


1. INTRODUCTION

For many years, the unflagging interest and continuous development in the field of testing the 

mechanical properties of various building materials subjected to dynamic effects stresses have been 

noticed [1]. Particularly significant increase in the number of publications in this field concerns 

metals as well as for concretes [2], polymers, wood and soils [3-18]. Indeed, a large part of 

engineering problems includes research into high-rate strain-stress (HSR) soil response. This includes 

stress related to, inter alia, explosions [19-21], earthquakes, mine explosions [22], wheel loads of 

vehicles and aircrafts [23], dynamic soil compaction [24] and pile driving [25]. This is associated 

with the need to create as true and correct as possible constitutive models that are important in the 

process of calculating geoengineering properties as part of computer-aided design methods. It should 

be noted that in the process of constitutive modeling it is necessary to know the quasi-static and 

dynamic characteristics in a wide range of high strain rates together with changes in the physical 

characteristics of the soils subjected to this type of impact.

In tests using standard testing machines, it is possible to determine the strength parameters of 

materials for strain rates up to 5 [s-1]. On the other hand, dynamic tests, require special testing 

equipment. John Hopkinson and his son Bertram Hopkinson are considered precursors in the field of 

material research methodology within high strain rates [26-28]. As a result of further works, Herbert 

Kolsky presented an experimental method called the Kolsky method or the Hopkinson bar technique

for the range of strain rates from 5 � 102 [s-1] up to 5 � 104 [s-1] [29]. Due to the fact that soil is 

characterized by low stiffness, low impedance and high attenuation of waves, conventional test 

equipment typical for other materials is not suitable and should be modified depending on the needs 

in terms of adaptation to the soil sample. Soil behaviour during uniaxial dynamic compression has 

been studied in detail for matching of the soil sample.

Currently, in modern laboratories for dynamic soil testing, a test device called the Split Hopkinson 

Pressure Bar (SHPB) is used, operating on the basis of two measuring bars (initiating and 

transmitting) along with the tested soil sample placed between these bars. To determine the strain rate 

above 5 � 104 [s-1] (the study for other materials than soil was published in [30, 31]), an additional 

modification of the Hopkinson Pressure Bar is used by exclusion of the initiating bar from the system 

and a direct impact with the bar-projectile on the sample adjacent to the transmitting bar (modification 

of the Hopkinson bar by applying a direct impact with loading bar-projectile on sample adhering to 

transmitting bar). 
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