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Abstract 
A cost-efficient yet safe design of reinforced and prestressed concrete structures under fatigue 
loading is a highly complex and elaborate task. One of the main reasons for this is the still insufficient 
understanding of the fatigue damage phenomenology of concrete. A promising hypothesis states 
that the evolution of fatigue damage in concrete at subcritical load levels is governed by cumulative 
internal sliding between aggregates. With the objective of collecting experimental results 
supporting the fundamental postulated hypothesis, a systematic experimental campaign was 
developed to investigate the fatigue behavior of high-strength concrete under shear-compression 
loading using newly adapted Punch-Through-Shear-Tests (PTSTs). The test setup is capable of 
applying a controlled fatigue shear loading with simultaneous constant fatigue compressive loading, 
without causing secondary cracks. Various phenomena of confined concrete shear fatigue behavior, 
such as the evolution of confinement during fatigue life and the loading and unloading behavior, are 
discussed. 

Finally, numerical studies reproducing experimental results using a pressure-sensitive fatigue 
interface model are presented. This material model is able to capture the material degradation due 
to internal sliding between aggregates, as the fatigue damage evolution is linked to a measure of 
the cumulative shear strain.  Simulations at the single material point level showed that the model 
can reproduce the evolution of the shear and confining stresses under monotonic loading, as well 
as its ability to simulate pre- and post-peak cyclic behavior. The material model was used as well in 
a FEM simulation for modeling the behavior of the PTST. The calculated results show good 
agreement with experimental tests and allow a more profound investigation of the dissipative 
mechanisms occurring in the process zone. 
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1 Introduction 
Over the past decade, many efforts have been 
made to reduce the amount of concrete, and 
therefore CO2 production, required to meet the 
legitimate needs of an ever-growing population. To 
this end, new materials, construction techniques, 
and re-analysis models have been developed. The 
fatigue behavior of concrete is another hot topic 

that has attracted the interest of the research 
community and would lead to the construction of 
more efficient and reliable structures. 
Unfortunately, a proper method for evaluating the 
fatigue life of concrete structures is still not 
available. Design codes propose the use of crude 
and simple methods, which in some cases 
contradict experimental evidence.  
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