Figure 7. Test beam VT1 — Effect of high cycle loading on load bearing capacity

As shown in Figure 7 due to crack growth through the stud feet during the cycling loading the static
strengths of the studs were partly decreased by up to 65% of its original value. Numerical investiga-
tions considering the change of the deformation behaviour of the studs due to cyclic preloading in-
dicate that the reduction of the strength of the interface between steel and concrete causes a loss of
the load bearing capacity of the beam of nearly 8%. This result is in good agreement with the result
obtained by applying partial-interaction theory taking into account a smeared damage along the in-
terface.

For the simulation of the cyclic behaviour the damage accumulation method according to Figure 4
was used. The total number of load cycles N was split in 20 increments and after each FE-analysis,
representing an increase of Ny / 20 numbers of load cycles, the relevant mechanical properties of
each headed shear stud (plastic slip, elastic stiffness and reduced static strength) were updated, tak-
ing into account the modified damage accumulation rule. In each increment it is assumed that the
loading parameters of each stud remain unchanged and thus the stud behaviour during the increment
can directly be taken from appropriate force-controlled push-out test results. As shown in Figure 8
the results of the numerical simulations are in good agreement with the results of the beam test.

Figure 8. Cyclic behaviour of test beam VT1 - Verification of the concept

The occurrence of cracks at the stud feet and the early crack initiation has to be assessed a in differ-
ent way, if a flange is in compression or in tension. For this purpose beam test VT2 in hogging
bending was subjected to 2.1 million load cycles. In flanges under compression the cracks typically
grow horizontal leading to a deterioration of the properties of the interface between steel and con-
crete. In tension flanges the direction is additionally influenced by the tensile stresses in the steel
flange and the cracks can propagate nearly vertical through the flange. In this case not only the
properties of the interface are affected, but also the load bearing capacity of the cross sections.
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Figure 9. Effect of cyclic loading on beams with tension flanges (test beam VT2)

The test shows that also in hogging bending the significant local damage causes only a small global
reduction of the ultimate load. With regard to fatigue cracks growing in vertical direction through
the top flange of the steel girder further research is needed.
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