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Abstract 
 

 The Third International Workshop on Jointed Structures was held from August 16th to 17th, 
2012, in Chicago Illinois, following the ASME 2012 International Design Engineering Technical 
Conferences and Computers and Information in Engineering Conference.  Thirty two researchers 
from both the United States and international locations convened to discuss the recent progress 
of mechanical joints related research and associated efforts in addition to developing a roadmap 
for the challenges to be addressed over the next five to ten years.  These proceedings from the 
workshop include the minutes of the discussions and follow up from the 2009 workshop [1], 
presentations, and outcomes of the workshop.  Specifically, twelve challenges were formulated 
from the discussions at the workshop, which focus on developing a better understanding of 
uncertainty and variability in jointed structures, incorporating high fidelity models of joints in 
simulations that are tractable/efficient, motivating a new generation of researchers and funding 
agents as to the importance of joint mechanics research, and developing new insights into the 
physical phenomena that give rise to energy dissipation in jointed structures.  The ultimate goal 
of these research efforts is to develop a predictive model of joint mechanics. 
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1. INTRODUCTION TO THE THIRD INTERNATIONAL 
WORKSHOP ON JOINTED STRUCTURES 

 
The issue of predictive structural dynamics is of fundamental importance in multiple sectors of 
our economy, including manufacturing, transportation, and defense. Applications are so broad as 
to include optimal design of jet engine components and the specification of tolerances for nuclear 
weapon components. It has been recognized since the 1960’s that the fundamental barrier to 
predictive structural dynamic simulation resides in the nonlinearity and variability of the 
mechanical interfaces of practical structures. Historically, this limitation has been obviated by 
approximating the structure as a linear system and tuning the linear model for that system to 
match its measured properties. 
 
Given the tremendous advances in computer resources - particularly massively parallel 
computers - and advances in experimental techniques, it is appropriate to reexamine the problem 
to assess the possibility of actually predicting structural dynamic response even before a 
prototype is constructed. For this purpose the Sandia National Laboratories and the National 
Science Foundation have sponsored a workshop in Arlington, Virginia, 16-18 October, 2006 [1]. 
A follow up workshop in Dartington Hall, Totnes, Devon, UK 26-29 April 2009 was sponsored 
by the British Atomic Weapons Establishment (AWE) and Sandia National Laboratories (SNL).  
A third workshop was held 16-18 August 2012 at the conclusion of the ASME International 
Design Engineering Technical Conference in Chicago.  This workshop was sponsored by Sandia 
National Laboratories and the British Atomic Weapons Establishment, and it is this third 
workshop that is reported here. 
 
Much of the focus of this workshop was on assessing progress made with respect to both the 
organizational and technical challenges identified in the previous workshop.  Among items 
reported on the first day were the formal creation of an ASME Research Committee on 
Mechanics of Jointed Structures, the completion of the Sandia Joints Handbook, and the 
organization of joints-related sessions at various technical conferences.  The second day was 
devoted to technical talks – particularly with respect to the challenges identified in the previous 
workshop.  The morning of third day was spent identifying the next steps with respect to vision 
and positioning of the joints research community, planning for completion of the challenges 
identified in the previous workshop, and identification and assignment of new challenges. 
 
Participants in that workshop included distinguished investigators from the United States and 
Europe representing expertise in the various sciences relevant to this problem. These include 
vibrations, tribology, elasticity, and computational mechanics. There was an effective balance of 
capability in theoretical mechanics, computing, and experiment. 
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2. MINUTES OF THE THIRD INTERNATIONAL 
WORKSHOP ON JOINTED STRUCTURES 

 
August 16, 2012, Morning Session 
 
The introductory session to this workshop focused on reviewing the results from the previous 
workshop, discussing the progress made on the challenges and tasks identified at the last 
workshop, and discussing the other areas of progress since the last workshop. 
 
List of Attendees  
 
Full contact information is given at the end of the meeting notes: 
Matt Allen 
Ed Berger 
Larry Bergman 
Matt Brake 
Dan Brown 
Brandon Deaner 
Melih Eriten 
David Ewins 
Robert Flicek 
Lothar Gaul 
Muzio Gola 
Hugh Goyder 
Wes Harris 
David Hills 
Laura Jacobs 
Arif Masud 
Randy Mayes 
Simon Medina 
Marc Mignolet 
David Nowell 
Evgeny Petrov 
Dane Quinn 
Pascal Reuss 
Dan Segalman 
Michael Starr 
Bernhard Stingl 
Jenny Stroud 
Christoph Schwingshackl 
Pablo Tarazaga 
Liu Tong 
Alex Vakakis 
Weidong Zhu 
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Review of Workshop 2 Outcomes – Actions and Challenges 
 
Recall historical development of the meetings: 
Sandia, 2000 
New Orleans, AFOSR 2001 
West Palm Beach, Turbo Expo 
 
During the last session of the Dartington, UK, Workshop, there was a discussion seeking to 
distill the essential issues and topics which would emerge as the main items defining the new 
Road Map for the subject. The resulting list divides into 2 sets – Actions and Challenges. The 
Actions are tasks that are essentially short-term goals deemed to be necessary in order to 
consolidate the foundations of the subject to provide a sound basis for further research. The 
Challenges are much more substantial tasks, each requiring several man-years of research effort, 
whose objectives are to move the whole subject on to a new level of technical competence, 
heading to the ultimate goals of the ability to model, and to predict the dynamics of mechanical 
joints and thereby to design structures with optimal dynamic properties – including those whose 
dynamics are actively controlled by the joints themselves. In many cases, offers of leadership of 
the tasks were recorded as were expressions of interest in participation. The outcomes of each of 
the challenges given under each element 
 
From the last workshop, the following Actions and Challenges were identified: 
 
 
Actions from the 2009 Workshop 
 
1. Terminology & Vocabulary (Segalman; Bergman) 
 

A modest list of vocabulary was compiled and published.  Comments from members 
were solicited in order to iterate on the development of the list. 

 
2. Develop Hills Chart (Dini; Berger) 
 

It is difficult to assess spatial location of understanding/length scale relationship outside 
of one’s field of expertise. There is still some value in the notional idea. Perhaps we 
should construct diagrams actively within the community through the website. 

 
3. Classification of Standard Joint Types (Hills; Vakakis; Starr) 
 

Short descriptions of classical contact definitions and standard joint interfaces have been 
compiled.  
 
Perhaps we should look to machine elements standards, and draw knowledge from the 
design community for the role of joints in dynamics. Then, ask the question, ‘Why are we 
necessary?’ We must distinguish ourselves from the knowledge of the design community. 
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How do mechanisms couple with the ultimate dynamics? 
We have to answer the questions of people in industry. Should we restrict ourselves to a 
certain class of contact? We’re not necessarily interested in the “glue” but rather the 
influence of the interface on the response of the structure. The joint is the interface; the 
properties of the materials may or may not be required to proceed with modeling.  
 
Should we focus on active or passive joints? (or both?) 
 
We should ask for contributions from the community about classifications. 

 
4. Classification/Cataloging of 

(a)  Non Linearity ID Methods (Vakakis) 
 
There is a paper on this work in Mech. Syst. Signal Processing.  
 
(b) Modeling approaches (Polycarpou; Quinn) 
 
This starts with the Joints Handbook, and is an ongoing action. Dane Quinn will be the 
lead for this element going forward. 
 
(c) Measurement methods (Nowell; Bergman; Akay) 
 
This is bigger than just making a list of measurement methods. 

 
5. Benchmark current computation multi-scale methods against analytic solutions (Masud; 

Laursen; Quinn) 
 

This work is in progress. Quasi-continuum approaches are needed, but system-based 
approaches have not yet been developed. 
 
We should consult Kai Willmer – Nurnberg, and elevate this task to a Challenge. 

 
6. Create a formal Joints Modelling Network (or Community) with more frequent and 

regular contacts (this was expressed emphatically); meetings at relevant conferences; 
workshop series;... Wiki..Joints Chat room (Ewins; Segalman; Nowell; Bergman; Gaul; 
Green; Surampudi; Dini; Quinn) 

 
YES!  See 
https://community.asme.org/research_committee_mechanics_jointed_structures/w/wiki/3
787.about.aspx 
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Challenges from the 2009 Workshop 
 
1. Round Robin/Benchmark Exercise for Hysteresis Measurements (Ewins; Nowell; Gola; 

Polycarpou; + possibly Epsion(Technion)) 
 

This is still an activity that must be pursued. Interested parties include: Imperial, Torino, 
Eriten, and Schwingshackl. 

 
2. Round Robin/Benchmark for Measurement/Prediction of Dissipation in Standard Joints 

(Leming*; Goyder; Gaul; Ind; Vakakis) *task moved to Jacobs 
 

This challenge will be kept, but it must have a timescale. Additional interested parties 
include: Jacobs, Segalman, Allen, and Eriten. 

 
3. Repeatability (measurement-to-measurement) and Variability (unit-to- unit) Issue: need 

to be able to distinguish between, and to greatly improve performance in both aspects 
(i.e. design of better, more repeatable joints) (Leming; Goyder; Gaul; Ind; Polycarpou; 
Farris; Mignolet) 

 
The problem is funding! There are no collaboration at all, yet. Should we make a regular 
meeting location associated with a conference? 

 
4. Framework for multi-scale modeling (Masud; Dini; Nowell ) 
 

Elevated from Action 5. 
 
 
Community Development 
 
The ASME Research Committee on the Mechanics of Jointed Structures 
 
With respect to Action 6 above, the ASME Research Committee on the Mechanics of Jointed 
Structures has been created. We should seek to develop means of giving standing to the group. 
 
For participating members, replace Andreas Polycarpou with Matt Brake on the Events 
Subcommittee 
 
On the Publications Subcommittee, Lothar Gaul, Matt Allen, Weidong Zhu, and Wes Harris will 
replace Ed Berger and Arif Masud. 
 
It was suggested (Gaul) that we make IDETC a regular meeting place for the members of the 
research committee. Other suggestions are Turbo Expo (Petrov), Recent Advances in Dynamics, 
or organize or own conference. Attendees were polled on likely conference attendance and the 
following conference attendance counts were: 
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IDETC – 12 
IMECE – 3 
Turbo Expo – 5 
Tribology – 5 
IMAC – 12 
SEM – 0 
AIAA – 0 
 
 
Mechanical Joints Research Material Depository 
We must establish a depository for works on mechanical joints  

 
This depository should be 

- open source 
- administered by the committee 
- include links to PhD theses 
- potentially include conference announcements and job postings 

 
Dartington Workshop Report: SAND2010-5458 
Sandia Joints Handbook: SAND2009-4164 
Research Committee Site: http://go.asme.org/mjs 
Temporary website at Imperial: http://www3.imperial.ac.uk/medynamics/joints 
 
Pablo has “volunteered” to work on developing/maintaining a research group website. 
 
The secretary will pursue membership in the committee for all workshop attendees. 
 
 
Identification of Strategic Themes 
 
August 16, 2012, Afternoon Session 
 
The afternoon session of the workshop was focused on identifying strategic themes and 
challenges for the community.  
 
Presenters were given the following guidelines: 

Objectives: to identify the major research themes for the next 5-10 years 
Brief introductory remarks (10-15 minutes) on your research focus area. We would like to 
initiate discussion related to your focus area while addressing the overarching question: 
How does this area fit into the larger research community? It is desired that your prepared 
remarks be more than simply addressing your current research, but should be strategic in 
content. For instance: enumeration of what we cannot now do well with respect to joints. 
Some basic questions that you might consider discussing are: 
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1. What are the important problems in your area? 
2. How do you decide which problems you take on? 
3. Who will be the end user of the results of your work? 
4. How do you get funding? 

 
The following topics and speakers were invited to present: 
 

1. Institutional Structure and Vision (Alex Vakakis)  
 

2. Fatigue and Contact Mechanics (David Hills and David Nowell) 
 
3. Physics-based/data driven modeling (Melih Eriten) 
 
4. View from Germany (Lothar Gaul and Bernhard Stingl) 
 
5. Flight systems/satellites/weapons (AWE/Sandia) 
 
6. Vibrations/Turbine engines (Muzio Gola and Christoph Schwingshackl) 
 
7. Uncertainty Approaches to Joints and Interfaces (Marc Mignolet) 

 
 
1. Institutional Structure and Vision 
 
We must educate undergrad and graduate students alike. 
 
In order to promote joints research as an important topic, we must make a case for it. 
 
We need sustained funding! Or else this will not be a first priority. Any proposed institutional 
structure should facilitate this. 
 
We must develop a research plan that can initiate a dialog, such as the benchmarking of 
computational and experimental problems. 
 

- Choose benchmarks through dialog with industry 
- Define a set of  “real” problems (interesting and difficult) 
- Form teams to address these problems from different perspectives (competition is alright, 

we need to be challenged!) 
- Show what we can do 

 
Define a Grand Challenge – What is the challenge? 
 
What is the cost to industry of not understanding joint dynamics? 
 

- Promote (with industry) ideas to government 
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- Topics such as weight savings in engines and flight structures 
- Can industry tell us, ‘if there was a redesign of an interface, life would change 

dramatically.’ 
- Examples of academic-industry research consortiums/collaborations include:  

o INSIC (the Information Storage Industry Consortium) for industrial/academic 
collaborations on data storage research. 

o Fatigue and fracture 
o Industry funds short term; government long-term 
o MURI – Multi-disciplinary University Research Institution 

 Topics released every four years 
 Can we (with industry) influence the topic 

 
Industry must be engaged in order to achieve these goals though, both in the committee and in 
our symposiums/workshops. 
 
The next generation of joints must be both lighter and more predictable.  We must also think 
about developing smart/active joints that are applicable to energy harvesting, active control for 
dissipation, or even structural health monitoring. 
 
 
2. Fatigue and Contact Mechanics 
 
We need to measure the stiffness of interfaces (both normal and tangential) 
 
Measurements of stiffness, including time dependence, must reconcile: 

- Measuring techniques 
- Tribology 
- Models for wear 

 
We don’t know how to measure some important things yet. 
 
We must develop an understanding of the non-orthogonal nature of contact 

- Shakedown works for plasticity because it’s orthogonal.  In friction, it’s not though. 
 
Why is damping repeatable in some interfaces and not in others? 
This is a fundamental question. 
 
Research shows that the preloading of structures (the order, amount, etc.) matters in terms of 
whether sticking or slipping occurs.  This leads to the hypothesis: 
 

Hypothesis: the variation in preloading is a major source of variability in joint response. 
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3. Physics-based/data driven modelling 
 
There is a high need for reduced-order models that incorporate 

- Multiple length scales 
- Multiple time scales 
- Coupled DOFs 
- Joint fretting apparatus 
- Interface constitutive models 

 
Non-linear system identification is a top-down approach 
We may be able to handle more complex phenomena with such a global approach. 
However, it’s not physics-based. 
 
An example of scale issues: 
 

- Modelling a car, 106 DoF, length scales on the order of meters, time scales on the order of 
seconds 

- Modelling the car’s engine, 105 DoF, length scales on the order of centimeters, time 
scales on the order of milliseconds 

- Modelling piston contact, 104 DoF, length scales on the order of microns, time scales on 
the order of microseconds 

 
A key challenge that will evolve out of this understanding of scale issues is that once an 
asperity/local model is developed, how does it get built up to the joint/component level? 
 
 
4. View from Germany 
 
The identified needs are: 
 

- Local joint models 
- Nonlinear finite element joint models 
- Parameter identification from isolated joints 

 
Fundamental research includes: 

- Greenwood-Williamson, stochastic, fractal (surface roughness) 
- Non-linear normal and tangential contact equations 
- Modelling epistemic and aleotoric uncertainty 

 
Damping in the design phase 

- Motors 
- Bolted joints in cylinder, gearbox, etc. 
- Seal systems 

 
Other major problems to be considered: 

- Uncertainty description of assembled structures 
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- Bolted joint damping layers 
- Control Problems 
- Brake dynamics 
- Brake squeal/ nonlinearities in brake systems 
- Implementation in commercial software 
- Model order reduction 
- Non-linear stability analysis/limit cycle calculation 
- Is Coulomb friction sufficient? 
- Failure of joints – Derivation of design rules, monitoring 
- Multiscale systems – structure of interface dynamics, scales may interact  

 
Funding is provided by 

- FVV 
- DFG (German Research Society) 
- Research groups 
- Industrial transfer (NSF 50/50) 

 
Grand Challenge: measuring microslip inside the contact patch. 
 
Why not leverage work in other fields?  Earthquake and techtonic slip modelling has developed 
higher order friction laws.  Can we learn anything from these?  One example of an improved 
approach is the use of a bristle model based on asperity dynamics to represent friction. 
 
 
5. Flight systems/satellites/weapons 
 
One new focus area for this area of work is tape joints 

- Modelled as softening Duffing oscillators 
- However, the structure can evolve through testing 

 
The key idea for modelling is to supplement high fidelity FEA with small scale tests.  This 
requires us to isolate key effects for study in experiments. 
 
Issue of epistemic (e.g. model form error) and aleatoric (e.g. parameter based) uncertainty. 
Uncertainty model should be included early on in an analysis so that it is directly incorporated 
throughout the results. 
 
Having a model is not enough.  The ultimate goal is to have a model that can be used.  What use 
is something if it results in simulations that are so computationally expensive that solutions to 
real problems become impractical?  For instance, Iwan models are a great first pass, but between 
the parameters needed, computational time, and difficulty implementing, they’re not being 
adapted even by our own analysts. 
 
Grand Challenge: We need to predict and design joints to do what we want them to do.  
Instead of being a source of uncertainty, the ultimate goal is to be able to use them to 
condition and improve the dynamics of a system. 
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6. Vibrations/Turbine engines 
 
Imperial College London 
Analytical research problems include 

- Friction contact elements 
- Bifurcation and instability 
- GUI 
- Application to aircraft engine: methodology, response behaviour 
- Validation 

 
Nonlinear structural damping problems include 

- Engine components 
- Rotating and stationary systems 

 
Measurement techniques include 

- Large amplitude excitation 
- Data processing 
- Novel test methods 

 
Robust prediction methods are needed given 

- Macro-level responses 
- Variability of joints 
- Contact conditions unknown 

 
The ultimate goal is to predict the overall dynamic response and the effect of a joint on a 
system’s stiffness and damping 
 
A second goal is to design intolerant joints, taking into account 

- Manufacturing tolerances 
- Wear 
- Damping 

 
Likewise, simulation and modelling efforts must be 

- Fast and reliable 
- Able to serve as criteria for effective joint design 

 
A major challenge is non-linear friction joint validation 
 
University of Torino 
The focus of their research is developing models and software to study 

- Contact mechanics and tribology 
- Turbine and gear dynamics 
- Damping and wear assessment 
- Damper mechanics 
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- Contact modelling on rotating components 
 
If we can improve the predictive power of models, then we can reduce the amount of testing that 
is necessary 
 
Their other major thrust is in the validation of contact models 
 
Funding: 
Discussions within institutions 
Government/industry partnerships 

- Fiat 
- GE 
- Avio 
- Turbogas & Steam 
- ANSALDO 

European projects 
 
 
 
7. Uncertainty Approaches to Joints and Interfaces 
 
There are two major classes of uncertainty that must be considered: 
 
Epistemic uncertainty – when the model doesn’t match the physics despite tuning. 
 
Aleatoric uncertainty – parameter based uncertainty or uncertainty due to variations in part 
parameters. 
 
We need to start thinking about building models while simultaneously including 
uncertainty. It does not make sense to subsequently add uncertainty. 
 
To do this, variables need to be defined stochastically instead of deterministically.   
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Discussion of Strategic Themes 
 
August 17, 2012, Morning Session 
 
From August 16th’s afternoon’s activities, each focus area presenter was asked to produce a list 
of the three most important elements (short and long term) to make progress in their focus area. 
Those elements are recorded here. 
 
 
1. Institutional Structure and Vision 
 
How do we define a Grand Challenge? 
 

1. Discuss with stakeholders 
2. Define deliverable date, e.g. deliver report at next IDETC on progress/actions 

 
Proposed Grand Challenge: 
 
Cost benefit of reducing the weight of a joint 

- Cost of joint failures 
- Time to design 
- Opportunity cost 

 
Produce a statement of mission goals of the research group 
 
 
2. Fatigue and Contact Mechanics 
 
2-1. Measurement of contact stiffness 

- How can it be measured? 
- Understanding techniques 

 
2-2. Variability in joints 

-  Frictional shakedown 
- Dependence on initial conditions 

 
GRAND CHALLENGE 
2-3. Mechanisms of friction 

- What causes energy loss? 
- What are the relevant length scales? 
- This type of problem cannot be solved by us alone; we must involve experts/insights 

from other fields 
- We want an understanding for an engineering perspective based on detailed 

scientific study 
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2-4. Extending modeling scope 
-  non-metallics, e.g. rubber, gaskets 
- thermomechanical contact problem 

 
 
3. Physics-based/data driven modelling 
 
3-1. Interface mechanics modeling 

-  bridging multiscale, temporal and spatial 
 
3-2. Variability and uncertainty 

-  stochastic modeling 
 
3-3. Proceed in both directions of modeling 

-  top-down 
-  bottom-up 

Different levels to consider: 
Atoms – Grains – Asperities – Waviness – Contact Front – Contact Patch – Interface - Structure 
 
 
4. View from Germany 
 
4-1. Derive constitutive equations based on physical parameters 

-  Hardness 
-  Asperity distributions 
-  Surface chemistry 
Parameters are independently measureable 

 
4-2. Compare models (simulations) of the same hardware using different measurement 
techniques: 

-  Optoelectronic, etc. 
-  Transient, steady-state 
Are lap joints the best specimen to perform benchmarking studies? 
-  ball-on-flat 
-  dovetail 

 
4-3. Compare non-local with local friction descriptions, (local - Coulomb, non-local - bristle 
model) 

- Grand Challenge: Can we predict the coefficient of friction based off of the material 
properties and geometries? 

 
4-4. Compare the performance of passive, semi-active, and active joints. 
 
 
5. Flight systems/satellites/weapons 
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5-1. Bottom-up approach to modelling structures 
-  Better ways to parameterize models 
-  Better ways to implement in FE models 
-  Better joint models (higher dimension) 
-  Enlarge catalogue of existing models 

 
5-2. We need to engage analysts, and to differentiate between research tools and production tools 
We shouldn’t come up with models in a vacuum and not think about how to implement them.  
We need to engage code/software developers, and eventually companies too. 
 
5-3. How do we model joints in the absence of experimental data? 
 
5-4. Engage the broader community 

-  Industry 
-  Funding agencies 
-  Code developers (we should begin the integration of theory and codes at an earlier stage) 
-  Panel discussion at symposium comprised of code developers 

 
 
6. Vibrations/Turbine engines 
 
6-1. Toolkit for modeling 

-  Experimental and analytical 
-  Hierarchical 

 
GRAND CHALLENGE 
6-2. Develop prediction tools to design joints to perform “optimally” 
We want to predict and design joints to do what we want them to do.  Instead of being a source 
of uncertainty, the ultimate goal is to be able to use joints to condition and improve the dynamics 
of a system. 
 
 
7. Uncertainty Approaches to Joints and Interfaces 
 
7-1. Get data! 
A simple benchmark structure is needed. Data are structure dependent: 

- Load 
- Displacement 
- Time histories 
- “Slip” 
- Part-to-part 
- Assembly/disassembly 
- Yield predictions of uncertainty 

 
7-2. We must reassess deterministic modelling 
Put uncertainty into such models and identify where uncertainty analysis is necessary 
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7-3 How do you discover model form error? 

-  Hierarchical constitutive models, enforce thermodynamic consistency 
 
 
7-4 Can we use uncertainty principles to guide modelling techniques? 

-   Sensitivity analysis (no data required) 
-  Uncertainty (requires data) 
Reducing order of model through such analysis 

 
(see Michael Hanss “Applied Fuzzy Arithmetic”) 
 
Another central question is ‘Is epistemic error hidden by aleatoric uncertainty when we compare 
nonlinear models?’  In order to assess this, we need to look at large, complex structures that 
people are using linear models to represent joints.  How are the results affected when we 
consider joint models, and when we incorporate parameter variation?  Do we have an issue that 
the missing physics in the model negates the advantage of using supercomputing, or does 
aleatoric uncertainty dominate the variation in the results? 
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Challenges, Joints Workshop 2012 
 
Out of the discussions of requirements to make progress in our focus areas, a new set of 
challenges has been developed. This is the principle outcome of the Joints Workshop. Each of 
these challenges is associated with a set of deliverables. The challenges are listed here. 
 
1. Round Robin/Benchmark Exercise for Hysteresis Measurements  
(Ewins, Nowell, Gola, Eriten, Schwingshackl) 
 
December 2012 – Define scope, hardware, measurement technique 
April 2013 – Mid-year progress report 
September 2013 – Report results 
 
2. Round Robin/Benchmark for Measurement/Prediction of Dissipation in Standard 
Joints  
(Jacobs, Goyder, Gaul, Ind, Vakakis, Allen, Eriten, Harris, Segalman) 
 
December 2012 – Define scope, hardware, measurement technique 
April 2013 – Mid-year progress report 
September 2013 – Report results 
 
3. Methodology to Quantify Cost Benefits of Improved Joint Design  
(Brake, Goyder, Ewins, Reuss, Schwingshackl, Allen) 
 
December 2012 – Draft delivery 
 
4. GRAND CHALLENGE – Define Mechanisms of Friction (Interface Mechanics)  
(Nowell, Brake, Eriten) 
 
January/February 2013 – “Green” paper 
 
5. Modeling Non-Metallics  
(Gaul, Goyder, Petrov) 
 
February 2013 – “Green” paper 
 
6. Multiscale Modeling Framework  
(Eriten, Masud, Petrov) 
 
February 2013 – “Green” paper 
 
7. Definition of Variability and Uncertainty (linked to Round Robin Challenges 1 and 2, 
also address how to model in the absence of experimental data)  
(Mignolet, Starr) 
 
January 2013 – Framework for data/criteria 
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8. Epistemic and Aleatoric Modeling  
(Segalman, Bergman, Brake, Vakakis, Willner) 
 
January 2013 – Problem definition 
 
9. Time Varying Model Parameters, Modeling and Experiment “Surface Chemistry”  
(Dini, Medina, Eriten, Schwingshackl) 
 
April 2013 – Problem definition, including scales, wear, meeting at ISFF7 
 
10. The Derivation of Constitutive Equations Based on Physical Parameters (including 
measurement of spatial dependence of key physical parameters)  
(Gaul, Hoffmann, Starr, Mayes) 
 
January 2013 – “Green” paper 
 
11. Eventual Implementation of Prediction Methods in Commercial Numerical Codes  
(Brown, Goyder, Petrov, Brake) 
 
January 2013 – “Green” paper 
 
12. Develop Statement of Mission and Workshop Report  
(Ewins, Bergman, Starr) 
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Assistant Professor, Department of Engineering Physics 
University of Wisconsin-Madison 
535 Engineering Research Building 
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Tel: 608-890-1619 
Mobile: +001 505-615-1793 
msallen@engr.wisc.edu 
http://silver.neep.wisc.edu/~msallen  
 
Dr. Edward J. Berger 
Associate Dean for Undergraduate Programs, and 
Associate Professor, Department of Mechanical and Aerospace Engineering 
School of Engineering and Applied Science 
University of Virginia 
Charlottesville VA 22904 
office:  +1 434-924-6326 
Fax: 434.924.0702 
berger@virginia.edu 
 
Professor Lawrence A. Bergman 
Department of Aerospace Engineering 
University of Illinois at Urbana-Champaign 
104 South Wright St. 
MC-236 
321E Talbot Laboratory 
Urbana, IL 61801 
Tel : 217-333-4970 
lbergman@illinois.edu 
http://www.ae.illinois.edu/people/faculty/bergman.html 
LNDVL:  http://lndvl.mechse.illinois.edu 
 
Matthew R. Brake, Ph.D.  
Component Science and Mechanics 
Sandia National Laboratories 
P.O. Box 5800, MS 1070 
Albuquerque, NM  87185-1070, USA 
+1 505 284 3351 (voice) 
+1 505 844 3278 (fax) 
mrbrake@sandia.gov 
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Daniel Brown  
DSE/SED/Structural Dynamics 
AWE, Aldermaston, Reading, RG7 4PR  
Direct: 0118 98 27570 
Daniel.Brown@awe.co.uk 
 
Brandon Deaner 
University of Wisconsin – Madison 
bdeaner@wisc.edu 
 
Dr. Daniele Dini 
Senior Lecturer 
Department of Mechanical Engineering (Room 696, Tribology Group) 
Imperial College London 
Exhibition Road, London SW7 2AZ 
Tel.: +44 (0)2075947242,  
Fax: +44 (0)2075947023, 
Email: d.dini@imperial.ac.uk 
URL: www.imperial.ac.uk/people/d.dini 
 
Melih Eriten 
University of Wisconsin – Madison 
2039 Mechanical Engineering Building 
1513 University Ave. 
Madison, WI 53706 
Tel: +1-608-890-4899 
eriten@engr.wisc.edu 
 
David J Ewins FRS FREng FCGI 
Professor of Vibration Engineering 
Imperial College London 
South Kensington Campus 
London SW7 2AZ   UK 
t:   +44 208 594 7068 
m:  +44 7785 256929 
e: d.ewins@imperial.ac.uk 
 
Al Ferri, Ph.D. 
George W. Woodruff School of Mechanical Engineering 
Georgia Institute of Technology 
Atlanta, GA 30332-0405 
Tel: 404-894-7403 
Fax: 404-894-8496 
al.ferri@me.gatech.edu 
http://www.me.gatech.edu 
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Robert Flicek 
University of Oxford 
robert.flicek@eng.ox.ac.uk 
 
Dr.-Ing. Lothar Gaul  
Director Institute of Applied and Experimental Mechanics (IAM)  
University of Stuttgart  
Pfaffenwaldring 9  
70550 Stuttgart Germany 
gaul@iam.uni-stuttgart.de 
 
Prof. Muzio Gola 
Politecnico di Torino 
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10129 Torino; Italy 
m: +393355304868 
f: +390110906999 
muzio.gola@polito.it 
 
Hugh Goyder 
Cranfield University 
Defence Academy of the United Kingdom 
Shrivenham 
Swindon 
SN6 8LA, UK 
Tel: +44 (0) 1793 785122 
Mob: +44(0)7804 252770 
h.g.d.goyder@cranfield.ac.uk 
 
Wes Harris  
System Dynamics Test and Analysis  
Rolls-Royce Corporation 
450 South Meridian Street  
Office Speed Code MC-S2-02 
Indianapolis, IN 46225-1103 
Phone: 317-230-6903 
wesley.harris@rolls-royce.com 
 
David Hills 
Department of Engineering Science, 
University of Oxford, 
Parks Road 
OXFORD 
OX1 3PJ 
Tel  +44 1865 273119 
Mob 07704325844 
david.hills@eng.ox.ac.uk 
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Structural Dynamics, Engineering Analysis & Test Group  
AWE, Aldermaston, Reading, RG7 4PR 
Direct: 0118 9826970 
Philip.Ind@awe.co.uk 
 
Laura Jacobs, Ph.D. 
Experimental Environmental Simulations 
Sandia National Laboratories 
P.O. Box 5800, MS 0557 
Albuquerque, NM  87185-0557, USA 
+1 505 844 8521 (voice) 
ldjacob@sandia.gov 
 
Arif Masud 
Professor, and Robert H. Dodds Faculty Scholar 
Department of Civil and Environmental Engineering 
Affiliate Professor,  
Department of Aerospace Engineering,  
Computational Science and Engineering,  
Micro-&-Nanotechnology Laboratory 
University of Illinois, 3110 Newmark Lab, MC-250 
205 N. Mathews Ave., Urbana, IL 61801-2352 
Telephone:  (217) 244-2832 
Fax:  (217) 265-8039 
E-mail:  amasud@uiuc.edu 
Website:   http://cee.illinois.edu/faculty/masud 
 
Randy Mayes 
Experimental Mechanics/NDE 
Sandia National Laboratories 
P.O. Box 5800, MS 0557 
Albuquerque, NM  87185-0557, USA 
+1 505 844 5324 (voice) 
+1 505 844 0078 (fax) 
rlmayes@sandia.gov  
 
Dr. Simon Medina 
Tribology Group  
Department of Mechanical Engineering 
Imperial College London 
London, UK, SW7 2AZ 
Tel: +44 (0)20 7594 7236 
s.medina@imperial.ac.uk 
 



29 
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marc03@asu.edu 
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Reader in Structural Dynamics 
School of Engineering and Informatics 
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Department of Mechanical Engineering 
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Akron, OH 44325-3903 
330-972-6302 
quinn@uakron.edu 
 
Dipl.-Ing. Pascal Reuss  
Institute of Applied and Experimental Mechanics (IAM)  
University of Stuttgart  
Allmandring 5B 
70550 Stuttgart Germany 
Tel: +49 (0) 711 /6 85-68166  
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Hamburg University of Technology 
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4. SUMMARY 
 
 The Third International Workshop on Jointed Structures was held in August 2012.  At this 
workshop, 32 researchers from across the world came together to discuss progress made since 
the previous workshop (in 2009) and to develop a roadmap for the research directions in the area 
of mechanics of jointed structures over the next five to ten years.   
 
 Since the previous workshop, significant progress was made on developing a platform to 
support the community of researchers for jointed structures.  Specifically, a new research 
committee, the ASME Research Committee on the Mechanics of Jointed Structures, was founded 
and is being used to foster this research area.  Progress on the technical challenges identified at 
the previous workshop is further detailed in the minutes from this workshop.    
 
 The direct outcome from the Third International Workshop on Jointed Structures was a series 
of challenges that will serve as a roadmap for the next five to ten years of research on the 
mechanics of jointed structures.  These challenges have each been developed through the 
consensus of the attendees of the workshop, and are designed to address the pressing issues 
observed in the area of interfacial mechanics for joints, namely: understanding the uncertainty 
and variation in joints, incorporating high fidelity models into simulations while still generating 
tractable/efficient solutions, understanding the physical phenomena that leads to energy 
dissipation in joints, and motivating the new generation of researchers and funding agents of the 
importance of studying joint mechanics.  The specific challenges formulated by the workshop are 
as follows 
 

1. Round Robin/Benchmark Exercise for Hysteresis Measurements 
2. Round Robin/Benchmark for Measurement/Prediction of Dissipation in Standard Joints  
3. Methodology to quantify cost benefits of improved joint design  
4. Define Mechanisms of Friction (Interface Mechanics)  
5. Modelling non-metallics  
6. Multiscale modeling framework  
7. Definition of variability and uncertainity (linked to Round Robin Challenges 1 and 2, also 

address how to model in the absence of experimental data)  
8. Epistemic and Aleatoric Modeling  
9. Time varying model parameters, modeling and experiment “surface chemistry”  
10. The derivation of constitutive equations based on physical parameters (including 

measurement of spatial dependence of key physical parameters)  
11. Eventual implementation of prediction methods in commercial numerical codes  
12. Develop Statement of Mission and Workshop Report  
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