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ABSTRACT 

Modelling the long-term performance of granular materials under cyclic loading conditions is still a 

challenge and a better understanding could provide a large benefit for the design of foundations. One 

typical application example are the foundations of wind turbines, for which the soil evolution could 

lead to irreversible strain accumulation (tilting) and dynamic resonance problems [1].  

In this framework the Discrete Element Method [2] can provides useful information starting from a 

micromechanical point of view: it may allow engineers to increase their knowledge on the evolution 

of the mechanical behaviour and to optimize the long-term design of these structures [3]. The present 

paper shows the capability of the DEM to investigate these phenomena by means of long-term cyclic 

triaxial tests simulations. 

A first step in understanding the long-term behaviour of granular material from a micromechanical 

point of view regards the influence of the initial fabric (different initial particles rearrangement) on 

the long-term accumulation. Twenty different cubical samples, each composed of 2000 particles, 

were generated. The cubes have the same dimension but different particles rearrangement.  In 

addition, the samples are subjected to an isotropic compression of 100 kPa and are characterized by 

periodic boundary conditions. The samples then were cyclically loaded under stress-control 

conditions up to 10,000 cycles. The same procedure was repeated considering a larger amount of 

particles: 5000. In the end, forty simulation with different initial particles rearrangement and number 

of particles were carried out. The main results are the different accumulation curves of plastic strain, 

the trend of cyclic amplitude and the different evolution of porosity and chain forces. 

In order to investigate the influence of the number of particles subjected to long-term cyclic loading, 

different stressed-control DEM cyclic triaxial tests were simulated for different number of particles: 

500, 1000, 1500, 2000, 3000 and 10,000. All these samples were cyclic loaded up to 100,000 cycles. 

Again, the main results are obtained with the comparison between the accumulation of plastic strain 

and the fabric evolution. 
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