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Nowadays, strong multi-physics coupling characterizes the new challenging problems in the field of 
geomechanics. Enhanced theoretical bases and the merging of various disciplines are bringing about 
novel approaches for solving complex problems. 
In this context, the numerical methods play a crucial role, since they provide tools which allow to leap 
beyond the experimental investigation, to describe complex geometries, extended domains and long-
time scales of the natural physical processes. 
The short course is aimed to give hints about some aspects of coupled analyses, where the interaction 
of pore water, chemical reactions and mechanical response in two and three phases porous materials 
are explicitly modelled. 

8:00 - 8.30 Registration and welcome.
8:30 - 9:45 Coupled chemo-hydro-mechanical behaviour of clays. 
 Gabriele Della Vecchia, Politecnico di Milano  
9:45 - 10:00 Coffee break

10.00 - 11.15 Reactive transport in aquifer systems. 
 Giovanni Porta, Politecnico di Milano  

11.15 - 11.20 Break

11.20 - 12:35 Localization of strains and erosion in hydro-mechanical coupled geomaterials.
 Carlo Callari, Università degli Studi del Molise
12:35 - 13:35 Light lunch

13:35 - 14:50 Coupled thermo-hydro-mechanical processes in geomechanics.
 Claudio Tamagnini, Università degli Studi di Perugia 
14:50 - 14:55 Break 
14:55 - 16:10 Geomechanics with COMSOL Multiphysics®. 
 Amit Suresh Patil, COMSOL 
16:10 - 16:20 Closure.
17:00 - 18.00 Train transfer from Milano Stazione Centrale to Torino Porta Nuova. 
 (not included in the fees)

PROGRAMME

OVERVIEW

Local organizer: Donatella Sterpi • Politecnico di Milano
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Coupled chemo-hydro-mechanical behaviour of clays
Gabriele Della Vecchia • Politecnico di Milano

In the context of geotechnical engineering, clays and clay-based materials are often used for the containment or insulation from 
the surrounding environment of waste products, i.e. to minimize the transport of liquids and/or gases in the underground. 
Clays are used as barrier materials in several geo-environmental applications, such as nuclear waste disposal facilities, clay liners 
and slurry cutoff walls. In this lecture, attention is paid to the relevant effects of pore fluid composition on the hydro-chemo 
mechanical behaviour of clays and on its modelling. 
Experimental evidences at the microstructural scale, including ESEM microphotographs (fig.1a) and Mercury Intrusion Porosimetry 
data, are firstly introduced, together with laboratory experimental results. Experimental information is then exploited to develop 
a chemo-hydro-mechanical model capable of reproducing the response of clay materials to salinization–desalinization paths 
(fig.1b), as well as to drying/wetting processes with pore fluids with different chemical composition. 

(fig.1a) (fig.1b)

Fig. 1: (a) ESEM photomicrograph of compacted FEBEX bentonite, (b) Desalinization/salinization paths simulated with different modelling approaches
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Reactive transport in aquifer systems
Giovanni Porta • Politecnico di Milano

Understanding transport and chemical reaction processes in water-saturated geological systems is key for protecting and 
managing the sustainable development of soils and groundwater resources, and is critical for a wide range of industrial scenarios. 
Release of chemical contaminants are of serious concern because of the potential long-term degradation of soil/groundwater 
quality. Reactive contaminant plume migration from surface or underground repositories, especially in fully water-saturated 
formations, has also received remarkable attention in the context of subsurface nuclear waste repositories and underground 
injection/storage of greenhouse gas CO2 in host rock, and/or in the context of conventional and unconventional oil and gas 
projects. This short class is geared towards elucidating main aspects associated with the challenges associated with modern 
(experimental and theoretical) approaches to analyze reactive transport in porous media across multiple scale of heterogeneity. 
Emphasis is given on the need for uncertainty quantification and trends for future research streams are highlighted.

Left: experimental results documenting calcium carbonate precipitation due to mixing of waters with differing chemical compositions (from Katz et al., 2011); 
Right: experimental and modeling results documenting mobility and interactions of heavy metals in natural soils (from Bianchi Janetti et al., 2013)

Left: example of patterns of solute evolution in a heterogeneous medium (unpublished results; courtesy of Prof. B. Berkowitz); 
Right: numerical simulation of multicomponent chemical transport and reactions at the pore scale (unpublished results).
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Localization of strains and erosion in hydro-mechanical coupled geomaterials
Carlo Callari • Università degli Studi del Molise

The lecture deals with the computational modeling of the localization of strains and erosion in HM coupled porous media, 
according to the following outlines. 
STRAIN: S1) Kinematics of strain localization, loss of ellipticity and mesh dependency; S2) Analysis of strong discontinuities in 
(dilatant) multi-phase elasto-plastic porous solids; S3) Embedding strong discontinuities as local enhancements in finite elements; 
S4) Discontinuity propagation algorithms; S5) Plane-strain compression test with localization-induced desaturation; S6) Strain 
localization induced by shallow tunneling. EROSION: E1) Processes of backward erosion piping; E2) Solid and fluid mass balance 
equations for a porous medium subjected to localized erosion along a propagating line, blueprint of a conduit with evolving 
transverse size, which conveys a multi-phase flow; E3) Flow equations, laminar in the porous medium and turbulent in the pipe, 
driving pipe propagation and enlargement, respectively; E4) Erosion kinetic laws. E5) Simulation of real-scale experimental tests 
on levees. E6) Analysis of the soil response to cofferdam dewatering.
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Coupled thermo-hydro-mechanical processes in geomechanics
Claudio Tamagnini • Università degli Studi di Perugia

Coupled non-isothermal (mass and energy) flows and deformation problems in soils have attracted considerable interest in 
many fields of geomechanics, notably landfill engineering, hydrocarbon recovery in oil sands, pipeline and buried power cables 
engineering, design of radioactive waste deep underground repositories and, more recently, the exploitation of low-enthalpy 
geothermal energy by means of energy geostructures (energy piles, energy walls, etc.).
Considerable interest has then been devoted to the experimental investigation and theoretical modeling of the main aspects of 
the thermo-mechanical response of both coarse- and fine-grained soils, discovering that these effects extend well beyond the 
classical thermal expansion/contraction due to heating/cooling. At the same time significant developments have been made in 
the formulation of the coupled balance of mass, momentum and energy for the porous medium and in their numerical solution by 
means of the FE method.
The lecture will address: a) the recent developments of inelastic constitutive models for soils in non-isothermal conditions, 
within the framework of both the theory of plasticity with generalized hardening variables and the theory of non-isothermal 
hypoplasticity; b) the formulation of the relevant balance equations for coupled THM problems and some important issues related 
to their FE implementation. Some relevant examples of practical applications will then be discussed.
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Geomechanics with COMSOL Multiphysics®
Amit Suresh Patil • COMSOL Inc.

COMSOL Multiphysics® contains a large number of built-in material models for solid materials. In this minicourse, you will get an 
overview of common material models for soils, concrete, and rocks. 
Phenomena like plasticity, creep, viscoelasticity, and damage will be discussed; as well as different safety and failure criteria. 
You will also learn how to augment the capacity of the program by creating your own material models, either by equation-based 
modeling or by programming in C-code. 
Finally, the relation between measurements and material properties will be discussed for common soil tests.
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The Lecturers

Gabriele Della Vecchia is Associate Professor of Geotechnics in the Department of Civil and Environmental Engineering at 
Politecnico di Milano. He joined Politecnico di Milano after three years at Politecnico di Torino as Research Associate.
Gabriele Della Vecchia got his PhD in Structural, Seismic and Geotechnical Engineering in 2009 from Politecnico di Milano. 
His research interests lie in the area of theoretical and numerical modelling of (i) the hydro-chemo-mechanical behaviour of 
clays and clay-based materials; (ii) the rheological behaviour of fluidized soils; (iii) the hydro-mechanical response of brittle 
geomaterials. Main applications deal with problems in the context of energy and environmental geomechanics. 
He is Author of more than 50 papers on International Journals and Conference Proceedings. 
 

Giovanni Porta is Associate Professor at the Department of Civil and Environmental Engineering of Politecnico di Milano, Italy. 
His research targets quantitative models to improve our current understanding of flow and transport processes in porous media. 
Specific research topics include characterization of contaminant transport in soil and aquifers, reactive transport, probabilistic risk 
assessment, uncertainty quantification. 
He has been principal investigator in six research projects, mainly focused on probabilistic modeling of large-scale sedimentary 
systems and contributed to numerous national and international research projects. 
He is visiting affiliate at the School of Civil Engineering, University of Sydney, Australia. He served as associate editor of the journal 
Stochastic Environmental Research and Risk Assessment and of the Hydrogeology Journal, currently review editor of Frontiers in 
Water, and is a member of the International Society for Porous Media (Interpore).

Carlo Callari is Associate Professor of Solid and Structural Mechanics at the University of Molise. 
He took his MSc (1993) and PhD (1997) at the University of Rome “Tor Vergata”, with F. Auricchio and E. Sacco as mentors. 
He then served as Research Fellow at the University of California at Berkeley (1997-98), where he started a lasting cooperation 
with F. Armero. He served as Assistant Professor in Geotechnical Engineering at Rome “Tor Vergata” in the period 1999-2006, 
teaching “Mechanics of Porous Media” and “Tunnels” (2001-now). His research is mainly concerned with topics of computational 
geomechanics and computational poromechanics, with a focus on the finite element simulation of localized phenomena, involving 
e.g. shear strains, flows, erosion, damage. 
His activities also include the application of the proposed computational methods in the analysis of civil works (e.g. tunnels, dams, 
levees, cofferdams) and other subsurface engineering problems (e.g. hydrocarbon wells). 
Most part of his recent research has been developed in cooperation with French (EC Lyon) and German (RU Bochum) institutions. 
Further details can be found in the C.V. version available from the university web page http://docenti.unimol.it.
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The Lecturers

Claudio Tamagnini is Full Professor of Soil Mechanics at the Department of Civil and Environmental Engineering of the University 
of Perugia. His teaching activity at the University of Perugia includes or has included the courses in “Foundation Engineering”, 
“Slope Stability”, “Geotechnical Site Investigations” and “Environmental Soil Mechanics”. 
He has been Director of the Doctoral School of the Faculty of Engineering of the University of Perugia and Coordinator of the 
Ph.D. program in Civil Engineering and Innovative Materials. He is currently a member of the Board of Directors of the European 
Network ALERT - Geomechanics. In 1989, he graduated summa cum laude in Mining Engineering at the University of Rome “La 
Sapienza”. In 1994 he obtained his Ph.D. in Geotechnical Engineering at the University of Rome “La Sapienza”, defending a thesis 
on “Electrokinetic Phenomena in Clayey Soils and Electrokinetic Consolidation Theories: Experimental Investigation and Numerical 
Modelling”. 
In 1994 he has obtained a grant as post-doctoral fellow at the Civil Engineering Department at Stanford University, California. 
In the years 2000, 2001, 2005 and 2015-2017 he has been invited as Visiting Professor at the Laboratoire 3SR of the Université 
Grenoble Alpes, Grenoble, France. In year 2004 he has been invited as Visiting Professor at the Weierstrass Institute for Applied 
Analysis and Stochastics, Berlin. 
Since year 2011 he is member of the International Research Center for Mathematics and Mechanics of Complex Systems (M&MOCS). 
He is member of the Editorial Board of the International Journal “Acta Geotechnica”. 
He is an active member of the International Society for Soil Mechanics and Geotechnical Engineering. 

Amit Suresh Patil represents COMSOL, a global provider of simulation software for product design and research to technical 
enterprises, research labs, and universities. Its COMSOL Multiphysics® product is an integrated software environment for creating 
physics-based models and simulation apps. 
A particular strength is its ability to account for coupled or multiphysics phenomena. Add-on products expand the simulation 
platform for electromagnetics, structural, acoustics, fluid flow, heat transfer, and chemical applications. 
Interfacing tools enable the integration of COMSOL Multiphysics® simulations with all major technical computing and CAD tools 
on the CAE market. Simulation experts rely on the COMSOL Server™ product to deploy apps to their design teams, manufacturing 
departments, test laboratories, and customers throughout the world. Web site: www.comsol.it

For information and pre-registration please contact: iacmag2022@symposium.it


