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ABSTRACT

The objective of the present paper is the sensitivity analysis of the steel plane frame
load-carrying capacity. Steel plane frame is a system which contains three members:
two columns and cross beam, see Fig. 1. Sensitivity analysis is used to analyze how
sensitive a system resistance is with respect to change of initial imperfections.
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Fig. 1: Frame Geometry Fig. 2: Load action 1 Fig. 3: Load action 2

Statistical information on initial imperfections of cross-section geometry and material
characteristic were published in [4]. Input quantities X of left column are yield strength
fy1, cross-sectional height £, cross-sectional width b;, web thickness #,1, flange
thickness #r; and Young modulus E;. Input quantities of right column are f», /2, b2, tw2,
tn, E>. Input quantities of cross beam are fyo, /o, bo, two, tr, Eo. Statistical characteristics
were considered as histograms according to the results of experimental research [4]. The
system imperfection ey considered according to the first buckling mode was the last
random input characteristic, see Fig. 3. The Gauss density function with mean value
Leo=0 mm, and standard deviation, c.oc=5 mm were assumed for system imperfection e.

The load-carrying capacity of variant 2 was solved by the nonlinear Euler incremental
method and combined with the Newton-Raphson method [3]. The frame geometry was
meshed by beam elements with initial curvature in form of a parabola of the 3rd degree.



The Sobol’s variance decomposition is used for investigation of first-order effects and
second-order effects due to interactions [2, 1]. In our study, the sensitivity analysis of
load-carrying capacity Y (output quantity) to statistically independent input
imperfections X; was evaluated according to:
' V(Y ) y V(Y) i J

The change of output load-carrying capacity Y is characterised by variance V(Y). The
sensitivity indices Si were evaluated utilizing the Monte Carlo. The conditional random
arithmetical mean E(v|X,) and the variance V(E(Y|X,)) were evaluated for N=50000

simulation runs.
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Fig. 4: Sensitivity indices of Variant 1 Fig. 5: Sensitivity indices of Variant 2

The first order (1) and second order (2) sensitivity indices of initial imperfection are
presented in Fig. 4 and Fig. 5. The yield strength values fy1 and £y, are dominant for the
Variant 1. The sensitivity analyses results depicted in Fig. 5 clearly illustrate that the
dominant variable for the monitored output is the system imperfection ey.

The article was elaborated within the framework of projects GACR 103/07/1067,
KJB201720602 AVCR and GACR 103/08/0275.
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