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Preface

The 37" Danubia Adria Symposium was planned for the year 2020 and has been
postponed due to the upcoming Covid-19 pandemy. One year later the Danubia Adria
Symposium is held in Linz. Some boundaries and restrictions have been changed due to
the Covid-19 pandemy. One of these new parts is the necessity of a prevention concept for
the symposium, which has been worked out. The personal discussion in the experimental
mechanics scientific community is very important for the exchange of knowledge and
ideas. This is the one of the reasons to organize a symposium on-site in presence.

The Danubia Adria Society includes 12 countries with representatives of each country
in the scientific committee. For the organization of the Danubia Adria Symposium the
support of the scientific committee is very helpful and greatful acknowledged.

As a tradition in the Danubia Adria Symposia, a special competition, open to doctoral,
graduate and undergraduate students is organized, called the the Young Scientists Award.
The scientific committee is the jury that assigns three prizes for the best papers presented
by the students.

In this Book of Abstracts a collection of accepted abstracts is included, which are
presented and discussed during the symposium. Oral and poster presentations and dis-
cussions of the contributions are given. In total there are 16 oral plenary presentations
and 78 poster presentations.

The sponsors are important to support the symposium so that it is possible to organize
it in an appropriate format. Two industrial oral presentations of latest research results
and developed products are given by companies and complete the view to advances in
experimental mechanics. The companies are present during the symposium and take part
in the symposium booth.

Based on the presentations, the fruitful discussions and the possible publications of
selected contributions in the Elsevier journal Materials Today: Proceedings as well as
the social and physical coming together hopefully will make the 37" Danubia Adria
Symposium an outstanding event.

Helmut J. Holl
September 2157, 2021
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About the symposium

Each year since 1984, the Danubia-Adria Symposium on Advances in Experimental Me-
chanics brings together internationally recognized experts and young researchers in an
effort to exchange ideas in different topics having as common link EXPERIMENTAL
MECHANICS. The symposium acts also as a platform for establishing connections be-

tween different research groups that are trying to establish future scientific collaboration.

The symposium is focused on experimental and measuring methods necessary to
deepen the knowledge about the mechanical behavior of materials, mechanical struc-
tures, and systems, and to provide the physical bases and verification of numerical or

analytical methodologies in engineering design.

As a tradition in the Danubia Adria Symposia, a special competition, open to doc-
toral, graduate and undergraduate students will be organized. The scientific committee

will be the jury that will assign three prizes for the best papers presented by the students.

The symposium will consist of oral and poster presentations. Selected contributions
presented at the symposium will be recommended for publication in Elsevier journal Ma-

terials Today Proceedings.



Main topics at the symposium

The following topics have been selected for the Danubia Adria Symposium:

e Structural analysis: experimental tests, structural health monitoring, system iden-

tification, damage assessment, self-adaptive structures

e Materials characterization and testing: smart materials, residual stress, fatigue,

fracture, creep

e Instrumentation: new sensors and actuators, advanced measurement systems; Val-

idation and reliability of instrumentation
e Integration of mathematical /numerical methods with experimental mechanics

e Biomechanics: biomaterials, biomechanics, medical and orthopedic devices, biofluid

mechanics

e Additive manufacturing: Selective laser sintering, multi-jet modeling, thermoplastic

materials injection

e Practical applications and case-studies
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1. Introduction

Phase-field damage models (PFDM) are recently
used in finite element method (FEM) software
combined with plasticity to simulate damage
initiation and evolution in structures [1-3]. The
fracture of structures results from damage that
influences the degradation of material's stiffness, so
the proper prediction of damage evolution is
valuable. The authors proposed modifications of
hardening function and coupling variable to provide
more control on the material parameters
identification process and more accurate qualitative
and quantitative prediction of the metal structures
behavior. The staggered iterative scheme is
employed for the implementation into the FEM
software. The simulation results are compared to the
experimental investigation, and an excellent
response is obtained. In engineering practice, the
proposed modification of PFDM will provide a
better understanding of the steel structure's fracture.

2. Phase-field damage model and plasticity

The degradation function d is proposed by
Ambati et al. [1, 2] for the phase-field damage
modeling of ductile fracture as

g(d)=(1-d)*", )

where p is the coupling variable. The authors

propose the modification because the material is
considered to be intact (undamaged) until the
equivalent plastic strain achieves the critical value

EP — glgrit } (2)
so the coupling variable is p=0, Fig. 1. If

Zp2ap, )
the coupling variable p is defined as

Ep - §§”t

p=8_FC)T- 4)

For the simulation of materials (e.g. S355 steel)
which exhibits constant stress after yielding occurs,
the two-intervals hardening function is necessary to
describe the idealized response.

PA

-
& crit >

Ep &p
Fig. 1. Coupling variable with respect to equivalent
plastic strain

To simulate the described behavior, ‘perfect
plasticity’ is employed for the first interval of
loading (£p <Zpg) until the plastic strain zpq is

achieved. The complete two-interval yield function

can be defined by the equation:
Eeq—ayv ;Ep <6_'p0

f, = oy +(y00 - oW )* ®)

O'eq - —n(Fm—F ;gP Zé‘po
*(1—8 n(z LPO))+H(EP_EPO)

The detailed algorithm of the von Mises

plasticity for large strain problems coupled with
PFDM is given in the authors paper [4].

3. Comparison of experimental results and
FEM simulation

Three S355 flat specimens are used in uniaxial
tensile tests at room temperature, with a strain rate
of 103s™. The shape and dimensions of one of the
investigated specimens are shown in Fig. 2.

The FE model represents 1/8 test specimen’s
straight part. The geometrical imperfection is
prescribed as 0.01% a linear decrease of the
specimen width. The tensile loading is applied to the
top surface nodes by displacement increment of
0.02 mm. Calibration of material parameters was
done for experimentally obtained results for one of
the investigated specimens. The material
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parameters used for numerical simulations are given
in Table 1.

o

JE o |

60.9

Fig. 2. Shape and dimensions of the investigated flat
S355 specimen

Table 1. Material parameters used for PFDM simulation

E v Oy 0y0,00 H
[MPa] | [-] | [MPa] | [MPa] [MPa]
190080 | 0.30 | 382.86 | 642.74 0.00001

n Gy I egrit €pg

[-] | [MPa] | [mm] [-] (=]

15.9 9.61 0.01| 0211 0.0051

The equivalent plastic strain field, as well as
damage field, obtained by PFDM-plasticity
simulation, shown in Fig. 3., are localized in a
fracture zone of the experimentally tested specimen.

0.0874 N

(W T 0.289
0.0765 ‘
0.0655
0.0546
0.0437

0.0328

Fig. 3. Damage (left) and effective plastic strain field
(right) at the displacement in y-axis of 15.32 mm

It can be noticed that there is a relation between
the damage and the equivalent plastic strain,
therefore the damage is responsible for the fracture
of the specimen. Fig. 4 shows the comparison of the
force-displacement relationship between results
obtained by experimental test and numerical
simulation.

35
30 ‘/“—ﬁ—s'_"-_‘*\\\
25 /'/ \
£
220
§15
R0 Expetiment
5 ‘l Two-intervals fun.
0!
0 2 12 14

D?splacgments[mmio

Fig. 4. Comparison of force displacement diagrams
obtained by simulation and experiment

4. Conclusions

The two-intervals hardening function extends
the use of PFDM to metallic materials which exhibit
stress plateau after yielding occurs. In this
modification the coupling variable increases after
the critical value of the equivalent plastic strain is
achieved. The simulation results have been verified
by comparing to the experimental results of S355
test specimen. The proposed modifications provide
the possibility to control the onset of the damage
evolution and crack propagation and to simulate
various types of metallic materials in engineering
practice.
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