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PROBLEM #4 (25 Points. Partial credits may not be granted):   

 

PART A – 3 points 

A hydraulic punch of diameter d is used to punch circular holes in 
a plate of thickness t. Upon applying a punch force of P, what is 

the shear resistance τ of the plate?  

Justify your answer.  

(a) 𝝉 =
𝑷

𝝅

𝟒
𝒅𝟐

 

(b) 𝝉 =
𝑷

𝝅𝒅𝒕
 

(c) 𝝉 =
𝑷/𝟐

𝝅𝒅𝒕
 

(d) 𝝉 =
𝑷/𝟐
𝝅

𝟒
𝒅𝟐

 

(e) None of the above 
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PROBLEM #4 (cont.):   

 

PART B – 3 points  

A block is fully constrained in the y direction and is free to expand 

in the x and z (out of paper) directions. The block is free of stress at 

the initial temperature T. When the temperature is increased by ΔT, 

which of the following statements about stresses and strains is 

correct? The coeffiecient of thermal expansion of the block is α. 

Young’s modulus and Poisson’s ratio are E and υ, respectively. 

Justify your answer. 

(a) 𝝈𝒙 = −𝜶𝑬∆𝑻, 𝜺𝒙 = 𝟎, 𝝈𝒚 = 𝟎,𝜺𝒚 = 𝜶∆𝑻 

(b) 𝝈𝒙 = 𝟎, 𝜺𝒙 = 𝜶∆𝑻,𝝈𝒚 = −𝜶𝑬∆𝑻,𝜺𝒚 = −𝝊𝜺𝒙 

(c) 𝝈𝒙 = 𝟎, 𝜺𝒙 = (𝟏 + 𝒗)𝜶∆𝑻,𝝈𝒚 = −𝜶𝑬∆𝑻, 𝜺𝒚 = 𝟎 

(d) 𝝈𝒙 = −𝜶𝑬∆𝑻, 𝜺𝒙 = 𝟎, 𝝈𝒚 = 𝟎,𝜺𝒚 = −𝝊𝜺𝒙  

(e) None of the above 

  

 

y

x
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PROBLEM #4 (cont.):   

 

PART C – 7 points  

A stepped shaft is composed of two members (1) and (2). The two members are connected by a rigid 
connector at B on which an external force F is applied. The shaft is fixed to the wall at A and has a free 

end at C. Circle TRUE or FALSE for the following statements (No need to justify your answers): 

 

(a) TRUE or FALSE: The two members have the same internal force. 

(b) TRUE or FALSE: The member (2) is free of stress. 

(c) TRUE or FALSE: The internal forces in the two members are of equal magnitude but different 

signs. 

(d) TRUE or FALSE: The shaft is a statically indeterminate structure. 

(e) TRUE or FALSE: The two members have the same elongation. 

(f) TRUE or FALSE: The sum of elongations of the two members is 0. 

(g) TRUE or FALSE: Elongation of member (1) is equal to the elongation of the shaft. 

  

F(1) (2)

A B C
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PART D – 3 points  

The geometry of deformation in planar truss is given by 𝑒 = 𝑢𝑐𝑜𝑠𝜃 + 𝑣𝑠𝑖𝑛𝜃, where e represents the 

elongation of a truss member, u and v are the displacement of the joint K in the x and y directions, 
respectively. Determine the 𝜃 value, in radian, for the members (1), (2), and (3) in the following truss 

for an arbitrary force applied at the joint K:  

 

𝜽𝟏 = _______𝟎_____________ 

𝜽𝟐 = _________𝟓𝝅/𝟑___________ 

𝜽𝟑 = __________𝟒𝝅/𝟑__________ 

 

  

(1)

(2)
(3)

B

C D

K

   

y

x
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PART E – 3 points 

A rigid bar ABCD is supported by a pin at A, and two rods (1) and (2) as follows. A force P is applied 

at C. By equilibrium analysis, this structure is found to be statically indeterminate. Which of the 

following statements represents the correct compatibility condition between the elongation of rod (1) 

e1 and elongation of rod (2) e2? 

 

Make a sketch to justify your answer. 

(a) 𝒆𝟏 = 𝒆𝟐 

(b) 𝒆𝟏 = −𝒆𝟐 

(c) 𝒆𝟏 = 𝒆𝟐/𝟐 

(d) 𝒆𝟏 +𝒆𝟐 = 𝟎 

(e) None of the above 

  

C DBA

(2)

M

(1)
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PART F – 6 points  

A circular bimetallic bar consists of a tubular shell A and a core B. The bimetallic bar is subject to a 
torque T. The shear moduli of the core and shell are known to be GA =2GB, and polar moment of 
inertia IPA = 8IPB. In the cross section aa, circle TRUE or FALSE for the following statements (No 

need to justify your answers):  

 

(a) TRUE or FALSE: The two members experience the same internal torque. 

(b) TRUE or FALSE: The two members experience the same twist angle within the cross section 

aa. 

(c) TRUE or FALSE: The twist angle 𝜑 within the cross section aa is a linear function of the 

radial distance. 

(d) TRUE or FALSE: The shear strain distribution (i.e., shear strain as a function of the radial 

distance) within the cross section aa is continuous across the boundary between A and B. 

(e) TRUE or FALSE: The shear stress distribution (i.e., shear stress as a function of the radial 

distance) within the cross section aa is continuous across the boundary between A and B. 

(f) TRUE or FALSE: The shear stress distribution (i.e., shear stress as a function of the rad ial 

distance) in A and B on the cross section aa has the same slop. 

  

T

a

a

X

YY

Z

A

B


