Numerical Modelling for Scientists: Concepts, GUI Tools, and Fundamentals of FEM
Professors involved
· Dr. Biswabhanu Puhan – Postdoctoral Researcher, Department of Earth and Environmental Sciences, Università degli Studi di Pavia
· Dr. Ludovico Manna – Postdoctoral Researcher, Department of Earth and Environmental Sciences, Università degli Studi di Pavia

Course learning outcomes / abstract
This transversal course introduces PhD students from diverse scientific backgrounds to the fundamental concepts and practical use of numerical modelling. The course is designed as a bridge between scientific intuition and computational methods, with the aim of helping participants understand how numerical models are constructed, interpreted, and critically evaluated.
Through simple visual demonstrations using Abaqus Learning Edition (or equivalent free GUI tools), students will learn how modelling assumptions, boundary conditions, and discretization choices influence simulation results. The course also includes a condensed and accessible introduction to the Finite Element Method (FEM), illustrated through selected MATLAB-based examples, with the goal of explaining at a conceptual level how numerical solvers operate “under the hood”. No prior coding or numerical modelling experience is required.
By the end of the course, participants will be able to:
· understand basic numerical modelling workflows and discretization concepts,
· run or interpret simple simulations in GUI-based environments,
· understand fundamental FEM concepts at a conceptual level,
· critically evaluate numerical modelling results in their own research fields.

Goals
The goal of the course is to provide a clear introduction to numerical modelling as a cross-disciplinary scientific tool.
· Teach students when and how numerical modelling can support scientific research
· Demonstrate simple GUI-based modelling using Abaqus Learning Edition or similar platforms
· Introduce fundamental FEM concepts through accessible MATLAB-based examples
· Encourage critical thinking about modelling assumptions, parameters, and validation
· Enable PhD students from different programs to confidently interpret numerical simulation results

Number of hours and planning
20 hours total – 5 sessions × 4 hours

Indicative plan
1. Modelling in Science: Physical Intuition and Governing Ideas (4 hours)
Scientific modelling across disciplines; modelling as a way to translate physical intuition into mathematical form; balance laws and conservation principles; fields, gradients, and fluxes as unifying concepts; role of assumptions and boundary conditions; intuitive examples from physical, Earth, and applied sciences.

2. From Physical Laws to Mathematical Descriptions (4 hours)
How physical processes are expressed through differential equations; meaning of local versus global descriptions; strong form of governing equations at a conceptual level; role of geometry, material properties, and constraints; why analytical solutions are often not available.

3. From Equations to Numerical Thinking (4 hours)
Why numerical methods are required; continuous versus discrete descriptions; discretization as a modelling choice rather than a technical step; meshes and resolution; approximation, error, and convergence (conceptual); introduction to weak formulations as a natural extension of physical reasoning.

4. Numerical Solution Strategies: FEM as an Illustrative Example (4 hours)
Conceptual overview of numerical solution strategies, with the Finite Element Method introduced as an illustrative example to connect governing equations with numerical implementation; elements, shape functions, and assembly ideas explained intuitively; MATLAB-based demonstrations aimed at understanding solver logic rather than programming details.

5. Interpretation, Validation, and Transfer to Research Problems (4 hours)
Interpretation of numerical results; analytical–numerical comparisons; validation and benchmarking concepts; sources of numerical uncertainty and modelling limitations; discussion on how numerical modelling concepts apply across different PhD research fields.

(Note: this is a high-level outline; the detailed content of each session will be finalized closer to the teaching period.)

Period
18, 20, 22, 25 & 27 May 2026, 9:00–13:00

Registration
https://forms.gle/9WmQhqQNnesPMsiV6

Delivery mode and location
In presence (hybrid participation possible if necessary)
Department of Earth and Environmental Sciences, Università degli Studi di Pavia

Language
English

Evaluation criteria
· Attendance ≥ 80%
· Short final exercise (e.g. comparison between a simple analytical expectation and a numerical result, or a brief reflection on modelling assumptions and interpretation of results)

Credits (CFU)
4 CFU

