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Dear colleagues,

We are pleased twelcome you to Aussois and to od"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
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'This year this session included posterprize. Congratulations for the two winners of
this first edition:

Rana EL NEMER (GeM, France)and Maxime PIERRE(ENPC, France)

The number of posteiis rather stable compared with previous editions with 38 contributions
gathering contributors froml6 countries(France, Czech Republic, Spain, lItalie, The
Netherlands, Germany, Austria, Belgium, Luxembourg, UK, Japan, Columbia, Australia, India,
Canadg and belonging from34 different research institutionand 7 agencies/private
companies They are summarized in the histogram below together with the corresponding
number of posters.
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The posters cover numerical, experimental and analytical approachéstheét following
repartition. A small majority of the posters deal with numerical work.

B Numerical werk B Experimental work B Analytical/modeling work



In terms of keywordgshe analysis of the word frequency in the abstracts reveal the following
cloud of words.
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From the reading of the abstracts, we can also psepthe following analysis, counting the
number of abstracts dealing with different types of materials, numerical tools, specific loadings,
experimental techniques, types of loading and fields of application. This gives an idea of the
current hot topics igeomechanics.
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We wish you a goodarkshop and school experienand a pleasant stay in Aussois

Kind regards,

Nadia Benahmed and Antoine Wautier.
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Design of new earthquake control experiment
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Abstract

In this work, we introduce a novel laboratory earthquake mechanical apparatus currently under
design to implement established mathematical principles for earthquake control (Stefanou,
2019a; Stefanou & Tzortzopoulos, 2022; Tzortzopoulos, 202%éEe#Oribio et al., 2022).
Notably, the controller has been tested and proven effective through a laboratory experiment
simulating a springlider system (Gutiérre@ribio et al., 2022; Tzortzopoulos, 2021). The
forthcoming apparatus, distinct from theepious one, features an analogue rock surrounded
by elastic media, providing enhanced realism.

We have accurately described how the analogue rock deforms. We desigretht8d, and
assembled a mechanical setup to apply this deformation. We then thigrexglored the
system using the virtual work method. Finally, we experimented and analyzed the results using
the digital image correlation method.

In our experiments, we designed the stress to be uniform in the analogue rock and fault before
sliding. Our digital image correlation analysis showed that the resulting deformation matched
the design.

Acknowledgements

This work was supported by the EurapeResearch Council (ERC) under the European Union Horizon 2020
research and innovation program (Grand agreement no. 757848).
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Types of shearing and anisotropy in undrained CPTu
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tUniversitat Politécnica de Catalunya, Carrer de Jordi Girona, 31, 08034 Barcelona, Spain
diego.duran.caballero@upc.edu
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Abstract

Natural clays shownherent anisotropy due to the stress history, to the particles size and
arrangement that occurs during sedimentation. Consequently, identical soils subjected to the
same loading program will display different strengths depending on the testing anglgesmplo

Cone penetration testing (CPTu) is probably the most well stablished in situ test. During the
test, the soil suffers severe deformations and principal stress rotation. For isotropic materials it

is unclear which undrained shear strength is mobilized tfiaxial compression strength,
triaxial extension strength, é) [1]. For ani
With advance of numerical methods, more realistic simulations of CPTu are possible, using a
couple hydromechanical formulati®@and appropriate constitutive models. These simulations

can be used to gain new insights into the stress path that suffers the soil during the test.

In this work, CPTu in undrained anisotropic clays is simulated employing the Particle Finite
Element métod [3]. The constitutive response is modelled with SCLAW], a modified
version of Modified CarClay that incorporates mixed isotropic and rotational hardening with
associated flow rule. Inside the yield surface isotropic elasticity is assumed. Theyheddl

surface is a rotated ellipsoid in thegplane, and two hardening laws are employed: the first
describes the change of the size of the yield curve with plastic volumetric strains and the second
describes the creation or removal of fabric witrsptastraining.

Two sets of cone penetration simulations have been performed: the first set considers isotropic
materials and the focus is placed on which shear strength is mobilized during cone testing. The
second set of simulations considargsotropic materials in which the orientation of the fabric

is parallel to the vertical direction. This second set of simulations is used to examine the effect
of the soil anisotropy on the stress path of the soil and on the cone factor values.

Forisotrpi ¢ materi al s, contours of the Lodeds ar
represented on Fig. 1. For all cases these
angle is equal te30°, so the soil is loaded at triaxial undrained cosgio® conditions.

Preliminary results of cone penetration testing in anisotropic materials show that the cone
factors are in the same range of those obtained in the numerical simulations of isotropic
materials if they are computed with the triaxial comgi@s undrained shear strength with the
initial fabric oriented parallel to the major principal stress.
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Insights on the Internal Dynamics of BiDisperse Granular Flows
from Machine Learning

Sudip Laudart, Benjy Marks andPierre Rognon

Particles and Grains Laboratory, School of Civil Engineering, The University of Sydney,
Sydney, NSW 2006, Australia
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Abstract

In granular flows, differences in grain dynamics, such as force and velocity variations, are
evident. To understand and predict this behaviour, the classical physicist method consists of
establishing general constitutive laws supported by rmagchanical preesses. However, the
ability of these models to predict full scale flows is hindered by their accuracy and their reliance
on parameters which are difficult to measure precisely and obstruct in understanding micro
mechanical process taking places in flowginees. Beyond this traditional predictive use,
Machine Learning methods are a useful alternative when the primary goal is to predict the
behaviour of granular materials. In this paper, we proposed a Machine Learning approach to
explore the insights onto Bro-mechanical processes in granular flows without depending on
constitutive models.

Me t h o d:WWe mgdgl the discharge of a silo as it yields three states of granular matter: (i)

a dense, liquidike flow in the hopper (ii) a diluted, gdi&e flow in the discharge jet under the

silo opening, and (iii) a hedow including a solidlike packing undereath. Our model

includes the mixture of two types of particles (r=30mm and r=20rmpt features includes

the position of the grains, {x, vy, z}, their
Yy, Yz}, and t he t ot fa}htarypaintiretime. Wb tramedia mudomt o { f
forest model using 80% of the grains. The ability of the model ability to classify grain size is

then quantified against the remaining 20% of the grains, which we describe via the accuracy
(Figure 1).

Results & Discussion: The principle of this iterative approach is to understand the micro
mechanical dynamics of flow regimes and the effect of gradually removing features that
contribute the least to the grain sorting. Figure 2 shows an example of featuranmopaising

i nformation from the whole time series. The
(If)) and vertical position (z) contribute more information to the sorting and other information
can therefore be removed from the sorting proceghout significantly affecting the
predictability. Figure 2 (inset) illustrates the impact in sorting accuracy when we gradually
remove less important features. We need at least two of main important features if we want to
classify the mixture of bidispese grains in silo. Further, we analyzed the flow regimes by
defining two zones (i) Collisional zone and (i) Dense zone (see fig 1). We recorded the
classification accuracy (U) from overall f
features and auobination of features. Further, we extended our approach to analyze granular
flow in rotating drums.

10
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Conclusion: In our research, we utilized machine learning to delve deeper into the intricacies
of granular flows. By implementing a random forest classifiee dissected the dynamic
behaviors of both large and small grains within-a@libperse flow. Our classifier successfully
pinpointed not only unique feature variations but also established relationships between them,
l i ke the patt er sesondawiasrassvarioys flow eegimes.nrbese findings

not only enhance our understanding of granular flow but also pave the way for more precise
classifications. Further, this machine learning approach can be adapted for a range of granular
mixtures, undescoring its potential as an indispensable complement to conventional methods
in studying granular and analogous fluid systems.
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Neohypoplasticityfor Sand: Equations and Developments

L. Mugele, A. Niemunis, H.H. Stutz
Karlsruhe Institute of Technology, Institute of Soil and Rock Mechanics, Karlsruhe, Germany
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Abstract

Several hypoplastic constitutive models have been developed over the last decades to model
the mechanical behaviour of sand. Hypoplastic models reigraficant advantages compared

to simple elastoplastic formulations. The version of von Wolffersdorff [1] with the intergranular
strain extension [2] has become widely used. However, this formulation still reveals some
drawbacks. These include the podgipiof achieving a tensile stress state as a result of a too
"elastic" behaviour caused by the intergranular strain extension and an inadequate modelling of
the volumetric behaviour [3]. To fix these issues, Neohypoplasticity [4] has been developed.
The onstitutive equation of Neohypoplasticity

A TE: O0ms 10 00 »0O O OES
describes the relation between stress and strain rate. Thereby, the asymptotic hyperelastic
stiffnessE, the hypoplastic flow rulel and the degree of nonlineariiyare explicitly defined.
The current state of the soil is modelled using four state variables: Gtressd ratio'Q
structure variable and last strain reversg”. The structure variable quantifies the current
structure of the soil and is interpreted as the state of rolling of grains. A simple small strain
stiffness approach for the increased stiffness upon a reversal of loading is proposed [3].
Therefore, the state variable called the last strain revefsé introduced. This variable

memorises the strain at the last reversal of the loading direction. In addition, a revised evolution
equation for the structural variabkhas been proposed [3].

This work summarises the current version of Neohypoplasti@ibereby, the structural
variable » and the small strain stiffness approach using the last strain re\ll,?rﬁb of
particular importance. Both state variables are studied in detail. Furthermore, it is demonstrated
that the user only has to calibrat@darameters to obtain a set of parameters for a new granular
soil. For both, a fingrained sand (Karlsruhe Fine Sand) and a medjtaimed sand (Karlsruhe

Sand), a parameter set have been calibrated. It is found that the number of adjustable parameters
(10) in Neohypoplasticity differs significantly from the total material model parameters (28).
To calibrate the two proposed parameter sets, element test simulatioriscgngentalDriver

are carried out, and the results are compared with experimental test data for Karlsruhe fine sand
[5] and Karlsruhe sand [6]. Simulations of drained and undrained tests under monotonic and
cyclic loading show good consistency with the test results (geeeFL and Figure 2).

The results show that the Neohypoplasticity in version [3] complies with two important
requirements in terms of an application to geotechnical problems: the soil mechanical behaviour
is reproduced remarkably in a close approximathoml it is quite easy to calibrate the necessary
material model parameters.

12
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Hypoplastic predictions of strength increase during episodic
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Abstract

Episodic loading of undrained shearing and consolidation (Figure 1) are relevant to offshore
foundation wholdife applications. In related finite element simulations, the applied
constitutive model then has to capture general trends of the soil respense dpisodic
loading. In this work, we carry out element test simulations with clay hypoplasticity with the

i ntergranul ar strain concept (Mag?2n, 2014;
undrained shearing and consolidation are applied to sanfde#t €aolin clay. The simulated
results are compared to experimental results from episodic direct simple shear (DSS) tests by
Laham et al. (2021) and with a relation for strength increase proposed by Schofield & Wroth
(1968). Clay hypoplasticity can beed to capture general trends in the evolution of void ratio
and undrained strength that are observed in episodic DSS experiments (Medicus & Kwa, 2023),
see also Figures 2 and 3. Therefore, hypoplasticity has potential to be more widely applied in
finite dement applications to explore soil strengthening responses from -Wkoépisodic
undrained shearonsolidate loading conditions relevant to offshore foundations.
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Figure 2: Comparison between simulated and experimental results for episodic DSS test E67: The initial state
is oedometrically normally consolidated state. Experimental data from Laham et al. (2021) is shown in grey.
Simulations with clay hypoplasticiiyMa g2 n, 2014) are added with the final
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Figure 3: Comparison of the increase in strength per fwitles for test E63, where sepresents the
undrained shear strength (U at critical state) and s
denotes the measured gain from the experiment (Laham et al., 2021). Thimdiotte strength gains
calculated using the ration proposed by Schofield and Wroth (1968). The open cgatesrespond to
predictions with hypoplasticity, for which an analytical relation is formulated in Medicus & Kwa (2023). It can
be seen that the calculated changes in strength according tdi€drand Wroth [8] closely align with
hypoplasticity. Both predictions are similar to the experimental result.
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3D modelling of clay rock cracking and anisotropic mechanical
behaviour using a discrete element approach
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Abstract

The CalloveOxfordian (COXx) clay rock is a potential host rock for deep geological nuclear
waste repository in France. It is an indurated clely sedimentary rock exhibiting a quasi

brittle and anisotropic mechanical behaviour. In order to reproducedmecharacteristics of

its mechanical behaviour under triaxial loading conditions, a 3D numerical model based on the
discrete element metho@art et al., 1988has been developed, considering its inherent
anisotropic nature. To reproduce the macroscale fracturing, localised cracking mechanisms are
modelled by the possible development of various potential crack paths inside the rock matrix.
To do so, the numerical sample is divided into rock matrix blocks (polyhedrons created using
random Voronoi tessellationQuey et al., 201))separated with damage crack model
(Ghazvinian et al., 2014)hus, the discrete model allows to describe localised damage and
discrete crack devepment from local failure (crack initiation, growth, and propagation) to
overall materi al specimenés failure (macrosc
bilinear damageable Moif€oulomb failure criterion is used in the crack model (i.eroak

block contacts) to take into account the material strength degrad#toret al., 2022)The
degradation of shear strength properties is considered as a function of the relative displacement
between the two sides of the cracks (i.e. between rock blocks) and the loss of tensile strength is
considered when the crack yield criterion is reached in sidenThe bilinear crack envelope
allows to consider the ndimear deviatorieconfining pressure relationship typical of rock
materials. In consequence, the macroscopic response of the specimen depends on the
homogenisation of the elastic behaviour of they rock matrix (i.e. rock blocks), which is
considered as deformable, and of the elgsastic crack behaviours, which reproduces the
global macroscale nelinear material behaviour.

A series of triaxial loading tests was simulated on the COx clagstsimg 3DEC to calibrate

the behavioural parameters of the induced cracks and of the rock matrix. First of all, the number
of cracks and rock blocks as well as their morphology were determined such that the variability
of the macroscopic mechanical respewf the sample is low, for different random generations

of possible crack paths and rock blocks. In parallel, peak and residual crack parameters of the
Mohr-Coulomb bilinear failure envelopes are estimated, following a parameter calibration
procedure. Sndly, in the case of this sedimentary rock, the experimental triaxial tests showed
a strength dependency of COx samples on the loading direction with respect to the bedding
weakness planes. Therefore, the transverse isotropy of the COx claystone veesednsthe

model by generating specimens with cracks oriented preferentially (and thus elongated rock
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matrix blocks) (Fig. 1) along the material bedding planes. Thus, the COx claystone anisotropic
strength is simulated by introducing the preferentiedrdation of possible induced cracks.

Furthermore, the proposed discrete el ement
progressive damage and the stress level (i.e. confining pressure) dependence of the rock failure
mode. In fact, the transition lveten tensile failure under low stress level to shear failure under
high stress level has been reproduced, together with the the transition from brittle to ductile
rock behaviour. Lastly, the macroscopic shear strength of the samples follows a classical
anisotropic Ushaped variation as a function of the bedding plane angle (Fig. 2). These results
will allow to model excavation induced fractures around underground galleries, both in tensile
mode in the rock close to the gallery wall and in shear mode diegiperrock.
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Analysis of Offshore Wind Turbine Monopiles in Clayey Soils

Vidushi Toshniwal, Tanusree Chakaborty?, Martin Achmus’

Delft University of Technology, Delft
2Indian Institute of Technology, Delhi
3Leibniz University, Hannover

vidarya99@agmail.com

Keywoayds$i c ,momadpaolges|j c degmedatabdengprdaed a tnigo n
equatcicumul ated | ateral displacement

Abstract

Renewable sources of energy like wind energy are essential to counter the adverse effects of
climate change. The foundation used widely for offshore wind turbimesnspile foundation.

It is important to analyse the behavior of offshore foundations as they experience the harshest
environmental conditions due to cyclic wind and wave loads. In this project, FE analysis of
monopile foundations in clayey soil under cgdoading is performed. The optimisation in
design would lead to cost reduction thereby ensuring the economic feasibility of future wind
farms.

In design of laterally loaded offshore monopiles, thg @pproaches as per the offshore
guidelines such as ARP2014) and DNVGL (2016) are used majorly because of their simplicity
and versatility. As shown in prior works the results of the Matlegkapproach, the DNVGL
(2016) guidelines and the linear approximation according to the API (2014) are not generally
valid for arbitrary monopile geometries and soil conditions especially for cyclic loading. This
is due to inadequacies in accurately modeling the behavior of theoflilateraction for large
diameter piles.

A new generally applicable approach for cohesivi¢s in cyclic loading needs to be developed

in a consistent manner, based on the findings from the numerical comparative study. Hence, a
constitutive model UDCAMS is used in this thesis. It takes cyclic degradation of soil strength
and stiffness into@ount and hence can optimize the foundation design. Back analysis of a
field test and numerical validation of FE model using UDCS&Mvas performed and results

are compared with the API curves. Further a parametric analysis for a large monopile was done
ard an empirical degradation equation was developed henceforth for calculating accumulation
of head displacement in pile.
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Figures

Figure 1: Offshore wind turbine experiencing wind and wave loads (Petrini F et al., 2010)
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Figure 2: Monopile foundation behavior under static and cyclic loading and detrimental gap formation
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Evolution of the microstructure of altered volcanic rocks through
failure: The case of Tutupaca, Per
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Abstract

The largest landslide in recorded history happened in Mount St. Helens in May 1980 and was
the trigger of a may explosive eruption (Lipman & Mullineaux, 1981). This event drew
attention on the instability of volcanic edifices, and their tendency to experience lateral collapse.
Indeed, volcanic lateral collapses and their associated (volcanic) debris avalarugits dee

highly destructive because of their rapid onset and ability to cause destruction across large
areas.

The growing structure of active volcanoes due to material addition can lead to oversteepening
and overloading (McGuire, 2003). This situation can be worsened by seismic activity as most
volcanoes are located in seismically active areas. Moreover, theatsaterming volcanic
edifices are subjected to extreme conditions in terms of temperature, pore pressure
(consequence of several combined factors) and chemically aggressive fluids (very low pH for
exampl e) which can all d e ¢ theseb factolis,zhgdrotheomalc a n o e
activity is of particular interest as it enhances rock dissolution (and thus, increases rock
porosity), promotes high pore pressures and leads to the creation of mechanically weaker
materials (like clayich rocks) and promot¢he instability (Rattez and Veveakis, 2020).
However, the effects that these processes have on volcano stability have been barely quantified
(Heap and Violay, 2021).

To better understand the influence of different types of hydrothermal alterationhymthalic

and mechanical properties of volcanic rocks, permeameter, and triaxial experiments have been
performed on samples retrieved by Detienne e
S, 70A 21Nj W). Thi s vol can atthe southern@radofithei ¢ d C
Peruvian arc. The study focuses on a remarkably-pveierved debris avalanche deposit

placed to the northeast of the volcano (Figure 1). The debris avalanche is sourced to Eastern
Tutupaca; it left a horseshe@aped crater @m to the northeast and was accompanied by a
pyroclastic flow (volume: 6&.5 x 10 m® (Samaniego et al.,, 2015). An extensive
microstructural investigation was done thanks to meomputed tomography before and after

the mechanical test of the sampl@his allows the assessment of the evolution of the
microstructure through breakage. Preliminary results exhibit a fratyjoeedependency on the

kind of alteration and its intensity. This dataset could be further used in numerical models of
flank collapse to constrain better the role of hydrothermal alteration on the nucleation of those
events.
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TUT 29

Figure 1: Google Earth image showing Tutupaca volcano, its debris avalanche deposits and the rock sample
locations (From Detienne, 2016). The dotted lines delimit the debris avalanche deposit that resulted from
collapse of Eastern Tutupaca ~200 years ago. The @atbar indicates the scar left by the collapse
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Cell-based microscopic insights into granular packings:
Combined effects of particle shape and inteparticle friction
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Abstract

There is a growingealization [1 2] that local structure and stress smifjlanize cooperatively
during quasstatic dynamic®f granular systems, but the mechanisms of thisosgHnization

are not fully undersiod. To gain a better understanding on such kind of phenomenon, we
explored the structure of numerically generated amgthanically equilibrated superdisk
packingsusing a celbased structural description-§3. We prepared several different systems

by campressing samples quasatically through the level set discrete element method (LS
DEM) [6]. We then investigated the statistics of the cells, which are the irreducible, enclosed
loops surrounded by particles in contact, in prepared samples and anlgé/redtion between
these cell stresses and cell structures. We find the following. (1) The features of resulting cell
structures, including the cell order and shape, are significantly affected by both particle shape
and interparticle friction. (2) The dtribution of cell stress ratioQsignificantly depends on

both the shape and intparticle friction. However, the probability density functions (PDFs) of
normalized stress ratid@ “(XF'Qsurprisingly collapse onto a single curve, which can be fitted
well by a Weibull distribution. (3) In all explored systems, the PDFs of the cell orientatipns
quantified by the directions of the major axes of their equivalent ellipses, and the major
principal cell stress directions- are found to be almost constaHowever, and significantly,

we observe that— aligns along— locally, except 3order cells with stability allowing large
orientational deviations. (4) For any given inparticle friction® , the cell stresstructure
correlation weakens asdlshape deviates from a disk. Our results provide robust evidence
supporting the idea that cell structure and the stress fieldrgglhize together and present a
way to quantitatively measure the correlations between the two.
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Figure 1: Example of final packings of samples with three shapes$ andp (top), together with the
corresponding cell structures (middle) and bfitted ellipses for those cells (bottom).
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Abstract

This study presents the validation of the Delpifegrated Particle Method (DIPM) for
simulating sedimentelated disasters, focusing on slope failure auibsequent debris
flow/mudflow. DIPM treats the flowing mass as discrete soil columns, solving their equations
of motion as twedimensional particles in complex topography. The method incorporates
bottom shear stress computed using a modified Manningfaufarand considers yield stress

and particle interactions based on hydraulic gradient. Flow simulations are performed to
replicate the US Geological Survey debris flow flume experiments to validate the method. A
guantitative evaluation is conducted to mhrce similar flow behavior and identify appropriate
material parameters, including Manning's coefficignt #nd critical deposition anglé&).
Additionally, the study applied DIPM to simulate debris flow resulting from slope failures
during the Hokaido Eastern Iburi Earthquake in specific case study areas. Visual and statistical
comparisons are performed to assess the agreement between simulated and actual flow
characteristics, where the critical success index for accuracy evaluation is 0.68tifiasee
material parameters through the flow simulation are consistent with the USGS experiment and
the previous studies; the optimal values of material parantetarsl’Q are 0.075 to 0.15 and

3° to 6°, respectively.These findings provide valeahkights into the accuracy and reliability

of DIPM in capturing the complex flow behavior of sedimegiaited disasters.
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Figures

Figure 1: USGS debris flow flume [5] and shapshot of the geometric model in simulation.
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Figure 2: Position of flow fronts as a function of time when the material parameters are varied.
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Abstract

Particle friction of granular materials significantly influences the behavior of the overall
assembly [1,2], especially in the context of DEM analysis of railway ballast; the coefficient of
inter-particle friction (W) is a key parameter that can depend on varibysigal factors of
contact [3]. This study focuses on estimating the interparticle friction coefficient of andesite
ballast particles under different contact conditions using cyclic shear test. Additionally, 3D
surface scanning of ballast specimens wasl@yep for better understating on a microscopic
scale. The cyclic test was extended up to 400 cycles with an increment of normal load at every
100 cycles, including both dry and flooded contact scenarios. To investigate the influence of
surface topographywo test series were conducted. In test sefjdsallast tip specimens were
sheared over a smooth rock surface, while in test s2risgecimens were sheared over real
ballast faces with varying roughness levels. Higher friction coefficients were otisenests
conducted on ballast surfaces compared to flat rock surfaces, and the p value exhibited a gradual
increase under dry contact conditions, while wet tests significantly altered the contact behavior.
Notably, water intrusion in the contact regioispdayed a lubrication effect, substantially
reducing interparticle friction. A reduction in the roughness of tip specimens was observed
throughout the shear cycles, while concurrently, the roughness of flat faces exhibited an
increase along the shear diien. These findings have profound implications for the field
performance of ballast subject to alternate wetting and drying scenarios.
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Figures

Figure 1: (a) Shear test setup (b) 3D surface scanning by microscope

(a) Test series-1: Flat shearing surface
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Figure 3: 3D surface topography of tip and face specimen during the shear test
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Abstract

It well known that the mechanical behaviour-gaaded granular materials depends on the proportion

of the fines present within the materi§ls 5]. However, the specific fines content delineating
different families of behaviour is yet disputed in the literature. In this study, we conduct a
micromechanical evaluation of the regimes @elting the behaviour of bimodal ggaded granular
assemblies of fines contents varying from 10% to 70%, using discrete element method (DEM)
simulations. While two regimes delineated by the threshold fines content were identified based on
the analysis dhe macroscale characteristics (void ratio, peak strength and maximum dilatancy) (Figs.
1-2), up to four regimes were identified based on our analysis of the micromechanical characteristics
of the assemblies (Figs:73. Against the suggestion made inieastudies that the fines control the
mechanical behaviour of gapaded materials from the threshold fines con™. ; our analysis

show that the fines did not contribute primarily to stress transfer until b"Qer'¢. "¢, , where
themean stress is equally shared by the finer and the coarser fractions (Fig. 3). A transitional regime
is highlighted for'Q~ "¢, "¢, in which the activation of fines is very sensitive to the material
density (Fig. 4). In addition, stress transsion in the transitional regime may be dominated either by

c-c or ¢f contacts. The conclusions of this study will be of primary interest for developing advanced
micromechanical models of widely graded materials in which the fines content may evolve when
subjected to internal erosion.

References

1. Thevanayagam S, Shenthan T, Mohan S, Liang J. Undrained Fragility of Clean Sands, Silty Sands, and Sandy
Silts. J Geotech Geoenvironmental Eng. 2002;128(10i) 319

2. Skempton AW, Brogan JM. Experiments dpipg in sandy gravels. Geotechnique. 1994,44(3):689

3. Vallejo LE. Interpretation of the limits in shear strength in binary granular mixtures. Can Geotech J.
2001;38(5):10917104.

4.Shire T, O6Sullivan C, Hanl ey KJ, Fannin RJ. Fabric
Soils. J Geotech Geoenvironmental Eng [Internet]. 2014;140(12):04014072.

5.Li W, Chu Y, Deng G, Cai H, Xie D, Lee Lee M. Study of shear induced stress redistributiondgnagizg
soils by discrete element method. Comput Geotietérnet]. 2023;156(June 2022).

28


mailto:peter.adesina@inrae.fr
mailto:antoine.wautier@inrae.fr
mailto:nadia.benahmed@inrae.fr

34" ALERT Workshop Poster Session

FI gur es
16 ; 06
H 0.55
| c
14 <
: 05 of
x ! g
g ! 045 5
g 12 | =
= | 04 g
~ | >
! s
1 : 0.35 E
\: e 0.3
Vi =30%
0.8 025
10 20 30 40 50 60 70
fines content, fC (%)
Figure 1: Peak strength,ij ) vs"Q
1 1
S08 {08
@ £
[ o
o -
%06 06 2
c ©
< g
o b
Eoa4 04 8
o S
g E=
502 02 =
th _ ~ 48Y
o fo =30% 129 ~ 48% 0
10 20 30 40 50 60 70

Figure 3: Contribution of particle type to mean stress,

Figure 5:

fines content, fC (%)

—6—C-C

o
©

o
=)

prop of meanstress, a
N
=

o
N

min

Initial void ratio, e_.

fines content, fC (%)

| , dense, initial state

Contribution of contact types to mean stres Figure 6:

Aussois 2023

1.4 0.6
A 10.55
1.2 : c
£
% : 0.5 o
E k)
—~ 1 | 045
o ' o
2 ' 2
>
?“, 08 : 0.4 E
= ; » 035 =
- c
0.6 e -
o 10.3
7=30%
0.4 ! 0.25
10 20 30 40 50 60 70
fines content, fC (%)
. . ”n
Figure 2: Peak dilatancy v
100 —e—initial state; dense
—e—initial state; loose
—e—critical state
— Regime 1:
X 80 Dormant
E‘» fines Regime 3:
N Active fines with
% 60 stable contacts
£
g Regime 2:
5 40 | Active fines
® liable to
13 contact loss
2 20 !
fh=30%! | 15=45%
0 —t '
10 20 30 40 50 60 70

fines content, fC (%)

Figure 4: Change in the noeactive fines during

shearing

—6—C-C

I g o
iS o ™

prop of meanstress, a
o
N

crit

Critical state void ratio, e

30
fines content, f_ (%)

40 50

Contribution of contact types to mean stre:

| , critical state

Macroscale

Particle scale

Underfilled

Dormant fines

Active finesliable to

contact loss

Overfilled

Active fines with stable contacts

Contact scale

| |
Coarsedominated

| |
Transitional
coarsedominated

| | | [
Transitional
finesdominated

|
Finesdominated

0

0

0

v

Figure 7: Regime identificatioty macroscale, particle scale and contact scale characteristics

0

29




34" ALERT Workshop Poster Session Aussois 2023

Numerical investigations of fine grain diffusion behavior in 3D
spherical packing

Fan Chert, Abhijit Hegdée*, Antoine Wautiet, Nadia Benahmed Pierre Philippé,
Francois Nicof

INRAE, AixMarseille Univ., RECOVER 3275 Route de Cézanne, CS 40061, 13182 Aix
Provence Cedex 5, France
2University of Savoie MorBlanc, ISTerre, Chambéry, France

fan.chen@inrae.frabhijit.hedge@inrae.frantoine.wautier@inrae.fr
nadia.benahmed@inrae.fpierre.philippe@inrae.fr francois.nicot@unissmb.fr

Keywofridnse i nfi-DEMaagpohar PFNow.

Abstract

Suffusion is a phenomenon commonly observed in-ggaged soils that involves the
detachment and transport of the finest graimder the action of an internal fluid flow. This can
have detrimental effects, as the significant loss of fines may trigger mechanical instabilities in
the material, posing a potential risk of catastrophic failure for hydraulic structures, possibly in
theform of static liquefaction.

To address this risk, an innovative approach is being considehedinjection of fines back

into the remaining granular skeleton, primarily comprised of coarse sand grains. This
remediation technique draws inspiration froecent numerical findings, which indicate that

the inclusion of weakly loaded grains can substantially enhance the mechanical stability of
granular materials [1, 2]. In this work we aim to study the infiltration behavior using numerical
and analytical methds to assess the potential of this mitigation method against adverse impacts
of suffusion.

In this work, we propose to use the discrete element method (DEM) to analyze the fine
infiltration process into the suffused coarse material. Both dry and flowndinfiétration are
considered with the simultaneous release of a small number of fine grains above a gravity
deposited coarse sand column following the grading of the Hostun sand used in the laboratory.
For the flow case we use the Pore scale Finite VolifR®&) scheme introduced by Chareyre

et al. ([3]). Besides, different fine/coarse size ratios (D50/d from 5 to 12) and different void
ratios (from loose to dense) of sand column are considered. Both the lateral and vertical
displacements of fine grains amealyzed to understand the infiltration behaviors of injected
fines in term of infiltration depth and lateral diffusion. Similarly to previous experiments, the
distribution of fine grains penetration depth in both dry and immersed cases are fitted by
expmential decay curves to determine characteristic length of infiltrations.
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Figures

Figure 1: Infiltration process using coupled PFYEM.
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Abstract

Boom Clay is one of the potential rocks that is studied in Belgium in order to implement an
underground repository for higland intermediatéevel of radioactive waste. It has been more
than 40 years th&oom Clay formation is studied (Li et al., 2023), but mainly at the depth of O
and 223 m. This last depth corresponds to the level of the underground laboratory HADES. It is
now considered that the repository would be implemented at a depth between 360 and

The end purpose of this research is to characterize Boom Clay at a depth of + 400 m and to
evaluate the transferability of the data gained at HADES URL level towards greater depth.

In order to do that, drained triaxial and isotropic comprest@sts are planned for samples
taken at 0, 223 and 400 m.

The first step however was to look at what was already done in the literature. Many triaxial tests
have already been performed on Boom Clay sample from 223 m depth (Baldi, 1991, Coll, 2005,
L&, 2008, Sultan et al., 2010, Lima, 2011). The results from testsedisplay a lot of disparities
partly due to the fact that these triaxial tests were performed under different conditions. This
show the importance of establishing one unique protocol for all the triaxial tests planned during
this research.

In addition to the planned triaxial tests, eight uniaxial compression tests were performed, in
order to quickly investigate the mechanical properties of Boom Clay as well as the influence of
the cross anisotropy of the material (Figure 1 and Figure 2). From Higumé Figure 2, it was
concluded that the loading direction does not affect significantly the uniaxial compression
strength of the material but it affects its stiffness.

In parallel to the experimental study, numerical simulations are run with the FEMas®f
LAGAMINE in order to reproduce the hydmechanical behaviour of Boom Clay under
triaxial and uniaxial compression via a hardening/softening Driekager law.
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Abstract

This is a starting research project focused on understanding particle transport in polydisperse
systems, paying special attention to segtieg and diffusion phenomena. The main scientific
objective is to study the coupling between particle transport and flow rheology. This is done by
experiments and numerical simulations that will allow us to construct models for the spatial
transport of ptydisperse granular materials, with potential applications in the optimization of
some industrial processes.

Granular materials are present in industrial processes but often problematic to handle as they
are intrinsically polydisperse in size and composition. During polydisperse granular flows, two
phenomena may take place. The first one takes place when ttangpoixed polydisperse
granular material and polydispersity may induce segregation or selective spatial transport
according to particle size. The second one is diffusion, which is how the transport of initially
segregated granular material leads to mixirtgese processes are very problematic for process
control and quality of granular mixing due to the competition between diffusion and
segregation, leading to an excessive energy and resources demand. The goal is to carry out a
theoretical and experimentatudy of the particle diffusion and segregation in various
geometries, from simple shearing to industrial processes, in order to control these phenomena
and therefore maximize the efficiency of processes involving polydisperse granular transport
(e.g. biamass gasification, recycling of construction and demolition waste).

For investigating the particle scale phenomena, the project profits from the use of the discrete
element method (DEM) [1] for the numerical simulation of steady, inhomogeneous, and
collisional shearing flows of nearly identical, frictional, and inelastic spheres (Figure 1). This
is necessary for tracking the miemzacro relation, due to the possibility of obtaining particle

level information, which can be coarse grained to obtain contirlike constitutive laws, and
quantifying diffusive and segregating fluxes as a function of shear, pressure, and patrticle size.
For investigating process scale phenomena, we use an annular shear cell (Figure 2) where glass
beads are sheared for differenh@ining and velocity configurations, while motor current and
particles motion are recorded. This is useful for studying the link between-csihear
segregation, flow configuration (e.g. shear rate, bead size, confining load), and motor current
measuremsas.

The first approach to simulations, employing the open source LAMMPS platform, was a
triperiodic cell to study the setfiffusion of a bidisperse system under simple shear. Here, by
reconstructing particle trajectories, the mean squared displaceh®DX) (vas estimated for

the two sizes of spheres (Figure 3). It was found that small particles diffuse more than the big
particles at least in vertical and traversal directions with respect to the flow direction. For the
experiments with the shear cellistpossible to measure the motor current, the velocity profile

by a PIV analysis, and segregation by imaging. However, before starting experiments with
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polydisperse systems in the annular shear cell, it was necessary to validate the setup with a
monodispese flow to determine whether the torque could be a proxy for the analysis of
segregation. Initial experiments were performed with glass beads in a combination of four
variables: beads diameter, shear rate, confining load, and bed height. Figure 4 sh@augda

of the current measurements for the glass beads of a diameter equal to 8 mm. Until now, it is
evident the direct relation between the confining load or bed high with current. On the other
hand, the relation remains not clear with bead size. Finedlgems that the shear velocity does

not affect current records since the curves try to flatten when increasing rotation speed,
however, at low speeds current measurements show a pick independently of the grain size.

The first year of the project waseful to validate and calibrate both the experimental setup and
the simulation cells with the more simple granular flow configurations. Now, the plan is to start
using polydisperse systems both in simulations and experiments. Concerning simulations, the
starting point will be a confined 3D cell that will recreate the flow conditions during the
experiments. The main idea is to run simulations for different shearing configurations and
sphere size combinations. Simultaneously, the shear cell will be setionrtmiperform the

first exploration campaigns with glass beads of two and then three different sizes under a non
homogeneous shearing system. For both approaches, diffusive and segregating fluxes will be
guantified as a function of shear, pressure, anticfe size, comparing results between
experiments and simulations.
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Figures

Figure 2: Annular shear cell experimental setu|

Figure 1: Snapshot triperiodic homogeneous including instrumentation, lights, and higipeed
shearing simulation LAMMPS. camera.
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Abstract

Claystone degradation under the effect of freezing and thawing cycles represents a key aspect
in the production of erodible material in mountain ranges. Zones with a high amount of erodible
materials are prone for erosion processes with numerous potamtsdquences such as dam
filling, slope instabilities, badlands production, among others. In such regions, evaluation and
management of the risk associated to erosion is of upmost importance. When quantitative
evaluation is necessary, numerical modelseggnt a useful tool to analyze the state of the soil
regarding erodibility.

The modelling of effects of freezing and thawing cycles in porous media requires an
understanding of the phenomenon kinetics. In general, free water experimentsoligioiid

phase change when temperature reaches the freezing point for a given pressure and the chemical
potential of ice and liquid water become equilibrated. In case of pore water, due to the presence
of grain/water interfaces, the chemical potential of liquidewest higher (increasing while pore

radius decreases), therefore lower temperatures are needed for enclosed water freezing.

According to the Yound.aplace equation in presence of ice phase, the relationship between
water surface tension ( ) and ice/water pressure difference can be defined asv

"Y ——. where R is the pore radius, is the liquid pressure ang e ice pressure. The
difference betweeth and0 corresponds to the cryogenic suction Water/te pressures are
related to temperature through the Clau€llmpeyron equation:d —0 " 0 & ‘8—8 .

By reworking and combining the former expressions, it is possible to compute the radius of the
pore experimenting freezing for a givesmperature (Eqn. 1).

!Y _ Cn

p p =0

"D (1)

X@ v
Equation indicates that the water freezing point is different in pores with different size. For a
given temperature, specific pores will experiment freezing while the snumalks remain
unfrozen. The effect of cryogenic suction results in water mass migration from the unfrozen
pores towards the frozen ones, increasing the total water mass of the frozen pores and, thus, its
volume while reducing the unfrozen pore volume. Simgeocesses take place during the
thawing phase and leads to changes in microfabric. As such, significant microfabric strains are
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expected after the end of the freezing and thawing cycle hinting mechanical degradation of the
material and increasing its elibility.

Following (Nishimura et al. 2003), when ice/water potential equilibrium is reached during
freezing and thawing, the degree of saturation of the liquid phase is related to temperature by
the soil freezing characteristic function (SFCF) combingth the ClausiusClapeyron. To
provide a more general expression, a extension of thenode freezing function has been
developed considering a double porosity water retention curve based on the Van Genuchten
(1980) expression, resulting in Egn 2.

~ ] ~ N
11 p ?,

11 i |"| [ i |"| (2)
LT P Tu

Where"Y and"Y are the liquid and ice saturations respectivelys a weight parameter that
defined the microporosity/macroporosity ratio, and 0 are the air entry values for the
macropores and micropores respectivel\andd accounts for the water retention curve shape
factors for the macropores and the micropores respectively.

Equation 2 evidences the strong effect of the shape of the ostentive on liquid and ice
saturation during freezing/melting. This is a consequence of the close relationship that exists
between soil microfabric and its water retention properties (Casini et al 2012). Since soll
microfabric can be described by the psize distribution (PSD) as a statistical representation

of the volume proportion of each pore family in the soil mass, the proposed numerical model
will use changes in retention curve to evaluate the changes in PSD ,and thus in soil microfabric,
during freezing and thawing cycles.

In this work, a calibration and validation of the proposed numerical model is carried out by
comparison with one experimental freezing/thawing test with temperature measurements. Test
has been carried out on a saturated sampladrained conditions. 4 cycles have been applied.

An optimization procedure have been considered to evaluate the retention curve that allow for
the best fit of temperature variations during each stage of the test. Freezing and thawing were
analyzed seqrately.

Through the existing relationship between water retention curves and PSD, the model is able to
represent the microfabric state for each freezing/thawing cycle from the calibrated retention
curves. Results shown in Figure 1 reflect the increaseaicroporosity and existence of pore
family gaps that indicates microfabric degradation that may signify an increase in erodibility.
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Abstract

Context

Preliminary stage of tunnel design is generally performed using agiicie approach based

on the confinementonvergence (cef) method. However, this method relies on strong
geotechnical and geometrical asqtions whose relevance is to be checked for each
application (Panet & Sulem, 2022). In particular, when the ground exhibits large deformation
and/or when the support is very stiff and installed close to the tunnel face, the classical cv
method appear® tbe inaccurate. Thredimensional numerical modelling may then be carried
out, but at rather high computational efforts and costs. As an alternative, emerging artificial
intelligence techniques begin to be the more and more used in the fields of turameling
underground constructiodgng et al. 20213nd manymachine learning techniques have been
tested for example to predict ground settlements based on scarce datadetst(al. 2021).

Scope of study

Using synthetic data produced by previous wokklédFuente et al. 2019), a machine learning
model is developed to predict the maximum displacements and maximum stresses occurring at
equilibrium state. A MohCoulomb elastic perfectly plastic model is used to describe the
constitutive behavior of the gund and a linear elastic model is assumed for the sugjost.
analysis takes into account a large range of ground conditions, support characteristics and tunnel
radius.To improve the generalization of the model, the bagging mdBaiman 1996was

coupled with neural networks. It is based on the bootstrapping sampling method and the
aggregation of multiple machine learning model predictions. Bagging is mostly used to reduce
the variance of a unique model. Each neural network (weak learner) is tomreedpecific
bootstrap sample and gives a single prediction. Eventually, the final prediction is the mean of
each weak learner prediction.

Results

The results show that the model performs well with the small dataset used in this study and can

capture the complex behavior of the ground. The ensemble method is able to make accurate and
reliable predictions of both the maximum hoop stress and displat#mag occur in the tunnel.

Both variance and bias are reduced compared to a unique model. ANNs can therefore be

considered as useful surrogate models to be used as a complement to numerical modelling.
However, high prediction errors could be obtainetiéf input parameters do not belong to the
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range used during training. Furthermore, since it is based on a synthetic dataset, the model can
only be as good as the numerical model.
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Figure 1. Model performance using the bagging technique.
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Figure 2: Ensemble predictions in regards of the number of members versus each weak learner prediction.
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Abstract

The necessary reduction of greenhouse gas emissions in order to limit the consequences of
climate change pause many challenges to the construction industry, among which the reduction
ofcemertb ased materi al sb us 6% wflgloballCOZAemessionse3Dp o n s i
printing with cementitious materials could contribute to solving this issue through shape
optimization, ultimately using less material than traditional casting methods. However,
achieving quality 3D printing with cemebtasel materials requires fine knowledge of the fresh

state behaviour as well as its evolution at the early age. This behaviour exhibits couplings
between thermal, hydraulic, chemical and poromechanical processes which need to be taken
into account in order tassess the buildability of 3D printed objects.

Modelling of cemenbased 3D printing has so far been mainly focused on the mechanical
aspect. Herein, the authors propose a new simulation framework for 3D printing based on a
coupled multiphysics material rdel for chemically solidifying porous media. It constitutes an
extension of classical unsaturated THM poromechanics in the scope of elastoplasticity, with
chemicallydependent parameters. This model is used in conjunction with alEE&H
program aiming ateproducing conditions during printing by simulating a sequential deposition

of the material and incorporating environmental actions on the object being printed.

Using an axisymmetric corolla geometry, plastic collapse during printing is studied by
numercal simulation at different printing speeds. Two main failure mechanisms are exhibited:
yielding of the bottommost layer and yielding at an intermediary layer with bottom layers
remaining intact, which has been observed experimentally.

Temperature also pfa a crucial role in stability during printing, in that it greatly affects the
hydration kinetics. Through a parametric study, it is shown that even inlaneangeometry,

a difference in temperature can be corrected by adjusting the printing speesingyau
relationship taking into account the hydrat:i
field as a rule of thumb to print in varying environmental conditions.

Furthermore, water consumption in cement hydration reactions along with the oxsenatter

to cement ratios in 3D printing mortar formulations leads to a progressive desaturation of the
medium. As in classical poroplasticity, the yield criterion is believed to depend on an effective
stress, resulting in a role of suction pressure istyii#y. As is shown from simulations, the
water retention curve of the material and its evolution throughout the hydration process can be
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a determining factor in the stability during printing, effectively acting as an isotropic prestress
to the mortar pds. Adequate mix designs focusing on improving granular packing to maximize
suction could then allow for lower cement content in 3D printing mixes.
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Figure 1. 3D simulation of a corolla during printing (magnified deformations)
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Abstract

This study employs theliscrete lement method (DEM) (Cundall and Strack (1979)fp
comprehensively analyze the response of Fontainebleau sand N&E@daioecyclic loading
path Yade an opersource DEM softwardeveloped by Kozicki and Donze (2008hables
introducinga linear contact model and accting for anisotropic particle shapes through a
rolling resistance moment. Theork beginsby preparing a numerical sample with periodic
boundary conditions andalibratng the model parameters to matchpeximentalbehavior
obtained from drained monotonic triaxial tests conducted on NBBdsamplesat different
confining pressure and initial index density) ((AndriaNtoanina and al., (2010))

Subsequentlya series of drained cyclic triaxial tests conductedon elementary volume
samples, varying the cyclic stress rdtbR)and b acrossvarioustests. Thestestsenable the
assessmeinf smalkstrain properties, specifically the shear modulus (G) and damping ratio (D),
with strain amplitude anthe comparison witkexperimentalzaluesfrom the literature.

Thestudy proceeslwith a micremechanical analysigvestigatinghe evolution of fabric and
contactforce orientationwithin the sampleswhen loaded This analysis establishes link
betweerobservednicroscopic ananacroscopic behaviorhis relationshigghows an effect of

the initially setlp particularly on the levels of damping in a sample. In conclusion, this work
provides important understandings of the behavior of Fontainebleau SadduN&Sr cyclic
loading and how mickscale interactions combine with maacale responses.
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Abstract

Many geotechnical structures are subjected to cyclic loading scenarios of variable magnitude
due to the stochastic nature of the loads (e.g., winds, waves, flooding, vehicles). Such irregular
loading scenarios are commonly simplified into packages of €yl constant amplitudes,

which are afterwards treated sequentially.
valid, i.e., that the sequence of the packages of cycles with different amplitudes do not affect
the final accumulatiofil]. However, Mi ner 6s r ul-grainghseg onl y

under drained cyclic triaxial conditiof]. It is not valid on finegrained soils under undrained
cyclic triaxial conditiong3]. However, no attempts have been performed to investigate whether
Mi ner 6s r ul e-dirhendiodatconditiodse r o n e

In this work, a series of stressntrolled oedometric tests were foemed to investigate the
validity of Midimendopal conditioms. Two different type® of soils were
considered for that purpose: Zbraslav sand and Malaysian kaolin. Both soils were subjected to
the same experimental protocol, i.e., aitiah preloading episode followed by the loading
sequence. I n the init h)stlaisedtoéd0®k®alandtien untodded a x i
to 100 kPa. This preloading episode is mainly employed to limit the deformation obtained in
the subsequentyclic stages. Meanwhile, the subsequent loading sequence is described in
Table 1 According toTable 1, each soil sample was subjected to 6 different loading sequences.
In turn, each loading sequence is comprised of 30 load cycles. Notably, three tyqed of
cycles were considered: (i) from 200 kPa to 100 kPa (x10), (ii) from 400 kPa to 100 kPa (x10),
and (iii) from 800 kPa to 100 kPa (x10).

Figure 1 andFigure 2 present the laboratory results on accumulated axial strains for Zbraslav

sand and Malaysianaklin, respectively. These graphs show that both types of soils yield
similar final values of accumulated axial strain regardless of the order of the loading sequence.
The Zbraslav sand exhibits a minimum value of 0.4200%, a maximum of 0.4428%, and a
standwrd deviation of 0.0079%. The Malaysian kaolin presents minimum, maximum, and
standard deviation values of 1.7234%, 1.8454%, and 0.0454%, respectively. Accordingly,
under the adopted experimental conditions, the sequence of the load cycles does mainsignifi
influence the magnitude of the final accumulated axial strain. In light of the above, it is feasible

to conclude that Mi ne-gréireed andifingrainedssoils untler ahe f or t
dimensional conditions.
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Table 1 Experimental protocgdroposed for this investigation.

Test name

Soil sample

[2F RAy 3

& BMapzSy 0S5

OED1
OED2
OED3
OED4
OED5
OED6

Zbraslav
sand

200-100 (x10)
200-100 (x10)
400-100 (x10)
400-100 (x10)
800-100 (x10)
800-100 (x10)

400-100 (x10)
800-100 (x10)
200100 (x10)
800-100 (x10)
200-100 (x10)
400-100 (x10)

800-100 (x10)
400-100 (x10)
800-100 (x10)
200100 (x10)
400-100 (x10)
200-100 (x10)

OED7

OEDS8

OED9
OED10
OED11
OED12

Malaysian
kaolin

200-100 (x10)
200-100 (x10)
400-100 (x10)
400-100 (x10)
800-100 (x10)
800-100 (x10)

400-100 (x10)
800-100 (x10)
200-100 (x10)
800-100 (x10)
200-100 (x10)
400-100 (x10)

800-100 (x10)
400-100 (x10)
800-100 (x10)
200-100 (x10)
400-100 (x10)
200100 (x10)
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Abstract

When casin place pile foundations are constructed using an earth drilling technique, ground
excavation is conducted using stabilizing solution made by bentonite slurry. As shown in
Figure. 1, a thin mud film is formed on the excavated wall, and thestuimg solution pressure

works well to resist to lateral earth pressure and groundwater pressure, resulting in a stable state
of the excavated wall. It is possible, however, that the excavated wall collapses because slurry
pressure is reduced due to thdiltration of the solution into the excavated caused by
incomplete formation of mud film. Previous studies (e.g., [1]) have investigated the effective
conditions to form mud film by experiments, and they found that small grain size, low
permeability of sds, large water level difference, large concentration of bentonite slurry
contributes to stability of the soil wall. From microscopic viewpoint, the mud film formation
probably occurs due to the clogging of cohesive clay particles included in bentoniye slu
solution, transported via pore networks. On the other hand, such asoaegphenomenon has

not been clear. This is because the previous studies have focused on whether the mud film is
formed or not from macroscopic viewpoint. It is, therefore, tti@imechanism of the mud film
formation in soils has not been clear.

The objective of the present study is to clarify the mechanism of the mud film formation during
infiltration of the bentonite slurry solution into soils from a microscopic viewpoint. An
infiltration test apparatus was developed and tests using bentonite slurry were conducted for
sand specimens with different levels of permeability under different levels of infiltration
pressure of the solution. In the infiltration tests, the specimerinitedly in watersaturated
condition, and then the amount of solution flow through the specimen was measured with time.
At the initial state and the last state after the infiltration of the bentonite slurry, the internal
structure of the specimens wasualized using an Xay micro CT. The region where the
bentonite phase exists was extracted by making difference images between CT images at the
initial and last states. After the segmentation of the bentonite phase from the difference images,
a morphologyanalysis [2] was applied to the segmentation images of the bentonite phase, in
order to identify where and how bentonite distributes in pore spaces and to calculate volume
distributions of the bentonite. The test procedure is described in Figure. 2.

It was found from the infiltration testhat the amount of solution flow was increased at the
beginning, and then it was kept constant after the formation of the mud film at the surface of the
specimen. The mud film formation was clearly observed for the spadmen with lower
permeability and higher level of infiltration pressure, and these tendencies were consistent with the
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results obtained in Nagura et al. (2004). The)XCT observation and image analysis successfully
revealed the bentonite distribut®in pore spaces. It was clearly observed that the larger number
of bentonite clusters distributed in pore spaces with the larger volume in a case where the higher
infiltration pressure is provided, whereas the bentonite clusters with smaller volurbetegtn

a wider range inside the specimen in a case where the lower infiltration pressure is provided.
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Abstract

Creep deformation is a primary aspect of kvagn settlement investigation, which results in
numerous geotechnical issues, especially in the cadayady soils. The main purpose of this
research is to characterize the creep behaviour of different clays. Several recent experimental
studies have indicated that creep behaviour is influenced by soil plasticity, referred to [1], [2]
and [3]. Neverthelesap comprehensive description and relationship has been proposed to date.
To investigate this, an extensive experimental program was prepared undeefinelt
conditions with reconstituted samples of kaolinite, bentonite and their mixture. Particalarly,
series of standard oedometer tests were carried out to study compression characteristics, as
shown in Table 1 and creep oedometer tests were conducted to investigate creep behaviour, as
shown in Table 2. In the end, the dependency of soil compressdnilitythe coefficient of
secondary compression @Con soil plasticity are inferred. The results show that more
compressible behaviour is achieved with higher soil plasticity, see Figure 1. In addéisail

with higher plasticity exhibits more creepfdenation demonstrated by higher values &f C

see Figure 2.
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Tables
Table 1: List of Standard Oedometer Tests
Standard Oedometric Tests
Number| Material Stress Increments Date Started
S1 Kaolin 0-25-50-100-200-400-800-1600-800-400-200-100-50-25-0 23-03-23
S2 Bentonite 50-100-200-400-800-400-200-100-50-25-0 04-05-23
S3 Kaolin 25-50-100-200-400-800-1600-800-400-200-100-:50-25 10-05-23
S4 Kaolin 25-50-100-200-400-800-1600-800-400-200-100-50-25 15-05-23
S5 50K/50B 0-25-50-100-200-400-200-100-50-25-0 17-05-23
S6 50K/50B 0-25-50-100-200-400-200-100-50-25-0 30-05-23
S7 Kaolin 0-25-50-100-200-400-800-1600-800-400-200-100-50-25-0 05-06-23
S8 Kaolin 0-25-50-100-200-400-800-1600-800-400-200-100-50-25-0 29-06-23
S9 Bentonite 2550-100-200-100-50-25-0 28-06-23
S10 75K/25B 0-25-50-100-200-400-800-400-200-100-50-25-0 08-08-23
S11 25K/75B 0-25-50-100-200-400-(800)}400-200-100-50-25-0 29-06-23
Table2: List of Creep Oedometer Tests
Creep Oedometer Tests
Number | Material | Multi-Stage Creep at Stress Date Started
C1 Kaolin No 200 25-50-100-200 230323
C2 Bentonite No 200 25-50-100-200 13-04-23
C3 Bentonite No 200 25-50-100-2000 18-04-23
Cc4 Kaolin Yes 2550-100-200-400 | 25-50-100-200-400-0 11-05-23
C5 Bentonite Yes 2550-100-200 25-50-100-200-0 11-05-23
C6 Bentonite No 50-100 25-50-1000 28-06-23
c7 50K/50B Yes 2550-100-200 25-50-100-200-0 28-06-23
C8 75K/25B Yes 2550-100-200 25-50-100-200-0 2507-23
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Figures

A and k of Different Soil Compositions
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Ink -bottle effect in soil water retentioncurves: insights from CFD
analysis
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Abstract

Soil water retention curves, i.e. the relationships between water content or degree of saturation and
suction, play essential roles in predicting watansfer in partially saturated soils. Water retention
curves in drying and wetting processes are generally hysteretic; at a specific suction, the water
content in a soil experiencing drying is higher than in the same soil experiencing wettiimd-The

bottle effect is understood to be a major cause of the hysteresis of soil water retention curves. The
ink-bottle effect is a consequence of the geometry of the soil pores. Taylor (1948) explained the
ink-bottle effect using a capillary tube with a bulb (Hi.and this analogy to a soil pore is cited in
several textbooks, including Fredlund & Rahar
explain the inkbottle effect: however, this is not sufficient to understand thetuliesystem
completelyThe effects of the presence of a bulb on the capillary height in a tube can vary depending
on its geometry such as the height of the bulb.

This study numerically simulated the #bkot t | e ef fect by simul ating
opensource CFD cod®penFOAM (OpenFOAM, 2023; Weller et al., 1998) to explore the effect

that the height of the bulb has on the capillary height. The response of systems with bulbs placed

at four different heights during both the drying and wetting processes was obsertreziniane,

the computed capillary heights were summarised in the form of water retention curves.

The diameter and height of the capillary tube were 1 mm and 30 mm, respectively. A bulb with
a diameter of 2 mm and a height of 4 mm was placed at positi@n48f 18, and 23 mm from

the bottom (datum). Thredimensional analyses were performed usingriterFoamsolver.

A capillary force was modelled at the tube's inner walls with a contact angle of 45 degrees.
Gravity and capillary forces were applied e twater column in the tube, and the steady state
capillary height was recorded as a key output. The capillary height of a tube without a bulb
(hereinafter referred to as the ACHWOBO) w a
numerical CHWOB matched thbeoretical value. Two initial water levels were applied for
each bulb position to simulate both drying and wetting proceShesnkbottle effect is well
illustrated by the representative results shown in Fig. 2. In the drying process, the water column
was held at the top of the bulb, which was higher than the CHWOB (i.e. 20.4 mm). The extra
capillary height is supported by the capillary force acting on the inner wall of the bulb.
However, this was not the case when the bulb was placed at a highéoe|evad the mass of

the water column exceeded the capillary force. In the wetting simulation, the capillary rise was
limited at the bottom of the bulb when it was placed below the CHWOB. The contact angle
increased to reduce the vertical component oté#pallary force and balance with the mass of

the short water column when the bulb was placed at lower positions. In both the drying and
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wetting processes, the bulb did not affect capillary height if its position was not between the
initial water level andhe CHWOB.

The water retention curves for the tttndb systems were obtained from the computed capillary
heights, as shown in Fig. 3. Suction is defined in the same manner as in the water column
method. The discrepancy between the drying and wettingesusvcaused by the iiottle

effect that occurred at the bulb. The water retention curves of the single tube are simple but
illustrate essential features of those of irregslaaped real soil pores. These results suggest
that the water retention curvesreal soil can be numerically estimated by the CFD analysis
when the geometry of the soil pores is provided.
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Abstract

Cyclic freezing and thawing is a major factor of degradation in mountainous badlands. In order
to quantify the extent of this degradation with depth and time, the knowledge of freezing
propagation within the soil profile is necessary. The depth of freezing is primarily determined
by air temperature, temperature history, and solar radiation. Intordstimate it, we have to
understand the relationship between meteorological data and soil temperature profile. This
work aims to determine this relationship using spectral analysis of extensive monitoring data.

The collection of monitoring data takesapé on a small NortBouth oriented claystone ridge

in a badland area dfie Vallcebre basin (Spanish Eastern Pyrenees). Each of the two slopes of
the ridge is equipped with a weather station and a 40 cm deep profile of sensors measuring
(among others) teperature. The temperature data (including air temperature) is collected in a
5-minute interval. It is then supplemented by hourly solar radiation data from hBynear
meteorological station.

The monitoring data provide informatidor building a model that gtimates the relationship
between meteorological data and soil temperature. In order to perform the analysisantea

scale, the model must be able to process long time series quoklIthis reasona Fourier
transformation (passing from time todreency domainis usedlt decomposes the temperature

and solar radiation signal into modes. Using the most significant modes we define a transfer
function between atmospheric and soil variables. The resulting transfer fuieirarepends

on solar radiabn incidence, thus on slope inclination and orientation.

In this poster, we present the method used to predict soil temperature profiles at a regional scale
for slopes with different orientations and inclinations. This profile will be further used to
estimate the freezing and degradation profile, which is one of the main varaildession

volume estimation.
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Abstract

Backward erosion piping (BEP) is an internal erosion mechanism, in which a clamnel
underneath dykes or structures due to the removal of soil by water. In this work, we present a
naturebased solution to mitigate BEP by creating {p@rmeability barriers with aluminium
organic matter (AIOM) flocs, which are the products of metajanic complexation and
subsequent flocculation. The-8IM flocs can clog the pore space and consequently reduce soil
permeability. We aim to answer the following two questions: can flow barriers inhibit pipe
progression, and to which extent can these flawiers resist internal erosion?

In this experimental work, we mix ADM flocs with sand to create safidcs barriers with a
hydraulic conductivity reduction (defined as the ratio between the hydraulic conductivity of
sand and that of the safldcs mixtures) of about 100. We impose an increasing hydraulic
gradient across the sample and measure the flow rates as well as the pipe length evolution. We
find that the pipe can progress through homogeneous sand at a relatively small total hydraulic
gradient, wile flow barriers can intercept the pipes in barrier tests. The evolution of the pipe
length with the imposed hydraulic gradient demonstrates that it requires large hydraulic
gradients, about 5 times the reference critical gradient, for pipes to reaiensbafter that,

the pipe lengths stop increasing, indicating the barriers are sustaining erosion. When flow rates
and pipe lengths surge, the pipes break through the barriers. The failure gradients are 7 to 9
times larger than the reference critical diemt. Based on experimental observations, we
generalise the processes of pipe progression in the presence of flow barriers into four stages:
the progression stage, the interception stage, the branching stage and the failure stage. This
generalisation caguide the design of barriers in practice. Through this work, we conclude that
the sanefloc barriers can inhibit pipe progression by raising the failure gradient 7 to 9 times
and exhibit a higher resistance against internal erosion than sandscatgdéboratory tests

are being carried out at TU Delft where sdlods barriers are created in situ by direct injection

of Al-OM solution.
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Abstract

Cementing is considered one of the most important operation performed on a well, ensuring
zonal isolation between the different formations exposed to the wellbore and mechanical
support. Along a given well, the temperature is increasing withhdépé to geothermal

gradient. This hydration temperature has a particular importance as it significantly affects the
cement paste microstructure. Under temperatures higher than 110°C (typically below 4 km
depth) the €S-H undergoes a progressive metamogoconverting progressively to more
crystalline and denser phases, e.g. Jaffeits (€) aGaSH addshown by (Bresson et al.,

2002), resulting in a continuous decrease of its mechanical properties and an important increase

of its porosity and consequénpermeability, affecting the well sealing and zonal isolation.

The phenomenon is wusually referred to as fist

In the continuity of the research work carried out by (Bahafid et al., 2017) for cement pastes
cured under temperatures gamg from 7°C to 90°C, the present work aims at developing a
better comprehension and characterization of the chemical and microstructural origins of the
strength retrogression for cement hydrated under a temperature above 110°C.

Samples were prepared franclass G cement with a water to cement ratio of 0.44 and cured
under different temperatures and pressures into special maturation cells equipped with acoustic
sensors for 7, 14 and 28 days. Compressive tests were performed on a part of the extracted
sampes while the rest was freedeied prior to XRay Diffraction (XRD), Thermogravimetric
Analyses (TGA) and Mercury Intrusion Porosimetry (MIP).

The compressive tests as well as the acoustic measurements have exhibited as expected a loss
of elastic propenrts and compressive strength with increasing curing temperature and time,
corresponding to the strength retrogression phenomenon.

Typical results from MIP tests for samples cured under temperatures ranging from 30°C to
190°C are shown in Fig 1, with a sificant increase in porosity observed between 90°C and
130°C, accompanied by a major change of the pore size distribution itself. Above 90°C, the
cement pastes are mainly formed by one pore family with pores that tend to be larger and more
homogeneous inize with increasing temperatures, which is explainable by the formation of
denser hydration products.

For samples cured at a t emperG3Huwundelaffeitb sve 14
observed in the XRD and TGA results. The Rietveld analysis egfailsignificant diminution

of the general amorphicity of the cement paste with an increasing temperature, evolving from
74% for samples cured at 30°C to a rate of 40% for samples cured at 190°C, indicating a
progressive crystallization of the microstruetumhis observation is consistent with the MIP
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results suggesting a densification of the hydrates phases. The coarsening of the microstructure
is also visible on the SEM images.

The phase assemblage given Fig 2 can be established from the chemicaluequaifithe system

for each oxide, with the XRD, TGA and porosity measurements. Volume fraction of crystalline
hydrates wit h -GSH@AdIaffeite) indreasesomthecuringzempetiture up to 14%
for the sample at 190°C. At this temperatime Yolume fraction of &-H is only 16% whereas
samples cured under 20°C have a volume fraction®H3equal to 41%.

The previous results have exhibited two main factors associated with the strength retrogression.
The first one is the change in chemicamposition with the formation of dense crystalline
phases for curing temperatures above 140°C, growing at the expense ét-thg@lase. The
second one is the metamorphosis of the porosity, in total value but more specifically in the
distribution of thepores size and the type of porosity. These phenomena are certainly related,;
the formation of denser crystalline phases at the expenseSdfl Can be correlated to the
formation of porosity with specific pore sizes detrimental to the macrostructuraltbtreng
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Abstract

The soil water characteristic curve (SWCC) is a crucial index to evaluate the water retention
property of unsaturated soil. Currently, frequently used SWCC models are empirical models
such a the van Genuchten mo8elvhich require longerm water retention tests. In contrast,
theoretical SWCC modefs® with the regular packing structure (regular packing model) have
been developed based on the gexale water retention mechanism, which gadily estimate

SWCCs using the basic soil information, e.g., the gsar distribution In this research,

density distribution has been introduced into a theoretical model, employing the rhombohedron,
whose structure and ¢theunisdeltofthewegulay packingtstiuctaren g | e
(Figure 1). Assuming that d follows some di s
into this SWCC model (Figure 2(a)); the conventional SWCC model without density
distribution uses uniform uniets (Figure 2(b)).

In the present study, density heterogeneity of soil particle structure was expressed by
introducing the density distribution of isospheric random packing. Aste et al. {PSi®yed
that the Voronoi volume distribution of isospheandom packing could be described as
Qw 2 6 Q o
OQ &h ® P

w: Voronoi volume,w : Volume at the densest packigx Average Voronoi volume, k:
parameter

V is the volume of the particleentered Vasnoi cell shown in Figure 3. f(V) indicates the
density distribution of the structure; by assuming that the Voronoi volume distribution of the
particle center in this model follows f(V), we introduced a density distribution for isospheric
random packing ito the regular packing model.

Here, consider Case 1 with a narrow grain size range and Case 2 with a wide grain size range.
The parameters for each case are shown in Table 1. Figure 4 shows each case's SWCC for the
nortuniform model (solid line) and thaniform model (dashed line). The SWCC estimated by

the noruniform model provided a more moderate decrease in the degree of saturation than that
estimated by the uniform model. This indicates that the density distribution increases the diameter
variance othe pore throat, which is the pathway for air into the saturated pbumit cells. In

addition, the effect of density distribution on SWCC is more significant in Case 1, with relatively
small variations in particle size distribution, than in Case ausexthe variation in the throat
diameter is affected by both the particle size distribution and the density distribution.
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Table1: The parameters for SWCCs

Q Q Qo(tm)  Oyua3(tm)
Case 1 0.637 12 187 200

Case 2 0.637 12 187 270
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Abstract

There areseveral scenarios in which the soil is subjected to cyclic hydrchanical loads, such

as energy geostructures, nuclear waste disposal storage, embankments, landslides, and
pavements. Additionally, the increasing effects of climate change are causingewere
seasonal variations that have a significantly influence in the performance of foundations. To
analyse this type of behaviour from a geotechnical perspective, existing constitutive models
and their capabilities to reproduce such behaviour must ddeated. However, reproducing

the coupling between suction and/or degree of saturation with stress rate is not a trivial task.

This research presents the enhancement of an existing hypoplastic constitutive model for fine
grained soils, proposed by Wonglan M a[4j.iThre following three main features are included

in the constitutive model: i) To predict the nlomear dependency of the degree of saturation

on suction, the Water Retention Curve (WRC) is replaced by a smoothed hysteretical void ratio
dependent WRC pposed by Svoboda et |]. ii) The Improvement to the intergranular strain

(ISI) concept, as proposed by Duque ef3lwas added into the model formulation for better
capturing the effects of strain accumulation rate with increasing number of cycles. iii)) A
dependency of the ISI on the degree of saturation was added to predict partially saturated effects
undercyclic loading. The enhanced constitutive model was thoroughly validated by comparing
element tests simulations with experimental results taken from Nd4di @] on acompletely
decomposed tuff. The experimental program included monotonic and cyclic tests under several
suction magnitudes. The numerical predictions using the new enhanced constitutive model were
also compared with the previous formulation.

The outcomestowed that the new version of the constitutive model more accurately captures

the effects of cyclic loading in partially saturated soils. First, the improved water retention curve
enabl es more realistic predict themoselisdbletohe s o
better capture the strain accumulation rates, thanks to the incorporation of the ISI concept. As

a result, the strain accumulation rate decreases as the number of cycles increases. Third, the
model qualitatively reproduces the effefisuction on the strain accumulation rate, showing a
reduction in accumulated strain as suction increases. Moreover, the new features do not affect
the predictive capabilities of the model under monotonic loading.

References

[11K. S. Wong and D. -iechpdical, modelGoo papidlle shturdted dailsopredicting small
strain Gompuf. Geotechwvsl, 6, pp. 356369, 2014, doi: 10.1016/j.compgeo.2014.06.008.

62


mailto:masin@natur.cuni.cz

34" ALERT Workshop Poster Session Aussois 2023

[21J . Svoboda, pseMag®Rn, Vh.g?2 Nak, I . Hanusov §, and L
hydromechanical b e h Actai Geatech.val.n18, nan6,dpp.|3LIB21LY, ,2@G23, doi:
10.1007/s1144022-016890.

[31J . Duque, D. Mag?2n, and Wergrdhula straie model firllanger mumbegsnoE nt  t o
repet it iActaGeotgcholels,,na 12, pp. 3593604, 2020, doi: 10.1007/s11406Q0-01073w.

[4Cc. W. W, Ng, J. Xu, and-dr§ingand stresé tatiogon anifoBdpit wtiffness of anf we t
unsaturated soil Cant Gewotech. yl.vols46,ano.l9, pp.t106a076 Sep062009, doi:
10.1139/T09043.

[5]C. W. W. Ng and JX u , AEffects of current suct i @trainbehaviouo and r
of an uns aGamn Geoteah.dvols49,inb. 2, @p. 22@43, Feb. 2012, doi: 10.1139/T-097.

[6]C. W. W. Ng and C. Zhou, r dCegadl s§cl behbvivauir oo$ sasanctui
Geotechniquevol. 64, no. 9, pp. 70920, Jul. 2014, doi: 10.1680/geot.14.P.015.

Figures

12
A

[o.s]
(=}
=5
=~

[02]
(=]

----- Exp.
—— HIS-unsat+SWRC §

""" Exp.
—— HISI-unsat+SWRC

[=2]
(=]
T

(=2
(=)

[V
(=]
T

Deviatoric stress [kPa]
=S
S
T

o
(=]
T

Deviatoric stress [kPa]
N
S
T

i
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Shear strain [%]

0 i 1 1
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Shear strain %]

-===- Exp.
—— HIS-unsat+SWRC

(=)
(=]

o
=]
T

Deviatoric stress [kPa]
. =
S 3
T

Deviatoric stress [kPa]
no =
S S
T T

1
0.10 0.15 0

1 1 1
0.00 0.05 0.10 0.15
Shear strain [%]

1 1
0.00 0.05
Shear strain [%)]

Figure 1: Constant water cyclic triaxial test. Experimental results by Ng and Bjocompared with numerical
simulations using the reference model (Higat+SWRC) and the enhanced model (Higat +SVIRC) at two
suction magnitudes a) b) s=0 kPa c) d) s=60 kPa.
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Abstract

An experimentally evaluation on the influence of shearing rate on the cyclic response of
isotropicallyconsolidated samples of Malaysian kaolin is presented. A series of undrained
cyclic triaxial tests were conducted considering 80 kPa deviatoric strgaguales and
different loading frequencies. The experimental results suggest that depending on the loading
frequency different shapes of mobilized effective stress loops are obtained. Larger loading
frequencies lead to banashaped effective stress loop#jile smaller frequencies reproduce
eightshaped effective stress loops. In order to further analyse the experimental results, fully
coupled numerical simulations were performed considering the advanceddependent
anisotropic hypoplastic model withtergranular strain forfing r ai ned soi |l s by M.
the software Plaxis 2D considering axisymmetric conditi@ifferent shapes of mobilized
effective stress loops are obtained depending on the loading frequency. Higher loading
frequencies resulh bananashaped effective stress loops, while lower frequencies reproduce
eightshaped effective stress loops, see Figure 1. Furthermore, the fully coupled simulations
showed only minor effect of loading rate on calculated ss&as curves and poreater
pressures within the samples. We thus concluded that the observed effect of loading rate, can
be attributed to the mechanical loading rate dependency of material properties rather than to the
effect of ground water flow and excess pore water pressdr&ribution within the sample.
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Abstract

Over the decades, researchers dedicated their effort to improve prediction of soil behaviour
under various conditions by introducing more advanced constitutive models. In spite of their
demonstrable advantages, practical applications of these modelsfapenféhe desired level.

This state is caused not only by the lack of knowledge of advanced constitutive models but also
by challenging calibration procedures, which often requires several cycles of back calculation
on available laboratory experiments.eféfore, aronline calibration software, the ExCalibre
(Kadl 2] ek et ,awas develdpge@td provide2udeps2vtih)a tool of prompt and
accessible calibration of parameters for four constitutive models: Hypoplastic Clay,
Hypoplastic Sand, Modifitt CamClay and MohtCoulomb. Calibration requires input data to

be presented in the form of Excel file whose template is available on the website of ExCalibre
software. In addition, the data must include a combination of compression (isotropic or
oedometic) and shear (drained/undrained triaxial) test results. During the recent years of
software operation, users have uploaded over 2,000 input files. This database was carefully
inspected and it currently includes over 200 unique files which will be fuattsysed in order

to deduce correlations between the constitutive models parameters and soils index
characteristics.

In this paper, selected data from the ExCalibre database of 33 individual files are analysed after
a close inspection to ensure a higheleef consistency. Each file includes one to two
reconstituted oedometric tests (OHREC) and two to four undrained triaxial compression tests

of reconstituted nature (CIUREC) . Using ExCalibre, a uniqgue
D. 2013) parametersas generated for a single input file. Each parameter is then analysed using
regression analysis, to determine relationships with soil properties or grain size distribution.
The hypoplastic clay model defines the asymptotic state boundary surfacepadb@stress

and void ratio, encompassing all admissible states, and can be represented completely by five
parametersN, _“, I*,” ande , and state variables including stress and void ratio. The three
compression parameteis_“andll *, which are definedih f§f 1 1Q p space, are found to
have strong correlations to the Atterbergbs
are reportedtobe Tm@doT,i T& UL andi T wRketween) and_’, II” and_*, _* and

Plastic Limi w , respectively.Since these parameters are counterparts of the compression
index0 , swelling indexd and initial void ratioQ, these results are in good agreement with

the literature. Moreover, Fig.2 supports an existence of the convergeincef all Critical

State Lines (CSL) calledl}point whose coordinates are defined by Schofield & Wroth, (1968)

asQ 1@ wnd,e p ® 1 §Pa. The hypoplastic clay model defines CSL shifted by the
constant valug” 1 E beneath the Isotropic Normal Cpnession Line (INCL).
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On the other hand, the critical state friction argledisplayed a negative correlation with the
Plastic Limitw and Liquid Limitew . Furthermore, strong correlations were observed with the
fine and coarse patrticles, as discussed in literature by Simpson & Evans (2016). The correlation
coefficients between and properties listed are high, in the range of008B.

The parameter, which controls thetiffness of the hypoplastic clay model, does not hold any

direct correlation to other parameters or so
the model 6s undrained shear st i fametal'sdsetovas an
its high correlation to other soil s propert

Overall, although thparameters\, I, K ande can be reasonably estimated from the derived
relations, the parametérshould be determined based on siraulation of triaxial sheaests,
as none of examined relations provided a reliable approximation for this parameter.
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Abstract

Historical and modern structures have encountered an increasing number of accidental or
deliberate threats arising from blast events in recent decades. Examples include the Parthenon
in Athens (168), the Chicago Port in the United States (1944), and the Cathedral of Azerbaijan
(2020).

In this work, we investigate the dynamic responses and failure mechanisms of structures
subjected to dynamic loading originating from blast events at a reducedTszalehieve this,

we have developed a novel experimental setup, as shdwgure 1, to study the behavior of
masonry structures under blast loading (refeMimsi et al., 2019, 202Rwithin a secure
laboratory environment (refer tigure 2). This setupgcan be applied across a broad spectrum

of applications in civil and environmental engineering, ranging from structural dynamics to
geomechanics and underground infrastructures where explosions are a threat.

Conducting a readcale explosion is achieved lexploding wires triggered by higloltage
discharges from a capacitor. These experiments take place within a controlled laboratory
environment, guaranteeing both repeatability and safety. The resulting loads closely mimic
those from real TNT explosiongf( TNT equivalence), facilitating accurate blast effect
assessments when upscaled.
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Figure 2: Reduceescale structures subjected to blast loads
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Multiphase Flow through Granular Material under Hydro -
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Abstract

The goal otarbon neutrality relying massively on renewable energy sources can be accelerated
by considering underground GQequestration and underground storage of (i) hydrogen
produced by the water electrolysis from renewable electricity, and (ii) synthesiseahmeth
produced by the methanation. However, the injection of these fluids into deep saline aquifers,
can succeed in infiltrating through the sealing rock viagxisting cracks or new pathways,

and can trigger local instabilities in the form of fluid finigex

Many researchers have been interested in this complex interactions and numerous experimental
and numerical studies have been conducted to investigate the various processes taking place.
For instance, (Lenormand, 1990) has determined a drainagediaaisam allowing to classify

the unstable fluid displacement patterns into viscous or capillary fingering domains. Then,
countless experiments have been performed using tballed HeleShaw cell; to cite among

others, the work of (Erikseet al, 2015)where the air percolating through a monolayer of
liquid saturated glass beads has been filmed then the deformation of the granular medium has
been determined via Digital Image Correlation (DIC). However to our knowledge, the
quantification of the fulfield fluid-driven skeleton deformation under hydamechanical

loading is still missing.

The objectives of this work are to quantify the effect of unstable gas (air) percolation on the
remodeling of the granular structure on one side and to investigatefeébe affmechanical
loading on the skeleton response and thghlisic flow on the other side. For this aim, a new
experimental setup constitued of a biaxial machine endowed with a high resolution optical
system has been designed. The special feature ofirthchine is that it allows to control
simultaneously the confining pressure and the pressures of three fluids and consequently to
perform suctiorcontrolled experiments. A detailed procedure for a successful drainage
experiment has been established (Ahi¢e et al., 2022) and two drainage experiments (with

air as the injected fluid and water as the defending one) distinguished by the level ef hydro
mechanical loadings are going to be discugsed Figure 1 and Figure 2)en, the acquired
images throughhe lens of the high resolution camera, have been exploited to discover the
hidden information, by means of DIC to extract the response of the solid skeleton upon the air
infiltration and by means of robust algorithms to detect the 2D ondulated intevideme in

time.

The infiltration of air through a water saturated sand medium has shown to be impacted by the
level of the applied mechanical loading: more preferential pathways are generated by the
injected fluid when the applied initial effective stres¢ess important. Moreover, the outputs

from DIC calculations based on finite element mesh generated over a region of interest
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enclosing the developed finger, have also shown different responses of the skeleton with respect
to the applied mechanical laads. Combined with detected interface, the main findings can

be summarized into two panels. The first panel concerns the correlation between the mechanical
loading and the strain localization. We have concluded that (1) the infitration of air is
accompared by localized volumetric strains and (2) the higher the initial effective stress is the
denser the distribution of volumetric strains will be and the larger the magnitude of these strains
will be. The second panel concerns the correlation between theameal loading and the
properties of the moving {ghasic interface regarding the growth aspect and the morphological
one. Among the growth properties, the evolution of cumulative invaded areas as function of
time for each finger is presented; it showat tihe higher the mechanical loading is, the smaller

the transition zone area will be. To investigate the morphological properties of the interface,
the corrugation amplitude giving a macroscopic estimation of the average depth of the bulges
(irregularities) constituing the interface has been calculated for each borders on each finger.
The reported values do not show any relationship between the effective stress and the
ondulation of the interface but seem to be more dependant on the microstructureeitima,

since for the same experiment (test (2)), different ranges of corrugation amplitude have been
obtained
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drained sand behavior in dynamicboundary value problems

Onur Deniz Akart, Guido Camatd, Carlo G. Lafand Enrico Spacong¢

ICentre for Training and Research on Reduction of Seismic Risk, University School for
Advanced Studies (IUSS) Pavia, Pavia, Italy

’Department of Engineeringar@e ol ogy, Uni ver sity-PesGara, D' Annu
Chieti, Italy

3Department of Civil Engineering and Architecture, University of Pavia, Pavia, Italy
onur.akan@iusspavia.it

Keywnopcrodnsst i t uti ve moddrli,ven criulct il soaali en,g, F EINMX AE

Abstract

Soil behavior plays a crucial role in the seismic analysis of geotechnical infrastructures. The
wave propagation velocity and the amplitude depend on the sfmiess{ resulting in amplified
accelerations. At the same time, structural movements may be modified due to the additional
soil flexibility and the energy dissipation provided by the hysteretic response. The nonlinear
cyclic sand behavior is often represshby a phenomenological equation and a set of material
internal variables. Relatively more straightforward modéls [2] miss some of the most
crucial soil behaviors, such as dilatigentractive transformation, strain softening, and
anisotropy due to initial fabric, but enjoy numerical stability and low computational cost. In
comparison, mathematically complex dets[3] capture the desired behavior but may suffer
from convergence issues in extreme cases, a high number of iterations for convergence, and a
strenuous calibration procedure.

Alternatively, the dsired mechanics may be modeled using micro or multiscale simulations.
Some multiscale approaches abandon the constitutive nldalising direct FEMXDEM
bridging, whereas others keep the constitutivedel and couple FEMxDEM to update the
material internal variablg8]. The doublescale approaches are robust and accurate in modeling
the @nd response. However, they have yet to solve an engineering scale transient problem due
to their computationally intensive nature. The ddtgen multiscale approach can be used as

a remedy, which relies on a database otlevel simulations to do theturn mapping without

the need for constitutive equatidiég.

This study proposes a miemechanically enhanced constitutive model to capture the desired

soil behavior at the macro scale. First, a response database is obtained by analyzing a granular
unit cell under various stress paths. The homogenized stress, strain, and fabric tensors are
recorded at each step. Then, the database is used to update the material internal variables of a
mult-y i el d surface model . At each Gawuss -point,
scalel i keo problem is sol ved begtdadagaent lwy bompagngt he o
the tensor invariants or the tendostensor distance. Then, information such as the shear
strength, kinematic modulus, and dilatancy is transferred to the macro scale through vyield
surface parameters. The return mapping isedeith an implicit solution, and the stiffness and

residual tensors are upscaled. The database to constitutive model communication is repeated
when there is a need to define the next yield surface during the analysis. Finally, the stress
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reversals are hatetl via a baclstresdlike tensor that stores the material state at the reversal.
The memory variables are reverted once the material returns to the threshold state.

The proposed approach captures the dilatorgractive transformation, strain hardeningéning,
induced anisotropy, and anisotropy due to the initial fabric. Furthermore, since the model
formulation results in a pieagise linear modulus between yield surfaces, increased numerical
stability and a mathematically simpler consistent tangdmititen is available.
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Influence of the calibration procedure of HCA parameters on the
predicted long-term monopile deformations
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Abstract

Offshore wind turbines are subjected to both wave and wind loadimgrising millions of

cycles including small to moderate amplitudes. This dugtlic loading may cause an
accumulation of strain in the soil that can lead to a tilting of the foundations and thus a loss of
the serviceability of structures. Higtycle acamulation (HCA) models can be used for the
prediction of the longerm behaviour under these loading conditions common in the offshore
environment. In this work, the effect on the HCA model prediction following different
calibration procedures for the datenation of the HCA material constants is discussed.
Namely, through correlations of the model parameters with index properties, by considering
the tradhamooalpr dbgdure or determined by me
calibration approach. THdCA model parameters have been calibrated for UWA silica sand
based on drained cyclic triaxial tests with® I9cles performed with different amplitudes,
densities and initial stresses. To assess the influence on théetangerviceability, finite
elemen simulations of a monopile foundation for offshore wind turbines subjected té 4-10
lateral loading cycles are carried out with the different sets of parameters. In this regard, the
finite element calculation strategy combines the HCA model with hypaptasas the
conventional (lowcycle) model. The robustness of both parameter sets is illustrated.
Furthermore, the influence of different optimized parameter sets is inspected.
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Abstract

The primary objective of this research isewaluate the effectiveness of a deicing system,
specifically designed for cold regions where ice on road surfaces is a frequent occurrence. In
addition to causing hazardous conditions, accidents, travel disruptions, and eroding road safety
perceptions, icean also form beneath the road surface within the soil, therefore this study
delves into the behavior of soil when subjected to ice, within a thégummechanical
framework.

Central to this investigation is the assessment of the deicing systéiméncy, which relies

on a geothermally activated tunnel as its core component. This innovative yet underutilized
approach incorporates embedded pipes encased within concrete linings. These pipes extend just
beneath the road surface, with a heat cafligd circulating inside. This fluid extracts heat

from the tunnel and the surrounding soil, transferring it to the road surface to prevent ice
formation and enhance road safety.

A numerical investigation (Di Donna and Pardoen, 2023) was performed yaatta thermal
characteristics within a threimensional soil domain, as depicted in the provided geometry
(Figure 1(a)) Furthermore, relevant thermal boundary conditions were integrated into the
study. To be specific, the lateral and bottom boundavesse modeled as adiabatic, while the

top surface was exposed to convective heat flux conditions representative of Oslo's typical
external temperature in Norway. Similarly, the inner surface of the concrete lining was
subjected to imposed heat flux condigoresembling the typical temperature profile found
within a metro tunnel.

Figure 1(b) presents the outcomes observed both before and after the activation of the
geothermal system, signifying the point at which fluid circulation within the pipes commenced.
In this particular scenario, the decision was made to initiate the geothermal system after a 2
year period, following an initial-gear period during which the soil was allowed to reach a state

of thermal equilibrium.

Furthermore, a numerical investigatiovas conducted to examine the thesiydro
mechanical coupling (Li et al., 2022), providing insights into the soil's behavior concerning
displacement and liquid pressure. This study assumes a linear elastic soil response to describe
the mechanical behavio

Expanding upon the prior simulation, comprehensive hydraulic and mechanical initial and
boundary conditions were carefully addressed. Specifically, the analysis assumed a fully
saturated soil with the water table positioned at ground level. In téiims mechanical aspect,
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the influence of gravity was duly incorporated. Furthermore, all boundaries, with the exception
of the bottom boundary, were treated as impermeable, prohibiting fluid flux. Mechanically, an
oedometric condition was adopted.

The sol's response to ice involves two opposing effects: thermal contractions causing soil
shrinkage and an increase in capillary pressure due to-teats transformation, leading to
volumetric expansion. The latter effect, influenced by the water retentiore,chas the
potential to damage road surfaces. To mitigate these issues, it is essential to implement anti
icing systemgLi et al., 2022)
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Abstract

This is a template The parametalibration of a constitutive model is a requisite to counter the
uncertainty in the parameters and to approximate the simulation results effectively. Yielding a
robust set of parameters for various test conditions is complicated as innumerable parameter
combinations have to be investigated. In previous works, this calibration has been performed
manually by trial and error without checking the robustness of the chosen parameters.
Therefore, the present study introduces an automated calibration procedgemusdi-
objective optimization techniques. This assists in searching the parameter domain space
extensively for better combinations that simulate the experiment results precisely. Though this
approach is quite popular in various other engineering aspaoosing the concept of
calibrating the soil parameters and validating their efficiency has been always a challenge and
interesting in this framework. In this research, SANISAND model parameters have been
calibrated for crushed glass material under ckffié triaxial conditions considering the
barotropy, and pycnotropy effects. The results demonstrated that the optimized SANISAND
parameters approximated the experiment results far better than manually calibrated results. This
calibration approach facilitas in conserving the robust parameters besides dealing with time
constraints and motivates the idea of adapting this automation platform to any constitutive
model for significant approximations.
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Figures

Figure 1: Comparison of SANISAND calibrated results with undrained (left) and drained (right) triaxial
experiments. (L, M, and D represent loose, medium, and dense materials respectively).

Figure 2: Comparison of SANISAND validated results with undrained (left) and drained (right) triaxial
experiments. (L, M, and D represent loose, medium, and dense materials respectively).
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