2026 SUMMER COURSE - SYLLABUS

THE LATTICE DISCRETE PARTICLE MODEL (LDPM) FOR THE SIMULATION OF CONCRETE AND OTHER QUASI-
BRITTLE MATERIALS

This course introduces the Lattice Discrete Particle Model (LDPM) as a unique computational framework
for simulating the mechanical behavior of concrete and other quasi-brittle materials. The course
combines fundamental concepts with hands-on computational applications, enabling participants to
understand both the theoretical formulation and the practical implementation of LDPM in engineering
analysis. Through lectures and practical exercises, participants will gain both conceptual understanding
and practical experience in applying LDPM to a wide range of problems in computational mechanics and
infrastructure materials engineering.

Topics include:

e Fundamentals of LDPM and its application to modeling fracture and nonlinear behavior of
concrete.
Simulation of reinforced concrete structures, including dynamic applications

e Stochastic extensions of LDPM based on random fields.
Multiphysics formulations that incorporate time-dependent constitutive behavior and coupling
with heat transfer and moisture transport for the simulation of problems such as concrete
behavior at high temperature and deterioration due to alkali-silica reaction.

e LDPM-based multiscale techniques, including homogenization and coarse-graining.

TARGET AUDIENCE - This course is intended for researchers, engineers, and graduate students
interested in advanced computational methods for modeling concrete and other quasi-brittle materials.
Participants are expected to have a basic background in mechanics of materials and structural analysis,
as well as familiarity with numerical methods for engineering analysis. Prior experience with discrete
modeling approaches is not required.

COURSE DELIVERY - The course will be delivered through live, synchronous online sessions featuring
lectures, demonstrations, and guided discussions led by the instructors, allowing participants to interact
and ask questions in real time. For those unable to attend any live session, recordings will be available
for 24 hours to support asynchronous participation. To ensure equitable access, participants attending
asynchronously due to time zone differences will be offered dedicated office hour sessions scheduled at
times compatible with their location.

DATES

DAY 1: Monday July 27
DAY 2: Tuesday July 28
DAY 3: Thursday July 30
DAY 4: Friday July 31

LOCATION
Online



INSTRUCTORS

Gianluca Cusatis

Gianluca Cusatis is the President of Cusatis Computational Services (CCS) Inc.
and a faculty member in the Department of Civil and Environmental
Engineering at Northwestern University. He received both his Laurea and PhD
degrees in structural engineering from Politecnico di Milano (Italy).

His teaching focuses on structural mechanics and mechanics of materials
within civil engineering curricula. His research spans experimental,
computational, and applied mechanics, with emphasis on heterogeneous and quasi-brittle infrastructure
materials. He is internationally recognized for his work on constitutive modeling of concrete through the
Lattice Discrete Particle Model (LDPM), a widely adopted framework for simulating failure of strain-
softening materials. His recent research also includes the development of waterless concrete for
Martian construction.

Cusatis is a member of the American Society of Civil Engineers (ASCE) and the American Concrete
Institute (ACI) where has served in several leadership roles, including member of the ASCE EMI Board of
Directors, Chair of ACl Committees 446 and 209, President of IA-ConCreep, and Treasurer of IA-
FraMCoS. He was elected ASCE EMI Fellow in 2018 and ACI Fellow in 2025.

Jan Elias

Jan Elids is a faculty member at the Faculty of Civil Engineering at Brno
University of Technology in Czechia, where he also earned his master’s and
Ph.D. degrees. He serves as vice-chair of the Institute of Structural Mechanics at
the same institution. For several years, he has been teaching both fundamental
and advanced courses in structural mechanics for civil engineering students, as
well as introductory courses in reliability and statistical methods. During his

career, Jan has completed several year-long research stays: in 2007-2008 with
Henrik Stang, in 2009-2010 with Zdenék P. BaZant as a Fulbright scholar, and in
2020-2021 with Gianluca Cusatis.

His research focuses on the mechanics of solids in both transient and steady states, with particular
emphasis on concrete deterioration and fracture. He is engaged in numerical mechanics and the
development of nonlinear static and dynamic solvers. Jan also contributes to the study of how random
inputs propagate through inelastic mechanical systems, employing Monte Carlo integration and
design-of-experiments approaches. Throughout most of his career, he has been involved in the
development of discrete methods—particularly LDPM—which has recently led him to concentrate on
their homogenization.



Lei Shen

Shen Lei is an Associate Professor at Hohai University (China). He obtained his
Ph.D. degree in Hydraulic Structure Engineering from Hohai University in 2018.
He was a Visiting Scholar at Northwestern University from 2016 to 2018. He
won the "Young Scholar Award" from the International Association of Fracture
Mechanics for Concrete and Concrete Structures in 2019.

His teaching focuses on computational mechanics and its applications in Hydraulic Structure
Engineering. His research spans multi-physics coupled problems of concrete under extreme temperature
conditions, such as thermal spalling at high temperatures and freeze-thaw damage at low temperatures.
His recent research also includes the simulation of 3D-printed concrete using a DEM-SPH coupled
method.

He has led research projects including the General Program and the Young Scientists Program of the
National Natural Science Foundation of China, and the Special Funding Project from the China
Postdoctoral Science Foundation. He is a member of the Academic Committee of the Jiangsu Society of
Theoretical and Applied Mechanics, and a member of the Engineering Mechanics Institute (EMI) of the
American Society of Civil Engineers (ASCE).

Matthew Troemner

Dr. Matthew Troemner is Vice President and an Engineering Mechanics Scientist
at Cusatis Computational Services Inc. He completed his PhD in Civil and
Environmental Engineering at Northwestern University. Prior to joining
Northwestern, Matthew received a Master of Engineering in Structural
Engineering and a Bachelor of Science in Architectural Engineering from the

Illinois Institute of Technology.

Matthew’s current research emphases are on multi-scale and multi-physics computational mechanics
for dynamic events, and large-scale 3D-printing of infrastructure materials. He has significant experience
with scripting and compiled languages including Python, Fortran, and C++, as well as implementation of
self-built and commercial computational tools on distributed high-performance industry and defense
platforms. Matthew is the author of several journal, magazine, and web publications on infrastructure
materials, and additionally served as figure editor for Unified Design of Steel Structures, 3rd Edition and
was a named contributor on ANSI/AISC 358-16, Prequalified Connections for Special and Intermediate
Steel Moment Frames for Seismic Applications.

He currently holds licensure as an Engineer Intern with the state of lllinois, and is a member of ASTM,
AISC, SEAOI, American Ceramic Society (ACS) Cements Division, American Society of Civil Engineers
(ASCE) where he maintains membership in the Engineering Mechanics Institute (EMI) and Structural
Engineering Institute (SEI), and the American Concrete Institute (ACI) where he is an Associate and
Voting member on several technical committees.



DAILY SCHEDULE - TENTATIVE

Activity USA (CDT) Europe (CEST) | China (CST) Japan (JST) India (IST)
Lecture Block 1 01:00 - 02:30 | 08:00 - 09:30 | 14:00 - 15:30 | 15:00 - 16:30 11:30 - 13:00
Break 02:30-03:00 |09:30-10:00 |15:30-16:00 |16:30-17:00 13:00 - 13:30
Lecture Block 2 03:00 - 04:30 | 10:00-11:30 | 16:00-17:30 | 17:00 - 18:30 13:30 - 15:00
Long Break 04:30-05:30 |11:30-12:30 |17:30-18:30 |18:30-19:30 15:00 - 16:00
Lecture Block 3 05:30-07:00 |12:30-14:00 | 18:30-20:00 | 19:30-21:00 16:00 - 17:30
Break 07:00-07:30 | 14:00-14:30 |20:00-20:30 |21:00-21:30 17:30 - 18:00
Lecture Block 4 07:30-09:00 | 14:30-16:00 | 20:30-22:00 | 21:30-23:00 18:00 - 19:30
Office Hours 09:00-11:00 | 16:00 - 18:00 | 22:00 - 00:00 | 23:00 - 01:00 19:30 - 21:30
Additional Office TBA TBA TBA TBA TBA

Hours




DETAILED PROGRAM

Day Block Instructor Topic References
1 1 Cusatis Introduction 33
1 2 Cusatis LDPM basics 1,2,3,4,6,7
1 3 Troemner LDPM basics 6,7,44
1 4 Troemner LDPM examples 6,7,37,40, 47
and Elias
2 1 Elias Stochastic extension and simulation | 50, 51, 52
of size-effect
2 2 Cusatis LDPM-F for fiber reinforced 8,9
concrete
2 3 Cusatis Rate effect and application to 11, 14, 18, 42
dynamic fracture
2 4 Troemner Applications to reinforced concrete | 17, 19, 21, 24, 43
3 1 Shen M-LDPM for coupled simulations 20,
3 2 Shen Concrete at high-temperature 23, 28, 29, 35,
3 3 Shen Concrete at high-temperature 23, 28, 29, 35,
3 4 Cusatis Concrete deterioration due to alkali- | 10, 12, 22, 30, 31, 38, 39,
silica reaction 48
4 1 Elias Homogeneization 13, 34, 36, 45, 46
4 2 Elias Homogeneization 13, 34, 36, 45, 46
4 3 Troemner Polymaterial LDPM 49
4 4 Cusatis Discrete models for other quasi- 15, 16, 25, 26, 27, 32

brittle materials




OPEN-SOURCE SOFTWARE IMPLEMENTING LDPM

Open Academic Software

Open Academic Solver (OAS) is open-source software publicly available under the GPLv3 license. The
core is written in C++ and uses an object-oriented code structure. It originated as a solver for steady-
state mechanical problems, primarily focused on discrete mesoscale material representation. The early
work combined spatial material randomness, described by random-field fluctuations in material
properties, with fracture. A substantial effort was devoted to enabling adaptive refinement of the
discretization. The code was later modified to incorporate transient solvers, both explicit and implicit, as
well as multiphysics tasks [60, 70]. A crucial OAS feature is the ability to recursively embed submodels,
allowing its use for FE2, or nested, homogenization. The solver contains standard finite elements and
lattice particle elements, such as LDPM tetrahedral elements and CSL two-node edge elements.

https://gitlab.com/kelidas/OAS

Chrono

Chrono is an open-source multiphysics engine designed to simulate the dynamics of complex and large-
scale systems. It is written in C++ and designed to be modular and extensible. Chrono is particularly well
suited for simulating systems involving frictional contact, multibody dynamics, fluid-solid interaction,
granular dynamics, and finite element analysis. Chrono can be used for a wide range of applications in
engineering and science and is publicly available under a BSD-style license. The Chrono LDPM
implementation can be found in the chrono-concrete branch. Chrono implements many implicit and
explicit time integration solvers, including second-order implicit time integrators such as Hilber-Hughes-
Taylor (HHT) and Newmark methods, as well as first-order implicit techniques such as linearized Euler
and projected Euler methods.

https://github.com/Computational-Mechanics-Material-Models



https://gitlab.com/kelidas/OAS
https://github.com/Computational-Mechanics-Material-Models
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