
62. A critical stress element is subjected to two normal stresses 𝑆𝑥~𝑁(1, 0.12)  MPa  and 

𝑆𝑦~𝑁(3, 0.32)  MPa. The Poission’s ratio is 𝜈 is 0.29 and the modulus of elasticity is 𝐸 = 90 MPa. If 

the axial length of the element is 𝑙𝑥 = 2 mm  and allowable axial elongation is 𝛿𝑎 = 0.015 mm , 

determine the probability of failure using First Order Second Moment Method. Assume that 𝑆𝑥 and 𝑆𝑦 

are independent. 

 

Solution 

The axial strain is 

𝜖𝑥 =
1

𝐸
(𝑆𝑥 − 𝜈𝑆𝑦) 

Therefore the axial elongation is given by 

𝛿𝑥 = 𝜖𝑥𝑙𝑥 =
1

𝐸
(𝑆𝑥 − 𝜈𝑆𝑦)𝑙𝑥 

The limit-state function is the actual axial elongation subtracted from the allowable one. Failure occurs 

when 𝑌 < 0. 

𝑌 = 𝑔(X) = 𝛿𝑎 − 𝛿𝑥 = 𝛿𝑎 −
1

𝐸
(𝑆𝑥 − 𝜈𝑆𝑦)𝑙𝑥 

where 𝐗=(𝑆𝑥, 𝑆𝑦). 

Using FOSM, we have 

𝜇𝑌 = 𝑔(𝛍𝐗) = 𝛿𝑎 −
1

𝐸
(𝜇𝑆𝑥

− 𝜈𝜇𝑆𝑦
) 𝑙𝑥                                                      

                                     = 1.5(10−5) −
1

90(106)
(1(106) − 0.29(3)(106))(2)(10−3) 

𝑆𝑥 

𝑆𝑦 

𝑥 

𝑦 



                                     = 1.2111(10−3)    m                                                                          

𝜎𝑌 = √(
𝜕𝑔

𝜕𝑆𝑥
|

𝛍𝐗

𝜎𝑆𝑥
)

2

+ (
𝜕𝑔

𝜕𝑆𝑦
|

𝛍𝐗

𝜎𝑆𝑦
)

2

                                                 

= √(
𝜇𝑙𝑥

𝐸
𝜎𝑆𝑥

)
2

+ (
−𝜈𝜇𝑙𝑥

𝐸
𝜎𝑆𝑦

)
2

                                                      

  = √(
2(10−3)

90(106)
(1)(105))

2

+ (
−0.29(2)(10−3)

90(106)
(3)(105))

2

 

= 2.9455(10−4)  m                                                                         

The probability of failure is then given by 

𝑝𝑓 = Φ (
−𝜇𝑌

𝜎𝑌
) = Φ (−

1.2111(10−3)

2.9455(10−4)
) = 1.96 (10−5)  

Ans. 

 


