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QUESTION 1

A semi-elliptical steel leaf spring (E = 206 GPa) has a length of 1.2 m and is to be
made from blades that are 12 mm thick and 120 mm wide. The semi-elliptical leaf
spring must carry a proof load of 12 kN without exceeding a maximum deflection of
24 mm and a maximum stress of 240 MPa. Calculate the number of blades that must
be used for this semi-elliptical leaf spring.

[13]

QUESTION 2

A simply supported steel beam carries a uniformly distributed load of 12 kN/m as
shown in Figure Qn 2. The steel beam has a length of 3 m and a flexural rigidity (EI)

of 4 MNm?.
12 kN/m

AT B ‘C‘“—ﬁé
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Figure Qn 2
Assuming that the steel beam has a negligible weight, calculate:
a) the reactions at Point B and D, (2)
b) the deflection at Point C and. (10)

[12]
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QUESTION 3

A 40 mm X 40 mm rectangular steel rod (E = 200 GPa, Sy, =260 MPa) has a

length of 3 m and is pin-jointed at both points A and B as shown in Figure Qn 3. A

concentrated load P is suspended at point B. The Rankine constant for pinned joints
1

1S .
7000

Figure Qn 3

a) Using the Euler buckling formula and a factor of safety of 1.5, find the
maximum load P that can be suspended at Point B, without causing buckling.

)

b) Using the Rankine buckling formula and a factor of safety of 2, find the
maximum load P that can be suspended at Point B, without causing buckling.

(6)

[15]
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QUESTION 4

A 3 m long simply supported wooden beam has a 60 mm X 50 mm rectangular
cross-section and carries a point load of 20 kN as shown in Figure Qn 4. The wooden
beam has a knot (defect), which weakens its strength at Point A. Point A is located
I m from one end of the beam and lies at 20 mm from the bottom as shown.
Determine the principal stresses at Point A.

20 kN

A. 120mm
. [
E \
. Im -.-x-.. 1m 1m -
t E
. LE
1O
I 0
50 mm
Figure Qn 4

[16]
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QUESTION 5

A 12 mm strain gauge is rigidly attached on the surface of an unpressurised steel
boiler (E = 200 GPa; v = 0.28) as shown in Figure Qn 5. The unpressurised steel
boiler has a mean internal diameter of 1.5 m and a wall thickness of 30 mm. An

internal pressure then builds up in the steel boiler, which causes an elongation of
0.0006 mm to the strain gauge.

v .

Ll ,. i
f | i
% N  15m
‘il 12 mm /
| i e ————— |
b =,
Figure Qn 5

a) Calculate:

i) the internal pressure in the steel boiler that caused the 0.0006 mm

elongation of the strain gauge; 4)
1i) the volumetric strain of the steel boiler as a result of the pressure;  (3)
i11) the percentage change in volume of the steel boiler and; (2)
Tv-thechamge T drameter-(mmm)of the steet-botter: 3]

b) If the 12 mm strain gauge had been placed along the y- axis, what would have

been the elongation of the strain gauge (in mm) after the same internal
pressure build-up as in Qn 5 (a)? (2)

[14]
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QUESTION 6

A bronze cylinder (Epronze = 100 GPa,v = 0.35) of 150 mm internal radius and
200 mm external radius is surrounded by a closely fitting steel sleeve
(Esteer = 200 GPa,v = 0.28) of 225 mm external radius to make a compound thick
cylinder as shown in Figure Qn 6. When the compound thick cylinder is not subjected
to any internal or external pressure, the contact pressure at the common surface is
Zero.

Bronze

Steel

Figure Qn 6

If an internal pressure of 30 MPa is applied to the compound thick cylinder what is
the contact pressure at the common surface?

Hint 1: The bronze cylinder experiences both the internal pressure of 30 MPa and the contact
pressure at the common surface. The steel sleeve only experiences the contact pressure at the
common surface.

Hint 2: The diametral strain of the bronze cylinder is equal to the diametral strain of the steel
sleeve at the common surface.

[15]

QUESTION 7

A solid steel drilling shaft (E = 200 GPa, S,, = 300 MPa) has a diameter of 80 mm
and is rated to work at an axial compressive force of 90 kN, a torque of 4 kNm and a
bending moment of 2 kNm. What are the factors of safety used in designing the
drilling shaft for this working environment according to Tresca and Von Mises yield
criteria?

[21]

TOTAL MARKS: 106
FINAL MARKS: 100
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ANNEXTURE 1: FORMULA SHEET

1. Quarter elliptical leaf- Maximum bending stress: ¢ = s:;
spring 3
Maximum deflection: § = ﬂLS
bEnt
2. Deflection of beams Deflection of beam at position B relative to A:

B -
e f, M(x)dx - %;
i=1 El;

VBra =
Slope of beam at position B relative to A:

B
?=1 fA M(x)idx
vy Bl

93/A =

Fori=1,2, ...,n areas under the bending moment diagram.

Where X; is the centroidal distance of area i from position B.

__3 B
= x =3
Y Area = -BH
| B :
|
= & 1
AN ' Areaz%BH
SO S i
. 2
3, B“Ck.lll'lg of Struts Fuler BUCklng: PE — TTLZEI
. . 5,A
Rankine Buckling: Py = +ez
[1+a(?) :l
3 g oo fLg __[2m2E
Validity Limit: (K)“m = ’ s,
4. Transformation of Stress Direct and shear plane stresses on an oblique plane 6 degrees

(anticlockwise) from the vertical axis:
1 1
a0 =5 (ox +0y) + i(Jx — 0y)C0520 + 1,,,Sin26

1
T = E(ax — 0,)Sin26 — 1,,Cos26

Maximum principal direct stresses:

1 1
Oy = E(O'x +o0,)t '2'\/(% - y)z + 413,

Maximum principal shear stress:
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1 2
o = i‘EJ(O’x ~=gy) +drl, =+

Direction of maximum principals stresses:

[N T

(0 —a3)

2T
tan 26 = —22
(Ux . Jy)
5. Analysis of Strain Bi-axial strain;
Ax o, VO, E
== O :m(sx+vsy)
Ay o0, wvo, E
Ey=—= ————; =
y =3 =~ O a7 (&) + vey)
AA
Eqy = 7 = Ey + &,
Tri-axial volumetric strain:
Ax o, vo, Vo
E, == — ——————
*x E E E
Ay oy, vo, o,
g, == = ———
¥y E E E
Az g, vo, voy,
2= E"EF E
£ —ﬂf-—;‘ 4+ g JX+O—y+O—Z(1~71;\
v E
Strain in circular shafts:
AL 1
€L = " — E(JL — 2vaop)
_AD 1

€p —‘D_:E(UD—UJD—UUL)

Ev:7=EL+2€D

Strain in thin cylinders:

AL o, voy pd
—— e ———— e —— -2
ESFEE TR A oY

AH oy v, pd
EH:_:___ o

H E E  4tE
pd
STJ:EL"}"ZEH:E(S—A}U)

(2-v)

Strain in thin spheres:

_AH 1

_ _pd
&y H—E(UH UUH)_ME(l v)

3pd
£v=3£H:—p—(1—v)
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Elastic constants:
E=2G(1+v); E=3K(1 -2v)

Direct and shear plane strains on an oblique plane 8 degrees

(anticlockwise) from the vertical axis:
1 1 1
& =5 (& +&y) + 5 (ex — &y)Cos26 + > VaySin26
Yo = —(&x — &,)Sin26 + ¥, Cos26
Maximum principal direct strains:

1 1
B2=7 (5 + &) £ E\/(Ex - sy)z +y2,

Direction of maximum principals strains:

tan 20 = 1
(ex —€y)
Shear strain: Yy, = %X
6. Thick Cylinders Radial stress: o, = A — rEZ
B

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

external pressure, P,:

Pir? e Bird ¥

T2 — 7 o W r2
2 2 2 2
Piri o Poro i
0= 5|1+t~ —=|1+3
T2 — 1] r e —1] r
Piré — By
L'l 00
o
a 2 2
(To r:)

Stresses in thick cylinders due to an internal pressure only

(Fo=0):

o) L
P i r{z [ T‘OZ]
= 1+
e (7,02 - riz) &
P,: T'I-Z
a,
¢ (TOZ - le)

Stresses in thick cylinders due to an external pressure only

(Pi: 0)
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-P,r? rf]
B S ol g
* 1) re
_Paroz

Oq = —(raz — .riZ)

Shrinkage allowance for compound thick cylinder:

1 1
5.0 = 2Tt E_ (JC,O,int + g Pint) - E (Jc,l,inf + UIPint)
o0

Shrinkage allowance for shaft and hub:
1 1
5.0 = 21int | = (0,0t = VoPint) — o (—Pine + V1 Pint)
E, E;
Torque transmitted by a shrink fit: T = 2rwury ;LP;,,

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

7. Failure theories

Ductile materials: Failure occurs when:

3

Maximum shear stress (Tresca): o, — g3 = n

Maximum shear strain energy (von Mises):

g5
(g — a2 4 (g — a2 o (o _fr\z"b')(y\
T T z7 A 37 } St

YT An/

Brittle materials: Failure occurs when:

Maximum principal stress (Rankine):

b S
o1 = %(ifcrl >0)oroz = —-%t(ifag, < 0)
Modified Mohr:

Quadrant 1: g, = %t

g g 1
3 1

Quadrant 2: — —— 2> —
Sut SRC n
Suc
Quadrant 3: 03 = s
5} a3 1
Quadrant 4: — —— > —
ut  Sue N
8. Temperature Stresses AL = LaAT




