute = 3 X Omgy = 871,422 kPav’

QUESTION 6: FOUNDATIONS

6.1

6.2

6.3

6.4

Wr =340 x 9,81 X 4 + 50 x 10° = 63,342 KNV’

w. 63,342
L= — 1,453 mv
Pg

_Wr_63342x10°
4= T marxi07 a

h 406,4
e= 100+§= 100+T= 303,2 mmv’

Take moments about centre: Vxx=Fxev

63,342 X x = 50 x 0,3032v

x = 239,337 mmv’

A1

—-—=

Vv
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QUESTION 7: REINFORCED CONCRETE

7.1

7.2

7.3

o, m(d—n)

o, n
140 15(d —n)

7 - n
d=2333n...... DV

M =050.4,(d~ g)

174 x 103 = 0,5 x 7 X 10® x 0,4 x n(d — 0,333n) ... ...... (2)v

(1) into (2): 174 x 103 = 0,5 x 7 x 10° x 0,4 x n(2,333n — 0,333n)v

n=0,249 mv

d =2,333n =0,582 mv

D=d+r+c¢=582+10+30 =622 mmv (6)

n 0,249
t,=d—==0582—-—=10,499mv
3 3
4 M 174x10°
ST oo x 1, 140 x 106 x 0,499
A, =mr? = x 0,012 = 314,159 X 10~® m2v'

A 2,493 x 1073 v
number of rods = A_r = 314,159 X 10 = 7,9 say 8 rods @)

=2,493 x 1073 m?v’

2
M. = 0,504, X §n

=0,5x 7 x10° x 0,4 X 0,249 x § x 0,249

M, = 58 KNmv’

Mg = 0,A,(d —n)
= 140 x 10° x 2,493 X 1073(0,582 — 0,249)v’
M, = 1167 kNmv' @)
[14]
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QUESTION 8: STRUCTURAL FRAMEWORKS

8.1 8.2
0] 1
®
@
v v
@
3
A F o Y
8 ] a
\\\ \/‘/
N 4
@9 v
A v/ C
/ ) = _-
/ 7
| g
/ e
/ P
/ e
/ 7
/ C
/ 7
/ P
/ i
/ 7
| 7
1/ -
0]
8.1 See sketch (4)
8.2 See sketch (4)
8.3 MEMBER MAGNITUDE NATURE
OA (2-3) 7,7 KNV Strutv/
OB (3-4) 13,7 kNv Struty
OC (1-4) 13,7 kN StrutV 3)
[11]
TOTAL: 100
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