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Preface

The ISSMGE European Region and the Portuguese Geotechnical Society (SPG) are pleased to welcome
you to the XVIII European Conference on Soil Mechanics and Geotechnical Engineering in Lisbon, Por-
tugal, on the 26th to the 30th of August 2024.

The geotechnical challenges that the world faces are getting increasingly complex and interrelated. To
develop a renewed commitment with the engineering core values and ethics in this time of rapid and defy-
ing changes, the theme of the Conference is: "Geotechnical Engineering challenges to meet current and
emerging needs of society". Considering this framework, the topics of the conference are:

A - New developments on structural design.

B – Geohazards.

C - Risk analysis and safety evaluation.

D - Current and new construction methods.

E - Environment, water and energy.

F - Future city world vision.

After the pandemic period, the aim of the conference is to share in person knowledge and experience
with our colleagues and strengthen the relationship between members of the geotechnical community,
emphasizing the important contribution of the geotechnical engineering to solve the current and emer-
ging society needs.

We hope that this conference exceeds your expectations with very interesting lectures, papers, posters,
exhibitions and technical visits.

We gratefully thank all the speakers, authors, reviewers, supporting committees, members of ISSMGE
technical committees, chairs of sessions, exhibitors, institutional partners, as well as all other participants
making this conference outstanding.

We hope you have a pleasant stay in Portugal and look forward to seeing you again.

Lisbon, August 2024

Lyesse Laloui, Alexandre Pinto,
ISSMGE Vice-President for Europe Chairman of the Organizing Committee of the XVIII ECSMGE 2024

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 xlv





Acknowledgements

The Portuguese Geotechnical Society (SPG) gratefully acknowledges the important support to the XVIII
ECSMGE, Lisbon, 2024, from all the Conference Partner companies.

The Portuguese Geotechnical Society also acknowledges the enthusiasm and support of the members of
the Advisory Committee, the Scientific Committee and the Organizing Committee of the XVIII
ECSMGE, as well as the strong participation of the Board of Reviewers that contributed to the high
scientific quality of the proceedings.

The Portuguese Geotechnical Society acknowledges the important role of the authors, keynote lecturers,
SOA, Forum and HTC lecturers, chairpersons, and all the persons and entities that contributed to the
success of the XVIII ECSMGE.

The editors thank Mr. Manuel Carvalho and Miss Maria João Carvalho for their meticulous and com-
prehensive efforts in proofreading and formatting the text. Their dedication has contributed to the high
quality and readiness for publication of these proceedings.

The editors extend their appreciation to Leading and in particular to Maria Brito, for her expertise in
crafting the captivating graphical design of the book cover.

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 xlvii





Editor Biographies

Nuno Guerra is Associate Professor at NOVA School of Science and Technology, where he lectures
undergraduate, master and postgraduate courses in the fields of Soil Mechanics and Geotechnical Engin-
eering, in the Civil Engineering Department. His research interests are the study of the collapse of geo-
technical structures, geotechnical design considering the variability of soil properties, soil-structure
interaction and the performance of retaining structures. He was Vice-President of the Portuguese Geo-
technical Society (2012-2016), member of several Organizing and Scientific Committees of national con-
ferences and Geotechnical Engineer and Consultant. He was (2004-2008) and is now (from 2016)
member of the Board of the journal “Geotecnia” published by SPG, ABMS and SEMSIG. He is author
of 75 papers published in national and international journals and in the proceedings of national and
international conferences.

Manuel Matos Fernandes is Professor of Soil Mechanics and Geotechnical Engineering at the Faculty of
Engineering of the University of Porto. His main research areas concern numerical modelling of geotech-
nical works, deep urban excavations and the history of Construction. He was editor of the journals Geo-
tecnia (2000-04) and Soils & Rocks (2012-16) and President of the Portuguese Geotechnical Society
(2016-20). He is author of textbooks on Soil Mechanics and Geotechnical Engineering published in Por-
tugal and internationally. From 1991 to 2012, he co-organized the series International Workshops on
Applications of Computational Mechanics in Geotechnical Engineering and co-edited its proceedings
(6). In 2013 he was awarded with the Prize in Pedagogic Excellency at his university.

Cristiana Ferreira is Assistant Professor in the Department of Civil Engineering at the Faculty of Engin-
eering of the University of Porto and an integrated member of CONSTRUCT (Institute of R&D in
Structures and Construction). Her research is mainly focused on laboratory and field soil characterisa-
tion, wave-based non-destructive testing, seismic and static liquefaction characterisation and mitigation,
and the mechanics of non-textbook geomaterials. She has 3 published books as editor, 32 papers in peer-
reviewed scientific journals and more than 50 papers in conference proceedings.

António Gomes Correia is professor and researcher at the Institute for Sustainability and Innovation in
Structural Engineering (ISISE) of University of Minho. His activities involve research, teaching and con-
sulting in the general field of geotechnical and transportation engineering for 44 years. He has been a
keynote speaker and member of the organising/technical committees for many well established inter-
national conferences. He is a co-founder of the International Society for Intelligent Construction (ISIC)
as well as has founded the conference series on Transportation Geotechnics. He is also one of founding
editors for the international journal “Transportation Geotechnics” (from 2014), as well as for “Transpor-
tation Engineering” (from 2020), both published by Elsevier. He is also editor of the journal “Geotecnia”
(from 2016) published by SPG, ABMS and SEMSIG. He is an author/coauthor of 190 scholarly publica-
tion indexed in SCOPUS.

Alexandre Pinto is founder and technical manager of JETsj Geotecnia Lda. and invited Professor at Insti-
tuto Superior Técnico (IST) of Technical University of Lisbon. His activities involve consulting and
teaching in the general field of geotechnical engineering for 30 years. He is an author/coauthor of 120
technical papers. He has been a keynote speaker and member of the organising/technical committees for
several conferences. He was Vice President of Portuguese Geotechnical Society from 2016 to 2020 and is
President from 2020 to 2024.

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 xlix



Pedro Sêco e Pinto was a Full Professor of Geotechnical Engineering at Coimbra University. He is a
member of European Union Academy of Sciences, a Fellow of Portuguese Institute of Engineers and a
former Director of Research of National Laboratory of Civil Engineer (LNEC). He was ISSMGE Board
Member, Immediate Past President, ISSMGE President and ISSMGE Vice President. He was Chairman
of ISSMGE TC “Earthquake Geotechnical Engineering“. He presented 350 State-of-the Art Lectures in
80 countries. He was an Editorial in Chief of 2 International Journals and he is member of 7 Editorial
Boards. He has been a member of Advisory Committee of 100 International Conferences. He worked as
World Bank Consulting and United Nations Consulting. He worked on 450 major projects in Dams,
Power plants, Bridges, Special Foundations, Tunnels, Highways, Landslides, Dykes, Airports and Quay
Walls, in 23 countries. He is author or co-author of 500 Technical and Scientific Reports and 180 papers
for Conferences and Journals and contributed for 13 Books. He received more than 50 International
Awards.

Editor Biographies

l Proceedings of the XVIII ECSMGE 2024



Advisory Committee
Comité Consultatif

Lyesse Laloui - Vice-President of the ISSMGE for Europe 2022-2026 (Chairman)
Marc Ballouz - President of the ISSMGE 2022-2026
Laura Caldeira - President of LNEC, Lisbon
Eduardo Fortunato - Member of the Conference Organizing Committee
Mario Manassero - Vice-President of the ISSMGE for Europe 2017-2022
Charles Ng - Immediate Past-President of the ISSMGE 2017-2022
Haraldur Sigursteinsson - Chair of the XVII Conference Organizing Committee
Neil Taylor - Secretary General of the ISSMGE

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 li





Scientific Committee
Comité Scientifique

Pedro Sêco e Pinto - Past-President of the ISSMGE 2005-2009 (Chairman)
Michael Bardanis (Greece)
Kaspars Bondars (Latvia)
Loretta Batali (Romania)
Rasin Duzceer (Turkey)
Liudas Furmonavicius (Lithuania)
Jana Frankovska (Czech & Slovak)
Vyacheslav Ilychev (Russia)
David Igoe (Ireland)
Yuriy Kirichek (Ukraine)
Omar Kutsnashvili (Georgia)
Lehar Letsaar (Estonia)
Dimitrios Loukidis (Cyprus)
Andras Mahler (Hungary)
Leo Matesic (Croatia)
Manuel Matos Fernandes (Portugal)
Christian Moormann (Germany)
Trude Orbech (Norway)
Ervin Paci (Albania)
Jovan Papic (Republic of North Macedonia)
Sebastiano Rampello (Italy)
Fernando Pardo Santayana (Spain)
Helmut Schweiger (Austria)
Klaas Siderius (The Netherlands)
Haraldur Sigursteinsson (Iceland)
Wojciech Solowski (Finland)
Suzana Svetličič (Slovenia)
Dimitrios Terzis (Switzerland)
David Toll (UK)
Andry Totsev (Bulgaria)
Tamara Ulasik (Belarus)
Nicolas Utter (France)
Monika de Vos (Belgium)
Mirjana Vukicevic (Serbia)
Katarzyna Zabielska (Polland)
Sabid Zekan (Bosnia & Herzegovina)

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 liii





Organizing Committee
Comité d’Organization

Alexandre Pinto - (Chairman)
José Mateus de Brito (HTCP)
Ana Cardoso (IP)
António Cristovão (Keller)
António Gomes Correia (UM)
Cristiana Ferreira (FEUP)
Isabel Fernandes (FCUL, SPG)
Eduardo Fortunato (LNEC, SPG)
António Viana da Fonseca (FEUP)
Nuno Guerra (FCTUNL)
José Neves (ISTUL, SPG)
Paulo da Venda Oliveira (FCTUC)
Nadir Plasencia (EDP)
Cláudia Pinto (CML)
Paulo Ramos (Teixeira Duarte)
Edmundo Vieira Simões (Mota-Engil)
Marcelino Mateus da Silva (LNEC)
Castorina Vieira (FEUP, SPG)

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 lv





Board of Reviewers
Comité de Révision

Pascal Aguado José Cândido Freitas
Jorge Almeida e Sousa Herminia Cano
Sara Amoroso Giuseppe Cardile
Armando Antão Rafaela Cardoso
José Luis Arcos Joana Carreto
Gustavo Armijo Rui Carrilho Gomes
Marcos Arroyo Mariana de Carvalho
Enrique Asanza-Izquierdo Jorge Castro
Michael Bardanis Daniele Cazzuffi
Daniel Barreto Ricky Chan
Loretta Batali Feyza Cinicioglu
Fátima Batista Ozer Cinicioglu
Mickaël Beaufils Adrian Ciutina
Georgios Belokas Paulo Coelho
Robert Bendzovski Simonetta Cola
Judith Bernis Aires Colaço
Adam Bezuijen Nilo Consoli
Emilio Bilotta António Alberto Correia
Dominique Blanc Roberto Coutinho
Witold Bogusz Nuno Cristelo
Daniela Boldini António Cristovão
Malek Bouazza Nuno Cruz
Emmanuel Bourgeois Roberto Cudmani
Peter John Bourne-Webb Olivier Cuisinier
Rossella Bovolenta Marco D’Ignazio
Ilknur Bozbey Anna D’Onofrio
Maria Luísa Braga Farinha Paulo da Venda Oliveira
Denis Branque Dimitrios Daskalopoulos
M. Fraser Bransby Samson Degago
Sandro Brasile Hans Dete
Gerhard Bräu Oliver Detert
Sylvie Bretelle Gonçalo Diniz Vieira
Laurent Briancon Andrea Dominijanni
Kevin Briggs George Dounias
Ronald Brinkgreve José Echave
Andrea Brito José Estaire
Mike Brown Settimio Ferlisi
Sebastien Burlon Isabel Fernandes
Martin Cahn Cristiana Ferreira
Laura Caldeira Fernanda Bessa Ferreira
Michele Calvello Alessandro Flora

Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license 

Proceedings of the XVIII ECSMGE 2024  
GEOTECHNICAL ENGINEERING CHALLENGES 
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors  
ISBN 978-1-032-54816-6 

Proceedings of the XVIII ECSMGE 2024 lvii



Maxime Fonty Tingfa Liu
Daniele Fornelli Monica Lofman
Eduardo Fortunato Isabel Lopes
Jana Frankovska Alexandre Lopes Dos Santos
Teresa Freitas Mafalda Lopes Laranjo
Liudas Furmonavicius Freddy Lopez
Andrea Galli Dimitrios Loukidis
George Gazetas João Lourenço
Antonio Gens Giulia Lugli
Hubert Godin António M G Pedro
Alp Gokalp Natalia Maca
António Gomes Correia András Mahler
Arjan Grashuis Maria Clorinda Mandaglio
Alex Greeuw Alessandro Mandolini
Pedro Guedes de Melo João Manso
Nuno Guerra Diego Manzanal
Bruno Guimarães Delgado João Marcelino
Kazimierz Gwizdała Lígia Martins
Koen Haelterman Leo Matesic
Amir Hamidi José António Mateus de Brito
Ellen Haugen Paulo Matias Ramos
Kilic Havvanur Manuel Matos Fernandes
Ana Heitor Svetlana Melentijevic
Flip Hoefsloot António Mendonça
Robert Hofmann Maria Migliazza
Wengui Huang Krunoslav Minažek
Nejan Huvaj Tiago Miranda
David Igoe Fausto Molina-Gómez
Patrick Ijnsen Nuno Monteiro Azevedo
Chiara Iodice Nicola Moraci
Anooshesh Iravanian Sravan Muguda-Viswanath
Richard Jardine Mauro Muniz Menendez
Orianne Jenck José Muralha
Celeste Jorge Peter Nagy
Josif Josifovski Nicolas Nayrand
Takeshi Katsumi Ian Nettleton
Satoru Kawasaki José Neves
Amir Kaynia Ilies Nicoleta
Yuriy Kirichek Tomoyoshi Nishimura
Jonathan Knappett Simon Oberhollenzer
Edina Koch Shulyatyev Oleg
Stavroula Kontoe Trude Orbech
Adam Krasinski Trevor Orr
Ozaydin Kutay Anatolii Osokin
Jean-Sébastien L’Heureux Ervin Paci
Luís Lamas André Paixão
Jan Laue Marina Pantazidou
Luís Leal Lemos Jovan Papic
Lehar Leetsaar Fernando Pardo
José Leitão Borges Manuel Parente
Valentina Lentini António Paula
Kerstin Lesny Skevi Perdikou
Zili Li Carlos Pereira
Stefania Lirer Sabrina Perlo

Board of Reviewers

lviii Proceedings of the XVIII ECSMGE 2024



Alexandros Petalas Wojciech Solowski
Margarida Pinho Lopes Julia Sorgatz
Alexandre Pinto Giovanni Spagnoli
Paulo Pinto Ruud Steenbrink
Pedro Pinto Vetle Stene
Marianna Pirone Hans Henning Stutz
Nadir Plasência Bruno Stuyts
A.B. Ponomaryov Waldemar Swidzinski
João Portugal Zsolt Szilvagyi
Martin Preene David Taborda
Ivan Puig Damians Stephen Thomas
José Quintanilha de Menezes Luc Thorel
Jérôme Racinais Joaquim Tinoco
Frank Rackwitz David Toll
Ana Ramos Laura Tonni
Sebastiano Rampello António Topa Gomes
Nuno Raposo Michał Topolnicki
Sylvie Raymackers José Manuel Torres Serrano
Marlee Reed Andrey Totsev
David Reid José Filinto Trigo
Philippe Reiffsteck Giuseppe Tropeano
Mohammad Rezania Anne Tuomela
Sara Rios Nicolas Utter
Carlos Rodrigues K Van Dalen
Luís Rodrigues de Sousa Miranda Kristof Van Royen
António Roque José Nuno Varandas
Agustin Ruiz Lopez Paul J. Vardanega
Gianpiero Russo Roberto Vassallo
César Sagaseta Thomas Vergote
Maha Saleh Jean-David Vernhes
Teresa Santana António Viana da Fonseca
Luís Santos Ana Vieira
Ricardo Neves Correia Santos Castorina Vieira
Harry Saroglou Giulia Viggiani
Ernestos Sarris Claudia Vitone
Assel Sarsembayeva Bas Vos
Giuseppe Scarpelli Mirjana Vukićević
Felix Schroeder Goran Vukotic
Timo Schweckendiek Phil Watson
Helmut F. Schweiger Mike Winter
João Serra Ákos Wolf
A. V. Shaposhnikov Hoe Yeow
A. G. Shashkin Xinyuan Yu
Brian Sheil Yeliz Yukselen
Daichao Sheng Katarzyna Zabielska-Adamska
Jinquan Shi Lidija Zdravkovic
Klaas Siderius Sabid Zekan
Lucia Simeoni Maurizio Ziccarelli
Neil Smith Cor Zwanenburg
Ecidineia Soares

Board of Reviewers

Proceedings of the XVIII ECSMGE 2024 lix


