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In dynamic calculations (for example, in cases where it is necessary to estimate the 

parameters of the seismic load transmitted from the base to the structure), it is required to assess 

the ability of the soil to transfer and absorb energy, that is, to describe its damping properties. 

There are several ways to include damping in calculations. One of the simplest and most 

common is Rayleigh damping. It is assumed that the damping ratio D (the measure describing 

energy absorption in materials) is calculated for each frequency upon the formula: 
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where α is the mass proportional coefficient, β is the stiffness proportional coefficient, ωi  is the 

frequency, for which calculation is performed. 

It follows from the equation that the damping ratio depends on the oscillation frequency, 

therefore, to determine it, it is necessary to quantify the amount of energy absorption at different 

impact frequencies. Taking into account the specifics of soil medium, a special type of instruments 

has been designed for these purposes - a resonant column. 

Design of a resonant column is similar to design of a conventional triaxial cell: cylindrical 

sample in an elastic membrane is placed in a sealed cell, it is possible to create a confining 

compression (isotropic mode, Stokoe type) and additional vertical load (anisotropic mode, Hardin 

type). The difference lies in the additional type of loading - rotary oscillations with small amplitude 

and arbitrary frequency can be applied to the top cap. Depending on the task, various loading 

modes can be implemented. 

A stepless increase in the frequency of impact with oscillation amplitude measurement 

makes it possible to determine the natural vibration frequency of the sample (resonance frequency) 

ω and the transverse wave propagation velocity Vs: 
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where h is the sample height, I, I0 are the moments of inertia of the sample and the loading frame 

respectively. 

Taking into account that the range of shear strains is not more than 10−6... 10−4, the resulting 

strain can be considered as absolutely elastic. Therefore, the shear modulus G can be determined 

at ultra-low strains: 
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where ρ is the density of the sample. 

It is possible to determine the damping ratio D by the duration of free vibrations of the 

sample damping or by the resonance curve width near the frequency of natural vibrations. This 

procedure is described in GOST 56353-2015. 

With an increase in vibration amplitude, the shear modulus G usually decreases (degrades). 

This is due to the partial damage of the original soil structure. In this case, the damping ratio D 

increases, i.e., the sample absorbs more and more energy of the impact. The results of a resonant 

column test are usually functions G(γ) and D(γ), that allow to obtain necessary parameters at 

different levels of strains in subsequent calculation. 

 Despite the seeming simplicity, the practical implementation of a resonant column is a 

difficult engineering and design task. Only a few manufacturers produce such instruments. The 

main difficulty is the creation of low-amplitude rotary vibrations. For this, various drive designs 

can be applied, that differ in the method of fixing the sample. In some designs, the torque is applied 

to the bottom cap, and the top cap accommodates a free mass with the measuring system. This 

arrangement is rather bulky and also unsuitable for weak samples that may fail before testing. 

Currently, the most common design is when the bottom end of the sample is rigidly fastened, and 

the torque is applied to the top end by an electromagnetic system. The sample response is measured 

also at the top end using accelerometers. In particular, such a design has been developed and 

manufactured by ООО “Geotek”.  

The creation of this instrument required many years of preparation and study of its design 

features, advantages and disadvantages. Implementation of low-amplitude vibrations (about 10−6) 

in combination with a high frequency (up to 200 Hz) requires a high-precision measuring system 

with high-speed feedback. In addition, the installation is subject to increased requirements for 

interference immunity of electrical circuits. As a result, a rather compact and convenient for use 

instrument was produced, that has no analogues on the international market. Such tests are in 

demand when solving geotechnical problems on the interaction of structures and foundations under 

dynamic loading. These can be hydraulic structures exposed to waves or vibration from generators 

of power stations, nuclear power facilities, transport facilities.  

In addition, the resonant column method allows to determine the initial shear modulus of 

soil G0, that is necessary to substantiate models of mechanical soil behavior with nonlinear 

elasticity (for example, Hardening Soil Small-strain). It should be noted that the determination 

accuracy in this case is much higher than when using a dynamic triaxial compression instrument, 

since the measurement of ultra-low strains is performed more accurately. 



ООО “Geotek” offers a resonant column of its own 

design, the functionality of which is equal to analogues and the 

cost is significantly lower. Testing system includes the 

necessary equipment for creating static vertical action and 

rotary oscillations, pressure in the cell and pore space, as well 

as necessary measuring equipment. Tests are carried out in an 

automated mode with control of all test parameters in real time. 

Also, on a special order it is possible to produce a universal 

installation that allows testing by the resonant column method 

and the dynamic triaxial compression method in one loading 

device. 


