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Introduction

Academic group members

The Solid Mechanics Research Group
(SMRG) at Bristol has a successful history
of using applied mechanics and cuttingedge technology to help define and
solve industrially-motivated problems.
We have established close and productive
partnerships with a range of companies in
the energy, transport and manufacturing
sectors, with much focus on civil
nuclear and other safety-critical
industries in recent years.
We investigate the behaviour of engineering materials and
components to help support their successful performance.
Our research covers damage mechanics (fracture, fatigue,
corrosion, creep), materials in harsh environments and residual
stress characterisation from nano-scale to macro-scale.
We have substantial experimental and theoretical capabilities,
including:
• Well-equipped mechanical testing suite, including state of
the art equipment for high temperature Low Cycle Fatigue,
environmental chambers, creep, Digital Image Correlation.
• Delivering all aspects of X-ray and neutron experiments
at central multi-user facilities: planning, rig design,
experimentation, and realising industrial impact from the
subsequent data analysis.
• High Performance Computing, with Bristol having one of the
leading UK academic HPC systems.

The SMRG academic staff are:
• David Knowles, Professor of Nuclear Engineering
• Christopher Truman, Professor of Solid Mechanics
• Martyn Pavier, Professor of Mechanics of Materials
• Julian Booker, Professor of Mechanical Design Engineering
• Matthew Peel, Senior Lecturer
• Anton Shterenlikht, Senior Lecturer
• Mahmoud Mostafavi, Reader in Structural Integrity
• Nicolas Larrosa, Lecturer in Structural Integrity
• Harry Coules, EPSRC Fellow and Lecturer in Structural Integrity

The group also has the support of two full-time
technicians and extensive access to workshops and
laboratories in the Faculty of Engineering. We currently
have around 20 researchers and PhD students. SMRG
is also a regular user of the UoB Interface Analysis
Centre (IAC) which operates a wide variety of equipment
for carrying out materials characterisation. IAC is one of
only a few university facilities in the UK which can work
with irradiated and uranium-bearing samples.

Our micromechanical testing capabilities, and associated
modelling expertise, are of particular relevance to the nuclear
industry. We can measure the mechanical properties of very
small samples of highly irradiated materials and then “scale up”
the results to help predict macro-scale behaviour of engineering
components. There is increasing recognition of the importance
of multiscale effects. Nano-scale precipitates in alloys can
influence microscopic deformation which, in turn, can have an
effect on macro-scale cracking. We are developing powerful
multiscale approaches to considering residual stress, creep
and the influence of microstructure and irradiation effects on
structural materials for the nuclear industry.
We are always willing to consider opportunities for research
projects from academic and industrial institutions; and we
regularly have student and postdoctoral research positions
available. Please check our website, which is updated regularly.

Professor David Knowles FREng
Head of Group and Co-Director of the South West Nuclear Hub

For more information:
bristol.ac.uk/engineering/research/solids

The University of Bristol Faculty of
Engineering is part of the South West Nuclear
Hub and the Bristol-Oxford Nuclear Research
Centre, with SMRG having a substantial
portfolio of nuclear industry projects.

Bristol-Oxford
Nuclear Research Centre
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Research themes
Our research encompasses
three primary themes:
Characterisation and Prediction of
Damage in Engineering Components
Even today, the failure of engineering components and
structures as a result of fracture, fatigue, creep and corrosion
is not an uncommon event. With a greater understanding of
these failure mechanisms, we aim to prevent them – particularly
through the development of improved methods for assessing
the integrity of safety-critical components. We operate an
extensive range of experimental facilities for materials testing
and we also have significant theoretical and computational
capabilities.

Research activities
Performance and Characterisation of
Materials in Harsh Environments
We have substantial expertise in the behaviour of materials in
harsh environments, particularly high temperatures. We run
a dedicated creep laboratory for long-term high-temperature
experiments. Since 2008 we have had a partnership with EDF
Energy on the ‘High Temperature Centre’, helping to support
EDF’s fleet of AGR nuclear power stations. We are expanding
the work we do in respect of other harsh environments, such
as high pressures and corrosive materials. Our access includes
UKAEA’s Materials Research Facility (MRF) at Culham and the
High Temperature Facility (HTF) Alliance facilities in Warrington.
We also have excellent links with the Sir Henry Royce Institute
and expect to be a major user of the new Royce facilities as
they come on-line.
Multi-scale Characterisation of
Residual Stresses in Materials
Residual stresses often remain in engineering components as a
result of manufacturing processes such as welding and forging.
Knowledge of the residual stress state is therefore an essential
ingredient in the integrity assessment of any component. We
use a range of techniques including X-ray diffraction, neutron
diffraction and Incremental Centre Hole Drilling (ICHD) to study
residual stresses across all length scales, from nano-scale to
macro-scale.
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Image-based Solid Mechanics
Full-field mapping is a very effective way to study and
quantify deformation and failure processes in materials. Using
advanced measurement techniques, in combination with image
processing software and finite element modelling, we provide
a truly integrated approach to materials assessment and
characterisation.
We are particularly active users of UK and international multiuser neutron and synchrotron facilities and in-house X-ray
tomography systems. We combine the large datasets acquired
from these facilities, along with finite element analysis, to help
solve industrial problems.
High Performance Computing
All real materials are heterogeneous; modelling of such materials
involves concurrent simulation of multiple interacting and
competing physical processes, acting at different length and
time scales. Carrying out modelling of such situations can
be difficult, particularly at scale, when using proprietary finite
element software limited to workstations, or paying per-core
licence fees.

SMRG overcomes these problems by using community-driven
open source solid mechanics codes specifically developed for
High Performance Computing (HPC) systems. With HPC we
can achieve better analysis accuracy, and carry out simulations
which are not otherwise feasible or even possible.
This, in turn, has the potential to increase the accuracy of
component and material design that lead to greater efficiency
and reliability in real-world operations. Such issues are crucial in
safety-critical contexts such as nuclear power generation and
waste storage facilities.
Computational Mechanics
We have extensive experience of developing finite element
models to predict the behaviour of material and to make
comparisons with experimental measurements. Our
computational activities encompass residual stress, welding,
damage mechanics (creep, fatigue, corrosion, fracture). We
have experience of carrying out probabilistic structural integrity
assessments to support industrial applications of materials.
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Case studies

EDF Energy
High Temperature Centre
SMRG has had a long and successful relationship with
EDF Energy in the area of nuclear structural integrity at high
temperature. The EDF ‘High Temperature Centre’ (HTC) was
established in the SMRG in 2008. The purpose of the HTC
is to carry out research into nuclear structural integrity issues
pertaining to EDF’s fleet of Advanced Gas-cooled Reactors
(AGRs) in the UK.
Challenge
Stainless steel components in the AGRs are operated at
high temperatures, and hence experience various structural
integrity challenges.
Solution
SMRG has delivered a multi-year programme of research
on creep, fatigue damage, residual stress.
Impact
SMRG research work has helped support plant lifetime
extensions, through inclusion of knowledge into the R5 high
temperature assessment procedure. HTC partnership has
recently been renewed to 2023. The HTC has also helped
develop skills and promote knowledge retention for EDF and
their immediate supply chain.
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Open-source Exascale Multiscale Framework for the UK
Solid Mechanics Community

Improved Understanding
of Advanced Joining
Technologies

Structural Integrity of Wire and
Arc Additive Manufacturing
(WAAM)

Challenge
The Solid Mechanics community has suffered from a lack of
scalable codes suitable for complex solid mechanics problems.
Many researchers are locked into using proprietary FE software
limited to workstations, or paying per-core licence fees. This
makes analysis at scale prohibitively expensive, even with
academic licences.

Challenge
Welding is a key safety- and quality-critical operation across
many areas of the nuclear industry. Developing and improving
advanced joining techniques could have a huge global impact
and help the UK become a world-leader in this area.

Challenge
WAAM is a technique which uses a welding arc to build up
metallic 3D parts in successive layers. Due to the nature of the
WAAM process, parts produced may have significantly different
material properties to parts machined from wrought material,
and their structural integrity may not be fairly assessed using
existing guidelines.

Solution
A Cellular Automata Finite Element (CAFE) model was
delivered in conjunction with the Universities of Manchester
and Edinburgh, EPCC and STFC. A multi-scale engineering
modelling framework for deformation and fracture in
heterogeneous materials was developed.
Impact
The CAFE model can be used to answer diverse questions.
The generality of the CAFE framework design means it can
be applied to other fields of study, e.g. bone fractures or
delamination failure of composites.

Solution
As a partner of Frazer-Nash Consultancy, on behalf of UK
Government Department of Business, Energy and Industrial
Strategy, SMRG is currently carrying out mechanistic weld
modelling and characterisation of weld and fracture samples
for the nuclear industry.
Impact
This work has the potential to facilitate technology transfer and
to help UK supply chain competitiveness. A typical nuclear
power plant may have around 100,000 welded pipework
sections; there is a significant global scale of opportunity for
the UK to become a world-leader in this field.

Solution
Sponsored by Lloyds Register Foundation, and in collaboration
with Cranfield University and TWI, SMRG is researching the
WAAM process using a number of techniques. Non-destructive
methods such as neutron and synchrotron diffraction are
being used and supplemented by destructive techniques
such as block cutting and deep-hole drilling. A Researcher in
Residence project , in collaboration with the Nuclear Advanced
Manufacturing Centre (NAMRC), is also underway, considering
the structural integrity of additively manufactured vanadium for
safety-critical applications.
Impact
Using the new knowledge in conjunction with existing
characterisation data, a quantitative structural integrity
assessment method for WAAM components will be developed.
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Partnerships and
collaborations
SMRG is part of the School of Civil, Aerospace and
Mechanical Engineering at Bristol. We have a long and
successful track record of obtaining research funding from
many sources including industry and research councils.
We have long-standing relationships and collaborations
with a number of organisations.

Industrial sectors
•
•
•
•
•

Nuclear
Oil & Gas
Transport
Advanced Manufacturing
Renewable Energy

Stay connected
@UoB_Engineering
david.knowles@bristol.ac.uk

southwestnuclearhub.ac.uk
bristol.ac.uk/engineering

Our partners and funding
organisations include:

