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MODELISATION DE LA CROISSANCE EN BIO-INGENIERIE
MODELING OF GROWTH IN BIO-ENGINEERING

• Modélisation de la croissance de tissus Growth of biological tissues •

[1] B. Loret and F.M.F. Simões (2004), “A thermodynamic framework for deformation, general-
ized diffusion, mass transfer and growth in multi-species multi-phase biological tissues”, Report
ICIST/DTC n◦7/04, Instituto Superior Técnico, Lisboa, 33 pages.

[2] B. Loret and F.M.F. Simões (2005), “A framework for deformation, generalized diffusion, mass
transfer and growth in multi-species multi-phase biological materials”, European Journal of
Mechanics/A Solids, 24(5),757-781.

[3] B. Loret and F.M.F. Simões (2010), “Elastic-growing tissues: a growth rate law that satisfies the
dissipation inequality”, Mechanics of Materials, 42(8), 782-796.

[4] B. Loret and F.M.F. Simões (2010), “A growth rate law for biological tissues”, 9th World
Congress on Computational Mechanics and 4th Asian Pacific Congress on Computational Me-
chanics WCCM/APCOM 2010, Sydney, Australia, July 19-23, 2010.

[5] F.M.F. Simões and B. Loret (2011). Uma lei de crescimento de tecidos biológicos que satisfaz a
desigualdade de Clausius-Duhem. 4◦ Congresso Nacional de Biomecania, Coimbra, Portugal, 4-5
Feveriero 2011.

[6] B. Loret and M.M. Mehrabadi (2012), “Evolving microstructures and anisotropies in engineering
materials and biological tissues”, introduction to the eponymous special issue, Mechanics of
Materials, 44, 1-3.

[7] B. Loret and F.M.F. Simões (2014), “A thermodynamically consistent growth law for collagen
fiber reinforced tissues in a mixture context”, Mechanics of Materials, 76, 45-63.

COUPLAGES CHIMIE-MECANIQUE EN BIO-INGENIERIE
CHEMO-MECHANICAL COUPLINGS IN BIO-ENGINEERING

• Effets du pH sur les propriétés physiques Effects of pH on physical properties •

[8] B. Loret and F.M.F. Simões (2010), “Effects of pH on transport properties of articular cartilages”,
Biomechanics and Modeling in Mechanobiology, 9(1),45. DOI 10.1007/s10237-009-0158-1.

[9] B. Loret and F.M.F. Simões (2010), “Effects of the pH on the mechanical behavior of articular
cartilage and corneal stroma”, International Journal of Solids and Structures, 47(17), 2201-
2214.

[10] F.M.F. Simões and B. Loret (2009), “Efeito do pH nas propriedades de transporte da cartilagem
articular”, 3o Congresso Nacional de Biomecânica, 11-12 Feb, Bragança, Portugal.

[11] F.M.F. Simões and B. Loret (2009), “Efeito do pH nas propriedades mecânicas da cartilagem
articular”, 3o Congresso Nacional de Biomecânica, 11-12 Feb, Bragança, Portugal.

[12] B. Loret (2010), “Effects of pH on mechanical and transport properties of biological tissues”,
invited semi-plenary lecture, 9th World Congress on Computational Mechanics and 4th Asian
Pacific Congress on Computational Mechanics WCCM/APCOM 2010, Sydney, Australia, July
19-23, 2010.

[13] B. Loret and F.M.F. Simões (2012), “Effects of pH on the transport and mechanical properties”,
Colloque National Mecamat 2012 Matériaux, mécanique et électromagnétisme: des mécanismes

aux applications, Aussois, France, 23-27 Janvier, 2012.

• Cartilages articulaires Electro-chemo-mechanical couplings in articular cartilages •

[14] B. Loret and F.M.F. Simões (2002), “Articular cartilage with intra- and extra-fibrillar waters.
A mechanical model and simulations”, Report ICIST/DTC n◦4/02, Instituto Superior Técnico,
Lisboa, 50 pages.

[15] F.M.F. Simões and B. Loret (2003), “Modelacão de fenómenos de interacção electro-quimico-
mecânica em cartilagens articulares”, VII Congresso de Mecânica Aplicada e Computacional, Uni-
versidade de Évora, 14-16 de Abril 2003, Evora, Portugal, 3, 1535-1544.
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[16] F.M.F. Simões and B. Loret (2003), “A chemo-mechanical model for articular cartilage. The
roles of intra- and extra-fibrillar waters”, IUTAM Symposium on Mechanics of physicochemical

and electromechanical interactions in porous media, 18-23 May 2003, Rolduc, Kerkrade, The
Netherlands.

[17] F.M.F. Simões and B. Loret (2003), “Exchange of Na+ and Ca2+ in articular cartilage. Mechanical
effects.”, International Congress on Computational Bioengineering, 24th-26th September 2003,
Zaragoza, España, M. Doblaré, M. Cerrolaza and H. Rodrigues eds., Zaragoza University Press,
411-416.
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chemo-mechanical model”, Mechanics of Materials, 36(5-6), 515-541.

[19] B. Loret (2004), Preface to the Special Issue on Chemical Coupling Phenomena, Mechanics of
Materials, 36(5-6), 391-393.

[20] F.M.F. Simões and B. Loret (2004), “ Efeito mecânico da substituição iónica em cartilagens ar-
ticulares”, Conference APTMAC, Lisboa, 31 de Maio - 2 de Junho 2004, published in Métodos

Computacionais em Engenharia, edited by C. A. Mota Soares et al., Laboratório Nacional de
Engenharia Civil, Lisboa, 2004, 50-64.

[21] B. Loret and F.M.F. Simões (2004), “Extension-contraction behavior of articular cartilage”. Report
ICIST/DTC n◦2/04, Instituto Superior Técnico, Lisboa, 17 p.

[22] B. Loret and F.M.F. Simões (2005), “Mechanical effects of ionic replacements in articular cartilage.
Part I- The constitutive model”, Biomechanics and Modeling in Mechanobiology, 4(2-3),
63-80, http://dx.doi.org/10.1007/s10237-004-0062-7

[23] B. Loret and F.M.F. Simões (2005), “Mechanical effects of ionic replacements in articular carti-
lage. Part II- Simulations of successive substitutions of NaCl and CaCl2”, Biomechanics and
Modeling in Mechanobiology, 4(2-3), 81-99, http://dx.doi.org/10.1007/s10237-004-0062-6

[24] F.M.F. Simões, B. Loret and F. Loix (2005), “Análise pelo método dos elementos finitos de
fenómenos de interacção f́ısico-qúımica em cartilagens articulares”, Encontro 1 Biomecânica, 3-
4 Fevereiro 2005, Martinchel, Abrantes. Edited by J.A. Simões, H.C. Rodrigues, M.A. Vaz and
A.P. Veloso pp 13-17.

[25] F.M.F. Simões, B. Loret and F. Loix (2005), “Finite element simulations of physico-chemical
couplings in articular cartilage”, II International Conference on Computational BioEngineering
ICCB, Lisboa, Portugal, September 14-16, 2005, H.C. Rodrigues et al. eds.

[26] B. Loret and F.M.F. Simões (2007), “Articular cartilage with intra- and extra-fibrillar waters. Mass
transfer and generalized diffusion”, European Journal of Mechanics/A Solids, 26, 759-788.

[27] F.M.F. Simões and B. Loret(2007), “Transporte de água e iões em cartilagens articulares”, Actas
do 2o Encontro Nacional de Biomecânica, Evora 08-09/02/2007, pp. 3-8, ISTPress, Lisboa.

[28] F. Loix, F.M.F. Simões and B. Loret (2008), “Articular cartilage with intra and extrafibrillar
waters- Simulations of mechanical and chemical loadings by the finite element method”, Com-
puter Methods in Applied Mechanics and Engineering. 197, Issues 51-52, 4840-4857.

• Muscle cardiaque Electro-chemo-mechanical couplings in the cardiac muscle •

[29] B. Loret (2002), “Electro-chemo-mechanical model of the cardiac muscle. Emphasis on the
mechano-electric feedback”, report, 79 pages.

[30] B. Loret (2002), “Metabolism of the cardiac muscle. Biochemical notes, review of models and the
Garfinkel and Kohn saga”, report, 99 pages.

[31] B. Loret (2004), “Elements of chemical thermodynamics and bioenergetics”, report, 27 pages.

• Génie tissulaire: fabrication de cartilage artificiel Tissue Engineering: cartilage •

[32] B. Loret and F.M.F. Simões (2004), “Cartilage engineering. Review of biochemical and mechanical
aspects”, 70 pages, report.
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GEO-MECANIQUE et ENERGIE GEO-MECHANICS and ENERGY EXTRACTION

• Non équilibre thermique local Local thermal non equilibrium •

[33] R. Gelet, B. Loret and N. Khalili (2012), “Borehole stability analysis in a thermoporoelastic dual-
porosity medium”, International Journal of Rock Mechanics and Mining Sciences, 50,
65-76, doi:10.1016/j.ijrmms.2011.12.003

[34] R. Gelet, B. Loret and N. Khalili (2013), “Thermal recovery from a continuum porous medium
in local thermal non-equilibrium”, International Journal for Numerical and Analytical
Methods in Geomechanics, 37(15), 2471-2501, doi: 10.1002/nag.2145

[35] R. Gelet, B. Loret and N. Khalili (2012), “A thermo-hydro-mechanical coupled model in local
thermal non-equilibrium for fractured HDR reservoir”, Journal of Geophysical Research:
Solid Earth, 117(B7), 1-23. doi:10.1029/2012JB009161

[36] R. Gelet, B. Loret and N. Khalili (2010), “A thermo-hydro-mechanical model for dual porous
media: diffusion and mass transfer at thermal equilibrium”, 9th World Congress on Computational
Mechanics and 4th Asian Pacific Congress on Computational Mechanics WCCM/APCOM 2010,
Sydney, Australia, July 19-23, 2010.

[37] R. Gelet, B. Loret and N. Khalili (2014), The significance of local thermal non-equilibrium in
simulations of enhanced geothermal recovery. Computer Methods and Recent Advances in Ge-
omechanics, Fusao Oka, Akira Murakami, Ryosuke Uzuoka and Sayuri Kimoto eds., Proceedings
14th IACMAG, Kyoto, September 22-25, 2014, 1713-1718.

[38] R. Gelet, B. Loret and N. Khalili (2015), Enhanced Geothermal Reservoirs with two Fluid Cavi-
ties and Unequal Solid and Fluid Temperatures, Proceedings, Fortieth Workshop on Geothermal
Reservoir Engineering Stanford University, Stanford, California, January 26-28, 2015, 12 pages.

• Fracturation de réservoirs géothermiques Enhanced geothermal systems •

[39] AbuAisha M. and B. Loret (2014), Permeability enhancement of HDR reservoirs by hydraulic frac-
turing, Computer Methods and Recent Advances in Geomechanics, Fusao Oka, Akira Murakami,
Ryosuke Uzuoka and Sayuri Kimoto eds., Proceedings 14th IACMAG, Kyoto, September 22-25,
2014, 1681-1686.

[40] AbuAisha M. and B. Loret (2015), Stimulation of Geothermal Reservoirs: Impedance and Effi-
ciency of Thermal Recovery, Proceedings, Fortieth Workshop on Geothermal Reservoir Engineering
Stanford University, Stanford, California, January 26-28, 2015, 12 pages.

[41] AbuAisha M., B. Loret and D. Eaton (2016), Enhanced Geothermal Systems (EGS): hydraulic
fracturing in a thermo-poroelastic framework, J. Petroleum Science and Engineering, 146,
1179-1191.

[42] AbuAisha M. and B. Loret (2016), Influence of hydraulic fracturing on impedance and efficiency
of thermal recovery from HDR reservoirs, Geomechanics for Energy and the Environment,
http://dx.doi.org/10.1016/j.gete.2016.02.001

[43] AbuAisha M. and B. Loret (2016), Stabilization of forced heat convection: Applications to En-
hanced Geothermal Systems (EGS), Transport in Porous Media, DOI 10.1007/s11242-016-
0642-x

[44] Kimoto Sayuri, Loret Benjamin, Oka Fusao and Akaki Toshifumi (2016). On the Evolutional
Equation for the Internal Erosion of Geomaterials -Conditions for the Internal Erosion and Rate
Equation of the Mass Transfer- (translated from the original paper in Japanese) Paper for the
65th Annual meeting of the Japanese Society of Material Science, Toyama, May 29, 2016.

[45] Kimoto Sayuri, Akaki Toshifumi, Loret Benjamin and Oka Fusao (2017). A Numerical Model of
Internal Erosion for Multiphase Geomaterials. 11th International Workshop on Bifurcation and
Degradation in Geomaterials, IWBDG 2017, 21-25 May 2017, organized by Euripides Papamichos
and Panos Papanastasiou, Limassol, Cyprus.
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GEOMECHANICS WITH MORE THAN 2 IMMISCIBLE FLUIDS
• Perméabilités relatives et succions Relative permeabilities and capillary pressures •

[46] A. Gajo, F. Cecinato and B. Loret (2017), Deformable porous media saturated by three immiscible
fluids: constitutive modeling and simulations of injection and imbibition tests, Transport in
Porous Media, 116(1), 19-51.

[47] A. Gajo, F. Cecinato and B. Loret (2018), Finite element simulations of flooding in a deformable
core saturated by three immiscible fluids, J. Petroleum Science and Engineering, 165, 516-
534.

[48] A. Gajo, F. Cecinato and B. Loret (2016), Stabilized time marching schemes for isothermal fluid
injection in deformable porous media, in preparation.

GEO-ENVIRONNEMENT GEO-ENVIRONMENT

• Couplages dans les argiles Electro-chemo-mechanical couplings in clays •

[49] B. Loret (2000), “Thermodynamics of fluid-saturated porous media including chemo-mechanical
coupling, mass transfer and generalized diffusion”, 32 p., preliminary report.

[50] B. Loret, A. Gajo and T. Hueckel (2000), “Electro-Chemo-Mechanical Couplings in Soils”, CISM
Courses and Lectures Advanced Numerical Applications and Plasticity in Geomechanics n◦426,
Udine, edited by D.V. Griffiths and G. Gioda, Springer Wien New York (2001), 231-252.

[51] T. Hueckel, B. Loret and A. Gajo (2001), “Swelling clays as reactive deformable two-phase mate-
rials: basic concepts and options”. Invited lecture, Clay Behaviour: Chemo-Mechanical Coupling.

From nano-structure to engineering applications, Workshop organized by C. Di Maio, T. Hueckel
and B. Loret, June 27-30, Maratea, Italia. Published in Chemo-mechanical coupling in clays, C. Di
Maio, T. Hueckel and B. Loret editors, Swets and Zeitlinger B.V., Lisse, The Netherlands, 2002,
105-120.

[52] A. Gajo, B. Loret and T. Hueckel (2001), “Electro-Chemo-Mechanical Couplings and the
elastic-plastic behavior of heteroionic expansive clays”. Invited lecture, Clay Behaviour: Chemo-

Mechanical Coupling. From nano-structure to engineering applications, Workshop organized by C.
Di Maio, T. Hueckel and B. Loret, June 27-30, Maratea, Italia. Published in Chemo-mechanical

coupling in clays, C. Di Maio, T. Hueckel and B. Loret editors, Swets and Zeitlinger B.V., Lisse,
The Netherlands, 2002, 261-276.

[53] B. Loret, A. Gajo and T. Hueckel (2001), “Chemo-mechanical coupling in porous media: elastic-
plastic behavior of homoionic expansive clays”. Invited lecture, Asian Pacific Congress on Com-

putational Mechanics APCOM2001, November 20-23, 2001, Sydney, Australia, Elsevier, S. Valli-
appan and N. Khalili eds., 2001, 809-818.

[54] B. Loret, T. Hueckel and A. Gajo (2002), “Chemo-mechanical coupling in saturated porous media:
elastic-plastic behavior of homoionic expansive clays”, International Journal of Solids and
Structures, 39, 2773-2806.

[55] A. Gajo, B. Loret and T. Hueckel (2002), “Electro-chemo-mechanical couplings in saturated porous
media: elastic-plastic behavior of heteroionic expansive clays”, International Journal of Solids
and Structures, 39(16), 4327-4362.

[56] B. Loret, A. Gajo and T. Hueckel (2002), “Theoretical analyses of chemo-mechanical coupling in
homoionic expansive clays”. Incontro Annuale dei Riccercatori di Geotecnica-IARG 2002. Napoli,
20-21 Giugno 2002. Rendi Conti, CDRom.

[57] B. Loret, A. Gajo and F.M.F. Simões (2003), ‘Chemo-mechanical couplings in clays’, CISM Courses
and Lectures Chemo-Mechanical Couplings in Geomechanics and Biomechanics n◦ 462, Udine,
Italia, edited by B. Loret and J.M. Huyghe, Springer Wien New York (2004), 125-238.

[58] A. Gajo and B. Loret (2003), “Elastic-plastic behavior of homoionic expansive clays: finite element
simulations of laboratory experiments”, Computer Methods in Applied Mechanics and
Engineering, 192(31-32), 3489-3530.

[59] A. Gajo and B. Loret (2004), “Transient analysis of ionic replacements in elastic-plastic expansive
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[60] B. Loret, A. Gajo and F.M.F. Simões (2004), “A note on the dissipation due to generalized
diffusion with electro-chemo-mechanical couplings in heteroionic clays”, European Journal of
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[61] A. Gajo and B. Loret (2005), “Electro-chemo-mechanical couplings in saturated active clays”.
Invited lecture, Material Instabilities in Coupled Problems, Euromech 474, August 30-31, 2005,
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• Effets du pH sur les propriétés mécaniques pH effects on mechanical properties •
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• Milieux poreux anisotropes Anisotropic porous media •
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Q.S. Zheng, 49(11), 2593-2619.

• Thermoporomécanique des sols non saturés Thermoporomechanics of unsaturated soils •
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RUPTURE QUASI-STATIQUE, DYNAMIQUE, INTERSONIQUE
QUASI-STATIC, DYNAMIC, INTERSONIC FRACTURE
• Rupture intersonique dans les roches saturées Intersonic fracture in saturated rocks •
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ENDOMMAGEMENT DAMAGE
• Endommagement de roches soumises à haute température Thermal damage in rocks •
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using cyclic triaxial tests”, Eurock 2000 Symposium, Aachen, 27-31 März 2000.

[84] N. Gatelier, F. Pellet and B. Loret (2002), “Mechanical damage of an anisotropic rock under
cyclic triaxial tests”, International Journal of Rock Mechanics and Mining Sciences, 39,
335-354.

• Endommagement non local et échelles de longueur Non local damage and length-scales •
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LOCALISATION DES DEFORMATIONS ET INSTABILITES DYNAMIQUES
STRAIN LOCALIZATION AND DYNAMIC INSTABILITIES
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