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ABSTRACT

Slopes in hilly or mountainous regions can present complex morphologies due to erosional, grav-
itational and seismotectonic processes. In seismically active regions, mountain ranges are usually
characterised by numerous slope failures in the form of shallow to deep-seated landslides; yet, their
origin is often not clearly established and must not necessarily be seismic.

This thesis investigates deep-seated landslides of unknown origin (and age) that hint at a proba-
ble co-seismic development in regard to their regional seismotectonic context, site-related structural
and geological setting, and distinct geomorphological shape. Such investigations include the recon-
naissance of surface as well as subsurface structures with a variety of methods; here, we analyse
landslide surfaces with satellite imagery, through geomorphological observations and structural
measurements, while multiple geophysical techniques are used to reveal subsurface structures and
to infer geotechnical properties of the ground.

The work is focused on two study areas presenting rather ancient slope failures: the seismogenic
Hockai Fault Zone in East-Belgium, with the Bévercé and the Pays de Herve landslides, and the
seismic Vrancea-Buzau region in the Carpathian Mountains of Romania, with the Eagle’s Lake
and Balta landslides. A third study area, the Longmenshan Fault Zone in Central China with the
Daguangbao and the Qinglincun landslides, is used as reference site to discuss landslides actually
triggered by a recent earthquake, i.e. the 2008 Wenchuan event, and highlights mechanisms leading
to co-seismic slope failure.

A decisive approach of this work is the integration of the collected data into 3D geomodels of
the respective sites; these allow to link the geophysical subsurface information to observed surface
structures, as well as to assess landslide dimensions and to estimate the volume of landslide de-
bris still in place. For two study areas, the Bévercé and Balta landslides, we present a numerical
back-analysis with distinct element modelling in the 2D and 3D domain, respectively, to further
comprehend mechanisms influencing the genesis and development of slope collapses possibly in-
duced by earthquakes. These computations are based on geomodelled pre-failure slope shapes,
structural settings derived from field measurements and geotechnical properties inferred from geo-
physical measurements. For both sites, numerical computations indicate the necessity of ground
acceleration to achieve similar failure patterns as observed in their actual post-failure state.

At last, we introduce conclusive key elements that link the observed markers deduced from the
field measurements and numerical analyses to distinctive processes that are crucial components to
comprehend the development of slope failures in seismic regions. The larger interest beyond the
direct scope of this study is the deeper comprehension of regional seismotectonic processes that
were active in the past to allow for better constrained seismic hazard evaluations in the future.

Xi



Contents

Page

ACKNOWLEDGEMENTS . . . . . . . . e vii
ABSTRACT . . . . e xi
GLOSSARY . . XXiii
INTRODUCTION . . . . . e e e e 2
METHODOLOGY . . . . . . . e e e 12
M.1 Geophysical Methods . . . . . . . . . . ... 13

M.1.1 Electrical Resistivity Tomography . . . . . . ... .. ... ... ... 13

M.1.2 Active Seismics . . . . . . . .. e 16

M.1.3 Passive Seismics . . . . . . . .. ... e 19

M.1.4 Example of a geophysical case study of arockslide . . . . . . ... ... 24

M.2 3D Geomodelling . . . . . . . . .. 26

M.3 2D and 3D Distinct Element Modelling . . . . . ... ... ... ... .... 29

M.3.1 Model Setup and Geomechanical Parameter . . . . . . ... ... ... 30

M.3.2 StaticDomain . . . . . .. .. . L 33

M.3.3 Dynamic Domain . . . .. ... ... .. ... ... ... ... ..., 36
CHAPTER . . . . . e 42
I Longmenshan Fault Zone-China . . . . . . ... ... ... .. ... ...... 43

I.L1 Seismotectonic Context . . . . . . . . . .. . ... 44

I.L1.1  Wenchuan Earthquake 2008 . . . . . . . . ... .. ... .. ...... 45

[.L1.2 Daguangbao Rockslide . . . ... .. ... ... ... ......... 50

.2 Qinglincun Landslide . . . . . ... ... ... .. ... ... ... . .. ... 54

[.2.1 Geomorphic Analysis . . . . ... ... ... ... 54

[.2.2  Geophysical Data Acquisition and Analysis . . . . . . . ... ... ... 57

[.2.3 3D Geomodelling of Landslide Basis . . . . . ... ... ........ 62

II Hockai Fault Zone - Belgium . . . . ... ... ... ............... 67

Xix



II.1 Seismotectonic Context . . . . . . . . . . . . o, 68

I.2 The Pays de Herve Landslides . . . . . ... ... ... .. .......... 71
II.2.1 Geological Context . . . . ... ... ... ... ... ... ...... 72
I1.2.2 Geomorphicanalysis . . . ... ... ... ... ... ......... 73
I1.2.3 Geophysical Data Acquistion and Analysis . . . . . .. ... ... ... 74
I1.2.4 Data Integration with 3D Geomodelling . . . . . ... ... ... ... 83

II.3 The Bévercé Landslides . . . . . . .. ... ... .. ... .. ... ... 87
IL.3.1 Geological Context . . . . . ... ... ... ... .. ... ...... 88
I[.3.2 Geomorphic Analysis . . . . .. ... .. ... ... ... ....... 90
II.3.3 Geophysical Data Acquisition and Analysis . . . . . .. .. .. .. ... 94
II.3.4 Discussionof Results . . . .. .. ... ... ... ... ...... 97
I1.3.5 Data Integration with 3D Geomodelling . . . . ... ... ... .... 100
I1.3.6 Pre-failure Slope Reconstruction . . . .. ... .. ... ........ 102

II.4 2D Numerical Back-Analysis of Bévercé . . . . . . .. ... ... ... .... 104
II.4.1 ModelSetup . . . . . . . . . . . e 104
I[.4.2 Static Analysis . . . . . . . . . .. 106
I1.4.3 Dynamic Analysis . . . . . . . . . ... ... 108

III Vrancea Seismic Region - Romania . . . . . .. ... ... ... ......... 119

III.1 Seismotectonic Context . . . . . . . . . . . .. .. . e 120

III.2 Geological Context . . . . . . . . . . . . . . it e 122

III.3 Eagle’s Lake Landslide . . . . .. ... ... ... ... ... ....... 124
III.3.1 Geomporphic Analysis . . . . . ... ... .. .. ... ... ..... 124
II1.3.2 Geophysical Data Acquisition and Analysis . . . . . . . ... ... ... 125
II1.3.3 Data Integration with 3D Geomodelling . . . . ... ... ... .... 132

IlI.4 BaltaRockslide . . . . . . .. . . .. . 137
[I1.4.1 Geomorphic Analysis . . . . . . ... ... ... .. ... ...... 137
[II.4.2 Geophysical Data Acquisition and Analysis . . . . . .. .. .. .. ... 139
II1.4.3 Data Integration with 3D Geomodelling . . . . . ... ... ... ... 150
Il1.4.4 Pre-failure Slope Reconstruction . . . . . ... .. .. ... ...... 159

III.5 3D Numerical Back-Analysisof Balta . . . . . ... ... ... ........ 162
III.5.1 Model Setup . . . . . . . . . . . . e 162
III.5.2 Static Analysis . . . . . . . . . . . . . . 167
III.5.3 Dynamic Analysis . . . . . .. .. ... ... ... ... ... 169
III.5.4 Reproduction of Failure . . . . . ... ... ... ... ......... 177

XX



CONCLUSIONS . . . s e 192

OUTLOOK . . . . . e 200

BIBLIOGRAPHY . . . . . . e 203
APPENDIX

A Introduction . . . . . ... 231

B Methodology . . . . . . . . . . . 232

C Longmenshan Fault Zone, China . . . . . ... ... ... ............ 233

D Hockai Fault Zone, Belgium . . . . . . .. .. ... ... ... .. ....... 242

D.1 Battice Landslides . . . . . . . . . .. ... ... 243

D.2 Bévercé Landslide . . . . . . . .. ... .. 249

D.2.1 HVSR measurements of Bévercé I . . . ... ... ... ........ 249

D.2.2 ERTOl and ERTO2 of Bévercé I . . . . . . ... ... ... ....... 251

D.2.3 SRT surveys crossing the scarp of Bévercé I . . . . .. ... ... ... 253

D.2.4 Geomodelof Bévercé I1 . . . . . . . . ... ... ... .. ....... 254

E 2D Numerical Back-Analysis of Bévercé . . . . ... ... ............ 256

F Vrancea Seismic Region, Romania . . . . . .. ... ... ... .. .. ..... 260

F.1 Eagle’sLake Landslide . . . . .. ... ... ... .. ... ... ....... 260

F2 BaltalLandslide . . . ... ... ... ... .. ... . .. . .. ... 262

F.2.1 Structural Analysis (Lemaire etal.,2020) . . . . . . .. ... ... ... 262

F.2.2 Geophysical Data Analysis . . . . ... ... ... ... ....... 264

F.2.3 Geomodel and Slope Reconstruction . . . . .. ... ... ... .... 269

G 2D Numerical Analysisof Balta . . . . . . ... ... ... .. .......... 272

G.1 Modelled slope morphologies and rock structures . . . . . ... ... ..... 272

G.2 Static Analysis of the 2D Baltamodels . . . . . . .. ... ... .. ...... 275

G.3 Dynamic Analysis of the 2D Baltamodels . . . . . . ... ... ... ..... 2717

H 3D Numerical Back-Analysisof Balta . . . . . . ... ... ... ......... 281

XXi



	Title Page
	ABSTRACT
	Abstract


