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One of the inherent parts of the design of new or existing structures under the influence of many times repeated loading is the assessment of fatigue. A part of design is the stipulation of the criteria of limit states, i.e. the stipulation of conditions to be fulfilled so that the structure is reliable in all situations and all loading cases and failure does not occur. During the analysis of complex problems of structural behaviour in addition to the final result we generally may be interested in further matters, such as: in what way the input parameters influence the result, or in other words, the sensitivity of the response to a change of the input parameter. The identification of these quantities and their constitutive relations is performed utilizing the methods of sensitivity analysis.
Sensitivity analysis methods enable the quantification of the influence and the assessment of the significance of individual input variables on structural response. In view of the fact that input variables are generally random, it is necessary to take their variability into account during the determination of their influences. The output variable of the computational model is then also a random variable, for which we can determine the mean value, variation coefficient, distribution type, etc. similarly as for the input variables. In the event that information on the variability of input and output variables is available, the quantification of sensitivity of output variables on the input variables can be performed. In this regard we speak about the so-called stochastic sensitivity analysis. The stochastic sensitivity analysis enables the assessment of the relative sensitivity of random variability of the studied phenomenon to the random variability of individual input variables [1].
The aim of the presented study is a sensitivity analysis of the effect of factors influencing the fatigue crack propagation in a steel element under bending moment. The linear elastic fracture mechanics based on Paris-Erdogan’s formula was used.
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where a – crack size, N – number of cycles, C, n – material constants, K is the amplitude of the stress intensity coefficient. C, n are material constants which can be determined by statistical processing from a set of experimentally determined data pairs (da/dN, K). From acquired results it is possible to make recommendations which input random variables have the greatest influence on the fatigue resistance and should thus be checked with increased accuracy in production of new structures and during the examination of existing structures.
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Fig. 1: Density function of initial crack size a0 

     Fig. 2: Element with initial crack size a0 
From measurements of crack propagations in the surface of welded joints it was determined that the lognormal distribution with mean value ma0 = 0.526 and standard deviation Sa0 = 0.504 can be considered for the initial crack [4]. Further random variables considered include the width of steel element b and the critical length acr that the crack approaches without reaching macro plastic instability. Mean value mb = 400 mm and standard deviation Sb = 25 mm [2] were considered for the width of the steel element. In the case of the critical crack length acr mean value macr = 200 mm and standard deviation Sacr = 20 mm [2] were considered. The coefficient n, which represents a function of a whole array of factors [3], was also implemented as a random variable. The coefficient n increases with decreasing fracture toughness. The parameter n was assumed to have a Gaussian distribution with mean value mn=3 and variation coefficient vn=0.01 in our study. The strong correlation between parameters C and n was confirmed experimentally [3]. In the event that exponent n does not represent a universal constant, it stems from the analysis of Paris-Erdogan’s relation (1), that the physical size of constant C generally changes too. The interrelationship between C and n can be expressed according to [3] as log(C) = c1 + c2 n. Parameters c1<0 and c2<0 are constants for given material grade. We considered in accordance with [3] for our example for steel of grade S235 c1= -11.141, c2= -0.507. The realizations of input random variables were generated utilizing the LHS method for 400 runs. The fatigue resistance, which is the maximum number of cycles N during which the crack with initial size a0 reaches the critical size acr, was considered as the output random variable.
The sensitivity analysis was evaluated by monitoring the Spearman rank-order correlation coefficient between the input and output, see Fig. 3a. The method based on the evaluations of the ratio of second order of variation coefficients between input and output was chosen as a second alternative, see Fig. 3a.
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Fig. 3: Results of sensitivity analysis

The variability of initial crack size a0 has the greatest influence on the variability of fatigue resistance [2]. The sensitivity coefficient value decreases with increasing stress amplitude
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. Since the initial crack size has a large influence on the fatigue resistance, its statistical characteristics should be determined with maximal precision. The second dominant variable is parameter n. Determination of satisfactorily accurate statistical characteristics of parameter n is of major importance for further application in probability analyses. The sensitivity coefficient of parameter n increases with increasing value of
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. The variability of the width of the steel element b and of the critical length acr has no influence on the variability of fatigue resistance and hence can be considered as deterministic variables. This may significantly simplify modelling.
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