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Introduction: Under dynamic conditions rocks and rock like materials respond strain rate sensitive in terms of 

their physical material properties such as Young’s modulus and uniaxial compressive strength [1]. In general the 

dynamic uniaxial compressive strength (UCD) increases significantly when it comes to high strain rates (HSR) in the 

range of 100-104 s-1 due to the limited propagation speed of cracks (Rayleigh wave speed) and their reduced ability to 

coalesce, leading to rock pulverization [2]. Impact cratering processes are covering a broad spectrum of deformation 

rates from 10-2 to 106 s-1 during the different stages of crater formation [3]. Therefore, knowledge about the physical 

behavior of projectile and target are highly relevant for the understanding of impact processes and have not been 

consequently considered in scaling laws and modeling of impact cratering events due to a lack of data. We are using 

a Split-Hopkinson-Pressure bar (SHPB) for testing cylindrical samples on their stress-strain response within the HSR 

regime and present the testing method as well as results of experimentally deformed fine grained Seeberger sandstone, 

which has been used as a target rock for impact experiments during the MEMIN project [4] and Carrara marble. 

Methodology: The Split-Hopkinson-Pressure bar consists of a pressurized air driven unit, accelerating cylindrical 

or conically shaped strikers (Fig. 1) of diverse dimensions to constant speeds of up to 40 m/s. The striker’s impact on 

the incident bar generates an acoustic wave which propagates towards and interacts with the sample at the longitudinal 

speed of sound. Samples are cylindrical with dimensions of 4 cm in diameter and length and emplaced between the 

incident and a transmission bar, both 5 cm in diameter and 2.5 meters in length. Depending on the samples’ stress-

strain response under a 1D state of stress [1], reflection and transmission of the incident stress pulse occur, which are 

detected by strain gauges at high temporal resolution. The analysis of the pulses takes dispersion effects into account 

and enables the calculation of the stress-strain curve and the strain rate history, to quantify the stress strain response 

of the samples at specific strain rates. Diverse pulse shaping techniques help modifying the incident stress wave in 

order to achieve constant deformation rates and stress equilibrium in the sample during most of the testing period. 

Furthermore, pulse shaping is used to model diverse incident pulse histories in order to change the effective strain 

rate. 

 

 
 

Fig. 1. The split Hopkinson pressure bar set up (not to scale) consists of striker, incident- and transmission bar where 

incident, reflected and transmitted pulses are detected at high temporal resolution. 

 

Objectives: Our aim is the comprehensive characterization of strain rate dependent material properties, brittle rock 

fragmentation processes and the contribution of microstructural characteristics such as pore space, mineral content 

and water saturation on the dynamic increase factor (DIF), giving the fraction of dynamic- against quasi static uniaxial 

compressive strength. Resdiduals of loaded samples are analysed for their microstructural texture, grain size distribu-

tion  and surface topography in order to link experimental results to naturally occuring fault rocks. 

Results: Results indicate a relatively early onset of dynamically increasing rock strength of Carrara marble with 

accompanied sample pulverization during the failure process and a DIF value of ~2.7 at a strain rate of 102 s-1, whereas 

Seeberger sandstone reveals 1.75 only at comparable deformation rates. Both types of rock do not show significant 

changes in the linear elastic stress-strain response, indicating unaffected Young’s moduli at strain rates below 102 s-1, 

whereas fracture patterns of residual samples indicate a single- to pervasive fracturing transition at lower strain rates. 
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