
     

 

Q1 (10 Points):  A 150𝑚𝑚 × 50𝑚𝑚 × 25𝑚𝑚 specimen is subject to the forces 𝑃𝑥 = 100 𝑘𝑁, 

𝑃𝑦 = 150 𝑘𝑁, as shown below.  The strain gauges are used to measure strains in the speficied 

directions. The axial strain gauge appears to be uncalibrated, leaving only the transverse strain 

measurement 𝜀𝑦 = 0.0002. The Young’s modulus of the material is 𝐸 = 100 𝐺𝑃𝑎.  

(a) What is the Poisson’s ratio of this material?  

(b) What strain measurement should be expected from the axial strain gauge?  

(c) If a decrease in temperature of 50𝐾 brings the transverse strain 𝜀𝑦 to zero. What is the 

coefficient of thermal expansion of this material? 

Solution: 

a) Assuming uniform normal stresses are induced in the test specimen, 

 

𝜎𝑥 =
𝑃𝑥

𝐴𝑥
=

100000

(50)(25)
𝑀𝑃𝑎 = 80 𝑀𝑃𝑎 

 

𝜎𝑦 =
𝑃𝑦

𝐴𝑦
=

150000

(150)(25)
𝑀𝑃𝑎 = 40 𝑀𝑃𝑎 

From Hooke’s law, 

𝜖𝑦 =
1

𝐸
[𝜎𝑦 − 𝜈𝜎𝑥] ⇒ 0.0002 =

1

100 × 103
[40 − 𝜈 × 80] 

 

⇒ 20 = 40 − 𝜈 × 80 ⇒ 80𝜈 = 20 ⇒ 𝜈 = 0.25 
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b) From Hooke’s law, 

𝜖𝑥 =
1

𝐸
[𝜎𝑥 − 𝜈𝜎𝑦] ⇒ 𝜖𝑥 =

1

100 × 103
[80 − 0.25 × 40] = 0.7 × 10−3 = 0.0007  

 

c) When the adjustment for thermal expansion is built into Hooke’s law, 

 

𝜖𝑦 =
1

𝐸
[𝜎𝑦 − 𝜈𝜎𝑥] + 𝛼Δ𝑇 

 

⇒ 0 = 𝜖𝑦0
+ 𝛼(−50) 

 

⇒ 0 = 0.0002 + 𝛼(−50) ⇒ 𝛼 = 4 × 10−6/𝐾 


