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1.  

A. elastic-perfectly-plastic 

 

 

2.  

C. 𝐸𝐼 #
$%
#&$

= 𝑅)𝑥 +𝑀-〈𝑥 − 𝑎〉2 − 𝑃4〈𝑥 − 𝑏〉 

Solution Q2 

Sectioning the beam after the last discontinuity (taking origin at left hand side of the beam) and drawing a Free Body 
Diagram of left hand side of section: 

 

 

Taking moments about the section position (and applying Macauley’s convention): 

𝑀 + 𝑃4〈𝑥 − 𝑏〉 = 𝑀-〈𝑥 − 𝑎〉2 + 𝑅)𝑥 

∴ 𝑀 = 𝑅)𝑥 +𝑀-〈𝑥 − 𝑎〉2 − 𝑃4〈𝑥 − 𝑏〉 

 

Substituting this into the deflection of beams equation: 

𝑬𝑰
𝒅𝟐𝒚
𝒅𝒙𝟐

= 𝑹𝑨𝒙 +𝑴𝑩〈𝒙 − 𝒂〉𝟎 − 𝑷𝑪〈𝒙 − 𝒃〉 
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3.  

D. False 

Solution Q3 

𝑆GHIJK  and 𝑆HLM are labelled on the diagram the wrong way around. 

 

 

4.  

D. 162 MPa 

Solution Q4 

Given 𝜎O = 150 MPa and 𝜏OT = 45 MPa 

𝐶 =
𝜎& + 𝜎%

2
=
150 + 0

2
= 75	MPa 

𝑅 = ]^
𝜎& − 𝜎%

2
_
`
+ 𝜏OT` = a75` + 45` = 87.46	MPa 

𝜎e = 𝐶 + 𝑅 = 175 + 87.46 = 162.46 ≈ 𝟏𝟔𝟐	𝐌𝐏𝐚 

 

 

5.  

D. 0.8 x 10-3 m 

Solution Q5 

𝛿 = 𝐿𝛼Δ𝑇 = 1 × 16 × 10rs × 50 = 𝟖 × 𝟏𝟎r𝟒	𝐦 
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6.  

D. 𝑦 = e
xy
^𝑅)

&z

s
+ 𝑃 〈&r{〉z

s
− 𝑤 〈&r}〉~

`{
+ 𝐴𝑥 + 𝐵_ 

Solution Q6 

𝐸𝐼
𝑑`𝑦
𝑑𝑥`

= 𝑅)𝑥 + 𝑃〈𝑥 − 4〉 − 𝑤
〈𝑥 − 8〉`

2
 

 

Integrating this gives: 

𝐸𝐼
𝑑𝑦
𝑑𝑥

= 𝑅)
𝑥`

2
+ 𝑃

〈𝑥 − 4〉`

2
− 𝑤

〈𝑥 − 8〉�

6
+ 𝐴 

 

Integrating again gives: 

𝐸𝐼𝑦 = 𝑅)
𝑥�

6
+ 𝑃

〈𝑥 − 4〉�

6
− 𝑤

〈𝑥 − 8〉{

24
+ 𝐴𝑥 + 𝐵 

 

Rearranging this gives: 

𝒚 =
𝟏
𝑬𝑰
�𝑹𝑨

𝒙𝟑

𝟔
+ 𝑷

〈𝒙 − 𝟒〉𝟑

𝟔
− 𝒘

〈𝒙 − 𝟖〉𝟒

𝟐𝟒
+ 𝑨𝒙 + 𝑩� 

 

 

7.  

C. AB 
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8.  

B. 50 MPa 

Solution Q8 

Torsional shear stress 

𝜏 =
𝑇𝑟
𝐽
=
32 × 500 × 20 ×	10r�

𝜋 × (40 × 10r�){
= 39.8	MPa 

 

Axial stress 

𝜎H =
𝐹
𝐴
=

75000
𝜋 × (20 × 10r�)`

= 59.7	MPa 

 

Maximum shear stress is given by 

𝜏LH& = 𝑅 = ]^
𝜎H
2
_
`
+ 𝜏` = a29.85` + 39.8` = 49.75 ≈ 𝟓𝟎	𝐌𝐏𝐚 
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9.  

B. 5 x 10-3 m 

Solution Q9 

𝜎%(�.�) =
𝜎%
2
= 100	MPa 

 

For a pressure vessel under internal pressure only 

𝜎e = 𝜎T 

𝜎` = 𝜎H 

𝜎� = 0 

 

Tresca yield criteria states yield will occur if  

𝜎e − 𝜎� = 𝜎T ≥ 𝜎%(�.�) 

and  

𝜎T =
𝑝𝑟
𝑡

 

 

Therefore, to avoid yield (including s.f.) 

𝑡 =
𝑝𝑟

𝜎%(�.�)
=
2 × 10s × 0.25
100 × 10s

= 𝟓	 × 𝟏𝟎r𝟑	𝐦 
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10.  

D. No 

Solution Q10 

𝐾LH& = 1.25𝜎√𝜋𝑎 

 

Therefore, 

𝐾y� = 1.25𝜎a𝜋𝑎�  

(c = critical) 

 

Rearranging, 

𝑎� =
�
𝐾y�
1.25𝜎�

`

𝜋
 

=
^ 55
1.25 × 750_

`

𝜋
 

= 0.001096𝑚 = 1.096𝑚𝑚 

 

Since the crack does not exceed the critical crack length, i.e. 0.75𝑚𝑚 < 1.096𝑚𝑚, the component will not fracture 
under this load.  

 

 

11.  

B. is detrimental to fatigue life 
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12.  

D. 90.45mm 

Solution Q12 

Moment Equilibrium: 

𝑀 = � 𝑦𝜎𝑑𝐴
)

= � 𝑦𝜎𝑏𝑑𝑦

#
`�

r#�̀

= 2� 𝑦𝜎𝑏𝑑𝑦

#�̀

2

 

= 2��𝑦 ^
𝜎%
𝑎
𝑦_ 𝑏𝑑𝑦

H

2

+ � 𝑦 𝜎%¡𝑏𝑑𝑦

#
`�

H

¢ = 2𝜎%𝑏 ��
𝑦`

𝑎
𝑑𝑦

H

2

+ � 𝑦𝑑𝑦

#
`�

H

¢ 

= 2𝜎%𝑏 £¤
𝑦�

3𝑎
¥
2

H

+ ¤
𝑦`

2
¥
H

#
`�

¦ = 2𝜎%𝑏 §
𝑑`

8
−
𝑎`

6
¨ 

 

∴ 300 × 10s = 2 × 275 × 150 × §
200`

8
−
𝑎`

6
¨ 

∴ 𝒂 = 𝟗𝟎. 𝟒𝟓𝒎𝒎 
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13.  

B. 45 mm 

Solution Q13 

von Mises yield criteria for a plane stress case 

𝜎e` − 𝜎e𝜎` + 𝜎`` ≥ 𝜎%` 

 

For a shaft under pure torque, the Mohr’s circle is centred on the origin and 𝜎e and 𝜎` will be the same magnitude, 
k, and also be the maximum allowable shear stress, therefore 

3𝑘` = 𝜎%` 

 

And the value of k will therefore be 

𝑘 =
𝜎%
√3

=
250 × 10s

√3
= 144 × 10s	Pa 

 

Therefore 

𝜏 = 144 × 10s =
𝑇𝑟
𝐽
=
2𝑇
𝜋𝑟�

 

 

Rearranging 

𝑟 = ] 2 × 20000
144 × 10s𝜋

z
= 0.0445	m ≈ 𝟒𝟓	𝐦𝐦 
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14.  

C. – 63 MPa 

Solution Q14 

𝛿®H¯ = 0 = 𝛿°KGL + 𝛿LK�° = 𝐿𝛼Δ𝑇 +
𝐹𝐿
𝐴𝐸

 

 

Therefore 

−𝛼Δ𝑇 =
𝐹
𝐴𝐸

 

 

But 𝜎 = ±
)

, so 

−𝛼Δ𝑇𝐸 = 𝜎 = −12 × 10rs × 25 × 210 × 10² = −63 × 10s	Pa = −𝟔𝟑	𝐌𝐏𝐚 

 

 

15.  

B. y-planes 
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16.  

A. 6 kN 

Solution Q16 

Reaction forces will be present at positions B and E, namely 𝑅- and 𝑅x  as shown below. 

 

 

Taking moments about position E: 

𝑅- × 4 = 7 × 3 + 1.5 × 2 × 1 

∴ 𝑅- = 𝟔𝒌𝑵 

 

 

17.  

A. True 

 

 

18.  

A. More conservative 

  

1.5kN/m
7kN

1 1 1 2

! "# $ %&! &%
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19.  

A. 68 MPa 

Solution Q19 

𝛿®H¯ = 𝛿µIµµH¯ =
𝐹µIµµH¯𝐿
𝐴𝐸

= 𝛿°KGL + 𝛿LK�° = 𝐿𝛼Δ𝑇 +
𝐹𝐿
𝐴𝐸

 

 

Therefore 

𝐹µIµµH¯
𝐴

− 𝛼Δ𝑇𝐸 =
𝐹
𝐴
=

7500
75 × 10rs

− 23 × 10rs × 20 × 70 × 10² = 67.8 × 10s	Pa = 𝟔𝟖	𝐌𝐏𝐚 

 

 

20.  

A. Yes 

Solution Q20 

Behaviour is assumed to be all elastic and therefore: 

𝑀%

𝐼
=
𝜎%
𝑦

 

where 𝑀% is the moment required to cause yielding. 

 

First yield will occur at 𝑦 = ±#
`

, i.e. at the top and bottom edges: 

∴ 𝑀% =
𝜎% × 𝐼
𝑦

=
𝜎% × �

𝑏𝑑�
12 �

𝑑
2

=
250 × �150 × 200

�

12 �

200
2

= 250,000,000𝑁𝑚𝑚 = 250𝑘𝑁𝑚 

 

Since 𝑀 > 𝑀%, yielding does occur. 


