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EDITORS’ PREFACE

M2D2015 1is the sixth international gathering of a prestigious series of conferences
coordinated by the International Scientific Committee of Mechanics and Materials in Design.
This series of conferences are wholy devoted to advances in mechanics, materials, structural
integrity and design. M2D2015 is sponsored by the University of Porto, the University of
Toronto and the University of Azores. The conference attracted over 320 participants with
423 accepted submissions from 42 countries out of 620 submissions. These papers were
presented in July 26-30, 2015 in the magnificent city of Ponta Delgada, Azores. The
conference themes which address novel and advanced topics in Mechanics and Materials in
Design focused on analytical and numerical tools at all scales, testing and diagnostics, surface
and interface engineering, tribology, mechanical design and prototyping, modes of failure,
composite and engineered materials, biomechanics, energy and thermo-fluid systems, impact
and crashworthiness and case studies.

We believe that the meeting offered our delegates a forum for the dissemination of their
recent work in mechanics and materials and their applications in engineering design, fostered
research that integrates mechanics and materials in the design process, and promoted
exchange of ideas and international co-operation among scientists and engineers in this
important field of engineering.

We are particularly indebted to the authors and special guests for their presentations. Each of
the more than 420 contributions offered opportunities for thorough discussions with the
authors. Particularly, we acknowledge the excellent contributions of the participants, their
innovative ideas and research directions, the novel modeling and simulation techniques, and
the invaluable critical comments. We are also indebted to the outstanding keynote speakers
who highlighted the conference themes with their contributions and covered the main topics
of the conference. We also take this opportunity to thank the members of the International
Scientific Committee and the reviewers for their time, effort and helpful suggestions.

We offer our sincere gratitude to the symposia organisers for their efforts and valuable
contributions to the success of the event, and the local organising committee for attending to
the conference demands and delegates needs.

All in all, M2D2015 was a great success and the credit must go to all the participants for their
significant contributions and lively discussions, the keynote speakers for bridging the gap
between the different disciplines and the organizing committee for an absolutely superb
organization of the meeting in this magnificent city. To all of you, we offer our gratitude.

Given the rapidity with which science is advancing in all areas of mechanics and materials,
the next conference in this series (Integrity, Reliability and Failure - IRF 2016) will take place
in Porto, Portugal in July 2016. Undoubtedly, we expect IRF2016 to be as stimulating and
interesting as M2D2015, as evidenced by the excellent contributions offered in this current
event. We look forward to seeing all of you in Porto in 2016.

Shaker A. Meguid and J.F. Silva Gomes
P. Delgada / Azores, July 2015

XX1X



Aben, H. (Estonia)
Abreu, M.J. (Portugal)
Adali, S. (S. Africa)
Afonso, C.F. (Portugal)
Alexopoulos, N. (Greece)
Alves, A. (Portugal)
Antonio, C.C. (Portugal)
Aréde, A. (Portugal)
Banks-Sills, L. (Israel)
Baptista, J.S. (Portugal)
Barradas, J. (Portugal)
Barros, M.J. (Portugal)
Barros, R.C. (Portugal)
Belinha, J. (Portugal)
Botsis, J. (Switzerland)
Bremand, F. (France)
Caetano, E. (Portugal)
Camanho, P. (Portugal)
Campos, J.R. (Portugal)
Castro, C.F. (Portugal)
Castro, P.T. (Portugal)
Catarino, A. (Portugal)
Cavaleiro, A. (Portugal)
Chen, T. (Taiwan)
Chenot, J-L (France)
Cirne, J. (Portugal)
Correia, A. (Portugal)
Croccolo, D. (Italy)
Cunha, A. (Portugal)
Datta, S. (USA)
Degrieck, J. (Belgium)
Dias, G. (Portugal)
Dietrich, L. (Poland)

XXX

Diogo, M.T. (Portugal)
Dourado, N. (Portugal)

Masato, Y. (Japan)
Meda, A. (Italy)

Eberhardsteiner, J. (Austria) Meguid, S.A. (Canada)

Esteves, J.L. (Portugal)
Fangueiro, R. (Portugal)
Fernandes, A.A. (Portugal)
Ferreira, D. (Portugal)
Ferreira, J.G. (Portugal)
Fiuza, A. (Portugal)
Fonseca E. (Portugal)
Gdoutos, E. (Greece)
Geraldes, M. (Portugal
Guedes, R.M. (Portugal)
Hejum, Du (Singapore)
Igartua, A. (Spain)
Ignaszak, Z. (Poland)
Iliescu, N. (Romania)
Jones, N. (UK)

Jorge, R.N. (Portugal)
Kahlen, F-J. (S. Africa)
Klein, W. (Germany)
Kourkoulis, S. (Greece)
Laermann, K. (Germany)
Langseth, M. (Norway)
Lima, G. (Brazil)

Lino, J. (Portugal)
Lopes, H. (Portugal)

Lu, Jian (Hong Kong)
Madureira, L. (Portugal)
Maia, Lino (Portugal)
Mal, A. (USA)

Marques, A.T. (Portugal)
Martins, R. (Portugal)

Melo, F.Q. (Portugal)
Mileiko, S.T. (Russia)
Miller, R.E. (Canada)
Mines, R. (UK)
Miranda, R. (Portugal)
Moreira, F. (Portugal)
Moreira, P. (Portugal)
Morimoto, Y. (Japan)
Moura, M.F. (Portugal)
Muc, Aleksander (Poland)
Navarro, C. (Spain)
Navas, H. (Portugal)
Pappalettere, C. (Italy)
Pieczyska, E. (Poland)
Piloto, P. (Portugal)
Pindera, M.J. (USA)
Polcar, T. (UK)
Quelhas, O. (Brazil)
Ramesh, K. (India)
Reddy, J.N. (USA)
Restivo, M.T. (Portugal)
Ribeiro, J.E. (Portugal)
Robinson, J. (Ireland)
Rocha, A.B. (Portugal)
Rodrigues, H. (Portugal)
Rodrigues, J.D. (Portugal)
Roque, Carla (Portugal)
Ruiz, G. (Spain)
Ruzicka, M. (Czech R.)
S4, Carlos (Portugal)

International Scientific Committee

Sainov, V. (Bulgaria)
Santos, J.M. (Portugal)
Santos, T. (Portugal)
Seabra, J. (Portugal)
Semenski, D. (Croatia)
Silva, A.J. (Portugal)
Silva, Lucas (Portugal)
Silva Gomes, J.F. (Portugal)
Sjodahl, M. (Sweden)
Soares, C.M. (Portugal)
Sousa, L.C. (Portugal)
Sousa, R. (Portugal)

Su, Yu (China)

Suleman, Afzal (Portugal)
Takagi, T. (Japan)

Talaia, M. (Portugal)
Tamalsky, E. (Brazil)
Tamuzs, V. (Latvia)
Tavares, J.M. (Portugal)
Tavares, P. (Portugal)
Tooren, M.J. (Netherlands)
Truman, C.E. (UK)
Turmanidze, R. (Georgia)
VanHemelrijck, D. (Belgium)
Varum, H. (Portugal)
Vasques, C. (Portugal)
Vaz, Mario P. (Portugal)
Vilas-Boas, J. (Portugal)
Wang, Wei-Chung (Taiwan)
Weng, G. (USA)
Yoneyama, Satoru (Japan)
Yoon, Y.C. (Singapore)
Zhang, X. (China)



Institutional Sponsors

FEUP MADL DCTD
University of Porto University of Toronto University of Azores
Portugal Canada Portugal
Co-Chairs

J.F. Silva Gomes (U. Porto)
Shaker A. Meguid (U. Toronto)

Organizing Committee

Carlos C. Antonio, Catarina F. Castro, Clito F. Afonso, Jos¢ M. Cirne
Maria Jodo Barros, Mario A.P. Vaz, Paulo G. Piloto, Pedro M.G.P. Moreira

Conference Secretariat
Nuno Pinto, Lurdes Catalino, M.F. Silva Gomes
With the support of

ABREU-PCO, Professional Congress Organizer (http://pco.abreu.pt)
Mercatura Conference System (http://www.mercatura.pt)

XXX1



ACKNOWLEDGMENTS

M2D2015 conference is sponsored by the following institutions, whose
contributions are gratefully acknowledged:

FEUP-Faculdade de Engenharia, Universidade do Porto
MADL-Mechanics and Aerospace Design Lab, University of Toronto
DCTD-Dep. de Ciéncias Tecnologicas e Desenvolvimento, Universidade dos Acores
Governo Regional dos Agores
APAET-Portuguese Association for Experimental Mechanics
EURASEM-European Society for Experimental Mechanics
SEM-American Society for Experimental Mechanics
BSSM-British Society for Strain Measurement
JSME-Japanese Society of Mechanical Engineering
IMEKO-International Measurement Confederation
AFM-Association Frangaise de Mécanique
DYMAT-European Association for Dynamics of Materials
INEGI-Instituto de Ciéncia e Inovagao em Eng“. Mecanica e Eng®. Industrial
LABIOMEP-Laboratorio de Biomecdnica do Porto
FCT-Fundagdo para a Ciéncia e a Tecnologia
ABREU-PCO, Professional Congress Organizer

[APORTO mnanandglll b

UNIVERSIDADE DOS ACOF

FEU FACULDADE DE ENGEMHARIA . . .‘. "‘

UMIVERSIDADRE DO PFORTO MECHANICS AND AEROSPACE DESIGN LAB

alifey 4 [+ Eoae FCT & ineqi

oo PO3TO

'@ Your valuable partner Governo dos Agores

tttt fqi“'“?”%.,
apaeT i W;
ERR1 =0

Fundagio para a Ciéncia e a Tecnologia

B &

XXX11



TRACKS / MAIN TOPICS:

Topic - A: Analytical and Numerical Tools
Topic - B: Testing and Diagnostics

Topic - C: Surface and Interface Engineering
Topic - D: Civil Engineering Applications
Topic - F: Tribology, Gears and Transmissions
Topic - G: Mechanical Design and Prototyping
Topic - H: Modes of Failure

Topic - I: Composite and Advanced Materials
Topic - J: Nanotechnologies and Nanomaterials
Topic - K: Biomechanical Applications

Topic - L: Energy and Thermo - Fluids Systems
Topic - M: Impact and Crashworthiness

Topic - N: Case Studies

SPECIAL SYMPOSIA:

Symp -2: EXPERIMENTAL MECHANICS IN DESIGN.
Coordinators: Hernani Lopes (ISEP/IPP, Portugal) and Jaime Monteiro
(INEGI/U.Porto, Portugal)

Symp - 3:  DYNAMICS, STABILITY AND CONTROL IN STRUCTURAL ENGINEERING:
CASE STUDIES.
Coordinator: Rui C. Barros (FEUP/U. Porto, Portugal)

Symp -4: ANALYSIS DESIGN AND TESTING OF TOWERS AND POLES.
Coordinator: Rui C. Barros (FEUP/U. Porto, Portugal)

Symp - 5:  DESIGN AND PRODUCT DEVELOPMENT.
Coordinators: Jorge Lino (FEUP/U. Porto, Portugal) and Xavier de Carvalho
(FEUP/U.Porto, Portugal)

Symp - 6: MECHANICAL BEHAVIOUR OF BIO-BASED MATERIALS.
Coordinators: Nuno Dourado (CITAB/UTAD, Portugal) and Marcelo Moura
(FEUP/U. Porto, Portugal)

Symp -9:  SYSTEMATIC INNOVATION AND LEAN APPROACH IN ENGINEERING.
Coordinators: Helena V.G. Navas (FCT/UNL, Portugal) and Anabela Alves (U.
Minho, Portugal)

Symp - 10: SEISMIC BEHAVIOUR CHARACTERIZATION AND STRENGTHENING OF
CONSTRUCTIONS.
Coordinators: Antonio Aréde (FEUP/U. Porto, Portugal), Humberto Varum
(FEUP/U. Porto, Portugal), Hugo Rodrigues (ESTG/IPL, Portugal) and Anibal Costa
(DECivil/U. Aveiro, Portugal)

Symp - 11: MECHANICS AND MATERIALS IN DENTAL MEDICINE.
Coordinators: J.C. Reis Campos (FMD/U. Porto, Portugal) and Mario A.P. Vaz
(FEUP/U. Porto, Portugal)

XXX1il



Symp - 12:

Symp - 13:

Symp - 17:

Symp - 18:

Symp - 19:

Symp - 20:

Symp - 21:

Symp - 22:

Symp - 23:

Symp - 24:
Symp - 25:

Symp - 26:

Symp - 27:

Symp - 28:

Symp - 29:

Symp - 31:

XXX1V

OPTIMIZATION FOR SUSTAINABLE DEVELOPMENT.
Coordinators: Carlos C. Antonio (FEUP/U. Porto, Portugal) and Catarina F. Castro
(FEUP/U. Porto, Portugal)

CARDIOVASCULAR AND ORTHOPEDIC MECHANICS DESIGN.
Coordinators: Luisa C. Sousa (FEUP/U. Porto, Portugal) and Catarina F. Castro
(FEUP/U. Porto, Portugal)

MECHANICAL BEHAVIORS OF ADVANCED MATERIALS & STRUCTURES
AT ALL SCALES.
Coordinator: Yu Su (Beijing Institute of Technology, China)

MECHANICAL BEHAVIOR OF SOFT BIOMATERIALS.
Coordinators: Renato N. Jorge (FEUP/U.Porto, Portugal), Pedro Martins
(FEUP/U.Porto, Portugal) and Marco Parente (FEUP/U.Porto, Portugal)

NON-DESTRUCTIVE INSPECTION TECHNIQUES FOR MATERIALS AND
STRUCTURES.

Coordinators: Jodo Tavares (FEUP/U.Porto, Portugal), Luis Durdo (ISEP/IPP,
Portugal) and Jodo Rebello (UFRJ, Brazil)

THERMAL COMFORT IN BUILDINGS.
Coordinators: Marta Silva (U. Aveiro) and Mario Talaia (U. Aveiro, Portugal)

TRIBOLOGY TRENDS FOR HIGHER EFFICIENCY AND RELIABILITY.
Coordinators: Ramiro Martins (INEGI/U.Porto, Portugal), Jorge Castro
(INEGI/U.Porto, Portugal), Armando Campos (INEGI/U.Porto, Portugal) and Jorge
Seabra (INEGI/U.Porto, Portugal)

RECYCLING AND RE-USE OF INDUSTRIAL AND HOUSEHOLD WASTES
INTO NEW COMPOSITE MATERIALS.

Coordinators: A. Fiuza (CIGAR/U.Porto, Portugal) and M.C.S. Ribeiro
(INEGI/U.Porto, Portugal)

QUALITY CONTROL AND METROLOGY IN ENGINEERING.
Coordinators: José Barradas (CATIM, Portugal), José Carlos Sa (IPVC, Portugal)
and José Oliveira (IPVC, Portugal)

THERMODYNAMICS AND FLUIDS.
Coordinator: Clito F. Afonso (FEUP/U.Porto, Portugal)

COMPUTATIONAL MECHANICS IN DESIGN.
Coordinator: Xiong Zhang (Tsinghua University, China)

FIBER BASED MATERIALS: DESIGN, DEVELOPMENT AND APPLICATIONS.
Coordinators: Maria José Abreu (U. Minho, Portugal) and André Catarino (U.
Minho, Portugal)

THIN FILMS AND COATINGS IN TRIBOLOGY.
Coordinators: Albano Cavaleiro (FCTUC/U. Coimbra, Portugal) and Tomas Polcar
(U. Southampton, UK.)

ADVANCED DISCRETIZATION TECHNIQUES IN COMPUTATIONAL
MECHANICS.

Coordinators: Jorge Belinha (INEGI/U.Porto, Portugal) and Carla Roque
(INEGI/U.Porto, Portugal)

SAFETY IN WOOD MATERIALS.
Coordinators: Elza Fonseca (IPB, Portugal) and Débora Ferreira (IPB, Portugal)

FIRE AND STRUCTURAL ENGINEERING.
Coordinators: Paulo Piloto (IPB, Portugal) and Alberto Meda (U. Rome, Italy)



Proceedings of the 6th International Conference on Mechanics and Materials in Design,
Editors: J.F. Silva Gomes & S.A. Meguid, P.Delgada/Azores, 26-30 July 2015

PAPER REF: 5619

NUMERICAL AND EXPERIMENTAL ASSESSEMENT OF THE
DISPLACEMENT FIELD ON PDMS SAMPLE

~ . . * A . . r 0
Jodo Ribeiro'* ), Hernani L0pes3’2, Pedro Martmsz, Mario Vaz®

'Polytechnic Institute of Braganga (IPB), Braganga, Portugal

*Institute of Mechanical Engineering and Industrial Management (INEGI), Porto, Portugal
*Department of Mechanical Engineering (DEM), Polytechnic Institute of Porto, Porto, Portugal
*Department of Mechanical Engineering (DEMec), University of Porto, Portugal

O Email: jribeiro@ipb.pt

ABSTRACT

In recent years, the study of polymers like polydimethylsiloxane materials (PDMS) has
become a great interest field due its growing used in biomechanics applications. In this work
the Digital Image Correlation (DIC) is proposed for the measurement of the continuous
displacement field. This experimental optical technique allows the measurement with high
resolution and without contact of the large displacements at the material surface and,
therefore, is considered the most suitable technique for the mechanical characterization of
hyper-elastic materials. The numerical simulations were implemented by using the
commercial finite elements program Ansys®. This combines the experimental information
taken from the tensile test performed in PDMS with material constitutive models to reproduce
the experimental displacement fields observed during the experimental test. For this study,
different constitutive hyper-elastic material models were analysed, namely: the Mooney-
Rivlin model, Ogden model and Yeoh models.

The numerical technique show to be very effective to reproduced the global mechanical
behaviour of hyper-elastic materials. However, the local behaviour is very difficult to predict
and further developments must be made in order to improve the quality of material behaviour.

Keywords: polydimethylsiloxane, hyper-elasticity, digital image correlation, biaxial tensile
test, finite element method.

INTRODUCTION

In recent decades, the characterization of biological tissues (Greenleaf, 2003) had an
enormous evolution. Biomedical Engineering has been at the vanguard in the biological
tissues study as well as in the development of new materials for the replacement of these
tissues in extreme situations, when other therapies are not possible or not recommended. The
soft tissue belongs to the class of materials that have hyper-elastic mechanical behaviour.
They are known for presenting high strains before reaching tensile strength (Holzapfel, 2000).
Its stress-strain relationship can be derived from a function of strain energy density (Besson,
2010). This stress-strain relationship is reversible and may have linear or nonlinear
relationships.

The aim of this work is development of a method that is able to characterize with high detail
the mechanical behaviour of PDMS materials used in bioengineering and biological
applications. For this purpose, the biaxial tensile test is performed and the full field
displacement and strain are measured using DIC technique. From the displacements fields we
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assess the most appropriate constitutive models of hyper-elastic materials that could use
simulate the mechanical behaviour of the PDMS.

RESULTS AND CONCLUSIONS

The results from the biaxial tensile tests are shown in Fig. 1. These curves were used in the
numerical simulations for the constants determination of constitutive model. This information
was combined with the displacement measured with the commercial DIC system (Aramis®)
for computing the strain fields.

The experimental and the numerical strains were compered and determined the mean relative
error, presented in Table 1.

Axis 1 Axis 2

,,,,,,,

,,,,,,,,,,,,

(@) (b)

Fig. 1 - Biaxial tensile test results in: (a) axis 1 and (b) axis 2.

Table 1 - Mean relative error of displacement field for different test velocities

Imm/mim 2mm/mim Smm/mim 10mm/mim

RTV 615 29.44% 7.93% 19.7% 26.44%

The DIC technique was shown to be suitable for the measurement of displacement fields in
hyper-elastic materials.

For the constitutive models examined, it was found that the models of Ogden and Yeoh lead
to better results, namely a lower error for the offset. However, these models do not fully
characterize the hyper-elastic behavior of the tested specimens, high local deviations between
the numerical simulation and experimental measurements were found.
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