
2. A solid circular rod is subjected to an axial force of 𝑃 = 2000 lbf. The yield stress of the rod is 𝑆𝑦 =

20 kpsi. The factor of safety is 𝑛𝑠 = 3.0. a) What is the minimum diameter of the rod? Then select a 

preferred fractional diameter. b) If 𝑃~𝑁(2000, 3002) lbf , 𝑆𝑦~𝑁(20, 32) kpsi , and P and S are 

independent, determine the probability of failure using the First Order Moment Method. 

 

 

Solution 

a)  The cross-sectional area of the rod is  

𝐴 =
𝜋

4
𝑑2 

     The tensile stress of the rod is 

𝑆 =
𝑃

𝐴
=

4𝑃

𝜋𝑑2
 

     The tensile stress should be less than the allowable stress 

𝑆 =
4𝑃

𝜋𝑑2
≤

𝑆𝑦

𝑛𝑠
 

     Solving for 𝑑 yields 

𝑑 ≥ √
4𝑃𝑛𝑠

𝜋𝑆𝑦
= √

4(2000)(3)

𝜋(20000)
= 0.618  in 

     Thus the minimum diameter of the rod is 0.618 in.          Ans. 

𝑑 

𝑃 𝑃 



     And the preferred fractional diameter could be chosen as 𝑑0 =
5

8
 in = 0.625 in.       Ans. 

 

b)  The limit-state function is the actual stress of the rod subtracted from the allowable maximum stress.    

      Failure occurs when 0Y    

𝑌 = 𝑔(𝐗) = 𝑆𝑦 − 𝑆 = 𝑆𝑦 −
4𝑃

𝜋𝑑0
2 

     where 𝐗 = (𝑆𝑦, 𝑃), and 𝑑0= 0.625 in is the preferred diameter. 

     Using FOSM, we have 

𝜇𝑔 = 𝑔(𝛍𝐗) = 𝜇𝑆𝑦
−
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𝜋(0.6252)
= 1.3481(104)  psi 

𝜎𝑔 = √(
𝜕𝑔

𝜕𝑆𝑦
|

𝛍𝐗

𝜎𝑆𝑦
)

2

+ (
𝜕𝑔

𝜕𝑃
|

𝛍𝐗

𝜎𝑃)

2
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= √30002 + (
4
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300)
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                  = 3.1553(103)  psi 

      Evaluate the probability of failure 

𝑝𝑓 = Φ (
−𝜇𝑔

𝜎𝑔
) = Φ (

−13481

3155.3
) = 9.6673(10−6)                                   Ans. 


