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Abstract: The paper presents the method to perform the Weibull stress-strength analysis when both the stress and the strength 
variables follow a Weibull distribution. And because the Weibull distribution does not have the additive property (known as 
Weibull closure property), then when both the stress and the strength variables present different shape parameter β, the Weibull 
stress-strength analysis is not defined. Therefore, based on the Weibull/Gumbel relationships and on the log-mean and log-
standard deviation of the observed lifetime data, in this paper a common βc parameter is estimated and used to perform the 
corresponding Weibull stress/strength analysis. And since the derived βc parameter can be determined for any feasible pair of 
stress and strength β values, then the proposed method is always efficient to perform the corresponding stress/strength analysis. 
Finally, the method efficiency is shown through its application to a set of Weibull data also.  

Keywords: Weibull distribution, Normal distribution, Stress-Strength analysis, Gumbel Distribution. 

1. Introduction

It is a fact that, although the items are manufactured identically (same process, material, process, etc.), they have 
variation in their resistance (𝑅𝑅𝑖𝑖) (Bickel et al., 2010). It is to say, the resistance of the units, say 𝑅𝑅1,𝑅𝑅2, . . . ,𝑅𝑅𝑛𝑛 is a continuous 
random variable (Levitin & Finkelstein, 2017). And as a consequence, their behavior must be represented by a probability 
distribution. Then, in reliability analysis, the fact that resistance (𝑅𝑅𝑖𝑖) is a random variable is the first source of variation in the 
reliability analysis (Rinne, 2009). The second source of  variation in reliability analysis occurs when the product is subjected 
to different levels of stress (𝐸𝐸𝑖𝑖); i.e. (𝐸𝐸1,𝐸𝐸2, … ,𝐸𝐸𝑛𝑛) (Birolini, 2010). Therefore, because both the stress and the strength are 
random variables, then they have to be modeled through a probability distribution (Chiquet & Limnios, 2013). Even more, 
because the determination of the reliability of a product, element, system, etc., when they are subjected to a variant stress have 
to be performed by the stress-strength analysis (Babayi, Khorram, & Tondro, 2014), then the failure occurs when the stress 
exceeds the resistance (𝑃𝑃(𝑠𝑠𝑖𝑖 ≥ 𝑆𝑆𝑖𝑖)), or equivalently 𝑅𝑅(𝑡𝑡) = (𝑃𝑃(𝑠𝑠_𝑖𝑖 ≥ 𝑆𝑆_𝑖𝑖 )) (Thoft-christensen, 2015). 

On the other hand, because the stress-strength analysis models the random behavior of both the stress and the strength 
variables as probability density functions, where (𝑠𝑠𝑖𝑖  𝑦𝑦 𝑆𝑆𝑖𝑖) are both independent each other (Shodhganga, 2015), then the stress 
(𝑠𝑠𝑖𝑖) is a variable that induces the failure of the product or element. In this way, the stress refers to a mechanical load, operating 
environment, temperature, electric current, etc., to which the product is subjected (Al-Mutairi, Ghitany, & Kundu, 2013). And 
the strngth (𝑆𝑆𝑖𝑖) refers to the ability of a product, element, system, etc., to perform its design function satisfactorily when is 
subjected to external load and to the operating environment (NASA, 2007). Thus, a product is capable of performing its function 
if its resistance is greater than the applied stress (Kotz, Lumelskii, & Pensky, 2003). Therefore, the stress-strength analysis 
represents the probability that the stress is lower than the strength, or equivalently, the stress-strength analysis implies the 
algebraic sum of the stress and strength distributions (Babayi et al., 2014).  

On the other hand, when the distribution of the stress and the distribution of the strength are both represented by a 
Weibull distribution, but they have different shape parameter, then because the closure property (Piña-Monarrez & Ortiz-
Yañez, 2015), does not holds, then the stress/strength analysis is not defined. However, in this case, the common approach is 
to apply the normal stress-strength analysis. However, since there are not a close relationship between the normal parameters; 
mean  μ and standard deviation σ with the Weibull parameters β and η, then the application of the normal stress-stress analysis 
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