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Moreno

Cowin Cardoso Zysset

Cowin

9.45-10.30

CowinQ & A

Zysset Moreno Fraldi

Zysset

11.45-12.30

Fraldi Luding Cowin

Fraldi

14.45 - 15.30

Cowin Intro ZyssetQ & A Moreno Q & A Fraldi Q & A

16.45 - 17.30

ADMISSION AND ACCOMMODATION

The registration fee is of 575,00 Euro + VAT taxes*, where
applicable (bank charges are not included).

The registration fee includes a complimentary bag, four fixed
menu buffet lunches (Friday subject to numbers), hot beve-
rages, downloadable lecture notes and wi-fi internet access.

Applicants must apply at least one month before the beginning
of the course. Application forms should be sent on-line through
our web site: http://www.cism.it or by post.

A message of confirmation will be sent to accepted partici-
pants. If you need assistance for registration please contact
our secretariat.

Applicants may cancel their course registration and receive a
full refund by notifying CISM Secretariat in writing (by email)
no later than two weeks prior to the start of the course.

If cancellation occurs less than two weeks prior to the start of
the course, a Euro 50,00 handling fee will be charged.
Incorrect payments are subject to Euro 50,00 handling fee.

Alimited number of participants from universities and research
centres who are not supported by their own institutions can
be offered board and/or lodging in a reasonably priced hotel
or students' dormitories, if available.

Requests should be sent to CISM Secretariat by April 6,
2016 along with the applicant's curriculum and a letter of re-
commendation by the head of the department or a supervisor
confirming that the institute cannot provide funding. Preference
will be given to applicants from countries that sponsor CISM.

Information about travel and accommodation is available on
our web site, or can be mailed upon request.

* Italian VAT is 22%.

For further information please contact:

CISM

Palazzo del Torso

Piazza Garibaldi 18

33100 Udine (ltaly)

tel. +39 0432 248511 (6 lines)
fax +39 0432 248550

e-mail: cism@cism.it
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FABRIC TENSORS - MEASURES OF POROUS OR GRANULAR MATERIAL ANISOTROPY

Fabric tensors are tensors that
characterize the anisotropic
architecture of the microstructure in
a porous material. Fabric tensors
are considered to be higher

order measures of porous media
microstructure, after porosity

or relative volume fraction. The
fabric tensor concept arose in
geomechanics and soil mechanics
and is now widely applied in
biomechanics.

This workshop will address the
imaging of porous media or
granular media, the quantification
of porous media morphology or
granular architecture (quantitative
stereological measures) and the
structure-function relationship in
porous/granular anisotropic media
from the theoretical, experimental
and numerical viewpoints.

Specifically, the role of fabric in
the elastic and inelastic behavior
of porous media will be discussed.
An analysis of failure mechanisms
in a porous/granular medium and
its constituents will be presented,
as well as the role of fabric on the
strengths and on the toughness of
porous/granular media.

The inclusion of the fabric tensor as
a measure of the porous medium
anisotropy in both quasi-static
and dynamic poroelasticity will

be presented. The relationship
between fabric, porosity, tortuosity
and permeability of the porous
medium will be considered.

Also, the influence of fabric on
poroelastic wave propagation will
be analyzed.

PRELIMINARY SUGGESTED READINGS

Cardoso L., Cowin S.C. "Fabric
dependence of quasi-waves in
anisotropic porous media", J Acoust
Soc Am. 2011; 129(5):3302-16.

Cowin S.C. "The relationship between

the elasticity tensor and the fabric ten-

sor", Mech of Mat. 1985; 4(2):137-47.

Cowin S.C. and C.H. Turner. "On the
relationship between the orthotropic
Young's moduli and fabric", J
Biomech. 1992; 25(12):1493-94

Cowin S.C., Cardoso L. "Fabric depen-
dence of wave propagation in aniso-
tropic porous media", Biomech Model
Mechanobiol. 2011; 10(1):39-65.

Souzanchi M.F., Palacio-Mancheno
P.E., Borisov Y.A., Cardoso L. and SC
Cowin. "Microarchitecture and bone
quality in the human calcaneus: local
variations of fabric anisotropy", J Bone
Miner Res. 2012; 27(12):2562-72.

Zysset P.K. & A. Curnier. "An alterna-
tive model for anisotropic elasticity

based on fabric tensors", Mech of
Mat. 1995; 21(4):243-50.

Gross T., Pahr D. and P.K. Zysset.
"Morphology-elasticity relationships
with decreasing fabric information of
human trabecular bone in three major
anatomical location”, Biomech Model
Mechanobiol. 2013; 12(4):793-800.

Schwiedrzik J., Wolfram U. and P K.
Zysset. "A generalized anisotropic
quadratic yield criterion and its ap-
plication to bone tissue at multiple
length scales", Biomech Model Mech-
anobiol. 2013;12:1155-1168.

Moreno R., Borga M., and O. Smedby.
"Generalizing the mean intercept
length tensor for gray-level images”,
Med Phys 2012; 39(7):4599-4612.

Moreno R., Borga M., and O.
Smedby. "Fabric tensors: a review.
Visualization and processing of
tensors and higher order descriptors
for multi-valued data", Westin,

Ultrasonic wave propagation is

a noninvasive technology for

the measurements of material
properties of geomaterials and
biomaterials. Fabric dependent
poroelasticity will be presented as
the basis for understanding elastic
ultrasound in porous media. The
presentation will include theory,
experiment and technology. The
determination of drained and
undrained elastic properties from
fabric measurements (imaging) and
monotonic elastic test loadings will
be discussed. Inverse models in
porous elastic propagation will be
reviewed, that is to say models that
determine drained and undrained
mechanical properties from
ultrasound data.

C-F, Vilanova A, Burgeth B (Eds).
Springer, 2014; 271-292.

Moreno R. and O. Smedby. "Volume-
based fabric tensor through Lattice-
Boltzmann simulations". Proc. ICPR
2014; 3179-3184.

Luding S. "Introduction to Discrete
Element Methods: Basics of Contact
Force Models and how to perform the
Micro-Macro Transition to Continuum
Theory", European Journal of
Environmental and Civil Engineering.
2008; 12:785-826.

Magnanimo V. and S. Luding. "A lo-
cal constitutive model with anisotropy
-- ratcheting under 2D biaxial isobaric
deformation", Granular Matter. 2011;
13(3):225-232.

Imole O.1., Wojtkowski M., Magnanimo
V.and S. Luding. "Micro-Macro
Correlations and Anisotropy in
Granular Assemblies under Uniaxial
Loading and Unloading", Phys. Rev.
E. 2014; 89(4):042210.

Different boundary- and volume-
based techniques for estimating
orientation distribution functions
(ODFs) will be presented.

Also, different strategies will

be described for analyzing and
estimating fabric tensors from
ODFs. The relationship between
Cartesian tensors and spherical
harmonics and their relevance

in the analysis of anisotropic
materials will be discussed. Higher-
order descriptors of anisotropy
and estimation of fabric tensors

in gray-scale images will also be
introduced.

The course is addressed to
doctoral students, starting and
senior researchers, in the fields
of modeling the mechanical
behavior of materials, particularly in
geomechanics and biomechanics.

Kumar N., Luding S. and V. Mag-
nanimo. "Macroscopic model with
anisotropy based on micro-macro
informations”, Acta Mechanica. 2014;
225(8):2319-2343.

Bendsoe M.P. and O. Sigmund.
"Topology optimization: theory,
methods and applications". Berlin:
Springer. 2003; 370 pp.

Fraldi M. "Problems and Fundamental
Models for Inverse Methods in
Composite Materials", in The WILEY
Encyclopedia of Composites",
Second Edition. 2012; 4:2402-2413.

Lekhnitskii S.G. "Theory of elasticity
of an anisotropic elastic body". S.
Francisco: Holden-Day. 1963; 404 pp.

Nemat-Nasser S., and M. Hori.
"Micromechanics: overall properties
of heterogeneous materials". The
Netherlands: North-Holland Elsevier
Science Publishers. 1993; 810 pp.

INVITED LECTURERS

Luis Cardoso - The City College of New York, USA

1. Role of porosity and microarchitecture in material symmetry of
biological tissues

2. Monday Q&A

3. The role of microarchitecture in the mechanical function of biological tissues

4. Experimental methods to measure quasi-static elastic constants and
yield behavior

5. Experimental methods to measure dynamic permeability

6. Poroelastic ultrasound tomography.

Stephen C. Cowin - The City University of New York, USA

1. The types of material symmetry

2. Introduction of participants & lecturers

3. The relationship between the anisotropic elastic constants and fabric
4. Quasi-static fabric dependent poroelasticity

5. Dynamic fabric dependent poroelasticity

6. Friday Q&A.

Massimiliano Fraldi - Universita di Napoli "Federico II", Italy
1. Fabric tensor derived from Flugge-like porous structures
2. Fabric tensors and homogenization

3. Some insights into RVE-invariant fabric tensors

4. Fabric tensor-based topology optimization approaches

5. Q&A Thursday

6. Fabric-like tensor measures in finite elasticity.

Stefan Luding - Universiteit Twente, The Netherlands

1. Particle Simulation (DEM = Discrete Element Method) Introduction

2. Contact Models

3. Measuring Elastic constants from DEM — including fabric and
anisotropy

4. Towards Continuum Models for anisotropic materials with change of
microstructure

5. From slow (quasi-static) to fast, inertial flows.

Rodrigo Moreno - KTH Royal Institute of Technology, Sweden
1. Fabric tensors: a geometric perspective

2. Boundary-based orientation distribution functions (ODF)

3. Volume-based ODFs

4. Q&A Wednesday

5. Estimation of fabric tensors from ODFs

6. Introduction to higher-order and gray-scale fabric tensors.

Philippe Zysset - University of Bern, Switzerland

1. Fabric tensors and their computation in trabecular bone

2. Alternative fabric-elasticity relationships

3. Q&A Tuesday

4. A generalized fabric-based yield criterion

5. Experimental and computational approaches to fabric-mechanical
property relationships in trabecular bone

6. A modular framework to include fabric in finite element analysis.

LECTURES

Al lectures will be given in English. Lecture notes can be downloaded from
the CISM web site, instructions will be sent to accepted participants.



FABRIC TENSORS - MEASURES OF POROUS
OR GRANULAR MATERIAL ANISOTROPY

Udine, June 6 - 10, 2016
Application Form
(Please print or type)

Surname

Name
Affiliation
Address

E-mail

Phone Fax

Method of payment upon receipt of confirmation (Please check the box)

The fee is 575,00 Euro + 22% ltalian VAT taxes, where applicable (bank charges
are not included).

[/ shall send a check of Euro

[ Payment will be made to CISM - Bank Account No. 094570210900,
VENETO BANCA - Udine (CAB 12300 - ABI 05035 - SWIFT/BIC
VEBHIT2M - IBAN CODE IT46 N 05035 12300 09457 0210900).

Copy of the receipt should be sent to the secretariat

[ | shall pay at the registration counter with check or VISA Credit Card
(Mastercard/Eurocard, Visa, CartaSi)

IMPORTANT: CISM is obliged to present an invoice for the above sum.
Please indicate to whom the invoice should be addressed.

Name
Address

CF*

VAT/IVA* No
(*) Only for EU residents or foreigners with a permanent business activity in Italy.

Only for Italian Public Companies
[ | ask for IVA exemption (ex law n. 537/1993 - art. 14 comma 10).

Privacy policy: | understand that data received via this form will be used only to
provide information about CISM and its activities, within the limits set by the Italian
legislative decree no. 196/2003 and subsequent amendments.

Complete information on CISM'’s privacy policy is available at www.cism.it.

| have read the "Admission and Accommodation” terms and conditions and agree.

Date Signature




