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QUESTION 1

A steel leaf spring carries a central load of 4 KN. The plates are to be made of
12 plates 6 cm wide and 5 mm thick. The bending stress is not to exceed 200
N/ mm?. Determine:

1.1 the length of the spring; 2
1.2 the deflection produced at the centre of the spring; and (2)
1.3 the radius of curvature of leaves. (2)

E=2x 10° N/ mm?.

[6]
QUESTION 2
An overhanging beam carries the loads as shown in Figure 1. Calculate:
2.1 the support reactions; (2
2.2 the slope at A; (6)
2.3 the deflection at mid-span; 4
2.4 the deflection at C; and 2
2.5 the slope at 5 m from the left end of the beam. 2
E= 200 GPa and 1= 180 x 10°® m*.
2 kN 2 kN
A B E F
[ ]
C D ( )
2m 2m 4m 2m 2m
Figure 1
[16]
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QUESTION 3

A column of steel is 10 m long and has a cross-section of 120 mm x 180 mm. Use a factor of
safety of 3 and calculate the Euler buckling load and the safe load for the column assuming:

3.1 both ends are fixed; 9
3.2 both ends are ball-jointed; and. 4)
3.3 one end is fixed and the other end is free. 4)

E = 2 x 10° N/mm?

[17]
QUESTION 4
A plane element is subjected to the stresses shown in Figure 2. Determine:
4.1 the resultant stress on plane AB using formulae for transformation of stress; (5)
4.2 the resultant stress on plane AB from first principles; and 9
4.3 confirm your answers using Mohrs’ stress circle, and clearly indicate plane AB. (6)
A
30° 10 MPa
B
Figure 2
[20]
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QUESTION 5

At a certain point on a material, the following strains were measured:

— —& — _
g, =320X10 " .. =—150x 107" ¥y, = 700X 107°

If E =200 GPa and v =0.28, calculate:

5.1 the linear and shear strains on a plane inclined at an angle 40° anticlockwise form the
positive x-axis; (7)
5.2 the principal strains and maximum shear strain; (6)
5.3 use Mohr’s strain circle to verify the answers obtained for 5.1 and 5.2; and 4
54 the principal stresses and their directions. (11)
[28]
QUESTION 6

Calculate the hoop and radial stresses at the inner, mean and outer radii across the section of a
thick cylinder 250 mm internal diameter and 100 mm thick when the cylinder is subjected to
an internal pressure of 22 MPa.

Take E =203 GPaand v=0.3.

[6]

QUESTION 7

The yield strength of a material in a ductile state is 305 MPa. Use both of the theories of
elastic failure, determine the factor of safety for the following principal stress values at a point
of a ductile material:

76 MPa (T), 90 MPa (T) and 120 MPa (C).

[7]

TOTAL MARKS AVAILABLE =100 (100 MARKS = 100%)
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FORMULAE SHEET
1. Semi-elliptical leaf- — WL
Springs 2hntt
_ 3wiLd
 8bEnt?
L 17
T
2. Quarter elliptical leaf- — SWi
Springs bnt=
_ewi?
" BEnt®
3. Deflection of beams d=y
El— =M
dy=
_ 3
T O
Area = iBH
.=
_ 'lB
= xr= E
+ Area = iBH
. s =

4. Buckling of Struts

Euler Buckling: P, = ";f‘r

‘g

Rankine Buckling: P, = 5‘? _
e
Validity Limit: (LI) = ==
lim R 'y

Both ends pin-jointed: le= |

Both ends fixed: le = 1/2

One end fixed and the other end free: | = 2I

One end fixed and the other end pinned: I, = fjﬁ

bh3

I=—
12
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5. Transformation of
Stress

Direct and shear plane stresses on an oblique plane & degrees

(anticlockwise) from the vertical axis:
g = z o.+o,)+ E g, — 0, )Cos28 + 1,,5in26
% T3 2

1
T =3 [J_r - H}.)SiIEZE — T, C0S26

Maximum principal direct stresses:

1 1] T
I12 = E[Jx + ﬂ}-) ii*qll [:155r - ﬂ'}.) + 4],

Maximum principal shear stress:

1 |I 2 . 1
Tmax — ii -.ql (g.r - H}') + "-1-'5_;}. = ii (ﬂ-l - ﬂ:j
Direction of maximum principals stresses:
2T,
tan 28 = —F —
[ﬂx o ﬂ}')
6. Analysis of Strain Bi-axial strain:
Ax g, ug, E
E, =—= ————: g, = — E+VE.
* x E E o1 —vY) [ * :’)
Ay g, Ug E
—_ " — ¥ & —
g, =—= ———; g, =——|&,+ve
Yy E E 7 (1—u—)[> )
£y = ? = E}. + £,

Ax g, Vg, Ug

AV g.to, ta
B = T E T tE = — EJ: =(1—2v)
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Strain in circular shafts:

AL 1
gL = T = E (JL- - ZUUD)
B AD 1

£p = EZ E(% —Vdp — UETL.)

AV

Ez:_?=EL+ZED

Strain in thin cylinders:
AL g, ve d

EL- :—:_L__H:p_(l_zuj
L E E 4tE

_AH oy vo, pd

= [ 2_
HTH T F E iz 27V
P
=g +2e, = (5—4
g, =g + 24 41_‘5'( v)

Strain in thin spheres:

AH 1
EH=?=E(;H_UJH]_E[:1_U)
3p
£, ZEEH_E(:L—U)

Elastic constants:
E=26(1+ v); E=3K(1—-2v)

Direct and shear plane strains on an oblique plane & degrees

(anticlockwise) from the vertical axis:

1 1 1 .
e =3 (. +,)+ > (e, —&,)Cos26 + S Yay Sin26
Vg = —[gx — E}_)SinZH + ¥, Cos26

Maximum principal direct strains:

1 1 | 3 .
£, = E[E_r + 5}.) ii"qll (E_r — s}.) + ¥y

Direction of maximum principals strains:

tan 28 = _ Jey

[Ex B E}')

X

Shear strain: y,, = =

Maximum shear strain
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| 2
¥max = + l(E.r - E}'} + ¥
Principal stresses

oy = (&1 +vez)

_E
(1-v2)

g, =——— (g, +ve)

= (1—-v?)

7. Thick Cylinders

Radial stress: g, = 4 — z

r=

Hoop stress: o, = 4 + Ji

Stresses in thick cylinders due to an internal pressure P; and

external pressure, P,:

P r? — P
R
Stresses in thick cylinders due to an internal pressure only
(B,=0):

T, = Piry l—£

SNCErD B

. FEFE 1+r§

NGl
Pry

T

Stresses in thick cylinders due to an external pressure only

(P=0):
% = (r:%fzjl _:_i
o i
Pr? r?
e
%a = (;FE?.;:)
o 1
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Diametral shrinkage allowance for compound thick cylinder:
1 1

s.a= 2ry. |\ (_Jh,ﬂ,i:lzr TV P ) — E[ﬂh,z,im + Py,

I

Diametral shrinkage allowance for shaft and hub:
1 1

5.4 = Erz'ur (E_ [Jh,ﬂ,iur — Vg Pinr) - E (_Pinr + Uy Piurj)
o I

Torque transmitted by a shrink fit: T = 2mpur;, LB, .

Frictional force to separate a shrink fit: F = 2mur;,,.LP,, .

8. Failure theories

Ductile materials: Failure occurs when:

n

. i
Maximum shear stress (Tresca): o, — gy = £

Maximum shear strain energy (von Mises):

-

(01— o)+ (=02 + oz — ) 22(2)

T
Brittle materials: Failure occurs when:

Maximum principal stress (Rankine):
5, 5,

o, = —=(if 6, > 0) or gy = ——=(if 0, < 0)
T n

Modified Mohr:

ur
Quadrant 1: g, = —
n

(O A |
Quadrant 2: — —— = —
Sﬂr SHE n

Quadrant 3: g5 = — ;E
g, O3 1
Quadrant 4: — —— = —
ur SHG n
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