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All questions carry equal marks

1. Fig. Q1 shows a beam which is simply supported at positions A and E and has an
applied point moment, M., at position C, and two applied point loads, P; and Py,
at positions B and D, respectively. Taking the origin as the left-hand side of the
beam, which of the following expresses the 2" order differential equation for this

beam?
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Fig. Q1
A EISZ = Ryx + Mc(x — b)° — Pylx — a) — Pp(x — )
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B.  EIS2=M(x—b)°— Ps({x —a) — Py{x —c)

C. L= Mefx—b)— Pylx—a) — Pplx — )

D.  EI%Y = Ryx+Mc(x —b) — Py(x —a) = Pplx —c)

X

E. %2 —Rx+ Mo(x—b)° — Pylx — a) — Pp{x — c)

dx2

2. What is the corresponding expression for slope in the beam shown in Fig. Q1?

Pg{x—a)®> Pp(x—c)?
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3. What is the corresponding expression for deflection in the beam in shown Fig. Q17?

Mc{x—b)? _ Pg{x—a)? _ Pp{x—c)3

A. Ely = == - <
dy _ Ryx? _ _ Pg{x—a)? _ Pp{x—c)?
B. EIZ=Ry y(x—b) -T2 ‘
Mc{x—b)® Pp(x—a)® Pp(x—c)3
C. vy= - — +Ax +B

6 6

D. y = 1 (RAx3 + Mc{x=b)*  Pp{x-a)® PD(x—c)3)
EI\ 6 2 P p

3 _p)2 _\3 _\3
E. y = i(RAx n Mc(x—b) _PB(x a) _PD(x c) T Ax + B)
El 6 2 6 6

4, Fig. Q4 shows the representation of von Mises yield locus at two different
hydrostatic stress values. Which stress component from those listed
contributes to yielding?

Fig. Q4
A. OA
B. AB
C. OB
D. AC
E. oD
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5. A solid bar of 38 mm diameter is subjected to a torque of 1.1 kNm and a pure
bending moment of 1.3 kNm, according to the von Mises yield criterion; does
yielding occur if the uniaxial yield stress of the material is 600 MPa?

A. Yes
B. -
C. -
D. -
E. No
6. If a beam has a rectangular cross-section, as shown in Fig. Q6, has a yield

stress, g, = 205 MPa, and is subjected to a pure bending moment of 210 kNm,
does yielding occur?

150

150

All dimensions in mm

Fig. Q6

Assume elastic-perfectly-plastic material behaviour.

Yes

moowp

No
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7. Fig. Q7 illustrates which type of material behaviour?
o
Oy-1-----1
£
Fig. Q7

A. elastic-perfectly-plastic

B. linear softening

C. non-linear elasticity

D. non-linear hardening

E. linear hardening
8. An internally pressurised cylinder of OD 1 m is subjected to a pressure of 20 bar,

what is the smallest value of wall thickness to avoid yielding according to the
Tresca yield criterion if the material has a yield strength of 200 MPa?

A. 10 mm
B. 8 mm
C. 6 mm
D. 4 mm
E. 2 mm
9. An unconstrained, 1.9 m long steel bar is subjected to a temperature change of

15 °C, what is the change in length of the bar? (a« = 11 x107¢°C~1, E = 200 GPa)

A. 1.65 x 1074 m
B. 2.09x 107> m
C. -3.14x10™*m
D. 3.14 X 10™* m
E. —-1.65x10"*m
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10. What is the limiting pressure to avoid yielding for a cylindrical steel pressure
vessel 1.15 m in diameter and 4 mm thick according to the von Mises yield
criterion and assuming a safety factor of 1.5? (o, = 215 MPa)?

A. 0.58 MPa
B. 1.00 MPa
C. 1.15 MPa
D. 1.35 MPa
E. 2.30 MPa

11. At larger mean 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
Either of the Gerber curve or the Goodman line is the best option
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12. The Aluminium bar in the compound bar assembly shown in Fig. Q12 is
subjected to a temperature change of 5 °C while the Copper bar has no
temperature change. What will the stress in the Copper bar be if both bars
have a cross sectional area of 50 mm??

(Ecopper = 128 GPa, ag, =23 X 107°°C™1, Eyy, = 70 GPa)

LSS L

1kN

Rigid

Copper

LSS

S S

Fig. Q12
A. -1.9 MPa
B. 7 MPa
C. 13 MPa
D. 1.9 MPa
E. 18 MPa

13.  Which of the cross-sections shown in Fig. Q13 has the largest 2" moment of area
about the Y-Y axis (which passes through the centroids of each cross-section)?

i 300 = 250 150
300 i i 300
,_ 150 /g ________ 1 P*_ % _______ §
A B C D E

All dimensions in mm

Fig. Q13

moowp
mooOw>
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14. What would the edge length of a square cross-section need to be in order to
match the largest 2" moment of area from Q137

A. 383.4 mm
B. 252.3 mm
C. 504.6 mm
D. 191.7 mm
E. 248.4 mm

15.  Which of the shaft loading cases below results in the largest value of maximum
in-plane principal stress acting on a 2D plane-stress element on the surface of a
25 mm radius, solid shaft? T = Torque, P = Axial Force, M = Pure Bending

Moment.

A. T =200Nm, P =200N, M =200 Nm
B. T =200Nm, P =220N, M = 180 Nm
C. T =220Nm, P=180N, M = 200 Nm
D. T =180Nm, P =200N, M =220 Nm
E. T =350Nm, P=100N, M =100 Nm
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16. What is the value of the maximum in-plane principal stress for the 2D plane-
stress element shown in Fig. Q167?

‘ o,= 73 MPa
>
A
—— _
o,= 23 MPa
v
y[ - T,, =13 MPa
x l
Fig. Q16
A. 31.3 MPa
B. 59.5 MPa
C. 76.2 MPa
D. 87.7 MPa
E. 28.18 MPa

17.  For a cracked component, for which K, = 2.750vna, K;. = 120 MPayvm and
o, = 225 MPa, calculate the critical crack length, a., if the material behaves in a

. . 2
linear elastic manner and ¢ = Zo,.

A. 84.63 mm
B. 92.6 mm
C. 2.99 mm
D. 11.97 mm
E. 26.94 mm
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18. Fig. Q18 is a plot of crack growth rate, :—;, vs AK. The three curves were each
produced using the same maximum fatigue load.

da
‘%Gﬂ

log(AK)
Fig. Q18

The arrow dissecting the curves indicates:

Constant mean load
Decreasing R-ratio
Increasing R-ratio
Constant minimum load
Constant R-ratio

moowp

19. A solid (circular cross-section) shaft will carry a torque of 18 kNm and will be
made of a material with a yield stress of 400 MPa. According to the von Mises
yield criteria, what should the diameter be to avoid yielding?

A. 30.6 mm

B. 3.06 x 1073 m
C. 24.2 mm

D. 242 %1073 m
E. 3.8 mm

20. An aluminium rod with a cross-sectional area of 75 mm? is stretched between two
fixed points. The tensile load at 20 °C is 2100 N. What will be the stress at 100 °C?
Assume a =22 x 107° °C‘1, E =70 GPa.

A. -23.5 MPa
B. -94.8 MPa
C. 123.2 MPa
D. 126 MPa
E. 94.8 MPa

END
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