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Q1.  The plane element in Figure Q1 is subjected to the stresses 

shown.  

 
Figure Q1  

 

(a) Create a drawing of the Mohr’s Circle for the element.  

 

(b) Evaluate the principle stresses.  

 

(c) Solve the maximum possible shear stress.  

 

(d) Solve the angle of the plane of maximum positive shear 

stress with respect to the x-plane. Generate a sketch of the 

element with the orientation of this plane.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(7 marks)  

 

(5 marks)  

 

(5 marks)  

 

 

 

(8 marks)  

Total 25 marks  
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Q2.  The beam ABCD as shown in Figure Q2 has a span of 14 m and 

is simply-supported at both ends.  

 

 
Figure Q2  

 

Use Macaulay’s method to evaluate the deflection at the centre 

of the span (position C).  

[The flexural rigidity of the beam 𝐸𝐼 is 8 × 104].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(25 marks)  

Total 25 marks  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please turn the page  



Page 4 of 13 
 
Off-Campus Division 
B.Eng (Hons) Mechanical Engineering 
Semester 1 Examination 2018/2019 
Mechanics of Materials and Machines 
Module No. AME5002 
 

 

 
Q3.  There is a 5 m long steel strut of circular cross-section with the 

outer diameter of 80 mm and inside diameter of 70 mm. One of 

the steel strut is subjected to the line of action of 60 kN of the 

thrust parallel to the unstrained line of the strut, but not coincide 

with it. With the load, the steel strut possesses the maximum 

deflection expressed as:  

 

𝑦𝑚𝑎𝑥 = 𝑒 [sec (
𝛼𝐿

2
) − 1] 

 

where 𝑒 is the eccentricity of the compressive which is 25 mm, 

axial load which acts parallel to the axis of the strut, and 𝛼 =

√𝑃 𝐸𝐼⁄  where 𝑃 is the applied load, 𝐸 is Young’s modulus of the 

material, and 𝐼 is the second moment of area. The ends are 

assumed to be hinged. Assume 𝐸 = 209 GPa for steel. Solve the 

maximum compressive stress of the strut.  

 

 

 

 

 

 

 

 

 

 

 

 

 

(25 marks)  

 

Total 25 marks  
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Q4.  The 150 N piston is supported by a spring of modulus 𝑘 = 300 

N/m. A dashpot of damping coefficient 𝑐 = 90 Ns/m acts in 

parallel with the spring. A fluctuating pressure 𝑝 = 0.8 sin 30𝑡 in 

N/m2 acts on the piston, whose top surface area is 95 m2. 

Evaluate the steady-state displacement as a function of time and 

the maximum force transmitted to the base.  

 

 

 

 

(25 marks)  

 
Total 25 marks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF QUESTIONS  
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Formula Sheet  
 

1. Deflection  
 

𝑀𝑥𝑥 = 𝐸𝐼
𝑑2𝑦

𝑑𝑥2
 

   

Section shape  𝐴 (m2)  𝐼𝑥𝑥 (m4)  

 

𝜋𝑟2 𝜋

4
𝑟4 

 

𝑏2 𝑏4

12
 

 

𝜋𝑎𝑏 𝜋

4
𝑎3𝑏 

 

2. Plane stress  
 
Stresses in function of the angle 휃:  

 

𝜎𝑥(휃) =
𝜎𝑥 + 𝜎𝑦

2
+

𝜎𝑥 − 𝜎𝑦

2
cos(2휃) + 𝜏𝑥𝑦 sin(2휃) 

 

𝜎𝑦(휃) =
𝜎𝑥 + 𝜎𝑦

2
−

𝜎𝑥 − 𝜎𝑦

2
cos(2휃) − 𝜏𝑥𝑦 sin(2휃) 

 

𝜏𝑥𝑦(휃) = −
𝜎𝑥 − 𝜎𝑦

2
sin(2휃) +

𝜎𝑥 − 𝜎𝑦

2
cos(2휃) 

 
Principal stresses:  
 

𝜎1,2 =
𝜎𝑥 + 𝜎𝑦

2
±

1

2
√(𝜎𝑥 − 𝜎𝑦

2)
2

+ 4𝜏𝑥𝑦
2  
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𝜏𝑚𝑎𝑥 =
1

2
√(𝜎𝑥 − 𝜎𝑦

2)
2

+ 4𝜏𝑥𝑦
2  

tan 2휃 =
2𝜏𝑥𝑦

𝜎𝑥 − 𝜎𝑦
 

 

3. Lame’s equation   
 

𝜎𝐶 = 𝑎 +
𝑏

𝑟2
 

𝜎𝑅 = 𝑎 −
𝑏

𝑟2
 

𝜎𝐿 =
𝑃1𝑅1

2 − 𝑃2𝑅2
2

(𝑅2
2 − 𝑅1

2)
 

𝜏𝑚𝑎𝑥 =
𝜎𝑐 − 𝜎𝑟

2
=

𝑏

𝑟2
 

 

The corresponding strains format is:  

휀𝑐 =
1

𝐸
[𝜎𝑐 − 𝜈(𝜎𝑟 + 𝜎𝑙)] 

휀𝑟 =
1

𝐸
[𝜎𝑟 − 𝜈(𝜎𝑐 + 𝜎𝑙)] 

휀𝑙 =
1

𝐸
[𝜎𝑙 − 𝜈(𝜎𝑐 + 𝜎𝑟)] 

 

4. Vibrations  
 

Free vibrations:  
 

𝑓 =
1

𝑇
 

 
𝜔𝑛 = 2𝜋𝑓 = √

𝑘

𝑀
 

 
Damped vibration:  
 

𝑓𝑑 =
𝜔𝑑

2𝜋
 𝑐𝑐 = √4𝑀𝑘 𝛿 =

𝑐

𝑐𝑐
=

𝑐

2𝑘
𝜔𝑛 
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𝜔𝑑 = 𝜔𝑛√1 − 𝛿2 
 

ln (
𝑥1

𝑥2
) =

2𝜋𝛿

√1 − 𝛿2
 

𝑥 = 𝑥0 cos 𝜔𝑛𝑡 +
�̇�0

𝜔𝑛
sin 𝜔𝑛𝑡 

𝑥 = √𝑥0
2 + (

�̇�0

𝜔𝑛
)

2

sin [𝜔𝑛𝑡 + tan−1 (
𝑥0𝜔𝑛

�̇�0
)] 

𝑋 =
𝐹0 𝑘⁄

{[1 − (𝜔 𝜔𝑛⁄ )2]2 + [2휁 𝜔 𝜔𝑛⁄ ]2}
 

𝜙 = tan−1 [
2휁 𝜔 𝜔𝑛⁄

1 − (𝜔 𝜔𝑛⁄ )2
] 

𝑥𝑝 = 𝑋 sin(𝜔𝑡 − 𝜙) 

𝐹𝑡𝑟 = 𝑘𝑥𝑝 + 𝑐�̇�𝑝 

𝐹𝑡𝑟,𝑚𝑎𝑥 = √(𝑘𝑋)2 + (𝑐𝜔𝑋)2 

 

5. Differential equation  
 
Homogeneous form:  

𝑎�̈� + 𝑏�̇� + 𝑐𝑦 = 0 
 
Characteristic equation:  

𝑎𝜆2 + 𝑏𝜆 + 𝑐 = 0 
 

If 𝑏2 − 4𝑎𝑐 > 0, 𝜆1 and 𝜆2 are distinct real numbers then the general solution 
of the differential equation is:  
 

𝑦(𝑡) = 𝐴𝑒𝜆1𝑡 + 𝐵𝑒𝜆2𝑡 
 

𝐴 and 𝐵 are constant.  
 

If 𝑏2 − 4𝑎𝑐 = 0, 𝜆1 = 𝜆2 = 𝜆 are distinct real numbers then the general 
solution of the differential equation is:  
 

𝑦(𝑡) = 𝑒𝜆𝑡(𝐴 + 𝐵𝑥) 
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𝐴 and 𝐵 are constant.  
 

If 𝑏2 − 4𝑎𝑐 < 0, 𝜆1 and 𝜆2 are complex numbers then the general solution of 
the differential equation is:  
 

𝑦(𝑡) = 𝑒𝛼𝑡[𝐴 cos(𝛽𝑡) + 𝐵 sin(𝛽𝑡)] 

𝛼 = −
𝑏

2𝑎
 

𝛽 =
√4𝑎𝑐 − 𝑏2

2𝑎
 

 

𝐴 and 𝐵 are constant.  
 

6. Asymmetrical bending  
 

𝐼𝑢,𝑣 =
1

2
(𝐼𝑥𝑥 + 𝐼𝑦𝑦) ±

1

2
(𝐼𝑥𝑥 − 𝐼𝑦𝑦) sec 2휃 

tan 2휃 =
2𝐼𝑥𝑦

𝐼𝑦𝑦 − 𝐼𝑥𝑥
 

𝐼𝑥𝑦 = 𝐴ℎ𝑘 

𝐼𝑢 + 𝐼𝑣 = 𝐼𝑥𝑥 + 𝐼𝑦𝑦 

𝜎 =
𝑀𝑣𝑈

𝐼𝑣
+

𝑀𝑢𝑉

𝐼𝑢
 

𝜎𝑏𝑒𝑛𝑑𝑖𝑛𝑔 =
𝑀𝑦𝑧

𝐼𝑦
−

𝑀𝑧𝑦

𝐼𝑧
 

 

7. Stress  
 

𝜎 =
𝐹

𝐴
 

 

8. Hooke’s law  
 

𝐸 =
𝜎

휀
 

휀 =
Δ𝐿

𝐿
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9. Beam bending equation  
 

𝑀

𝐼
=

𝜎

𝑦
=

𝐸

𝑅
 

 

10. Elasticity – finding the direction vectors  
 

[

𝑆𝑥

𝑆𝑦

𝑆𝑧

] = (Stress tensor) (
𝑙

𝑚
𝑛

) 

𝑘 =
1

√𝑎2 + 𝑏2 + 𝑐2
 

 where 𝑎, 𝑏, and 𝑐 are the co-factors of the eigenvalue stress tensor.  

 

𝑙 = 𝑎𝑘 𝑙 = cos 𝛼 

𝑚 = 𝑏𝑘 𝑚 = cos 휃 

𝑛 = 𝑐𝑘 𝑛 = cos 𝜑 

 

11. Principal stresses and Mohr’s Circle  
 

𝜏12 =
𝜎1 − 𝜎2

2
 

𝜏13 =
𝜎1 − 𝜎3

2
 

𝜏23 =
𝜎2 − 𝜎3

2
 

 

12. Yield criterion  
 

Von Mises:  
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𝜎𝑣𝑚 =
1

√2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2]1 2⁄  

 

Tresca:  

𝜎3 ≥ 𝜎2 ≥ 𝜎1 

𝜎𝑡𝑟 = 2𝜏𝑚𝑎𝑥 

 

𝜏𝑚𝑎𝑥 = max (
|𝜎1 − 𝜎2|

2
;
|𝜎1 − 𝜎3|

2
;
|𝜎3 − 𝜎2|

2
) 

𝜎𝑣𝑚

𝜎𝑡𝑟
=

√3

2
 

 

13. Quadratic equation: 𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 = 𝟎  
 

𝑥1,2 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

 

14. Allowable stress  
 

𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 =
𝜎𝑦𝑖𝑒𝑙𝑑

Factor of safety
 

 

15. Strut  
 

𝑘 = √
𝐼

𝐴
 

 
Euler validity:  
 

𝜎𝐸 =
𝑛𝜋2𝐸

(𝐿 𝑘⁄ )2
 

 
Rankine-Gordon:  
 

𝜎𝑅 =
𝜎

1 + 𝑐 𝑛⁄ (𝐿 𝑘⁄ )2
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Slenderness ratio = 𝑆𝑅 =
𝐿𝑒

𝑘
≥ 𝜋√

𝐸

𝜎𝑦𝑖𝑒𝑙𝑑
 

 

Description Schematic Critical 
buckling 

load 𝑷𝒄 

Effective 

length 𝑳𝒆𝒇𝒇 

Free-fixed   

 
 

𝑃𝑐 =
𝜋2𝐸𝐼

4𝑙2
 

2𝑙 

Hinged-
hinged  

 

 
 

𝑃𝑐 =
𝜋2𝐸𝐼

𝑙2
 

𝑙 

Hinged-
hinged, 
initially 
curved  

 

 
 

𝑃𝑐 =
𝜋2𝐸𝐼

𝑙2
 

𝑙 

Fixed-
hinged  

 

 
 

𝑃𝑐

=
2.045𝜋2𝐸𝐼

𝑙2
 

0.7𝑙 

Fixed-fixed   

 
 

𝑃𝑐 =
4𝜋2𝐸𝐼

𝑙2
 

𝑙

2
 

 
Studying Rankine’s formula,  
 

𝑃𝑅𝑎𝑛𝑘𝑖𝑛𝑒 =
𝜎𝑐𝐴

1 + 𝑎 (
𝑙𝑒

𝑘
)

2 

 
We find  
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𝑃𝑅𝑎𝑛𝑘𝑖𝑛𝑒 =
Crushing load

1 + 𝑎 (
𝑙𝑒

𝑘
)

2  

 
 
 

The factor 1 + 𝑎(𝑙𝑒 𝑘⁄ )2 has thus been introduced to take into account the 
buckling effect.  
 

𝑎 =
𝜎𝑐

𝜋2𝐸
 

 

16. Composite materials  
 

𝜎 =
𝑀𝑦

𝐼
 

𝐸 = 휂𝑉𝑓𝐸𝑓 + (1 − 𝑉𝑓)𝐸𝑚 

𝜎 = 𝐸휀 

 


