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Computational Mechanics

Computational mechanics research at Durham focuses on the development of new algorithms 
in the field of continuum mechanics. We are able to provide advanced nonlinear stress analysis, 
fracture and fatigue predictions, fluid transport simulations and wave dispersion studies for a 
wide range of engineering problems. Studies receive funding directly from industry and through 
grants.

Seven academic staff (Charles Augarde, John Brigham, William Coombs, Stefano Giani, Panos 
Gourgiotis, Mohammed Seaid and Jon Trevelyan) plus post-doctoral and PhD researchers, form 
the Computational Mechanics Research Cluster at Durham.
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Examples of current projects in 
the group:
1. Computational diagnostic mechanics to assess 
pathological adaptations of the human heart.  This 
work involves medical image processing, topological 
mapping and shape analysis, computational 
mechanics, pattern recognition, and inverse problem 
solution strategies.  Novel techniques are being 
developed to non-invasively identify significant 
patterns in the shape of the heart and characterise 
heart wall material properties from clinically 
measurable data.  This work seeks to identify 
changes in shape, kinematics, and mechanical 
properties of the heart that will provide new insight 
into diseases, such as pulmonary hypertension.

2. Making use of high performance computing 
requires methods and techniques to decompose 
problems for multi- and many-core systems,  
ways to distribute problem solves upon whole 
supercomputers, and how to reformulate naïve 
implementations such that they exploit the features of 
current chip architectures.

3. Accurate solution of non-linear systems of partial 
differential equations on complex geometries. The 
work involves composite discontinuous Galerkin finite 
elements to reduce the computational complexity of 
solving the systems due to the complex geometries, 
and adaptivity to improve the accuracy of the 
computed solutions. 

4. Computational hydraulics, where we  are 
developing robust computational techniques for 
tidal flows, water floods and sediment transport. 
We also work on new models based on single- and 
multi-layered shallow water equations for coupled 
hydraulics, bed load and sediment transport.   

5. Finite element solvers for radiative heat 
transfer using conventional and enriched finite 
element methods applied in areas such as glass 
manufacturing.

6. Modelling of micromechanical mechanisms 
occurring during damage and fracture of 
heterogeneous microstructured solids such as 
ceramics, foams, and cellular materials. Emphasis 
is placed on geomaterials where phenomena such 
as folding and faulting are explained from a new 
nonlocal continuum perspective.

Facilities
We make use of the multi-core Durham high 
performance computing (HPC) facility Hamilton as 
well as national HPC resources. The majority of 
our work uses software written in-house, mainly 
to provide flexibility for our new ideas but which 
also avoids expensive licensing for commercial 
packages however,  some of our algorithms also 
make their way into commercial packages.

Consultancy
In the recent national research assessment 
exercise (REF2014) all of the School’s research 
output was rated as being of international quality, 
with over 90% considered internationally excellent 
or world-leading. We were also ranked joint 1st 
in the UK for internationally excellent and world-
leading research impact. 

We have a fine track record of successful 
collaboration with leading engineering 
consultancies and design practices. Should you 
wish to find out if we are able to help you advance 
your computational mechanics capability, do 
please contact us through the links below.
. 

Contact details of Computational 
Mechanics Manager:
Professor Charles Augarde
T: +44 (0) 191 33 42504

E: charles.augarde@durham.ac.uk

7. Enriched computational methods in whichwe solve  
engineering problems which severly challenge conventional 
finite element approaches using “enrichment”. Examples 
include high frequency wave propagation, fracture of solids 
and transient thermal shocks, all of which require highly 
refined computational meshes. We develop new methods 
which are developed specifically for these applications so 
that the difficult features of the solution are built into the 
elements we are using. The result is that highly accurate 
solutions can be recovered efficiently from coarse meshes.

8. Computational geomechanics where we are developing 
new algorithms for the analysis of coupled hydro-
mechanical problems in unsaturated soils and finite 
deformation analysis of geomaterials. The latter includes 
the development of efficient codes implementing anisotropic 
elasto-plastic constitutive models.

9. Rapid computations in stress analysis and re-analysis 
in which wee develop adaptive boundary element based 
software tools for rapid solution and display of stress 
information. The Concept Analyst software that has been 
developed out of this research is currently used at BAE 
Systems for the rapid assessment of stress concentrations 
in aircraft structures. 


