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DE NCED402 COMPUTATIONAL SOLID MECHANICS 3 0 0 3 

  

Course Objective 

The primary focus of this course is to provide the students with state-of-the-art computational methods for 
modelling and simulation of problems involving large deformation, material nonlinearity, damage, and fracture. 

Learning Outcomes 

Upon successful completion of this course, the students should be able to: 
● Derive numerical approximation to the equations of motion using various meshfree methods and develop 

algorithms to solve problems involving large deformation and fracture. 
● Formulate governing equations in peridynamics framework, derive reduced dimensional peridynamic 

models, develop the discretized version of the governing equations, and algorithms to solve crack 
initiation and propagation problems. 

● Develop phase field based models to solve crack propagation problems and numerical methods to solve 
the governing equations. 

  

Unit 
No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 
Computational elasticity and inelasticity: Review of 
finite deformation elasticity and the finite element 
method, brief introduction to fracture mechanics. 

10L 

Understand the basic concepts of 
inelastic response of solids, 
governing equations, and traditional 
numerical solution methods. 

2 

Meshfree methods: Need for meshfree particle methods, 
smoothed particle hydrodynamics, meshfree Galerkin 
methods, reproducing kernel particle method, 
applications to engineering problems. 

11L 

Understandthe limitation of the 
finite element method, need for 
meshfree methods, and various 
meshfree techniques. 

3 

  

Peridynamics: Nonlocal continuum theories for 
discontinuities, bond based and state based peridynamics, 
equation of motion and constitutive modelling, 
imposition of boundary conditions, crack initiation and 
propagation, peridynamic beam, plate, and shell models, 
peridynamic axisymmetric models, zero-energy mode 
control, contact modelling, peridynamic differential 
operator, numerical implementations, applications to 
engineering problems. 

11L 
  

Understand the limitation of 
classical continuum mechanics, 
necessity of nonlocal continuum 
theories, and peridynamics 
theory and applications to 
engineering problems. 

4 

Computer implementation of peridynamics: 
Discretization of the geometry, calculation of shape 
tensor, linearization of the governing equations, 
Calculation of Jacobian matrix and residual vector, 
solution, and visualization of results.  

3L 
Learn how to write computer 
programs in peridynamics and 
solve problems. 

5 

Phase field theory: Overview of the phase field theory, 
Cahn-Hilliard and Ginzburg-Landau equations, 
variational model of quasistatic crack evolution, 
approximation of functionals depending on jumps, phase 
field approximation of dynamic brittle fracture, phase-
field modeling of ductile fracture, finite element and 
peridynamics implementations, applications to 
engineering problems. 

7L 

Understand the basic concepts of 
phase field theory and how it can be 
used to solve fracture problems 
efficiently. 

 Total 42L  
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