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Most of the practical tasks of geotechnics assume a static mode of applying a load to the 

foundation. Nevertheless, there are well-known special cases when dynamic loads of different 

frequencies and amplitudes occur. These include earthquakes, wind and wave action, technogenic 

influence from transport and industrial machines, and others. In combination with a static load, such 

actions form a variety of stress states. These issues are considered in detail in the well-known 

monograph by K. Ishihara, and also in the works of Russian researchers P.L. Ivanov, V.A. Ilyichev, 

L.R. Stavnitser, E.A. Voznesensky and others. 

Depending on the parameters of dynamic action, various processes can be observed in granular 

soils in foundations. With a high intensity of action, observed primarily during earthquakes, a wave 

front passes through the soil body, causing volumetric compression. In the case of water-saturated 

soils, a sufficiently high velocity of this front does not allow the pore pressure to dissipate, resulting in 

the accumulation of pore pressure. If the accumulated pore pressure uw becomes equal to the effective 

mean stress p, then individual particles in soil skeleton will lose contact with each other. This 

extremely dangerous condition is called dynamic liquefaction and is characterized by almost instant 

loss of stability of the soil skeleton. In addition to a critical decrease in the bearing capacity, dynamic 

liquefaction also leads to significant settlements after the pore pressure dissipates, while due to 

structural damage of the soil its porosity turns out to be much lower after exposure than the initial one. 

The catastrophic consequences of earthquakes are often explained by these phenomena. 

It is obvious that the mechanism of dynamic liquefaction can be realized only in totally water-

saturated soils with low cohesion. If the soil is not totally water-saturated, then the increase in pore 

pressure on exposure will be negligible. If cohesion is high enough, then the probability of structural 

damages is reduced. Consequently, dynamic liquefaction is more likely to occur in fine and silty sands, 

as well as sandy loams with total water saturation. To quantify the possibility of dynamic liquefaction, 

the maximum achievable ratio of the pore pressure to the mean pressure PPR (pore pressure ratio) is 

used: 
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When PPR reaches 1, dynamic liquefaction is recorded. It follows from the formula that at high 

values of mean stress p the probability of liquefaction decreases. Therefore, dynamic liquefaction 

becomes unlikely with increasing depth. Actually, according to various sources, the most dangerous 

are the first 5-7 meters from the soil surface. 



If the energy of dynamic action is not high enough to cause an instant change in the stress state 

of the entire soil body, then additional settlements without loss of stability called vibrocreep can be 

observed.  When constant cyclic loads are transferred to the foundation, fluctuations in the value of 

normal force at the contacts between individual particles are observed. As a result, the shear strength 

decreases, and the acting static loads cause additional volumetric and shear strains. A similar situation 

is often observed in the foundations of transport structures, near the foundations of industrial 

equipment, as well as due to technological actions on the foundation during earthworks. Additional 

possible settlement due to vibrocreep is estimated by reducing the calculated value of the modulus of 

deformation Е to Evp, the ratio of which is characterized by the vibrocreep coefficient Kvp. 

The variety of possible stress states under dynamic actions requires equipment that makes it 

possible to create and control any stress-strain state parameters. Instruments for triaxial compression 

with optional dynamic loading are best suited for these purposes. Such equipment is produced by the 

world's leading manufacturers, as well as by ООО “GEOTEK”. 

In terms of design, the instrument of dynamic triaxial compression differs from the usual 

“static” triaxial machine by the possibility of applying the dynamic component of vertical pressure to 

the sample. For this, special drive types are used, each of which has its own advantages. The simplest 

design has the pneumatic drive, in which the transmission of dynamic load is provided by changing the 

air pressure in the pneumatic cylinder. This drive has a frequency limitation related to the impossibility 

of an immediate change in pressure due to the compressibility of the working medium. The operating 

frequency does not exceed 5 Hz. This is sufficient to simulate seismic action. 

Higher frequencies can be realized with the aid of electromechanical drive with the application 

of rapid feedback: correcting of the current position of actuator is performed according to the sensor of 

vertical force. Obviously, in order to transmit simple harmonic motion (for example, sinusoidal) with 

an acceptable accuracy, it is necessary to have at least 10-20 measurement points per cycle. In this 

case, the maximum frequency is determined by the speed of the system of conversion the feedback 

signal. This is the approach used in the instruments of ООО “GEOTEK”. 

The highest controlled frequency (up to 100 Hz) can be realized with devices with a servo-

hydraulic drive, in which the pressure of an almost incompressible working fluid (oil) is controlled by 

a servo valve. However, such devices are expensive and bulky, difficult to operate, and such high 

frequencies are not in demand (according to the authors, the maximum normalized forcing frequency 

is 63 Hz). 

The procedures of conducting tests in different modes are regulated by ASTM D 5311-11. The 

test is usually carried out in a consolidated undrained mode with samples with a high degree of water 

saturation. Considering that water saturation is a critical condition under dynamic action, additional 

measures are implemented, such as purging the sample with carbon dioxide before saturation, 



thorough degassing of the liquid, control of the pore pressure parameter B. It is fundamentally 

important to determine correctly the initial test conditions - the ratio between vertical and horizontal 

stresses, the amplitude of the dynamic component of the load. This is what determines the accuracy of 

the simulation of required stress state and the quality of obtained parameters, since the conditions are 

unique for each object. 

When assessing the possibility of dynamic liquefaction, the static and dynamic components of 

the action are applied to the sample and the pore pressure is monitored during the experiment. The 

value of the dynamic load is determined by the magnitude of the expected earthquake. The dynamic 

liquefaction can be recorded when the sample is destroyed, the ultimate strain is achieved or PPR = 1. 

It is also possible to test a series of samples with a gradual increase in amplitude and determine the 

maximum permissible action. 

When assessing the vibrocreep, the action parameters are determined by the terms of references 

depending on the source (for example, in the case of rail transport the defining parameters are mass of 

railroad car, wheel base, speed). It should be taken into account that the vibration decays rather quickly 

with distance from the source, for which it may be necessary to directly measure the intensity of action 

on the analogue object. During the test, at least 500 cycles of dynamic action are applied to the sample, 

which is usually sufficient for further extrapolation according to the logarithmic law. The result of the 

experiment is the calculated value of relative strain of the sample in accordance with the vibration 

effect for the number of cycles corresponding to the useful life of the structure. This value can be used 

to calculate the vibrocreep coefficient. 

Despite the fact that regulatory documents 

describe in detail the procedure for dynamic triaxial 

tests, these tests are still carried out just in a few 

laboratories. This is largely due to the high cost of 

equipment. ООО “GEOTEK” offers dynamic triaxial 

compression instruments of various configurations. 

Testing system includes the necessary equipment for 

creating static and dynamic vertical action, pressure in 

the cell and pore space, as well as triaxial compression 

cells with the necessary measuring equipment. Tests 

are carried out in an automated mode with control of 

all test parameters in real time.  


