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SECTION A 

 
 

1. Calculate the position of the centroid, 𝐶, for the beam cross-section shown in 
Fig. Q1. 

 
Fig. Q1 

 

A. 𝑥̅ = 27.15 mm, 𝑦̅ = 41.54 mm 

B. 𝑥̅ = 82.85 mm, 𝑦̅ = 0 mm 

C. 𝑥̅ = 27.15 mm, 𝑦̅ = 58.46 mm 

D. 𝑥̅ = 82.85 mm, 𝑦̅ = 41.54 mm 

E. 𝑥̅ = 0 mm, 𝑦̅ = 0 mm 
  [2] 

 
 

 

2. Using the parallel axis theorem, what is the product moment of area, 𝐼𝑥′𝑦′, for 

the section shown in Fig. Q1? 

 
 

A. 1,851,524.13 mm4 

B. 507,692.32 mm4 

C. 1,210,410.26 mm4 

D. 0 mm4 

E. 507,827.68 mm4 
   [2] 
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3. The following expression describes the strain energy in a beam: 
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What is the deflection at the position of and in the direction of the applied load, 𝑃? 
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4. What is the deflection at the position of and in the direction of the dummy load, 

𝑄 in the beam from Q3? 
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4 MMME2053-E2 

 

MMME2053-E2 

5. For a beam for which an expression for bending moment, 𝑀, can be derived, 
and deflection is measured as positive upwards: 

 
 

A. 𝐸𝐼
𝑑2𝑦

𝑑𝑥2 = 𝑀 

 

B. 𝐸𝐼
𝑑𝑦

𝑑𝑥
= 𝑀 

 

C. 𝐸𝐼
𝑑2𝑦

𝑑𝑥2 = −𝑀 

 

D. 𝐸𝐼
𝑑2𝑦

𝑑𝑥2 = 𝑀2 

 

E. 𝐸𝐼𝑦 = −𝑀 
  [2] 

 
 
 

6. Decreasing the length of a beam which is loaded along its length: 
 

 
A. Has no effect on the load required to cause buckling 
B. Means the beam will definitely buckle 

C. Eliminates the concern of buckling 
D. Reduces the load required to cause buckling 

E. Increases the load required to cause buckling 
  [2] 

 

 
 

7. Two cylinders of equal length have the following dimensions: 
 

Cylinder 1 (C1): 12 mm bore and 24.03 mm outside diameter (steel: 𝐸 = 210 GPa, 
𝜈 = 0.3, ⍺ = 12 × 10−6 °C−1) 
 

Cylinder 2 (C2): 24 mm bore and 44 mm outside diameter (bronze: 𝐸 = 100 GPa, 
𝜈 = 0.3, ⍺ = 17 × 10−6 °C−1) 
 
If Cylinder 2 is heated and placed around Cylinder 1 and allowed to cool, what 

are the boundary conditions required to solve the stress distributions using 
thick cylinder theory? 

 
 

A. C1-ID 𝜎𝑟 = 0, C1-OD 𝜎𝑟 = −𝑝, C2-ID 𝜎𝑟 = 𝑝, C2-OD 𝜎𝑟 = 0 
 

B. C1-ID 𝜎𝑟 = 0, C1-OD 𝜎𝑟 = 0, C2-ID 𝜎𝑟 = 0, C2-OD 𝜎𝑟 = 0 
 

C. C1-ID 𝜎𝑟 = 0, C1-OD 𝜎𝑟 = 𝑝, C2-ID 𝜎𝑟 = −𝑝, C2-OD 𝜎𝑟 = 0 
 

D. C1-ID 𝜎𝑟 = 0, C1-OD 𝜎𝑟 = −𝑝, C2-ID 𝜎𝑟 = −𝑝, C2-OD 𝜎𝑟 = 0 
 

E. C1-ID 𝜎𝑟 = 0, C1-OD 𝜎𝑟 = 𝑝, C2-ID 𝜎𝑟 = 𝑝, C2-OD 𝜎𝑟 = 0 
  [2] 
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8. If the I-section beam shown in Fig. Q8 is subjected to a vertical shear force of 

50 kN, what is the value of the maximum horizontal shear stress in the flange? 
 

 
 

Fig. Q8 
 

 

A. 12.0 MPa 
B. 7.5 MPa 
C. 2.4 MPa 
D. 24.0 MPa 
E. 14.6 MPa 
  [2] 

 

 
 

9. A bar with a rectangular cross-section (𝑏 × 𝑑) of 30 mm × 35 mm subjected to a 

vertical shear force of 15 kN, what is the value of maximum shear stress in the 
bar? 

 

A. 50.0 MPa 
B. 21.4 MPa 
C. 18.4 MPa 
D. 25.0 MPa 
E. 29.2 MPa 
  [2] 

 

  

100

100

20

20

20

All dimensions in mm



6 MMME2053-E2 

 

MMME2053-E2 

10. A 600 mm long, 1D bar element has a rectangular cross section of 30 mm × 40 mm 

and is made of a material with a Young’s Modulus of 210 GPa, the stiffness 
matrix of the element is: 

 
 

A. [𝑘𝑒𝑙] = 2.52 × 108 [
1 −1

−1 1
] 

 

B. [𝑘𝑒𝑙] = 1.3 × 10−3 [ 2.52 × 108 −2.52 × 108

−2.52 × 108 2.52 × 108 ] 

 

C. [𝑘𝑒𝑙] = [ 210 × 109 −210 × 109

−210 × 109 210 × 109 ] 

 

D. [𝑘𝑒𝑙] = 2.52 × 108 [
1.667 −1.667

−1.667 1.667
] 

 

E. [𝑘𝑒𝑙] = [ 2.52 × 108 −2.52 × 108

−2.52 × 108 2.52 × 108 ] 

  [2] 

 
 
 

11. A shaft, made of a material with 𝜎𝑦 = 315 MPa, will carry a torque of 21 kNm. 

According to the Tresca yield criterion, what should the radius be to avoid 

yielding? 
 

 

A. 26 mm 

B. 44 mm 

C. 43 mm 

D. 35 mm 

E. 33 mm 
  [2] 

 
 

 

12. A large steel plate containing a crack, for which 𝐾𝐼 = 1.85𝜎√𝜋𝑎, has a fracture 

toughness, 𝐾𝐼𝑐𝑟
, of 170 MPa√m and a yield stress, 𝜎𝑦, of 235 MPa. If the applied 

stress, 𝜎, is 
3

4
𝜎𝑦, determine the critical crack size assuming linear elastic 

material. 

 
 

A. 165 mm 

B. 854 mm 

C. 86.5 mm 

D. 271.8 mm 

E. 48.7 mm 
  [2] 
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13. In the design of a new service component, elastic-perfectly-plastic material 
behaviour is: 

 
 

A. More conservative than linear hardening 
B. Less conservative than non-linear hardening 
C. The only option 

D. Less conservative than linear hardening 
E. Equal to linear hardening in terms of conservatism 

  [2] 
 
 

 
14. What is the value of the equivalent (von Mises) stress for the 2D plane-stress 

element shown in Fig. Q14? 

 
 

Fig. Q14 

 
 

A. 48.0 MPa 
B. 120.7 MPa 
C. 135.5 MPa 
D. 39.5 MPa 
E. 87.5 MPa 
  [2] 

 

 
 

15. A solid 30 mm diameter bar is subjected to a torque of 0.75 kNm and a pure 

bending moment of 1.25 kNm, the maximum principal stress on a 2D plane 
stress element on the surface of the bar is: 

 

A. 471.6 MPa 
B. 141.5 MPa 
C. 275.0 MPa 
D. 235.8 MPa 
E. 510.8 MPa 
  [2] 

σz = 125 MPa

τzy = 30 MPa

z

y

σy = 50 MPa
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16. A thick-walled cylinder of ID 40 mm and OD 100 mm is subjected to an internal 

pressure of 145 bar and an external pressure of 50 bar, what is the value of hoop 

strain on the surface of the cylinder? 𝐸 = 208 GPa and 𝜈 = 0.33. 
 

A. 0.1457 × 10−4 

B. 0.3106 × 10−4 

C. 0.013 × 10−4 

D. 0.274 × 10−4 

E. 0.4692 × 10−4 
  [2] 

 

 
17. In order to increase conservatism for design against fatigue: 
 

 

A. 𝑅-ratio should be increased 
B. Maximum load makes no difference 

C. 𝑅-ratio should be decreased 

D. 𝑅-ratio makes no difference 
E. Minimum load should be zero 

  [2] 
 
 

18. For a hinged-fixed strut of length, 𝐿, under compressive loading, comprehensive 
set of boundary conditions are: 

 

A. (i) 𝑥 = 0, 𝑦 = 0, (ii) 𝑥 = 𝐿, 𝑦 = 0 & (iii) 𝑥 = 𝐿,
d𝑦

d𝑥
= 0 

B. (i) 𝑥 = 0, 𝑦 = 0 & (ii) 𝑥 = 𝐿,
d𝑦

d𝑥
= 0 

C. (i) 𝑥 = 0, 𝑦 = 0, (ii) 𝑥 = 0,
d𝑦

d𝑥
= 0 & (iii) 𝑥 = 𝐿,

d𝑦

d𝑥
= 0 

D. (i) 𝑥 = 0, 𝑦 = 0 & (ii) 𝑥 = 𝐿, 𝑦 = 0 

E. (i) 𝑥 = 0,
d𝑦

d𝑥
= 0 & (ii) 𝑥 = 𝐿,

d𝑦

d𝑥
= 0 

  [2] 

 
 

19. A circular cross-section beam is required to have a 2nd moment of area of at 

least 200,000,000 mm4. What is the minimum possible diameter of the beam? 
 
 

A. 126.3 mm 

B. 212.5 mm 

C. 166.3 mm 

D. 336.4 mm 

E. 252.6 mm 
  [2] 
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20. A shaft, made of a material with 𝜎𝑦 = 275 MPa, will carry a torque of 27 kNm. 

According to the von Mises yield criterion, what should the radius be to avoid 
yielding? 

 

 

A. 10.4 mm 

B. 102.7 mm 

C. 69.8 mm 

D. 47.7 mm 

E. 18.4 mm 
  [2] 
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SECTION B 

 
 
21. A straight “sandwich” beam, symmetrical about the Y-Y axis, is made of two 

different materials. The cross section is shown in Fig. Q21. The beam will be 
deemed unsafe if any plasticity occurs in material B. 

 

 
 

Fig. Q21 

 
 

(a) After application of a pure bending moment, 𝑀 = 540 kNm about the Y-Y 
axis, the beam is deemed unsafe for the reason stated above. Show by 

calculation, that this is true, and determine the distance, 𝑎, from the Y-Y 
axis, that plasticity occurs. [12] 

 

(b) Sketch the residual stress state in the beam when the bending moment is 
removed. [8] 

 
 
Both materials A and B, can be assumed to be elastic-perfectly-plastic with 

yield stresses 𝜎𝑦𝐴
= 200 MPa and 𝜎𝑦𝐵

= 190 MPa, respectively.  

 

 

Material B

Material A

Material A

Y

160

240

180

Y

All dimensions in mm
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22. A beam is simply supported at both ends, as shown in Fig. Q22. It is subjected 

to a point moment, 𝑀𝑂, and a uniformly distributed load, 𝑞, as shown. 

 
 

Fig. Q22 
 

 

Derive expressions, in terms of 𝐸, 𝐼, 𝑀𝑂, 𝑞 and 𝐿, for the slope and deflection at 
any position in the beam and evaluate for both slope and deflection at the 

position of the applied point moment and at the mid-point of the beam. [20] 
 

 
 
 

23. A steel cylinder with an internal diameter of 120 mm, an external diameter of 

160 mm and a length of 1250 mm, is restrained between two walls at P and Q, as 

shown in Fig. Q23. Initially the cylinder is at 𝑇0 = 20 °C and there is no initial 

axial force. Assume 𝛼 = 11 × 10−6 °C−1 and 𝐸 = 208 GPa for aluminium. 

 
 

Fig. Q23 
 

 
(a) Determine the resultant axial force and therefore stress in the cylinder if 

the temperature is increased to 75 °C. [2] 
 

(b) Determine the resultant axial force and therefore stress in the cylinder if 
the temperature distribution along the length of the cylinder is given by: 

 

𝑇 = 𝑇0 +
55𝑥

𝐿
 

  [8] 
 

(c) If the cylinder is then subjected to an internal pressure of 120 bar and an 

external pressure of 25 bar in addition to the temperature gradient of (b), 
determine the value of hoop stress and therefore von Mises stress on the 

surface of the cylinder at 𝑥 =
𝐿

2
, ignoring any end effects. [10] 

 


