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A Homogenization Method on Crack Growth on Orthotropic Steel Decks

Abstract: Based on eXtended Finite Element Method (XFEM), a homogenization method was proposed
to study the crack growth affected by random defects, since they play a significant role on the fatigue
performance of welded joints. Based on the concept of equivalent crack growth length, the
homogenization process for simulating crack growth was proven to be feasible in the early stage of crack
growth. As an option of multi-scale method, the homogenization method was applied on orthotropic steel
decks (OSDs) with respect to vehicle loads. According to the on-site test data and the transverse location
of vehicles suggested on Eurocode, the macro-crack initiation life (MCIL) on rib-to-deck weld toe was
calculated using homogenized model. The results, in the form of possibility distribution, show that the
method is applicable and effective to demonstrate the variation of MCIL. However, the statistical
characteristics of the distribution are dependent on the form of the Paris law and the values of the
constants in it.
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Fig. 1 RVE in the welded joint of trapezoidal
stiffener and deck plate
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Fig. 3 Numerical Example 1
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Table 1 Comparison of the results of numerical examples
gl N Np i e a BIFARRpTAS | AF BRI AT | R
‘ ROKE (mm) | REEKCE(mm) | (%)
1 5 5 0.0562 0.0473 1.082 0.4238 0.4167 -1.67
2 10 10 0.0466 0.0372 0.960 0.3992 0.3925 -1.68
3 50 50 0.0522 0.0520 1.114 0.4341 0.4225 -2.67
4 100 100 0.0562 0.0610 1.153 0.4319 0.4329 0.24
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Fig. 9 Measured strain on location 2 (uS)
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Fig. 10 Measured strain on location 3 (uS)
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Fig. 11 Measured strain on location 4 (uS)
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according to Gurney [19] (in years)
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