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ABSTRACT 

Concrete structures must also withstand exceptional loading events such as e.g. impact and blast 

loads. As for tunneling, such loads may result from traffic accidents, e.g. from cars crashing into a 

tunnel lining, or from detonation of explosive devices. It is well known from comprehensive material 

testing that the macroscopic strength of cementitious materials increases with increasing loading rate. 

The underlying microstructural reason, however, is not yet fully understood. This is the motivation 

for the present contribution. Following Fischer et al. [1], high-dynamic strength tests are analyzed. 

The model was originally developed for high-dynamic uniaxial compressive strength of cement 

pastes and mortar, where it is considered that also under dynamic loading axial splitting starts once 

the increasing stress becomes equal to the quasi-static uniaxial compressive strength. The latter is 

standardly determined with prescribed strain rates equal to 10-5 /s. Because of crack propagation in 

the loading direction, the material beside the first crack remains intact. This renders an increase of the 

stress in uncracked regions possible. Increasing stress levels, in turn, may result in additional cracks, 

nucleating and propagating in the loading direction. Thereby, the speed of model I crack propagation 

along nanoscopic material interfaces is equal to the Rayleigh wave speed [2]. Knowledge of the latter 

allows for quantifying the period of time it takes for the first crack to split the specimen. During that 

time period, the stresses increase in the uncracked regions of the tested specimen, i.e. between the 

cracks. The strength of the material is reached, once the first crack splits the sample such that it 

disintegrates into pieces. In the present contribution both the experimental validation of the model 

and its range of applicability to high-dynamic tensile strength tests are extended. This requires 

careful evaluation of the available protocols from experimental tests and investigation of the 

observed failure mechanisms. It is concluded that tunnel linings are damaged during high-dynamic 

loading events, if the maximum stress exceeds the quasi-static strength of the cementitious material 

of the lining. Therefore, linings require careful inspection, even after non-catastrophic high-dynamic 

loading events. 
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