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SECTION A

1. If the expression of strain energy for a beam is:

a3P2  b3P?  aZbp?

U =
8EI * 6EI + 4G]J

then what is the corresponding expression for deflection, u, at the position, and
in the direction of load, P?

A_ u=£(£+b_3+az_b)
2

4EI = 3El = 2GJ

P3/ad b3 a’b
B. u=2(Z+2 —)
clam Tt 2G]

as b3 a’b
E u=>~rP E a Z_G])
[2]
2. For a strut of length, L, which is fixed at x = 0 and at x = L, and subjected to
compressive loading, the comprehensive set of boundary conditions are:
A.  ()atx=0,y=0, (i)atx=L,y=08&(ii)atx=L,Z=0
B. ()atx=0,y=0,(i)atx=0,2=0,(ii)atx=L,y=08&(iv)atx=L, =
0
C. (Datx=L y=08&(ii)atx=L, =0
D. (atx=0,y=0& (ii))atx=L,y=0
. _ d_y_ - _ d_y_
E. (|)x—0,dx—0&(||)x—L,dx—0
[2]
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3. If a beam has a rectangular cross-section, as shown in Fig. Q3, a yield stress,
o, = 207 MPa, and is subjected to a pure bending moment of 50 kNm, about the

Y — Y axis, does yielding occur?

All dimensions in mm

Fig. Q3

Assume elastic-perfectly-plastic material behaviour.

A. Yes
B. -
C. -
D. -
E. No
[2]
4, A beam with a rectangular cross section, that is subjected to a pure bending
moment about the Y-Y axis, as shown in Figure Q4, is required to have a
corresponding 2" moment of area of at least 2.2 x 107 mm~4. What is the
minimum required value of a?
2a
a
Y- A Y
All dimensions in mm
Fig. Q4
A. 57.6 mm
B. 127.5 mm
C. 107.2 mm
D. 509.2 mm
E. 75.8 mm
[2]
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5. At intermediate alternating stresses and when conservatism is required in the
prediction of fatigue life:

A. The Gerber curve is a better option than the Soderberg line or the
Goodman line

B. The Goodman line is a better option than the Soderberg line or the
Gerber curve
C. The Soberberg line is a better option than the Goodman line or the

Gerber curve

D. There is no difference in the Soderberg line, the Goodman line or the
Gerber curve

E. Either of the Gerber curve or the Goodman line is the best option

[2]
6. If a beam under bending has the following 2" order differential equation:
Zy RA MO 0
EIW:?X-}‘?(X—Z) —PO(X—3>
then what is the corresponding expression for deflection in the beam?
3 _2\2 _2\3
A, y=BRa  Modr RGI axip
12 6
dy _ 1 Rax? | My{x—2) _Po(x—3)2
B. dx EI( 4 + 3 2 + A)
_1 Rax3  My(x—2)? _Po(x—3)3
C. y_51(12 6 +Ax+B)
dy _ Rax* | My(x—2)  Pp(x—3)°
D. dx 4 3 2 +4
_ Rax® | Mp(x-2)*  Pp(x-3)°
E. Ely = =" +—— —— tAx
[2]
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7. Fig. Q7 demonstrates which type of material behaviour?
0;
2
1
Fig. Q7
A. Kinematic hardening
B. Buckling
C. Isotropic hardening
D. Fracture
E. Mixed isotropic and kinematic hardening
[2]
8. The expression for strain energy in a beam under torsion is:
L p?
A. U= fO ﬁdx
L M?
B. U= fO de
ou
C. u= 5
L 72
D. U= fO ZI_de
L T2
E. u= [ o=dx
where P is load, M is bending moment and T is torque.
[2]
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9. For a steel column of rectangular cross-section, 40 mm X 20 mm, and of length
2.75m, that is fixed at both ends and has a Young’s modulus, E, of 210 GPa, the
critical buckling load is:

A. 7.3 kN
B. 29.2 kN
C. 14.9 kN
D. 116.9 kN
E. 1.8 kN
[2]
10. Fig. Q10 illustrates which type of material behaviour?
o
O, -1-----
£
Fig. Q10
A. linear softening
B. elastic-perfectly-plastic
C. non-linear elasticity
D. non-linear hardening
E. linear hardening
[2]
11. If a material expands freely due to heating it will develop
A. thermal stress
B. tensile stress
C. bending
D. no stress
E. compressive stress
[2]
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12.

13.

14.

15.

7 MMME2053-E2

Maximum shear stress theory is very commonly used for

brittle material

ductile material

both ductile as well as brittle materials
compressive loading only

none of the above

moowp

[2]

A closed-ended thin-walled cylinder is filled with gas. The inner diameter of the
cylinder is 200 mm and the wall thickness is 2 mm. What is the maximum
permissible gas pressure in the cylinder if the allowable tensile and shear
stresses in the cylinder are 7 MPa and 2 MPa, respectively?

140 kPa
160 kPa
180 kPa
200 kPa
220 kPa

moowp

[2]

For the same thin-walled cylinder in Q13, if the internal gas pressure is 100 kPa,
what is the Tresca equivalent stress on the outer surface?

1.0 MPa
2.5 MPa
5.0 MPa
7.5 MPa
10.0 MPa

moowp

[2]

When a body is subjected to a direct tensile stress in one plane, the maximum
shear stress is the maximum normal stress.

equal to
one-third of
one-half of
two-thirds of
twice

moowp

[2]
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16. A 600 mm long, 1D bar element has a rectangular cross section of 40 mm X
50 mm and is made of a material with a Young’s Modulus of 70 GPa. The stiffness
matrix of the element (in N/m) is:

A. [70 >:)109 70 5109]

B 70 x 10° —70 X 109]
] —-70 x 10° 70 x 10°

g1 O
C.  140x10°|, 1]

s[1 -1
D. 140x10%| ]

s[1 -1
E. 233x10°| ]

[2]
17. For the beam cross-section shown in Figure Q17, the shear centre will be located
closest to which point?
oE D
_.... ........... ..4'.. ........... .. .............
A B Cc
Fig. Q17
A. A
B. B
C. C
D. D
E. E
[2]

MMME2053-E2



18.

19.

20.
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A bar with a rectangular cross-section (b x d) of 40 mm x 50 mm is subjected
to a vertical shear force of 25 kN. What is the value of maximum shear stress in

the bar?

A. 18.75 MPa
B. 37.50 MPa
C. 75.00 MPa
D. 150.00 MPa
E. 9.38 MPa

[2]

A rotor disc with an angular velocity of 3000 rpm has an external diameter of
0.9 m and has a 0.2 m diameter hole bored along its axis. What is the value of

hoop stress at the external diameter? (p = 7200 %, v = 0.25).

moowp

16.4 MPa
-16.4 MPa
32.8 MPa
-32.8 MPa
0 MPa
[2]

In the case of pure shear at a point, the sum of the normal stresses on two
orthogonal planes is equal to:

moowp

zero
the maximum shear stress

twice the maximum shear stress
the maximum tensile stress

the maximum compressive stress

[2]
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SECTION B

21. (a) An open-ended thick-walled cylinder of internal diameter 0.2 m is
supported such that there is no longitudinal stress. The cylinder is
subjected to an internal pressure of pi = 80 MPa. If the maximum direct
stress is to be limited to 250 MPa, determine the minimum possible wall
thickness required.

[12]

(b)  With this calculated wall thickness, determine the increase in the external

diameter, due to expansion, when the pressure is applied. Assume E =
70 GPa.

[8]
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22. Figure Q22 shows the cross-section of a beam. All unlabelled edges are 10 mm.

30

20

All dimensions in mm

Fig. Q22

Determine:

(@) The position of the Centroid of Area, C.
[5]

(b)  The principal 2nd Moments of Area.
[10]

(©) The orientation of the Principal Axes with respect to the x-y co-ordinate
system (show on a sketch of the cross-section).

[5]
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23. Three rigid bodies (represented as 2, 3 and 4) and a rigid wall (represented as
1) are connected by four springs (represented as A, B, C and D), as shown in
Figure Q23. The stiffness of the four springs (in N/mm) are ka = 300, ks = 400,
kc = 500 and kp = 600, respectively. A horizontal force of 1,500 N (represented
as F4) is applied on body 4 as shown in the figure. Assuming that the bodies
can undergo translation in the horizontal direction only, use the finite element
method to find the displacements of the three rigid bodies and the forces in the
four springs, assuming linear elastic behaviour. State whether the forces are

tensile or compressive.

fA D
v - 4 f— F 4
3
2 -
B C
Fig. Q23
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