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1. IPL - 269 (2023) Landslide Initiation, Evolution and Remediation: Physical and Numerical
Modeling (LIEREM)

2. Main Project Fields
(1) Technology Development
A. Monitoring and Early Warning, B. Hazard Mapping, Vulnerability and Risk Assessment
(2) Targeted Landslides: Mechanisms and Impacts
A. Catastrophic Landslides, B. Landslides Threatening Heritage Sites
(3) Capacity Building
A. Enhancing Human and Institutional Capacities
B. Collating and Disseminating Information/ Knowledge
(4) Mitigation, Preparedness and Recovery
A. Preparedness, B. Mitigation, C. Recovery
(5) Landslide Modeling
A. Physical modeling, B. Numerical modeling
3. Name of Project leader: Professor Zeljko Arbanas
Affiliation: University of Rijeka, Faculty of Civil Engineering; Geotechnical Chair
Contact: Radmile Matej¢i¢ 3, 5100 Rijeka; fax +385 51 265998; phone +385 51 265936; email

zeljko.arbanas@egradri.uniri.hr

Core members of the Project:
Sabatino Cuomo/ University of Salerno, Department of Civil Engineering, Associate Professor;

scuomo(@unisa.it

Josip Peranié/ University of Rijeka, Faculty of Civil Engineering, Postdoc; josip.peranic(@gradri.uniri.hr

Angela Di Perna/ University of Salerno, Department of Civil Engineering, Postdoc; adiperna@unisa.it

4. Objectives: Investigation of rainfall-induced landslides by combining 1g small-scale physical landslide
models and advanced numerical modelling approaches; investigation of landslide initiation and propagation
stages; evaluation of the effectiveness of different remediation measures such as gravity walls, piles and

gabions for different slope materials and geometric conditions.

5. Study Area: The research activities are carried out in the Geotechnical laboratory of the Faculty of Civil
Engineering, University of Rijeka and in the Geotechnical Laboratory of the Department of Civil Engineering,

University of Salerno. The results will be applicable to the research topic in general.
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6. Project Duration: 4 years
7. Report
Progress in the Project:

During the second year of the Project, the activities from the following phases of the Project were
conducted:

1* phase: PHYSICAL SMALL-SCALE LANDSLIDE MODELLING

Conducting 1g physical model tests of small-scale landslides with different soil types, geometric and initial
moisture conditions, predefined rainfall conditions and installation of some remedial structures: PHYSICAL
SMALL-SCALE LANDSLIDE MODELLING; Milestone: Obtained some of data on the hydraulic and mechanical
behavior of small-scale landslides under specified test conditions. This phase will be continued in the next years of the
research.

2" phase: DATA ANALY SIS
Analysis of data collected in phase 1, including changes in soil moisture, pore water pressure (positive and matric
suction), temperature and landslide/structure movement data: DATA ANALYSIS; Milestone: Analysis and
interpretation of data collected from investigation in phase 1. Data Analysis is a continued research based on physical
small-scale landslide modeling data. The results of investigating the effect of rainfall patterns on slope stability
through physical and numerical modelling, pointed on the rainfall patterns affect hydraulic behavior and slope stability
(Perani¢ et al., 2026). Prediction of hydro-mechanical slope response and landslide initiation based on a slope physical
model exposed to artificial rainfall used FEM numerical simulation to numerically simulate the process in a slope to
landslide initiation (Roy et al., 2026a, b). This phase will be continued in the next years of the research.

3" phase: SOIL TESTING.
Laboratory tests for advanced hydro-mechanical characterization of soils used in small-scale physical landslide
models: SOIL TESTING; Milestone: Define material properties required for the interpretation of experimentally
obtained results and perform advanced numerical analyses, including: (i) classification and basic soil index properties;
(i1) advanced hydraulic characterization of soils, including WRCs and HCFs; and (iii) determination of (un)saturated
shear strength properties. Conducted data analyses were Soil Testing is continued research during the Project period.

4™ phase: NUMERICAL MODELLING
Use the obtained data to perform advanced numerical analyses (MPM) of rainfall infiltration, landslide evolution from
triggering to final deposition and even landslide-structure interaction. NUMERICAL MODELLING; Milestone: Use
the data obtained in phases 2 and 3 to calibrate numerical models and perform various numerical studies and
parametric analyses and to assess the performance of different remediation measures. Numerical modelling using the
Material Point Method (MPM) was used in analyses of possible debris flows remediation measures using long-rooted
grass or different rigid and flexible structures. Cuomo et al. (2025) analyzed the behavior of rigid barriers impacted by
multiple surges of flow-like landslides. The MPM is used for its capability to accommodate large deformation
scenarios, with distinct material properties, while still recurring to classical concepts of geotechnical engineering
implemented in traditional Finite Element Method (FEM) approaches. The results show that multiple surges lead to a

more gradual dissipation of kinetic energy compared to a single, larger flow of equivalent mass. This phase will be



continued in the next years of the research.

8) Planned future activities or Statement of completion of the Project

The future activities will develop according to the Project Work Plan. In the next Project year, the following activities
will be continued:
1¥ phase: PHYSICAL SMALL-SCALE LANDSLIDE MODELLING
This phase will be continued in the next years of the research.
2" phase: DATA ANALY SIS
Data Analysis is a continued research based on physical small-scale landslide modeling data.
3" phase: SOIL TESTING.
Soil Testing is a continued research during the Project period.
4" phase: NUMERICAL MODELLING

This phase will be continued in the next years of the research.

9) Beneficiaries of Project for Science, Education, and/or Society

Landslide-affected population, practitioners and scientists dealing with landslides, through new scientific knowledge
on rainfall-induced landslides; Researchers involved in the project through gaining valuable experience and knowledge
in the field of conducting experiments, soil testing, numerical modelling, mitigation measures, and triggering
mechanisms of landslides initiated by rainfall in general; Institutions and working groups involved in the project
through knowledge sharing, increasing their visibility and capacity. As the project is still ongoing, further
developments of research in physical and numerical landslide modeling are widely expected. Already, current results
within the project area certainly significantly contribute to a better understanding of landslide initiation and behavior,

both for scientists and the engineering profession.
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