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Dear colleagues, 

We are pleased to welcome you to Aussois and to our 36th 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. Presentations of recent advances offer 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 contributed to the success of this poster 

session. The number of received posters this year is growing year by year with 59 contributions 

this year gathering contributors from 19 countries (Czech Republic, Finland, France, Belgium, 

Germany, Austria, Australia, Canada, Italia, Japan, Spain, The Netherlands, Chile, China, 

Colombia, Norway, Switzerland, UK, USA) and belonging to 56 different research institutions. 

They are summarized in the histogram below together with the corresponding number of 

posters (>1). 

  

The posters cover numerical, experimental and analytical approaches and mostly consider 

sand clays or rock material with the following repartition.  

    

 



    

 

 

Eventually, we can propose the following analysis, gathering the abstracts by selected (but 

necessarily biased) key words. This gives an idea of the current hot topics in geomechanics. 

 

 

28 posters were eligible for the poster competition 2025. The Poster Prize was granted to: 

 

Jungfeng REN (ENPC) & Retief LUBBE (University of Twente) 

for their posters entitled respectively 

ñLaboratory and numerical investigation on the poro-elasto-visco plastic behaviour of in-

situ heated Callovo-Oxfordian claystoneò 

And 

ñA Physically Consistent Unification of Critical State Soil Mechanics and the ɛ(I)-ű(I) 

rheologiesò 

Congratulation also to the third nominee, Max WINKELMANN  (University of Twente, The 

University of Edinburgh) for his poster of excellent quality. 

Looking forward to see you next year in Aussois! 

Kind regards, 

Nadia Benahmed and Antoine Wautier. 
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Improving Bearing Capacity of a Model Foundation Using 

Microbially Induced Calcite Precipitati on  

 

Hanieh Babaeizad, Wiebke Baille, Torsten Wichtmann 

 Ruhr University Bochum, Universitätsstr. 150, 44801, Bochum, Germany  

hanieh.babaeizad@rub.de, wiebke.baille@rub.de, torsten.wichtmann@rub.de  

 

Keywords: Microbially Induced Calcite Precipitation (MICP), bio-mediated soil improvement, 

Sporosarcina pasteurii, cementation solution, model foundations 

Abstract 

Microbially Induced Calcite Precipitation (MICP) through the hydrolysis of urea is a promising 

bio-mediated soil improvement method with applications in different geotechnical areas. The 

method has the potential to enhance the mechanical properties of sandy soils with different 

characteristics through the formation of calcite bridges between the soil grains. Although previous 

studies have demonstrated the success of MICP in significantly enhancing the stiffness and shear 

strength of sandy soils at small scales, some challenges remain regarding its application under 

different field conditions.   

This study focuses on preliminary model tests to assess strategies to efficiently improve the 

bearing capacity of a foundation using the MICP method. The model experiment was performed 

in a 56 × 36 × 30 cm box filled with fine sand, with a 4 × 4 × 1.5 cm model foundation placed at 

the surface. The soil was treated with the injection of the bacterial strain Sporosarcina pasteurii, 

followed by three injection cycles of a cementation solution, composed of urea, calcium chloride, 

and ammonium chloride. Each cycle involved the application of 1.2 pore volumes of solution at 

24-hour time intervals. The injection and extraction of bacterial and cementation solutions were 

carried out under three different conditions to identify the most effective treatment strategy. 

The stiffness changes were determined non-destructively during each treatment through shear wave 

velocity measurements via bender elements installed at two different depths below the foundation. 

Moreover, pH was monitored on aqueous samples from the pore fluid before and after each 

injection to confirm successful urea hydrolysis. The load-settlement curves of the model foundation 

on both uncemented and cemented soil were measured using a load press (Fig.1 (a-b)) and a 

displacement transducer. The impact of cementation on the bearing capacity was investigated by a 

comparison between the model test results from the uncemented and cemented soils.  

Results showed that MICP could enhance the bearing capacity of the model foundation 

considerably (Fig. 2) even at low cementation levels. A direct correlation was observed between 

shear wave velocity and post-treatment calcite content, with an approximate increase up to a shear 

wave velocity of 280 m/s for 9% calcite content. Additionally, pH levels during the cementation 

cycles dropped to approximately 7.5 after injection and rose to around 8.7 by the end of the 

retention period, confirming effective carbonate precipitation in soil pores. 

The obtained results generally demonstrate the potential of the MICP method for larger scale 

geotechnical applications, including the improvement of foundations. However, further 

optimizations regarding the material usage, minimizing byproducts, and consideration of more 

challenging field conditions will be crucial in future larger scale trials. 

mailto:hanieh.babaeizad@rub.de
mailto:wiebke.baille@rub.de
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Figures 

 

            

Figure 1: Measurement of load-settlement curves for the model foundation on (a) uncemented, and (b) cemented 

sand. 

 
 

Figure 2: Load-settlement curves of uncemented and cemented soils (tests MICP 1, MICP 2, MICP3) 
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Zhulongò Multi-Source Fast CT System and the In-situ 

Experimental Devices for Geomaterials 

 

Ji-peng Wang, Mengchen Li, Shaohan Wang, Ji-yuan Luan  

School of Civil Engineering and Hydraulic Engineering, Shandong University 

17923 Jingshi Road, Jinan, China 

ji -peng.wang@sdu.edu.cn, li_mcc@outlook.com, shao-han.wang@mail.sdu.edu.cn, 

jasperluan@outlook.com  

 

Keywords: Geomaterials, Micro-structure, Fast CT system, CT image analysis, Hydro-

mechanical properties 

Abstract 

Multiphase geomaterials often face complex challenges related to seepage and mechanical 

properties in engineering practice. CT three-dimensional imaging is an essential microscopic 

research tool for clarifying their intricate mechanisms. However, conventional single-source 

single-detector CT systems suffer from several technical limitations: a trade-off between 

projection acquisition efficiency and image quality, incompatibility between dynamic loading 

devices and micro-CT scanners, and difficulty in correlating microscopic structural changes with 

macroscopic stress-strain behavior. These limitations make it challenging to capture the dynamic 

evolution of geomaterials. Our research team successfully developed the "Zhulong", a triple-

source and triple-detector rapid micro-CT scanning system, which reduces the scanning time to 

one-third of that of traditional CT systems while maintaining the same image quality [1]. 

The configuration of the triple-source and triple-detector system is shown in Figure 1. Three X-

ray sources and three detectors are arranged 120° apart, and the sample is placed on a central 

rotating stage. By rotating the stage only 120°, the system can acquire a full set of projections 

equivalent to a 360° rotation in traditional single-source CT systems. To evaluate the performance 

of this system, we scanned the same unsaturated sand specimen using both the triple-source and 

conventional single-source modes under the same parameters. As shown in Figure 2, the 

grayscale distribution and particle size distribution are highly consistent between the two 

methods. Under the same field of view and resolution, the measurement errors in porosity and 

degree of saturation between the two scanning modes were both within 3%. 

Furthermore, to meet the demands of non-destructive investigation of multiphase materials under 

coupled fields, we developed two CT-compatible in-situ mini devices for the mechanical [2] and 

seepage tests [3]. Based on the triple-source and triple-detector rapid micro-CT scanning system, 

these two devices enable high-resolution, non-destructive 3D imaging of critical states during 

testing. As demonstrated in Figures 3 and 4, we successfully visualized the microscopic 

mechanisms of geomaterials under triaxial shear and multiphase seepage conditions. In 

conclusion. This system provides a novel experimental tool for investigating the microscopic 

dynamic evolution of multiphase geomaterials.   

References 

[1] Gao X G, Sha J F, Luan J Y, et al. A triple-source CT system for micro-scale investigation of geological 

materials: A simulation study. Applied Radiation and Isotopes, 2022, 190: 110510. 

mailto:ji-peng.wang@sdu.edu.cn
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Figures 

  
Figure 1. A triple-source and triple-detector rapid 

micro-CT scanning system: ñZhulongò 

Figure 2. Comparison of results between single-source 

and triple-source modes 

 

  
Figure 3. Mini multi-phase triaxial shear test with 

in-situ X-ray tomography 

Figure 4. Mini multi-phase seepage test with in-situ X-

ray tomography 
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Hypoplastic Predictions of Sandy Silt Tailings Behaviour under 

General Loading Conditions  

 

Gertraud Medicus1, Riccardo Fanni2, David Reid3, Andy Fourie4  

1University of Innsbruck, Austria 
2C2WSP, Australia 

3Red Earth Engineering, Australia 
4The University of Western Australia 

gertraud.medicus@uibk.ac.at 

 

Keywords: hypoplasticity, sandy silt tailings, stress paths, constitutive modelling   

Abstract  

Stress conditions in geotechnical applications, such as those within slopes, often differ from the 

simplified, axisymmetric conditions that are typically used to calibrate and validate constitutive 

models. Applications often involve stress paths that include varying deviatoric directions, as 

well as principal stress rotation. Assessing the reliability of model predictions therefore requires 

evaluation of predictive capability under such loading conditions. 

This study investigates the hypoplastic model by von Wolffersdorff (1996), calibrated for sandy 

silt gold tailings using conventional drained and undrained triaxial compression tests (Fanni et 

al., 2025) following the calibration procedure of Herle (1997). Validation is then carried out 

using additional loading paths from Fanni et al. (2025; in print), including:  

ǒ drained and undrained simple shear tests, including constant shear drained loading, 

performed in the torsional shear hollow cylinder (TSHC) device,   

ǒ drained and undrained triaxial extension tests, and 

ǒ TSHC tests under drained and undrained conditions at constant, non-axisymmetric stress 

Lode angle ɗ and constant principal stress direction Ŭ.  

These paths cover both consolidation and failure stages, including peak and critical states. The 

results show that hypoplasticity is able to predict trends of the behaviour of sandy silt tailings 

across a wide range of loading paths; an example of undrained simple shear on initially loose 

samples is shown in Figure 1. 
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Figures 

 
 

Figure 1: Hypoplastic predictions (black) of undrained simple shear tests of initially loose samples. 

Experimental data (grey) were obtained by Fanni et al. (2025) using a TSHC device. The red lines in (a) and (b) 

indicate Matsuoka-Nakai critical stress states for a Lode angle of ɗ = 0Á. The Matsuoka-Nakai critical stress 

surface is shown in the deviatoric plane in (c), with the stress paths added.  Hypoplasticity predicts ɗ = 0Á at 

critical state and follows the experimental trend in (d). The angle of principal stress rotation Ŭ reaches 45Á in 

the simulations at critical state and is also close to the experimental results in (e). 
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Numerical Prediction of Mode I Fracture in the Pseudo-Compact 

Tension Test Using Phase-Field Models  

 

L. Piñeiro Martínez, M. Martín Stickle, A. Yagüe, N. Tarque,  P. Navas, D. Manzanal    

ETS de Ingenieros de Caminos, Canales y Puertos, Universidad Politécnica de Madrid 

  leire.pmartinez@alumnos.upm.es, miguel.martins@upm.es, d.manzanal@upm.es 

 

Keywords: Phase-field fracture, Mode I fracture, pseudo-Compact Tension (pCT), geomaterials, 

finite element method, CO geological storage, Griffith energy, crack propagation 

Abstract  

The prediction of crack initiation and propagation is central in civil engineering, particularly in 

evaluating the integrity of subsurface reservoirs for geological storage of greenhouse gases 

(GHG). In this context, fractures and discontinuities in caprock or host formations can lead to 

leakage and system failure. Therefore, a precise numerical modeling framework is required to 

assess tensile failure mechanisms in geomaterials (Cajuhi et al. 2018). This study focuses on 

simulating the Mode I fracture response of geomaterials subjected to the pseudo-Compact 

Tension (pCT) test using a phase-field model of fracture. This model is integrated within the 

finite element method (FEM) and provides a continuous, regularized approach to simulating 

crack nucleation, growth, and post-peak behavior. 

 The model was developed and implemented as a phase-field fracture model for Mode I tensile 

failure in geomaterials within an in-house FEM code, aiming to apply it to the evaluation of the 

pseudo-Compact Tension (pCT) test, a newly developed method for geomaterials. The model 

is based on the variational formulation of Griffith's fracture theory (1921), regularised via a 

scalar damage-like field (phase field, ű). The total energy functional combines the elastic strain 

energy, fracture energy (via a crack surface density function ɔ (ű)), and external mechanical 

work. The AT2 phase-field formulation is adopted, which requires a critical energy release rate 

(Gc), a regularisation length scale (l) and the elastic parameters (E, ɜ). Coupled PDEs are 

derived and solved using a staggered finite element scheme, alternately updating displacement 

and phase-field variables. The model was validated with a direct tension test: a notched square 

specimen, a pure shear test: cracked panel under lateral shear and a three-point bending: 

standard beam geometry. Each case showed excellent agreement with benchmark data from 

Miehe et al. (2010) (Figure 1). 

The validated model was applied to the pseudo-Compact Tension (pCT) test, designed to 

measure tensile fracture resistance of geomaterials like rock and cemented soils. Results show 

realistic crack paths from the notch tip, reaction-displacement curves consistent with 

experiments and post-peak damage zones concentrated along expected fracture lines (Figure 2). 

This test provides a more direct alternative to indirect tensile tests (e.g., Brazilian test), better 

suited to modeling fracture under gas injection conditions in geological reservoirs. The 

proposed phase-field framework, predicts tensile fracture in geomaterials with high fidelity, 

avoids remeshing or crack-tracking complexities and enables modeling of complex fracture 

patterns including branching and coalescence. 
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Figures 

 
Figure 1: Validation of the PF-FEM implementation 

 

 
Figure 2: PF-FEM modelling of pseudo-Compact Tension (pCT) test 
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Abstract  

During the past few years, researchers have studied feasible alternatives for climate change 

mitigation. One of the practical options is CO2 capture and storage, which takes advantage of 

the empty space left behind oil and gas exploitation. Before proposing a Formation as possible 

CO2 storage, it is necessary to consider the reservoirôs integrity (Hawkes et al. 2004). In this 

context, leakage and earthquake related events should be studied in detail. The mentioned 

events are mainly related to different types of discontinuities present in underground reservoirs 

(Cornet et al. 2007 and Hawkes et al. 2004). 

Although several authors have analyzed how discontinuities change with CO2 exposure (Cerasi 

et al. 2015, Jahanbakhsh et al. 2021 and Casagrande et al. 2022), few focused on mechanical 

and dilatant behavioral changes. The current study analyzes natural discontinuities present in 

the Banco Verde sandstone (Salamanca Formation, Argentinian Patagonia). The mechanical 

and dilatant changes resulting from the exposure of the rock were investigated carrying out 

direct shear tests over pristine and 30-day CO2 exposed specimens. With the aim of studying 

the reservoir-scale behavior of CO2 storage, long-term simulations were conducted, using the 

experimental results obtained.  

The direct shear tests performed on both pristine and 30-day CO2 exposed specimens were carried 

out with axial stresses ranging from 10MPa to 30MPa with the aim of covering the possible 

pressures reached at reservoir depth. In Figure 1, the results obtained from direct shear tests 

performed with a 20MPa axial stress are shown. As it might be observed, there is a reduction in 

the shear strength of the discontinuity, which is more pronounced in the peak than in the residual 

shear strength. This is a generalized behavior for the tests performed, which means that there is a 

reduction in the mechanical strength of the discontinuity due to its exposure to CO2. 

Numerical simulations were performed using COMSOL Multiphysics software, coupling 

hydraulic and mechanical phenomena. The design was based on experimental results previously 

obtained (Figure 2a). From coupled simulations results, it was possible to analyze, the shear 

stress distribution and slip relative displacement along the fault (Figure 2b and c). Both the 

greatest slip relative displacement and peak shear stress occur in the interface between the 

reservoir rock (Banco Verde) and the underlying caprock (Fragmentosa), which is the usual 

fault reactivation point (Urpi et al. 2015). 

All in all, this study seeks to show the importance of accurately determining the properties of 

the materials as well as the discontinuities present in the geometrical model to be numerically 

simulated. The effect CO2 has over the mechanical behavior of the natural discontinuities 
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studied was shown. From the numerical results obtained, it was possible to verify that the fault 

reactivation in Salamanca Formation occurs as in the interface between the reservoir rock and 

the underlying caprock. 
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Figures 

 

Figure 1: Results from direct shear tests performed for pristine (0C) and 30-day CO2 exposed (30C) specimensΦ 

 

Figure 2: a. Underground geometrical design. b. Shear stress and, c. slip relative displacement along the fault. 
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Abstract  

A recently published hypoplastic constitutive model is presented that combines novel and 

already established advanced constitutive theories to realistically capture the mechanical 

behaviour of sands under monotonic and cyclic loading. The proposed model, published in [1] 

and further called HP+GIS+ACST, is based on the hypoplastic formulation after von 

Wolffersdorff (HP) [2] and motivated by Yang et al. [3]. It integrates two major theoretical 

extensions: (A) the Generalized Intergranular Strain (GIS) concept [4] for capturing cyclic and 

strain accumulation effects, and (B) the Anisotropic Critical State Theory (ACST) [5] to 

account for an evolving anisotropic fabric and its impact on the conventional measurable 

macroscopic soil behaviour. The model uses six internal state variables, including the effective 

stress, the void ratio, a fabric tensor, the intergranular strain tensor, and two scalar variables 

memorizing the cyclic and dilative preloading.  

To validate the modelôs predictive capabilities, element simulations are performed and 

compared against experimental results from cyclic and monotonic tests on Karlsruhe fine sand 

(KFS) [6, 7] and Fraser River sand [8]. To demonstrate the prediction quality of the 

HP+GIS+ACST, additional comparisons with the widely used hypoplasticity after von 

Wolffersdorff [2] with the Intergranular Strain extension [9] (HP+IS) are presented. The novel 

HP+GIS+ACST resolves key limitations of earlier hypoplastic models. Figure 1 shows, as an 

example, the eliminated issue of the so-called overshooting of the Asymptotic State Boundary 

Surface (ASBS) due to an un- and reloading using a drained triaxial test. Additionally, as shown 

in Figure 2, the HP+GIS+ACST reproduces cyclic soil liquefaction in undrained triaxial 

experiments in loose and dense sands. Simulations with the widely used HP+IS model show 

qualitatively and quantitatively inaccurate curves. 

This contribution illustrates how integrating established theoretical concepts into the 

hypoplastic framework can substantially improve our ability to model realistic soil behavior 

under challenging loading conditions. The resulting HP+GIS+ACST represents a next step in 

the evolution of hypoplastic constitutive models. Note that implementations (umat.for and 

udsm.dll) are available from the author. 
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Figures  

 
Figure 1: A comparison between experimental results (drained triaxial tests) and simulations using HP+IS and 

HP+GIS+ACST shows that the HP+GIS+ACST prevents overshooting. 

 
Figure 2: A comparison between experimental results (undrained triaxial test) and simulations using HP+IS 

and HP+GIS+ACST shows that the HP+GIS+ACST reproduces cyclic liquefaction in dense sands. 
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Abstract 

In granular materials, friction and shape at the particle scale [1] influence the bulk responseð

particularly the materialôs rotational behaviour. It has been shown that contact friction and 

particle shape affect how grains rotate and interact [2, 3]. 

Using discrete-to-continuum (D2C) upscaling methods, discrete particle data such as particle 

mass, particle velocity and contact forces can be mapped onto continuous fields like density, 

velocity, and contact stress. Building on the approach by Goldhirsch [4] and Weinhart [5, 6], 

we develop a D2C method to transform rotation-related particle propertiesðangular velocity, 

angular momentum, tangential forces, and contact torqueðinto non-classical micropolar fields: 

relative rotation, curvature, skew-symmetric stress, and couple stress. In classic continuum 

mechanics, the work-conjugate pair of symmetric stress and strain causes plastic dissipation. 

These additional micropolar fields form their own work-conjugate pairs, revealing two further 

dissipation mechanisms associated with rotational behaviour. 

We demonstrate this using a DEM simulation of a planar split-bottom shear cell. Bulk shear 

induces microscale rotation, which is captured in the corresponding micropolar fields. A 

parameter study with spherical particles shows that rolling friction has the strongest impact on 

quantities such as skew-symmetric stress and relative rotation. This suggests a dominant role 

of shape in generating micropolar effects. And indeed, particle shape affects rotationally-

induced macroscopic fields, which localise in regions of large deformation, such as shear bands. 

These fields align in position, width, and qualitative shape with the zone of failure.  

While the natural next step is constitutive modelling with the multitude of micropolar effects, 

this work also points to a larger potential in micropolar theory. In particular, the moment of 

inertia production termðincluded in the balance laws of micropolar theory [7]ðhas yet to be 

fully explored. Could it model changes in particles, such as breakage or agglomeration? If so, 

micropolar theory may offer more than a refined kinematic framework; it may help to predict 

granular evolution rooted in microstructure. 

This poster presents our recent findings, but also invites discussion: Can micropolar theory offer 

a more complete framework for understanding the rotational physics of granular materials?  
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Abstract 

Tree stability assessment is nowadays a relevant component of risk management strategies in 

urban environments, where the issue of falling trees (Figure 1) is exacerbated by ongoing 

climate change effects. Within this context, soil mechanics and geotechnical engineering can 

provide a significant contribution in the evaluation of tree toppling resistance against uprooting, 

trying to clarify important aspects that govern the complex hydro-mechanical interaction 

between the root system and the surrounding soil. From an engineering point of view, this can 

indeed be considered as a particularly complex example of a soil-structure interaction problem 

(SSI), where the tree can be assimilated to a ñlivingò structure and the root-plate plays the role 

of shallow foundation for the system (Galli et al., 2024; Marrazzo et al., 2024).  

Starting from this framework, the aim of this contribution is to exhibit preliminary results 

obtained from on-site tests on trees and to highlight geotechnical aspects that could represent 

possible (new?) fields of research and application addressing the topic of tree stability 

assessment. This latter is typically performed by professional agronomists and one of the most 

common non-destructive tests they adopt in practice is the so called ñpulling testò (Figure 2). 

This test consists in the application of a transversal load to a tree stem by means of a pulling 

rope and a manual winch. A loading cell, put along the pulling rope, and an inclinometer, 

installed at the base of the trunk, record the applied load and the rotation of the stem collar, 

respectively. The standard testing procedure involve the estimation of a representative secant 

stiffness of the moment-rotation curve at 0.25° that is empirically linked to the ultimate resisting 

moment according to the procedure proposed by Wessolly and Erb (1998). The possible 

influence of several aspects such as the chosen loading path, the loading rate dependency and 

seasonal effects (e.g. soil moisture variation) are not systematically considered in the agronomic 

practice. To explore these possible effects, not yet fully investigated in geotechnical research 

literature, several pulling tests were performed on the same sample tree in different periods by 

considering different loading rates (e.g. Figure 3a). For example, Figure 3b reports the moment 

rotation curves of cyclic tests showing a good reproducibility of the cycles (reversible regime) 

but a significant difference in the average secant stiffness ὑ of the cycles, attributed to both 

loading rate effects and seasonal environmental factors. 

The contribution would explore those geotechnical fields needed to more accurately interpret 

pulling tests and to better understand the phenomenon of complete root-plate overturning, such 

as (i) the description of the mechanical interaction of roots with highly deformable loose soils, 

(ii) the effect of soil partial saturation, (iii) the mechanical characterization of vegetated soils at 

low burial depth (thus at low confining stresses, (iv) the response to complex and combined 

environmental loads (e.g. wind actions and watering/dewatering effects). A deeper 
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investigation of these aspects is fundamental for developing more reliable predictive models. 

These topics will be briefly explained during the poster presentation. 
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Figures 

 

    

Figure 1: Tree failures in urban areas due to root-plate overturning. 

 

 

Figure 2: Execution of a pulling test with a manual winch at the Lecco Campus (Politecnico di Milano). 

 

 

Figure 3: (a) loading history imposed during the pulling tests; (b) moment-rotation curves. 
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Abstract 

Bentonite suspension is used in geotechnical engineering e. g. to support boreholes, open dia-

phragm walls or to the face stability of tunnels. Support of the soil is provided by forming an 

im-permeable membrane on the interface on the interface of the suspension and soil. To 

investigate the formation and properties of such bentonite membranes under high pressures, a 

novel test device was developed that allows pressures of up to 4 MPa to be studied (see Figure 

1). To conduct the tests, the pressure in the pipe is increased to the desired pressure. Afterwards 

the lower outlet valve is opened, thereby activating the pressure gradient. The outflowing water 

is collected in a container placed on a scale and its mass is measured. The pressure inside the 

pressure tube is also measured. In addition, the configuration of the test (see Figure 1) allows 

to investigate the for-mation of two membranes (Walter et al. 2025). 

Tests show that an almost impermeable membrane forms within seconds. Initially, this 

membrane is only a few millimetres thick, but becomes thicker over time. The water content 

was measured by cutting out a piece of the membrane, then scraping off the material layer by 

layer across the height of the membrane and determining the water content of each layer. It was 

measured, that the wa-ter content decreasing from the sand surface as the thickness increases. 

However, test showed that the water content at the sand surface remains constant over time. 

The effective stress in the sand corresponds to the total applied pressure. Therefore, the total 

pressure must become effec-tive stresses over the height of the membrane.  

A comparison of a test in the pressure pipe with an applied pressure of 400 kPa and an oedometric 

compression test on suspension shows that the void ratio of the membrane at the sand surface 

corresponds to the void ratio measured in the oedometer at the same load. The oedometric com-

pression test shows a linear relationship between stress and void ratio in the double logarithmic 

stress-void ratio diagram (Figure 2 left). Therefore, a compression relation after Butterfield is 

modi-fied which provides a sufficiently accurate approximation for the large void ratio changes 

(Butter-field 1979). Figure 2 (right) shows the void ratio across the thickness of the membrane. It 

can be seen that this is lowest at the sand surface (h=0) and continues to increase asymptotically 

to the void ratio of the suspension with the thickness. Using these two tests, it is now possible to 

calculate the effective stresses across the height of the membrane (Figure 3) from the void ratio 

of the oe-dometer test and the void ratio across the height of the membrane. 
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Figures 

 

 

Figure 1: Test device (Walter et al.2025) 

 

 

Figure 2: Left: results of an oedometric test on suspension; right: void ratio over the height of the membrane 

 

 

Figure 3: Calculated function of the effective stress over the height of the membrane 
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Abstract  

Experimental results in soil mechanics depend crucially on the chosen specimen preparation 

method and the quality of the preparation process itself [1, 2]. A widely used preparation 

method is the dry air pluviation (AP) technique, which is intended to imitate the natural 

sedimentation process through the air of granular material. Besides replicating the soil genesis, 

the specimen preparation method should also ensure two other important aspects: (A) 

reproducibility and (B) homogeneity. Reproducibility means that specimens produced 

sequentially should have comparable properties, for example, a comparable average density. 

Only if the specimens fulfil the reproducibility criteria can one anticipate that the tests carried 

out on them will be repeatable. Homogeneity means that the state of the prepared specimen 

(e.g., density) is approximately identical throughout the whole specimen and does not contain 

any significant variations. The homogeneity of the state of a specimen is essential to fulfil the 

frequently made assumption of an experimental element test and the resulting interpretation of 

the experimental data. 

To investigate the quality of manually prepared AP specimens, the local density distribution in 

cylindrical specimens (10 Ĭ 20 cm) was measured using a segmented mould consisting of ten 

PVC rings, each 2 cm in height. The dry mass of the used Karlsruhe sand (KS) was determined 

in each of these rings. A total of 12 specimens were prepared by three individuals with varying 

levels of experience (beginner, intermediate, expert) using two different nozzle diameters. The 

resulting relative density distributions are shown in Figure 1 (left). Large deviations were 

observed: the mean relative density varied up to ȹI_D=|(I_(D,2) ) ←-(I_(D,1) ) ←|å 0.09, and 

within individual specimens, coefficients of variation of the locally measured relative density 

reached up to 11%. These findings show that both the homogeneity and reproducibility of 

manually prepared AP specimens are unsatisfactory, regardless of the technician's level of 

experience. 

To overcome the issues of manual specimen preparation (MSP), the so-called Robotic 

Automated Specimen Preparation (RASP) method for the AP technique was recently developed 

[3]. The device, shown in Figure 2, is based on a conventional collaborative robot (cobot) with 

a modified tool end. Using the cobot, a well-defined three-dimensional path can be applied to 

the nozzle. The density distributions for four RASP AP-specimens (two with different nozzle 

diameters) are shown in Figure 1 (right). Both homogeneity and reproducibility are significantly 

improved compared to hand-made specimens. The achieved density can be controlled precisely, 

for example, by the nozzle diameter (shown) or the fall height (not shown). Interestingly, both 

manual and RASP AP-specimens show a reduced density at the bottom of the specimen, which 

is likely due to the interaction of the falling grains and the base plate of the mould.  
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In summary, it can be concluded that large inhomogeneities are to be expected in conventional 

manual AP-specimen preparation, which are additionally not reproducible. This issue can be 

resolved using the RASP method proposed in [3], which generates reproducible and more 

homogeneous specimens. 
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Figures 

  

Figure 1: Relative density distribution across the height of the specimen: manual specimen preparation (left) 

and automated specimen preparation (right) [1] 

  

Figure 2: Robotic Automated Specimen Preparation (RASP) device using a conventional collaborative robot  

 

 

 



36th ALERT Workshop ï Poster Session  Aussois 2025 

   

28 

 

Settlement of submarine power cables on soft structured clay 

seabed 

 

Reza Khalili, Wojciech T. Solowski  

Department of Civil Engineering, Aalto University, Espoo, Finland 

Reza.1.khalili@aalto.fi  

 

Keywords: Settlements, Berm construction, Submarine power cable, Backfill   

Abstract 

Submarine power cables installed on soft seabed are prone to environmental damage caused by 

fishing gear, anchors, and seabed erosion. To mitigate these risks, the paper investigates a 

protective berm constructed over the cable and its settlements. we examine two berm 

geometries (Figure 1), as well as staged construction, and the influence of the pre-consolidation 

of backfill before berm placement.  

Despite numerous studies on submarine power cables that investigated variations in burial 

depth [e.g., 1-3], cable failure [e.g., 4-6], and thermal performance of cables [e.g., 7,8] in a 

variety of seabed conditions, there are no studies which are relevant for soft clays in the Gulf 

of Bothnia, which would investigate the interaction between the cable, berm, and structured 

clay seabed and their long-term settlement. 

This research aims to estimate the long-term settlement of submarine power cables in the Gulf 

of Bothnia. The calculations account for creep and destructuration of the clay during the 

consolidation process. The research analyses the effects of berm geometry adjustments, pre-

consolidation of backfill, and backfill width on the settlements and consolidation of the seabed. 

Results indicate that using pre-consolidation of backfill can lead to smaller settlements. A 

smaller berm geometry also decreases settlement, although in practice it may not provide 

sufficient protection. Finally, the influence of backfill extension was assessed, and it was found 

to have only a negligible effect on the final settlement (Figure 2). 
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Figure 1: Berm geometries 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The final settlement for different widths of backfills 
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Abstract 

Permafrost degradation is a well-documented process with considerable impact on infrastructure in 

Arctic regions. Thaw subsidence poses a particular challenge to the stability of pile foundations as the 

once stable frozen soil degrades in strength and stiffness. In this study we investigate a radar site in 

northern Canada, where ongoing permafrost degradation threatens the integrity of pile-supported 

structures. This site was selected due to visible evidence of large subsidence (up to 3 m, with 0.20ï

0.25 m observed in the past year, see Figure 1a), the formation of ponds (Figure 1b), its strategic 

importance, and the availability of geotechnical and climatic data. The first stage of the study will be 

to characterize soil parameters required for thaw consolidation analysis. 

Preliminary site investigations revealed the stratigraphy of ~0.20m of topsoil/organic mat, underlain 

by at least 1 to 1.5m of diamict composed of clayey silt, with increasing gravel content at depth. The 

active layer in the undisturbed tundra is very shallow, in many cases being immediately beneath the 

organic cover; in all test holes, soil samples with more than 50% ice by volume were observed. The 

stratigraphy is consistent with general records; defined as till-blanket, with surficial depth likely 

falling in between 2 ï 10m based on available borehole data [1] and generally fine-grained [1, 2]. 

Buried ground ice and ice wedges are expected [3].  

Climate analysis, based on reanalysis data [4, 5, 6] (Figure 2), supported by intermittent local weather 

observations on site indicates an increase in mean annual air temperature from -10.5oC in 1948 to -

7.2oC in 2024 (Figure 3, equivalent to 3-4oC/century). A series of 15 near-surface thermistors were 

installed in five areas to record ground temperatures, to be later compared with simulated temperatures 

at the ground surface boundary. 

Together, soil characterization and ground temperature records form the foundation for our numerical 

simulations. The thaw consolidation theory of Morgenstern and Nixon [7] offers a first-order model, 

while 2D THM FEM simulations are planned to improve projections of future ground response under 

warming climate scenarios. 
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Figure 1: a) Effects of ground subsidence on piles and b) Thermokarst pond at a radar site near Inuvik, Canada 

 

 
Figure 2: Comparison of JRA-3Q reanalysis with site measurements from weather observation station 

 

 
 

Figure 3: Reanalysis from ERA5 and JRA-3Q climate models at near-surface level [4, 5, 6] 
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Abstract 

Since the early 20th century, the frozen soil problem has attracted a lot of attentions, and many 

theoretical and numerical models on soil freezing have been proposed, including the 

contributions from Miller (1978), Nishimura et al. (2009) and Gao et al. (2022). These models 

assume that the temperature of the soil skeleton and water is the same. However, local thermal 

equilibrium conditions impose many limitations (see, for example, Kaviany (2012) and Roshan 

et al. (2014)). Furthermore, most of these models assume the existence of a continuous unfrozen 

water film around soil particles during freezing, while recently Jia et al. (2019) have shown that 

when sand freezes, the water on the surface of the soil particles freezes first, see Figure 1.  

We proposed a new thermo-hydraulic framework for soil freezing, which assumes that soil 

particles and water surrounding them may have different temperatures (Ruan et al., 2025). The 

proposed framework is suitable for low-clay-content soils.  Based on the particle size 

distribution, which is the main input for the model, the framework estimates pore size 

distribution. Based on the estimated pore size distribution, we model the changes in the pore 

sizes during freezing and associated changes in the soil permeability. The model replicates 

phase transition, water migration, the existence of the frozen fringe, and the evolution of frost-

heave in time.  

The framework is implemented in MATLAB by using the finite difference method. The 

calculation results demonstrate a good agreement between simulations and experimental 

observations (see Figure 2). Therefore, it seems that the proposed framework, which uses the 

particle size distribution as an input, can be used for the assessment of frost heave evolution in 

soils where the amount of clay is small. Currently, we are working on extending the model so 

it includes mechanical coupling, as the external stress significantly affects the amount of the 

frost heave and its evolution. 
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Figures  

 

 

Figure 1: Illustration of ice formation in pores during freezing in (a) coarse-grain and (b) fine-grain soil 

skeleton adapted from Lyu et al. (2024) 

 

Figure 2: Heave amount and frozen front during freezing in NS-5 conducted by Konrad & Morgenstern (1980) 
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Abstract 

Dynamic compaction is a soil improvement method in which a heavy tamper is repeatedly 

dropped onto the ground. When the tamper hits the ground, it induces strong vibrations that may 

be harmful to nearby structures. The research aim is to numerically simulate the impact of the 

tamper and replicate the amount of vibration caused by the dynamic compaction at a distance. 

However, a key challenge arises: the recorded acceleration signal from the tamper (see Shpata, 

2024) cannot be used directly in Plaxis software, which does not accommodate initial velocity 

and deceleration. To overcome this, we derived velocity and displacement signals from the 

measured acceleration to serve as input for the simulations (Fig. 1) (Shpata et al., 2025). This 

raises the central research question: which of these derived signals provides the most reliable 

prediction of ground vibrations? 

In addition to defining the input, accurately modelling the soil response was essential. We 

developed a custom constitutive model for soil that accounts for shear strainïdependent stiffness 

degradation at small strains and implemented it in PLAXIS 2D. The model requires only two 

parameters (Shpata, 2024) and is coupled with Rayleigh damping, with damping ratios adjusted 

based on an empirical curve linking the damping ratio to the shear strain (Darendeli, 2001). 

The two input signals, velocity and displacement, produced different outputs in terms of particle 

velocity (Fig. 2) and vertical acceleration (Fig. 3). Comparison with field tests revealed that 

neither signal was universally superior: the velocity input provided a better prediction of peak 

vertical acceleration, while the displacement input yielded more accurate estimates of peak 

particle velocity. These results raise questions about which approach should be trusted, 

highlighting the importance of engineering judgment. Moreover, we now explore alternative 

numerical methods, such as the Material Point Method, which may offer a more robust solution 

for simulating the impact process. 
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 Figures 

 

Figure 1: Derived input signal (Shpata et al., 2025).  

  

Figure 2: Estimation of the peak particle velocity (Shpata et al., 2025). 

 

Figure 3: Estimation of the peak vertical acceleration (Shpata et al., 2025). 
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Abstract 

Deep soil mixing has become one of the most widely used ground improvement techniques. It 

is an in-situ admixture stabilisation method, developed and put into practice in Japan and Nordic 

countries in the 1970s for the stabilisation of deep soil using cement and/or lime (Kitazume & 

Terashi, 2013). In the Nordic countries, soil mixing is particularly often used to improve the 

shear strength and stiffness of soft clays. 

Numerical simulation of the mixing process is challenging due to the extreme shear 

deformations involved. Traditional approaches, such as the Finite Element Method are often 

unsuitable due to severe mesh distortion that occurs under large deformations. The Material 

Point Method is one of the few continuum-mechanics-based methods that can simulate the 

process, as the material points move across a fixed computational grid, thereby avoiding mesh 

distortion (Sulsky et al., 1994). This research uses the Generalized Interpolation Material Point 

Method, which introduces weighting functions (also known as shape functions or interpolation 

functions) and gradient weighting functions with a higher degree of smoothness, thereby 

preventing abrupt stress changes when material points cross cell boundaries (Bardenhagen & 

Kober, 2004; Kiriyama & Higo, 2020; Soğowski et al., 2021).  

Moreover, most existing research has focused on the strength properties of soil after mixing 

(Bouassida & Porbaha, 2004; Wonglert et al., 2018), whereas the efficiency of the mixing 

process has received limited attention. 

In this research, a simplified soil mixing process in Malmi clayða typical Finnish clay with 

high plasticity and low shear strength, was numerically replicated using the GIMP implemented 

in the Uintah software (http://uintah.utah.edu). In the simulation, the soil was modelled with 

MohrïCoulomb constitutive model to capture its plastic behaviour, while the rotating blade was 

represented as a rigid body.  

To evaluate the mixing performance, the evolution of soil deformation and particle distribution 

during the simulated process was analysed, and the Lacey mixing index (Lacey, 1954) was 

applied to quantitatively assess the mixing efficiency. The results reveal highly heterogeneous 

mixing, with regions located beyond approximately 1.3 times the blade radius exhibiting poor 

mixing. Furtherer, the mixing efficiency reaches a stable level after only a few blade rotations. 
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Figures 

 

 

Figure 1: Top view of blue and red material points at eight different times. The blade rotates in a clockwise 

direction at speeds of 40rpm. 

   

Figure 2: (a) Top views of various calculation regions. (b) relationship between Lacey mixing index, M, over 

time in the indicated regions. 

(a)                                                                           (b) 
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Abstract 

The CallovoïOxfordian (COx) claystone has been selected by the French National Radioactive 

Waste Management Agency (Andra, 2005) as the potential host rock for the future deep 

geological repository for high-level radioactive waste. During operation, the COx formation 

may experience thermal loading up to 90 °C due to the decay heat of radioactive nuclides. While 

its thermo-hydro-mechanical (THM) behaviour under natural conditions is well documented 

(Menaceur et al., 2015; Belmokhtar et al., 2018; Braun et al., 2021), potential changes in hydro-

mechanical properties after thermal cycling remain less explored. 

This study investigates the transversely isotropic poro-elasto-visco-plastic behaviour of COx 

claystone after in-situ heatingïcooling experiments conducted by Andra (Plúa et al., 2024). Six 

deviatoric tests were performed on resaturated samples, loaded either parallel or perpendicular 

to bedding along different stress paths until failure (Figure 1a). Drained and undrained poro-

elastic behaviours were characterised via rapid unloading and drainage phases. Elastic and 

plastic strains were decomposed with loading cycles (Figure 1b). A set of stress dependent 

elastic parameters was calibrated using drained elastic strains. Plastic strain analysis identified 

the onset of plasticity and plastic flow direction. Failure characteristics were similar to natural 

samples, and stress path variations showed no significant influence on the critical state (Figure 

2a). The permeability parallel to the bedding plane was calibrated with poro-elastic unloading 

steps and showed no significant effect of in-situ heating tests. 

To reproduce the observed behaviour, an anisotropic poro-elasto-visco-plastic constitutive 

model was developed using MFront (Helfer et al., 2015) based on the Asymmetric Cam-Clay 

(ACC) formulation (Samudio, 2017), extended with non-uniform scaling for anisotropic 

plasticity (Mánica et al., 2016) and an overstress concept for viscoplasticity (Perzyna, 1966). 

Implemented in FEniCSx (Scroggs et al., 2022), this model was calibrated with the laboratory 

results and simulations successfully reproduced the viscoplastic behaviour (Figure 2b). 

These findings indicated that the COx claystone is likely to preserve its favourable barrier 

properties as the host rock of repository after thermal cycling. 
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Figure 1: Presentation of stress paths (left) and decomposition of measured strains (right) of deviatoric tests. 

   

Figure 2: Critical state of tests (left) and the reproduction of test DEV4 (right). 
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Abstract 

In mountain regions, geophysical flows such as avalanches, landslides, and rockfalls pose a 

recurring threat to people and infrastructure. When little water is present, these flows can be 

treated as granular flows, made of thousands of particles colliding with each other as they move 

downhill. When such flows hit an obstacle, their mainly unidirectional internal motion can be 

disrupted, often producing ósecondary flowsô, which are internal displacements in directions 

other than the main one. Secondary flows often create changes in the free surface, such as 

undulations or dips. Examples of secondary flows in granular media can be found in Couette 

cells [1] and even in Martian avalanches [2].  

Most studies of secondary flows in granular materials use simulations or experimental setups to 

study the internal dynamics indirectly, either by inferring them from free surface deformations [1] 

or by using CT scans of flows in the quasi-static regime (where the flow is arrested during imaging 

[3]). However, a direct measurement of secondary flows in faster flows remains elusive. 

Here, we present an experimental setup to measure internal velocities in granular flows using x-ray 

radiography. The setup consists of an open channel ending in a perpendicular wall with a bottom 

gap for flow exit. The open channel sits above a conveyor belt that controls the granular flow speed 

as it displaces towards the perpendicular wall. Upon impact, the granular flow forms a heap against 

the wall. The height of the perpendicular wall is adjusted to balance the outgoing flow rate with the 

incoming flow rate from the reservoir, keeping the formed heap steady over time. The steady flow 

is measured using x-ray radiography from two orthogonal directions. A sketch of the experimental 

setup, with snapshots of the recorded radiographs in panels (a) and (b), is displayed in Fig.1.  

From the radiographs, we reconstruct the time-averaged free surface by correlating the intensity 

from the top-view depth-averaged radiograph with the width-averaged height from the side-

view radiograph. The measured free surface reveals a dip at the base of the heap in the centre 

of the flume, as shown in Fig.2a. This dip appears to be caused by secondary flows displacing 

from the side walls towards the centre before the heap begins. To investigate this, we perform 

a PIV analysis and implement the rheography algorithm [4]. This rheography algorithm 

connects the common velocity component between the radiographs. Next, by solving a 

deconvolution problem, it estimates the 3D velocity field in the main flow direction. These 

measurements confirm the presence of secondary flows. Furthermore, the velocity 

measurements enable us to estimate the local inertial number, revealing a flow that extends 

beyond the quasi-static regime around the dip, as shown in Fig.2b.  
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Finally, the experiments are complemented by a discrete element method (DEM) simulation, which 

reproduces the observed dip and secondary flows. These findings help bridge the gap between 

theoretical studies of secondary flows and experimental approximations by providing direct 

measurements of the internal velocity fields and free surface in continuously flowing granular flows. 
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Figures 

Figure 1: Sketch of the experimental setup with the main dimensions highlighted. Panels (a) and (b) display the 

radiographs from detectors 1 and 2, respectively. Figure extracted from [5]. 

 

Figure 2: Carried analysis from the recorded radiographs. Panel (a): Free surface, with colours displaying the 

relative height along the x-axis. Panel (b): Local inertial number Iloc . Figures extracted from [5]. 
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Abstract 

The aim of this work is to present the enhancements to the Granular Generalized Interpolation 

Material Point Method (GranularGIMP) initially developed by Seyedan and Solowski (2021, 

2023). The optimized algorithm was implemented within the Uintah computational framework, 

an open-source, high-performance environment for simulating problems involving large 

deformations (Germain et. al. 2000). 

At high mean stress and low void ratio, granular materials (e.g, sand) behave as solids. As 

deformation increases and mean stress decreases, grains may begin to flow. At sufficiently low 

mean stresses, inter-particle connections may be lost, and thus some grains move into a stress-

free gas-like state (e.g., Kamrin 2008). While capturing all aspects of such a complex dynamic 

within a single numerical framework remains a major challenge, GranularGIMP proposes a 

more realistic numerical modelling of associated phase transitions. 

Figure 1 compares the algorithms of the Generalized Interpolation Material Point Method 

(GIMP) by Bardenhagen and Kober (2004) and the GranularGIPM. In GIMP, granular 

materials are represented by material points cast over the background computational grid. Each 

material point is associated with a domain that governs the interpolation of data between nodes 

and points. GIMP relies on a global computational grid that considers all material points 

representing a granular material as a continuum body, independent of the inter-particle 

distances between the grains. 

As shown in Figure 1(B), GranularGIMP uses the maximum size of a material pointôs domain, 

determined by the materialôs maximum void ratio, to capture the physical interactions and 

connections between the material points. Additionally, we employed Uintahôs indexing scheme 

to form clusters of physically connected points, assigning them new material indices (e.g., mID 

= 0, 1, 2, 3). Over time, these clusters can merge into larger groups or break into smaller ones. 

Compared with Figure 1(A), this approach allows each material cluster to contribute 

individually to its own velocity field computations. Furthermore, by incorporating surface 

frictional contact, the contact model is applied only when the maximum domains of two 

material indices overlap, which enhances the accuracy of determining multi-malateral 

interfaces. The framework can also distinguish between self-contact (material points of the 

same material) and frictional surface contact with other materials (e.g., walls). Finally, upon 

material separation, the deformation gradient and volumetric changes are adjusted to address 

stress-free conditions (Seyedan and Soloweski, 2021; Kamrin, 2008). 

Figure 2 shows the simulation results of a free-falling, initially densely packed dry sand (density 

ɟ = 1477 kg/mį - void ratio e = 0.8) held by an L-shaped elastic wall. Under gravity, the sand 

material points fall and deposit within the computational domain, with results shown at t = 0.8 
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s for both GIMP and GranularGIMP that is applied for maximum void ratio emax = 1.21. The 

sand is modelled as a cohesionless MohrïCoulomb material with a shear modulus of G = 10 

MPa, bulk modulus K = 13 MPa, and internal friction angle ◖ = 31°. Compared with GIMP, 

GranularGIMP reduces low-range velocities approximately 100 times, and slightly increases 

the maximum velocity. Additionally, GranularGIPM significantly eliminates unphysical gaps 

between deposited material points, producing a more natural sand pile. 
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Figures 

 
Figure 1: Schematic of the Generalized Interpolation Material Point method (GIMP) (A), and Granular 

Generalized Interpolation Material Point method (GranularGIMP) (B). 

 

Figure 2: Simulation of free-falling of densely packed dry sand initially held by an L-shaped elastic wall (A). 

The variation of free-falling material points representing the dry sand is shown at t = 0.8 s for GIMP (B) and 

GranularGIMP (C). 
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Abstract 

The various orientations of countries towards new green energy productions highlight the need to 

study the energy transition. Within this context, the production of electricity from nuclear power 

remains a crucial debate regarding its possible environmental impact. In France, focus is on the deep 

geological nuclear waste repositories located at -490 meters in the sedimentary Callovo-Oxfordian 

clay rock, which serves as a natural barrier due to its low permeability, high retention capacity, and 

self-healing properties. Understanding its behaviour under loading is critical for evaluating the long-

term safety of underground repositories. 

Numerical modelling is carried out based on a fundamental theorical approach related to damage and 

cracking under deviatoric loading. It follows the objective of understanding and predicting the 

hydromechanical behaviour of this rock and to analyse the connection between damage, cracking, 

and permeability [1]. It is well known that material behaviour at the macroscopic scale is dependent 

on the material behaviour at smaller scales. A numerical double-scale approach is considered to 

represent both microscopic and mesoscopic material scales [2]. The research considers a 

representative elementary area (REA) in two dimensions (2D) based on the finite element method 

(FEM), with elastic mineral grains and damageable mineral contacts modelled by a cohesive law [2-

3]. The REA is defined by micromechanical properties observed experimentally [4], and its 

mechanical and hydraulic responses are studied. Simulations under biaxial compression with 

deviatoric loading emphasise the mechanical response of deformable grains and cohesive interfaces, 

where shear and normal damage mechanisms dominate the observed failure.  

The damage initiation in the pre-peak phase (Fig. 1.a) via the softening of mineral contacts (Fig. 2) 

leads to a loss of linearity of the material response (Fig. 1.a). After having reached the peak deviatoric 

stress, shear microcracks form a complete shear crack across the mesostructure, causing strain 

softening (Figs. 1-2). Then the evolution of this crack under an axial deviatoric loading led to a 

complete decohesion in the post-peak regime, inducing significant displacement between mineral 

grains and a global softening behaviour (fully damaged in Fig. 2).  

The model enables the representation of microcracking induced by microdamage and to consider the 

relationship between material damage (cracking) and permeability evolution (Fig. 1.b and Fig. 2). In 

the model, crack openings at mineral grain contacts and through the clay matrix (between clay 

aggregates) define the crack hydraulic conductivity. The latter depends on the cube of the hydraulic 

aperture and a Poiseuille flow between parallel plates is assumed under saturated conditions of the 

cracks [2]. The mesoscale (REA) results in Fig. 1 (b) show an evolution of the hydraulic permeability 

(major permeability) of the claystone. This occurs during the development of the shear cracking (in 
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pre-peak regime) and a maximal permeability is reached when the crack fully develops across the 

mesostructure (in post-peak regime). 

The obtained results demonstrate that the numerical model effectively simulates shear-induced 

cracking and damage at the microscopic and mesoscopic scales, revealing that tangential damage 

dominates over normal damage under deviatoric loading conditions. Furthermore, cracking implies 

an increase in the hydraulic permeability. These findings highlight the critical role of relative 

displacements and damage between mineral grains, at the microscale, in driving short-term 

permeability evolution in fractured zones. However, the modelôs hydraulic limitations necessitate 

refinements, including adjusting the hydraulic model law, considering the mesostructure in a 3D 

model, and better accounting for tangential displacements, to enable more comprehensive predictions 

of hydraulic behaviour. This will allow to model large-scale problem of gallery excavation as well as 

fractured and damaged zone [5]. 
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Figures 

Figure 1: Microscopic and mesoscopic hydromechanical clay rock behaviour: (a) material response and (b) 

permeability evolution.  

 

   (a) (b) 
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Figure 2: Evolution of deformation and appearance of microcrack under deviatoric compression.  
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Abstract 

Granular materials exhibit both solid-like and fluid-like behaviour, which poses a challenge for 

continuum models of landslides. Current continuum models often cannot capture the full dynamics: 

from the onset of failure to the final deposition. Therefore, developing a unified framework for 

predicting granular the regime change has significant implications for the analyzing  geohazards.  

Critical State Soil Mechanics (CSSM) models, such as Cam Clay, excels at predicting quasi-static, 

history-dependent behaviour of soils [1, 2]. These models are systematically constructed from the 

thermomechanics framework [3, 4]. This framework can also derive rate-dependent viscoplasticity 

models [4]. However, it cannot yet describe rapid steady-state flows of granular materials. 

The ɛ(I)-ű(I)-rheologies are highly effective for modelling steady-state flows of hard particles 

[5]. The generalized rheology framework [6] extends this by merging base models with product 

functions. These functions correct a shared asymptotic state to include additional effects like 

softness, gravity near the free surface, and cohesion. The next logical step is to apply this 

merging approach to more sophisticated models to describe transient and static states. 

We unify both CSSM models and the ɛ(I)-ű(I)-rheologies using a thermomechanical approach. 

Inspired by generalized rheology, we use a product form hypothesis for granular constitutive 

models. Our model is thermodynamically consistent by construction and introduces no new 

parameters during the merging process. 

This work shows the first numerical benchmarks of our unified model. A constant volume 

element test confirms that it can capture a rate-dependent steady state and a pressure response 

due to suppressed dilation. A Material Point Method boundary value problem confirms at a 

system level, it captures solid-like clogging and fluid-like rate-dependent friction. 
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Abstract 

Soil water content plays a crucial role in slope stability, directly influencing pore pressure 

dynamics and effective stress states. Accurate, scalable modeling of its spatio-temporal 

evolution under climatic variability is vital for geotechnical risk assessments (Elia et al., 2017; 

Ng et al., 2016). Conventional numerical models are computationally expensive, especially for 

regional-scale or long-term predictions. To overcome this, this research explores Reduced-

Order Models (ROMs) based on Transfer Functions (TFs) in the frequency domain. This study 

presents and compares two ROM strategies: a) Parametric Transfer Functions (PTFs), rooted 

in analytical diffusion equation. And b) Statistical Transfer Functions (STFs), based on spectral 

relationships between climatic inputs and soil moisture response.  

The data needed for validation was obtained from the Le Fauga site (French Pyrenees, 2001ï

2007), comprising six atmospheric variables and volumetric water content measurements at 10 

cm intervals down to 1 m depth. Spectral analysis using Fast Fourier Transforms revealed 

dominant harmonic modes (annual, diurnal) in climatic forcing, while rainfall and wind 

exhibited stochastic spectra. Soil moisture spectra showed depth-dependent attenuation and 

phase lag, consistent with diffusion-dominated processes. 

PTFs are derived from analytical solutions of the 1D diffusion equation under harmonic 

boundary conditions (Carslaw & Jaeger, 1986). Assuming a constant diffusion coefficient ‖, 
moisture content at any depth (—) is reconstructed using amplitude and phase transfer functions, 

ὝὊ , ὝὊ , for dominant harmonics: 

— ὝὊὃ ÓÉÎ‫ὸ ὝὊ ‰
“

ς
 

 

Eqn. 1 

Calibration against observed profiles yielded an optimal ‖ = 1×10ī7 m²s-1 and domain size L = 

1.83 m. Using 100 harmonics, PTFs achieved excellent agreement (MSE = 0.0016) across 

depths, accurately reproducing amplitude decay and phase shifts. Even with only the top 10 

harmonics, performance remained robust, particularly at depth, due to natural attenuation of 

high-frequency signals. 

On the other hand, STFs model soil moisture as the output of a system driven by inputs 

variables, derived via direct Fourier amplitude ratios as established by many authors such as 

Vargas-Alzate et al., (2024): 
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Eqn. 2 

where ὪȢ  is the Fourier amplitude spectrum of —; Ὣ  is the Fourier amplitude spectrum 

of the input variable Ὣ; subscripts i and j stand for a specific depth and a given input variable, 

respectively. The TF obtained through Equation 2 can be used to approximate the Fast Fourier 

Transform of the soil hydraulic response to another record, Ὣ. By means of the inverse Fourier 

transform the time evolution of soil water content is reconstructed from the estimated amplitud-

frequency spectrum Ὢȟ.   

Ὢȟ ὝὊȟ‫Ὣ ‫  Eqn. 3 

Multivariate regression, combining temperature, solar radiation, and wind speed, enhanced 

correlation (R up to 0.64) and improved surface moisture content forecasting accuracy. 

Progressive layer-by-layer STFs further improved vertical resolution. 

PTFs provide physically grounded, high-fidelity predictions, especially for depth-resolved 

applications. STFs excel in fast assessments, particularly when data or computational resources 

are limited. Combining both approaches offers a pathway toward hybrid models that leverage 

physical consistency and spectral efficiency for resilient geotechnical forecasting under climate 

variability. 
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Figures 

 

  
Figure 1:  Water content forecasting: Surface level with STFs based on temperature and multiregression models 

(MSE: 0.0084 ï 0.0062) and subsurface with PTFs callibrated on field measurments (MSE: 0.0016). 
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Abstract 

In geotechnical engineering, self-hardening slurry trench cut-off walls constructed using the 

single-phase technique can cause failure to meet the specified strength and permeability due to 

unknown reasons (e.g., Tillmanns, 2023). 

To examine a failure mechanism, specifically failure due to hydraulic gradient acting in the 

wall depth direction (head difference per vertical seepage length), two slurries with identical 

densities but different yield strengths were initially produced for column tests as preliminary 

tests in this study. To obtain representative results, all slurries in this study were prepared in the 

laboratory, with density and yield strength controlled by varying the proportions of quartz and 

bentonite powder. After the preliminary tests, an apparatus (Figure 1) was developed as the 

main component of this study to measure the Darcy velocity of water seepage through slurries 

under different hydraulic gradients. Accordingly, four slurry types with different densities and 

yield strengths were prepared with reference to commercially available cut-off wall materials. 

Replicate specimens of each type were subsequently tested using the developed apparatus. This 

apparatus was inspired by the conventional triaxial permeameter to avoid sidewall leakage by 

applying cell pressure using a slurry. 

The results from the column tests indicated that, in addition to the slurry density (as described 

in DIN 4126), the initial yield strength needs be considered to minimize the ingress of 

groundwater into slurry. Using the developed apparatus, the variation of representative Darcy 

velocity against hydraulic gradient was obtained for four slurry types (Figure 2a). The 

representative value was defined as the peak Darcy velocity of water seepage through slurry 

within two minutes after loading (Figure 2b). During loading, the representative velocity either 

diminished to an unmeasurable level or resulted in continuous seepage. Different levels of water 

seepage through the slurry were considered to represent different degrees of slurry deterioration 

through mechanisms such as dilution and erosion. 

This study provided experimental evidence for an observed failure mechanism and introduced 

a methodological framework that includes slurry preparation based on density and yield 

strength, along with the development of an apparatus to investigate the hydraulic response of 

slurry trench cut-off walls under hydraulic gradients. 
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Figures 

 

 

Figure 1: Test apparatus for Darcy velocity of water seepage through cut-off wall slurry 

 

             (a)                                                                                   (b) 

Figure 2: (a) Variation of representative Darcy velocity against hydraulic gradient for four slurry types 

(continuous Darcy velocity was measured in the tests marked in red); (b) Darcy velocity of water seepage 

through slurry 1 over time under different hydraulic gradients (i) 
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Abstract 

Shear banding, the formation of narrow zones of intense shear strain (strain localisation), is a critical 

mechanism governing soil deformation and failure. Quantifying shear band thickness is essential 

for linking micro-scale particle processes with macro-scale mechanical behaviour. However, most 

reported values to date are derived from surface measurements using Digital Image Correlation 

(DIC) [1], while recent advances in X-ray Computed Tomography (CT) and Digital Volume 

Correlation (DVC) [2] have rarely been applied to this purpose. This study presents a systematic 

comparison of shear band thickness obtained from these two experimental approaches, highlighting 

their respective capabilities and limitations. 

DIC, based on two-dimensional optical imaging, provides high-resolution surface displacement and 

strain fields that enable precise identification of shear localization on specimen boundaries (Fig 1). 

In contrast, DVC employs three-dimensional correlation of X-ray Computed Tomography (CT) 

images to capture full-field internal deformation, offering insights into strain localization within the 

specimen volume (Fig 2). Both methods were applied to triaxial compression tests on sand 

specimens but different dimensions, and shear band thickness was determined from the spatial 

distribution of incremental shear strain. The triaxial DIC/DVC setup and part of the results are 

shown in Fig 1 and Fig 2, respectively. 

The comparison reveals minor differences between surface- and volume-based measurements. The 

measurements of shear band thickness using DIC and DVC were compared in this study. The results 

shows that the shear band thickness measured from both methods were very close, validating the 

effectiveness of approximating shear band thickness using surface displacement information 

captured from membraneôs speckle pattern. 
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Figures 

 

Figure 1: Triaxial DIC setup (a) a sketch of the mini-triaxial cell; (b) The mini- triaxial cell mounted in the X-

ray CT scanner; (c) Shear band captured by a camera; (d) the incremental deformation field (ЎⱠ◐◐) 

 

Figure 2: (a) A sketch of the mini-triaxial cell; (b) The mini- triaxial cell mounted in the X-ray CT scanner; (c) a 

cross-section of reconstructed image from x-ray CT scan; (d) deviator strain field with shear band highlighted; 

(e) selection of a representative 2D slice from the 3D deviator strain field; (d) three measurement points on 

shear band in the extracted 2D slice 
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Abstract 

X-ray microtomography (µCT) scans reveal the inherent heterogeneity of granular materials at 

small scales. To account for this heterogeneity in geomechanical simulations rooted in continuum 

mechanics, the obtained µCT data must first be related to macroscopic quantities. In the literature, 

this is typically achieved by averaging over representative volume elementsðeither arranged in a 

fixed voxel grid [1] or centered at points of interest [2, 3]. However, such methods typically fail 

near the boundary and cannot be used if the size of this volume is large with respect to the specimen 

size. To alleviate these deficiencies, we introduce a novel method for relating µCT data to 

macroscopic quantities, which exploits the averaging property of the screened Poisson equation 

with homogeneous Neumann boundary conditions. In contrast to conventional methods, averaging 

is performed by solving a second order linear partial differential equation by means of an 

appropriate numerical technique. We introduce this method as screened Poisson averaging, which 

produces continuous distributions of the macroscopic quantity controlled by a single length 

parameterðthe averaging length. By means of several benchmark examples in one, two and three 

dimensions, we demonstrate the feasibility of the method, compare it with conventional averaging 

methods, and evaluate its applicability to complex geometries (Fig. 1). Moreover, we obtain the 

void ratio distribution for a sample of dense Hostun sand (HNEA01) [4], which represents an 

important step toward accounting for the specimen's actual heterogeneity in numerical simulations 

in the future.  
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Figure 1:  Screened Poisson averaging performed to obtain a continuum map of the solid fraction for Spot the 

cow [5] packed with spheres. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36th ALERT Workshop ï Poster Session  Aussois 2025 

   

56 

 

An FFT-based method for computing the mechanical, hydraulic 

and thermal response of frozen soils 

 

Maria Olarte-Garzon, Jean-Michel Pereira, Patrick Dangla 

Navier, ENPC, Institut Polytechnique de Paris, Univ Gustave Eiffel, CNRS, Marne-la-Vallée, 

France 

maria-camila.olarte-garzon@enpc.fr, jean-michel.pereira@enpc.fr,  

patrick.dangla@univ-eiffel.fr 

 

Keywords: FFT-based homogenization, Thermoporomechanics, Frozen soils, Soil Freezing 

Characteristic Curve 

Abstract  

Fast Fourier Transform (FFT) methods have been extensively applied to numerical homogenization 

for over a decade, offering an efficient alternative to conventional numerical approaches. In this 

work, we develop a mathematical framework to homogenize composite media and analyze their 

thermo-hydro-mechanical (THM) behavior. The framework addresses: (i) thermoporomechanical 

response, through the evaluation of elastoplastic behavior, (ii) hydraulic behavior, via computation 

of the permeability tensor using the DarcyïDarcy problem, and (iii) thermal behavior, through 

derivation of the thermal conductivity tensor for Fourier-to-Fourier upscaling. The accuracy of 

these schemes is assessed by comparison with analytical solutions for simple microstructures and 

demonstrated through an application to frozen soils.  

To validate our developments, we analyze a two-dimensional microstructure composed of a circular 

inclusion embedded in a continuous matrix, defined over the domain ɋ = [0,1] Ĭ [0,1]. The 

representative volume element (RVE) is discretized using an NxN grid with N=256. The applied 

loading consists of a uniform pressure field of 1 MPa and a temperature field of 274.15 K. The 

inclusion radius is varied within the range 0.05 to 0.5. Based on the framework of 

Thermoporomechanics introduced by Coussy (2005), the isotropic homogenized operators Bhom, 

1/Nhom, əhom, A◖hom, and Hhom are obtained by summing the values of each corresponding 

local quantity over the domain ɋ and normalizing by the total number of pixels. The analytical 

solutions for micro-poroelasticity and the homogenization of poroelastic properties follow the 

formulation proposed by Ghabezloo (2011). 

The comparative results are presented in Fig. 1, where we obtained an accurate agreement between 

the results of our FFT-based homogenization solver and the analytical solutions. Note that both 

solutions move in a closed range from the value of the matrix to near the value of the inclusion 

when the radius is increased. In terms of time of computation, the solver requires less than 10 

seconds, which is approximatively 0.8 seconds per iteration. 

As an additional application, Fig. 2 shows the results of the FFT-based solver applied to a real 

segmented microstructure reported by Alavoine et al. (2020). In this case, the effective thermal 

conductivity tensor (ȿhom) was evaluated as a function of temperature. The Soil Freezing 

Characteristic Curve was determined using the pore-morphology framework proposed by Suh 

et al. (2024). By applying Fourierôs law at both micro- and macro-scales, ȿhom can be obtained 

for a given temperature as a function of the relative saturation of water and ice. Consequently, 

the solver is not only capable of computing all operators required for a complete THM coupling, 

but also of extending these calculations to account for the presence of ice. 



36th ALERT Workshop ï Poster Session  Aussois 2025 

   

57 

 

References 

1. Alavoine, A., Dangla, P., & Pereira, J. M. (2020). Fast Fourier transform-based homogenisation of gas hydrate bearing 

sediments. Géotechnique Letters, 10(2), 367-376. 

2. Coussy, O. (2005). Poromechanics of freezing materials. Journal of the Mechanics and Physics of Solids, 53(8), 1689-1718. 

3. Ghabezloo, S. (2011). Micromechanics analysis of thermal expansion and thermal pressurization of a hardened cement 

paste. Cement and Concrete Research, 41(5), 520-532. 

4. Suh, H. S., Na, S., & Choo, J. (2024). Pore morphology based estimation of the freezing characteristic curve of water

saturated porous media. Water Resources Research, 60(8), e2024WR037035. 

 

Figures 

 

 
Figure 1:  Evolution of (a) Biotôs coefficient Bhom, (b) effective Biotôs skeleton modulus Nhom, (c) effective 

thermal eigenstrain əhom, (d) thermal dilatation coefficient Aʟhom, and ú heat capacity Hhom as a function of the 

radius in isotropic case. 

 
 

Figure 2: Homogenized thermal conductivity ȿhom determined from SFCC. 
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Abstract 

Built and operated by the French National Agency for Radioactive Waste Management 

(ANDRA) since the early 2000s, the Meuse/Haute-Marne underground research laboratory 

(M/HM URL) is designed for scientific experiments and demonstrations aimed at proving the 

feasibility and constructability of geological disposal of radioactive waste in Callovo-Oxfordian 

claystone (Cigéo project). It consists of a network of drifts excavated in the directions of the 

major and minor horizontal stresses „~12.4 MPa et „~16.1 MPa . 

Some drifts are designed to analyse rock-structure interaction and to test and to improve 

different support systems. This is the case, for example, of the GER drift, which was excavated 

in the direction of the minor horizontal stress and consists of five different sections (Figure 1a), 

two of which get a final concrete lining (Djizanne et al., 2019).  

In recent years, direct analysis of in situ convergence measurements (Guayacán-Carrillo et al., 

2016; Lara et al., 2025) has highlighted the anisotropy of convergences and the influence of 

different support systems tested in the M/HM URL. These studies have defined a set of 

parameters for a semi-empirical convergence law proposed by Sulem et al. (1987), which 

allows for reliable prediction of short- and medium-term convergence evolution and offers an 

extrapolation for the long-term. 

Recently, Lara et al. (2025) introduced a numerical model addressing the delayed behavior 

observed in the GER drift (Figure 2). This model incorporates the fractured zone specifically, 

distinguishing its viscoelastic parameters from those of intact rock. They simulated concrete 

structures, whether sprayed or cast, using perfect elastoplastic behavior with Mohr-Coulomb 

failure criteria. These results successfully replicate the development and anisotropy of the 

convergences observed in situ (Figure 1b). The initial parameters for the fractured zone model 

were based on direct observational data. A retro-analysis methodology was consequently 

developed to determine the extent of the fractured zone through convergence measurements. 

Building on this, the present study examines the robustness and predictive capacity of the model 

regarding the load on drift shotcrete and concrete linings. The model's predicted stresses and 

deformations suggest that advanced behavior must be incorporated into the model to improve 

the accuracy of load predictions on the final lining. 
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Figures 

 

 
 

Figure 1: a) The GER drift, b) In situ convergence measurements compared with the numerical results for GER 

4 drift (Lara 2024) 

 

 
 

Figure 2: Burgers-Mohr model, a visco-elasto-plastic model used in the numerical model for the rock mass 

behavior 
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Abstract 

Past-century oil and gas exploration has resulted in extensive drilling operations in the Arctic. 

The resulting toxic waste fluids are often stored in drilling mud sumps (DMS), which are 

constructed within permafrost. Arctic warming and permafrost degradation has recently raised 

concerns over these sitesô stability (Kanigan and Kokelj, 2010; Langer et al., 2023). Within the 

project āThinIceó, we investigate these sitesô current and projected state. 

Foundational for the project are three major field expeditions into the Canadian Mackenzie 

Delta. The delta and its uplands are host to over 200 DMS (Kanigan and Kokelj, 2010).  Goal 

of the expedition is the characterization of DMSô geometry, composition, and potential 

degradation. Besides the fieldwork component, further measures include laboratory testing and 

modeling, as well as dissemination of the results to the local indigenous communities. 

The challenges associated with remote Arctic fieldwork call for a set of lightweight 

investigation methods. Permafrost cores were obtained, and temperature & moisture loggers 

installed. Complementing this, active layer and upper permafrost were characterized with a 

handheld dynamic penetrometer. Subsurface sump geometry was measured using ground-

penetrating radar (GPR). Electromagnetic mapping was employed in order to assess thawing 

and fluid migration. 

While the DMS caps are found to be finegrained and cohesive, the surrounding tundra is mostly 

peaty. Peat lenses are at times found inside the cap material, and show significantly higher water 

contents than the surrounding clay. Thermokarst and slumping of the clay cap is often visible. 

The capôs thickness is inferred from GPR profiles to be around 2,5 m. In the case of Tuk L-09, 

located close to the seaside community of Tuktoyaktuk, the complete collapse of the sump cap 

and formation of a thermokarst lake was found (see figure 1). Some of the data furthermore 

suggests that subsurface fluid migration may occur. In sampling pits around the lower sump 

rim, increased groundwater electrical conductivities are found. Ground conductivities measured 

in the EM surveys can show significant anomalies around the rim, as is exemplified in figure 

2, suggesting increased thawing and / or salt contents in these areas (Ge et al., 2025). 

Further work includes freezing-curve and shear parameter determination in the frozen lab @ 

GUT. Subsequent modeling efforts will include different climate change scenarios, in order to 

assess thawing and thermokarst susceptibility in the coming decades. The resulting stability 

predicitions will inform stakeholders to make informed decisions about future DMS 

management in an increasingly warming Arctic. 
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Figure 1: Collapse of the DMS clay cap at Tuk L-09. 

 

 
 

Figure 2: Ground conductivity map measured at Kamik F-38. 

 

 

 

 

 

 

 
































































































































