
58. A torsion bar OA is fixed at O and is simply supported at A. It is connected to a cantilever AB, and a 

force 𝑃~𝑁(1000, 502)  N is applied at B. Bar OA has a spring rate of 𝑘1 = 2 × 105  N∙m/rad and a 

length of 𝑙1~𝑁(0.5, 0.0012)  m. Cantilever AB has a spring rate of 𝑘2 = 3 × 104  N/m and a length of 

𝑙2~𝑁(0.2, 0.0012)  m. If the allowable deflection at B is 𝛿𝑎 = 0.04 m, determine the probability of 

failure using First Order Second Moment Method. Assume that 𝑃, 𝑙1 and 𝑙2 are independent.  

 

Solution 

The torque of torsion bar OA is 

𝑀𝐴 = 𝑃𝑙2 

Thus the angle of twisting is 
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Then the deflection 𝛿1 at B resulted from the twisting of torsion bar OA is 

𝛿1 = 𝜃𝐴𝑙2 =
𝑃𝑙2
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For the cantilever BC, the deflection 𝛿2 at B resulted from force P is 

𝛿2 =
𝑃
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Then the overall deflecting at B is 

B 

A 

O 

𝑃 

𝑙1 

𝑙2 
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The limit-state function is the actual deflection subtracted from the allowable deflection. Failure occurs 

when 𝑌 < 0. 

𝑌 = 𝑔(X) = 𝛿𝑎 − 𝛿 = 𝛿𝑎 −
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where 𝐗=(𝑃, 𝑙2). 

Using FOSM, we have 

𝜇𝑌 = 𝑔(𝛍𝐗) = 𝛿𝑎 −
𝜇𝑃𝜇𝑙2
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= 1.677(10−3)        m                                                                              

The probability of failure is then given by 

𝑝𝑓 = Φ (
−𝜇𝑌

𝜎𝑌
) = Φ (−

6.467(10−3)

1.677(10−3)
) = 5.74(10−5)  

Ans. 

 

 

 


