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Dear colleagues, 

 

We are pleased to welcome you to Aussois and our 28
th
 ALERT Workshop and School. 

As always, it is an exciting time for us to continue to meet and bring together inspired people 

for fruitful days with interesting, stimulating discussions, exchange of knowledge and 

experience on Geomechanics. Presentation of recent advances offers the chance to get up-to-

date and to remain at the cutting edge. 

We would like to express our thanks to all of you who came to Aussois to present and share 

your own work! 

We wish you a good workshop and school experience and a pleasant stay in Aussois! 

Kind regards, 

Nadia Benahmed. 
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On the compaction of crushable 3D grains 
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Keywords: Discrete element method, contact dynamics, fragmentation, crushing, compaction 

Abstract 

The effect of grain fragmentation on the behavior of granular materials is of both fundamental 

and practical interest in applications involving powders, soils and rocks. An assessment of the 

impact of fragmentation on the mechanical response is difficult to access from experiments. 

For this reason, numerical approaches have been extensively used to address this problem. In 

the framework of discrete element modeling, the simulations have typically used cohesive 

aggregates of spherical particles to model crushable grains. However, these methods are not 

capable to reproduce the complexity of shapes and sizes of fragments. 

We present a 3D approach to grain fragmentation named bonded-cell model (BCM). By 

creating aggregates via a 3D Voronoï tessellation, we can create grains in which successive 

breaking reproduce polyhedral fragments. The interactions between cells of aggregates are 

governed by a set of bonding parameters at face-face contacts between cells and frictional 

contacts between aggregates. 

We analyze the effects of cell geometry (size and irregularity) and bonding parameters on the 

strength of the grains compressed between platens. We show that the compressive strength of 

the grains is a nonlinear function of the bonding parameters. We investigate the compaction of 

assemblies of crushable grains under uniaxial compression (see Fig. 1) and we analyze the 

evolution of the fragment size and shapes distribution, load-density relation, and the 

microstructure during compaction. 

Figures 

         

    (a)              (b)  

Figure 1 : Snapshots of (a) an intact, and (b) a fragmented sample after performing a uniaxial compression test. 
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Fragmentation of grains under impact 
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Keywords: Granular Materials, Breakage, Contact Dynamics method, Fragmentation, Voronoï 

cell. 

Abstract 

Many industrial granular processes involve desired or undesired fragmentation of grains. 

However, despite experimental measurements and numerical modelling approaches, the 

mechanisms of single grain fragmentation and its effects on the behaviour of granular 

materials are still poorly understood. In this work, we investigate the fracture and 

fragmentation of a single grain due to impact at low energies, using three dimensional DEM 

simulations by means of the contact dynamics method. The grains are assumed to be perfectly 

rigid but modelled as an assembly of glued polyhedral Voronoï cells. The strength of the glue 

represents the internal cohesion of the grain along normal and tangential directions. The 

numerical method allows us to calculate the forces and torques at the interface zones between 

cells. The inter-cell joints can open either in tension (mode 1) or by slippage (mode 2) when 

the fracture strength is reached. A series of simulations for a range of different values of 

parameters (number of cells, fracture strength, impact velocity) were performed. The 

efficiency of the process has been defined as the ratio between the energy liberated by the 

fracture and the kinetic energy at the impact. It was found that the efficiency increases with 

the number of cells. Also, the process efficiency is inversely proportional to the internal 

cohesion. Finally, an impact velocity that maximizes the efficiency have been found at 0.08 

m/s. 
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Figures 

 

Figure 1 : Snapshots of a single particle falling on a rigid plane and breaking into pieces. The simulations were 

performed by means of the contact dynamics method with particles modeled as bonded aggregates of rigid cells. 
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Mechanical Earth Modelling to Predict Reservoir Sand Failure 

 

Jessie Chen, Manolis Veveakis 

University of New South Wales, Sydney, Australia 

jlchen2594@gmail.com 

 

Keywords: Petroleum, Sand Production, Mechanical Earth Model 

Abstract 

Mechanical Earth Modelling (MEM) is a valuable tool to understanding the subsurface 

environment by allowing the envisionment of stress and strain distributions across reservoir 

structures. In this work we present the results of a coupled numerical simulator, REDBACK, 

when it is applied to dynamic, four-dimensional (4D), reservoir scale simulations in the Oil 

Search operated field of Usano (Figure 1). With the MEMôs integration of solid and fluid 

mechanics within porous media, simulating the evolution of stress and strain in the reservoir 

allows optimal field development strategies that reduce sand production to be formulated. In 

the following study, the resultant model allows predictions ranging from spatial to time-

dependent risks under pre-determined operational scenarios. By emulating the compressive 

tectonic environment that the field experiences, and simulating pressure depletion and 

replenishment since beginning of operations, identification of critical wells, compartments 

and layers can be made and greater focus can be applied to develop a more targeted 

production optimisation strategy as the field approaches end of life. 

Usano is a mature oil field in Papua New Guinea that has experienced a number of issues with 

sand production, resulting in production constraints that impact the amount of oil recoverable 

from the field. With the aid of a Mechanical Earth Model (MEM), longer-term strategies can 

be implemented to ensure longevity of the field by devising and adhering to appropriate 

operating parameters that can be inferred from the model. Ultimately, the MEM will be able 

to optimize production from the field as it experiences pressure depletion along with 

increasing gas velocities and water cut, all of which are symptoms of field maturation. 

The project aims to model the field-wide stress distribution of Usanoôs three main reservoir 

layers by simulating the impacts of production, injection, geological features and tectonic 

loading on the layered structure (Figure 2). From the model, critical wells where the risk of 

sand production is significant can be identified. Subsequently, the study will consider the sand 

production risk as a function of the forecasted depletion of the reservoir under tectonic 

compression. Through this approach, the layers and locations within the field that will 

attribute to higher risk of sand production can also be determined (Figure 3). These results 

will enable targeted long-term production optimization strategies in conjunction with a 

qualitative assessment of the time at which the risk of sand production becomes a critical 

issue under varying operating scenarios. 

In order to reach these conclusions, field data was collected, screened and inputted into 

REDBACK, which allows modelling of elasto-plastic materials under stress. Through 

upscaling and calibration procedures, the model was adjusted so that it is closely 

representative of the real field responses. To provide the required recommendations, we run 

simulations and sensitivity analyses that allow us to draw conclusions that address the 

mailto:jlchen2594@gmail.com
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aforementioned objectives. In addition to the current field scale operational conclusions 

drawn from the MEM, the approach can also assist in more engineering-scale problems, such 

as the understanding of wellbore collapse through borehole stability, and fault activation. 

Figures 

 

Figure 1: Resultant finite element mesh generated from Petrel reservoir model prior to REDBACK simulation  

 

Figure 2: Visualisation of three constituent reservoir layers and nine wellbore locations where pressure 

depletion and injection are imposed in the simulation 

 

 

Figure 3: Risk map (blue ï low; red ï high) output from REDBACK simulation of tectonic field compression for 

each constituent layer of the reservoir 
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Keywords: size ratio, capillary bridge, molecular dynamics, rotating drum, iron ore 

Abstract 

Granulation or agglomeration process of solid particles was applied in a wide range of the 

industrial fields including steel making [1], pharmaceutical industry [2] and and powder 

metallurgy [3]. In the iron-making industry, agglomeration process is one of the most critical 

stages in the sintering process. An agglomeration drum is a rotating, cylindrical dum which 

utilizes a tumble and grow action to form spherical granules in the presence of a liquid binder. 

More specifically, material and liquid binder are fed into the drum. As the drum rotates, 

material fines get tacky in the presence of the binder, and pick up more fines as they contact 

with other wet particles. There are various parameters which effect on the granule formation 

and development including initial particle size distribution, raw material properties, filling 

level of particles in the drum, the amount and viscosity of the binding liquid, ratio between 

drum diameter and particle size, the particle size, and rotational speed of drum. 

In this work, we simulate the agglomeration process of solid grains composed of spherical 

particles in the presence of a viscous liquid by means of molecular dynamics (MD) 

simulations [4]. We are mostly interested in application to iron ore granulation in a rotary 

drum agglomerator. We are also interested in understanding the agglomeration process at the 

particle scale like accretion, erosion, redistribution of binding liquid. And investigation the 

effects of control parameters such as flow regime (rotational speed) which defined by Froude 

number, and initial size distribution. The presence of liquid binder is modeled as a capillary 

attraction force as well as liquid viscous force. The capillary cohesion force is simulated as an 

attraction force at the contact between particles and expressed as an explicit function of the 

gap, liquid volume, surface tension and the particle-liquid-gas contact angle [5]. During the 

rotation, the dry particles flow around the spherical granule. This state continuously occurs 

the accretion and erosion phenomenon between dry and wet particle. We find that the granule 

growth increases exponentially with the number of rotations of drum. This growth rate is 

proportional to the increase of size ratio. However, the changing of different values of Froude 

number between rolling and cascading regime cannot dominate the granule growth. 
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Figure 

 

      

Figure 1: Industrial and numerical granulation drum. 

 

 

Figure 2: Snapshots represent the agglomeration process of solid particles in a horizontal rotating drum, 

granular flow on the left and granule is formed and it grows with the number of rotations of drum on the right. 
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Evaluation of coarse-grained soils liquefaction potential by means 

of an index test  

 

Boģana, Baĺiĺ¹; Ivo Herle¹ 

¹Technische Universität Dresden, Dresden, Germany 

bozana.bacic@tu-dresden.de 

 

Keywords: liquefaction potential, index test, pore water pressure 

Abstract 

Laboratory investigations of liquefaction have been done mostly by means of an undrained 

cyclic triaxial test, which is time-consuming. The objective of this research is to evaluate the 

liquefaction potential of coarse-grained soils using a new method (index test) developed at the 

Institute of Geotechnical Engineering at the TU Dresden. The newly developed method 

enables the investigation of the pore water pressure build-up within a much shorter time 

period (ca. 30 minutes). During the test, a loose cylindrical soil sample is installed in a 

membrane envelope and slowly saturated from the bottom to the top of the specimen. Initial 

effective stresses are increased by applying suction to the sample. Finally, the sample is 

cyclically loaded in undrained conditions, with defined frequency and loading displacement. 

Loading is applied onto the top cap of the specimen in horizontal direction. During the test, 

the build-up of pore water pressure is registered and evaluated.  

First tests have been performed on a soil with granulometric properties corresponding to Sand 

2 (narrow grain size distribution curve, coarse sand), depicted in Figure 1. Soil samples with 

different initial relative densities were investigated in order to show the influence of soil 

density on the liquefaction potential. Initial state in tests was defined as: 

Å total stress:   s = 0 kPa (relative atmospheric pressure) 

Å pore water pressure:  u0 = -22 kPa (suction) 

Å effective stress:  s'0 = s - u0 = 22 kPa 

Å sample geometry:  D = 50 mm, H = 100 mm 

Loading conditions were:    

Å frequency:      f = 5 Hz 

Å displacement:      A = 2 mm 

In performed tests, the loading stop criterion was set to be uå-6 kPa and number of cycles 

needed to reach this value was measured. The obtained results are presented in Figure 2, 

where is clearly shown that samples with higher initial relative densities need to undergo 

more loading cycles in order to loose stiffness and liquefy (uŸ0, s'Ÿ0).  

Additional tests have been performed on a soil with broad grain size distribution curve (Sand 

1, medium sand) to investigate the influence of different granulometric properties on the 

liquefaction potential. Samples of both soils were installed with approximately same initial 

relative densities (ID0,S1=0.16, ID0,S2=0.19) and were tested under above mentioned conditions. 

Results presented in Figure 3 show that coarse sand liquefies much faster than medium sand, 

under same initial and loading conditions. 
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Figures  

 

Figure 1 : Grain size distribution curves of tested sands 

 

  

Figure 2 : Pore water pressure build-up during the tests 

on Sand 2 with different initial relative densities 

Figure 3 : Pore water pressure build-up during the 

tests on sands with different granulometric properties 
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Applications of Barodesy 

 

Gertraud Medicus, Barbara Schneider-Muntau, Wolfgang Fellin  

University of Innsbruck 
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Keywords: Barodesy, constitutive modeling, FEM, SPARC, rotation of principal stress 

Abstract 

Barodesy, introduced by Kolymbas (2009), is a constitutive model which exhibits similarities 

to hypoplasticity (Kolymbas & Medicus, 2016). It is written as a single tensorial equation, i.e. 

the stress rate is expressed as a function of stress, stretching and void ratio. Barodesy is based 

on proportional paths and the asymptotic behaviour of soil (Goldscheider, 1967). It comprises 

fundamental characteristics of soil behaviour, such as critical states, asymptotic states, 

barotropy, pyknotropy and a stress-dilatancy relation. Standard element tests are compared 

with experimental data of different clay types in Medicus (2015), Medicus et al. (2016) and 

Medicus & Fellin (2017).   

The purpose of the poster is to show applications of barodesy:  

¶ Barodesy is able to predict the rotation of principal stress and strain axes in simple 

shear tests, as compared with DEM simulations by Thornton and Zhang (2006), see         

Figure 1.  

¶ FEM slope stability calculations based on a strength reduction method (Schneider-

Muntau et al., 2017a), see Figure 2. 

¶ Simulations of shear bands with the mesh-free code Soft PARticle Code (SPARC) 

and FEM simulations (Schneider-Muntau et al., 2017b), see Figure 3.  
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Figures 

                   

 

Figure 1: Evolution of the angle of non-coaxiality in a simple shear test with different initial K0 values:                      

(a) DEM simulations by Thornton and Zhang (2006) (b) Weald Clay with eini=0.68 simulated with barodesy 

(Medicus & Fellin, 2017). 

          
Figure 2: FEM analyses of Weald clay (Schneider-Muntau et al., 2017a): (a) second strain invariant ɔs, with 

values from 0.00 (blue) to 1.00 (red) (b) void ratio with values from 0.49 (blue) to 0.68 (red). 

  

       Figure 3: Biaxial test simulations of Dresden clay (Schneider-Muntau et al., 2017b): Stress-strain curves of 

all particles in simulations with an imperfection implemented in SPARC (a) and all elements in FE (b). The 

dashed blue line shows the simulation of a single element test. 



28
th 

ALERT Workshop ï Poster Session  Aussois 2017 

   

16 

 

Volumetric changes induced by principal stress rotation modelled 

with different constitutive relations  

 

Fabian Schranz, Wolfgang Fellin 
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Keywords: principal stress rotation, constitutive models, Hypoplasticity, SANISAND, 

Barodesy 

Abstract 

The rotation of the principal stress direction is an advanced stress path, which can be realised 

with different test apparatus. In this poster the results from a 1ɔ2Ů apparatus (Fig. 1, Joer et 

al., 1998) and a hollow cylinder apparatus (Tong et al., 2010) are compared with numerical 

simulations with several constitutive models for granular media. The used constitutive models 

are Hardening Soil with small-strain stiffness (Benz, 2007), SANISAND (Taiebat and 

Dafalias, 2008) as representative elastoplastic models and Hypoplasticity (Kolymbas, 1985, 

1991) in the formulation of von Wolffersdoff (1996) with and without the intergranular strain 

concept (Niemunis and Herle, 1997) and Barodesy (Kolymbas, 2015). 

From the numerical results (Fig. 3) it can be seen, that models formulated in principal stresses 

(such as Hardening Soil) are not able to reproduce the contractive volumetric behaviour 

observed in the experiments (Fig. 2). The other investigated models can reproduce the 

volumetric response qualitatively. However, tests can be found, where the results of the 

numerical calculations and the experiments differ fundamentally (e.g. the experiment shows 

contractant behaviour and the numerical calculation shows dilatant behaviour).  
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Figures 

 

Figure 1 : 1ɔ2Ů apparatus (Mader, 2008) 

 

 

 
 

Figure 2 : Volumetric changes due to the rotation of the principal stress axes in a 1ɔ2Ů apparatus (Joer et al., 

1998) 

 

 
(a) 

 
(b) 

Figure 3 : Numerical results with (a) Hardening Soil and (b) Hypoplasticity 

 




























































