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PARAMETRIC STUDY OF A STRAW BALE LOAD-BEARING WALL

Hana BRAZDILOVA, Petr LEHNER

Department of Structural Mechanics, Faculty of Civil Engineering, VSB-Technical University of Ostrava, Ludvika
Podeste 1875/17, 708 33 Ostrava-Poruba, Czech Republic

hana.brazdilova.st@vsb.cz, petr.lehner@vsb.cz

For many years, straw was in the background, but more
recently its use in construction is making a comeback.
In the case of the straw bale, the so-called American
method is used and it’s most commonly used in the United
States. It is a method of construction that works with self-
supporting straw bales, stacked into a wall, which are
stacked between the foundation and the wreath.
They are designed to transfer loads from the ceiling to the
foundation. They also have the advantage of acting as
a single layer of thermal insulation. Numerical models of
straw bale structures are only a marginal topic. Most often,
numerical models are used to investigate heat or moisture
transfer. Only a few numerical models can be found in the
literature, most of them combining wood and straw.
Thus, the load-bearing bale industry is still dependent on
empirical observation and previous experience and does
not use modern numerical approaches.

Fig. 2: Demonstration of fixed contacts set in wall joints.

In the wall contact joints the contacts were considered
with friction. The friction coefficient was set to 0.2. For the
integrity of the model, the contacts in the loading joints
were set as fixed, so they can simulate realistic connections
of straw bales with wooden pins (Fig. 2).

Tab.1:  Material properties.
Number of Parameters
material fai
model Modulu[;/t[);ae]l asticity Poisson's constant [-]
1. 0.211 0.1
2. 0.193 0.1 Fig. 3: Example of the resulting relative transformation under top load.
3. 0.211 0.2
4. 0.193 0.2 Tab.2:  Results of numerical analysis.
Number Top load Side load
This paper a{med to present.elght wall models made of of | Equivalent | Equivalent | Equivalent | Equivalent
straw bales of different properties. The walls were loaded material | o5 [MPa] | strain [-] | stress [MPa] | strain [-]
in two ways. The first set was loaded by de.forma.tlon from 1 2337 0.126 4337 2,055
the top (Fig. 1a) and the second from the side (Fig. 1b).
A total of four types of bales with different material 2. 20.10 0.104 39.41 Fai
properties were used to form these walls (Tab. 1.). The 3. 2427 0.115 38.85 1.840
resqlt of the work was a comparison of the stress, relative 4 2225 0115 35.55 1820
strain and deformation of the walls.
S
L
B Acknowledgements

Fig. 1: (a) Model of the wall loaded from the top
(b) Model of the wall loaded from the side.
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1. Introduction

1400 : ‘ — e 0

Steel structures have been often used for engineer-

ing and industrial structures. Being subjected to ag- 1200 10

gressive environments they naturally corrode. Modern 1000 20

equipment (eg microscopes [I]) can provide interesting 30

view on steel surfaced damaged by corrosion. However, 800

even more important results for understanding of cor- -40

rosion effects on micro-mechanical material behaviour 600 50

can be obtained from numerical simulations which will 200

use these microscope images as basis for model geom- 00

etry definition. 200 : ‘ 70
Conversion from 2D image (often represented by not 0 = -80

so suitable data file as is the JPEG/JFIF image) to
a 3D surface model is obviously not a straightforward
task. There are many possible approaches. The one
adopted by paper authors is described here.

2.  Approach

The results obtained by an external contractor are
available in a form of bitmap picture (in the
JPEG/JFIF compressed data format). This is not
ideal from several points of view. The JPEG is not
the lossless format thus some information can be dam-
aged. The image itself is fixed to size about 900x600
pixels (up to 1600x1200 is availably by cost of losing the
depths scale). Textual data are represented as human-
readable (but not machine-readable) bitmaps. The cor-
rosion depth data thus were analyses on per-pixel basis
and a finite element model was created from these data.

3. Conclusions

The paper discussed an engineer-level approach for
conversion of modern microscope output to a finite el-

0 200 400 600 800 1000 1200 1400 1600 1800

Fig. 1: Computer plot of converted data (corrosion depth map
on studied part of steel sample).

ement model. The procedure is going to be further
improved and used for preparation of models for theo-
retical fatigue studies.
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RESULT OF RAPID CHLORIDE PERMEABILITY TEST IN THE CASE
OF METALLURGICAL SLUDGE WASTE CONCRETE

Katerina BUGNEROVA, Petr LEHNER, Marie HORNAKOVA

Department of Structural Mechanics, Faculty of Civil Engineering, VSB-Technical University of Ostrava, Ludvika
Podeste 1875/17, 708 33 Ostrava-Poruba, Czech Republic

katerina.bugnerova.st@yvsb.cz, petr.lehner@vsb.cz, marie.hornakova@vsb.cz

The use of metallurgical sludge waste (MSW) in concrete
can be an ideal solution to reduce the environmental
burden of this waste material, which disposal is a current
problem not only in Central Europe. Using of MSW as a
good substitute for fine aggregate has been demonstrated
in several studies [1, 2]. Thus, the mechanical properties
are known, but the properties related to the resistance to
aggressive substances in the context of the amount of
MSW in such concrete are missing. This paper presents
results from the rapid chloride permeability test (RCPT)
[3] (see Fig. 1.), which is used to determine the
permeability of chloride ions in concrete and subsequently
even the diffusion coefficient in concrete. The standard
clearly states that charge above 4000 coulombs means high
chloride permeability, above 2000 coulombs moderate,
above 1000 coulombs low, above 100 coulombs very low
and below 100 coulombs negligible.

Fig. 1: RCPT measuring set.

Four concrete mixes were prepared: a reference one, one
with a 30% substitution, one with a 60% substitution, and
one with a 90% substitution of fine aggregate. Cylindrical
samples with a height of 200 mm and a diameter of 100
mm were formed during the concreting process. These
samples were left to mature in a water bath for 28 days.
Subsequently, the samples were cut into flat specimens of
100 mm diameter and 50 mm height. The top sample
(designated TOP) and the bottom sample (designated
BOTTOM) were used for RPCT testing. Results are shown
in Fig. 2. It is noticeable that there is a difference (about 20
%) between the top and bottom results. This may be due to
settlement of the fine MSW aggregate during the
concreting of the small-size specimens. In terms of the
passed charge results, the samples with 30% MSW are in

the high permeability category, and the other samples are
in the moderate or borderline category. The best results
show the concrete with 90% of MSW.

8000
= 6000
4000

[\®}
S
S
S

Charge passed
[Coulombs

REF 30 60 90

OTop MBottom

Fig. 2: Results of RCPT test.
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COMBINING VECTORIZED AND PARALLELIZED MATLAB CODE
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Martin CERMAK?!
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Elastic problems still represent an essential topic in
the continuum mechanics of steel and solids. This con-
tribution is focused on the Matlab implementation of
elastic problems formulated in terms of displacements.

This approach is based on two previously published
papers [I}, 2] that addressed the problem of elastoplas-
ticity in combination with TFETI domain decomposi-
tion and a second paper where we discussed an efficient
approach to vectorization, which is a powerful tool in
speeding up code in Matlab and other programming
languages.

In the case of the parallel approach, we use one
variant of the non-overlapping domain decompositions
method TFETT (Total Finite Element Tearing and In-
terconnecting) introduced in 2006 by Z. Dostal, D.
Horak, and R. Kucera, where the domain is divided
into individual subdomains, and for each domain, a
stiffness matrix and a right-hand side vector are con-
structed separately. Of course, the question is how to
solve these domains as a whole. For this, we use "glu-
ing" conditions to ensure the continuity of the problem,
and these conditions are stored in the matrix for equal-
ity constraints. The advantage of this method is that
all the stiffness matrices for the individual subdomains
are singular because the Dirichlet conditions are also
not considered in the individual stiffness matrices but
just in the equality constraint matrix. An example of
partitioning a domain into subdomains can be seen in
Figure |1} where the problem has been partitioned into
subdomains by Metis.

In the second case related to vectorization in Mat-
lab, we use the matrix inter-multiplication approach,
which is considerably more efficient than the classic
for loops for constructing a stiffness matrix, wherein a
loop, you construct a local stiffness matrix for each fi-
nite element, which you then store in a global stiffness
matrix for a specific subdomain.

(© 2023 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

Fig. 1: Decomposition of L-shape body into 75 subomains by

Metis.

Acknowledgments

This contribution has been prepared thanks to the
Czech Foundation (GACR) through project no. 22-
13220S “Development of iterative algorithms for solv-
ing contact problems emerging in the analysis of steel
structures bolt connections.”

References

[1] M. Cermak, T. Kozubek, S. Sysala, and J. Vald-
man, “A TFETI domain decomposition solver for
elastoplastic problems,” Applied Math. and Comp,
vol. 231, pp. 634-653, 2014.

M. Cermak, S. Sysala, and J. Valdman, “Efficient
and flexible matlab implementation of 2d and 3d
elastoplastic problems,” Applied Mathematics and
Computation, vol. 355, pp. 595-614, 2019.



MODELLING IN MECHANICS

21°' INTERNATIONAL CONFERENCE | 25" AND 26" MAY 2023

RATIO OF VOLUMETRIC AND SURFACE ELECTRICAL
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Petr LEHNER!, Jan DEDEK?, Marie HORNAKOVA'

1Department of Structural Mechanics, Faculty of Civil Engineering, VSB-Technical University of Ostrava,
Ludvika Podeste 1875/17, 708 00 Ostrava-Poruba, Czech Republic

2 Department of Building Construction, Faculty of Civil Engineering, VSB-Technical University of Ostrava, Ludvika
Podeste 1875/17, 708 00 Ostrava-Poruba, Czech Republic

petr.lehner@yvsb.cz, jan.dedek 1 @vsb.cz, marie.hornakova@yvsb.cz,

A typical example of a waste material with potential for
application in concrete is a metallurgical sludge waste
(MSW) [1]. In this study, concretes made of fine MSW
aggregate and then crushed or grinded and used as coarse
aggregate were analysed. Previous studies have described
the production processes of these concretes as well as their
mechanical properties [2]. The present article aims to
analyse the ratio between bulk and surface resistivity [3]
and to evaluate the differences compared to conventional
concrete. Seven types of concrete were prepared: one
reference standard OPC, three concretes with coarse
aggregate replacement (CR) obtained by grinding of the
original concretes (25%, 50% and 75% replacement) and
three concretes with coarse aggregate replacement (RO)
obtained by crushing of the original concretes (25%, 50%
and 75% replacement). Cylinders with a diameter of 100
mm and a length of 200 mm and prismatic samples with a
cross section of 100 x 100 mm and a height of 200 mm
were analysed.

Surface resistivity was measured with a Wenner probe on
each side of the specimen. An RCON instrument was used
to determine the volumetric resistivity. The ratio of surface
and volumetric resistivity for standard concrete is expected
to be 2.35. The results of the analysis and the calculated
ratios for both tests are shown in Fig. 1. All results are
within 10 % of the reference value. There is also no
connection between the shape of the sample and the
amount of aggregate replacement. This aspect will be
further investigated by analyzing correlation and

2,58 2,56
| [ I I
REF

CR25

u Cylinder
2,60

CR75

regression.
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Fig. 1: Results of the ratio between volumetric and surface electrical resistivity on MSW concretes.
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The paper deals with the deformation analysis of cross
laminated timber (CLT) panels. The panel CLT 140-3 was
composed of three solid timber layers (C24 strength class)
with a total thickness of 140 mm: the outer layers (40 mm)
were laid in the longitudinal direction, and the middle layer
(60 mm) was laid in the transverse direction.

The aim was to show methods of numerical modelling
of the CLT panel using two completely different
approaches in commercial software, ANSYS Workbench
and SCIA Engineer. ANSYS Workbench uses 3D finite
elements and is not commonly available to the general
public in the construction practice, while SCIA Engineer
is a software commonly used by engineers who design
structures in the construction practice.

The numerical model in SCIA Engineer consisted of
beam and shell finite elements with orthotropy, which has
proven to be a fast, effective and accurate alternative to
numerical analysis in ANSY'S Workbench. The orthotropic
material was defined by several physical constants based
on Kirchhoff plate theory. The individual orthotropic
plates were connected by rigid arms. The translational
rigidity in the longitudinal direction was defined at the end
of each rigid arm and it represented the shear compliance
between the layers (shear compliance coefficient
K =253000 N/mm).

The numerical model in ANSYS Workbench used
rectangular orthotropy (without considering the curvature
of annular rings) which was defined by three mutually
perpendicular directions: longitudinal L, tangential T, and
radial R. The material model was given by nine elastic
constants in the system of these directions (three moduli of
elasticity, three shear moduli, and three Poisson’s ratios).
The outer load-carrying layers were modelled as
individual planks, and the middle non-load-carrying layer
was simplistically modelled as continuous. A thin layer of
epoxy resin was added between the elements and this
contact was set as “bonded”. The contact between the
support and the panel was set as “frictional”. The size of
the finite element mesh was from 30 to 40 mm.

The CLT panel was supported and loaded in a similar
way as for the four-point bending test. The load force value

was F' =2 x 20 kN = 40 kN, which corresponded to
approximately 40% of the estimated maximum
load-carrying capacity of the panel, where the linear elastic
behaviour of timber could still be considered. The
maximum deflection at the mid-span was used for the
comparison. The results showed a good agreement in the
bending behaviour between the analytical calculation
according to the standard Eurocode 5 (wiyux = 25.7 mm)
and both approaches in numerical analysis (see Fig. 1 and
Fig. 2).

uz [mm]
03

I ‘\' a3

Fig. 1: Deflection area of the numerical model in SCIA Engineer
(values in [mm]).

26.7 MAX
214
16.7

Fig. 2: Deflection area of the numerical model in ANSYS Workbench
(values in [mm]).
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1. Introduction

Long-term trends of traffic intensity on the road and
motorway network in Czechia exhibit steady increase in
road transport. As the traffic intensity and composition are
key factors affecting the loads for designing new and
assessing existing bridges, a more detailed analysis of the
actual traffic flow and the effect of its changes on loads on
bridges is needed and should be adequately reflected in
codes of practice. Data that are being compiled from
recently introduced systems for weighing of vehicles at
operating speed (WIM — Weigh in Motion) provide a
unique opportunity in this regard.

To indicate opportunities of WIM data in updating of
traffic load models, it is essential to understand the basic
assumptions that have been made when the Eurocode
traffic load models have been developed. These are
discussed in detail in this contribution.

2.  WIM Data

Currently, six locations in the Czech Republic are
instrumented with high-speed WIM. Even a single day of
traffic data does exhibit values in the tail that correspond
to the legal limit of 48t (Fig. 1). This limit is in fact higher
when compared to other countries; typical gross weight of
vehicles operating the region of EU is 40t according to the
International Transport Forum.

3. Preliminary Conclusions

The submitted study discusses the background of the road
traffic load models in EC1-2 and challenges and
opportunities that are related analysis of newly available
traffic records. It appears that:

250
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Fig. 1: Daily frequency of GVW (> 40t, highway)

e Records providing the basis of the EC12 road traffic
load models were of limited length and might be
considered to provide sufficient information about
common traffic conditions only.

e As the records supporting the EC12 load models
originate from the 1970-1980s and the traffic composition
was shown to be different between European countries, the
most recent WIM data taken in the Czech road network
may help to significantly improve the load effects to be
considered in reliability verifications of Czech bridges.

The probabilistic approach should be applied to adequately
describe uncertainties in a number of factors affecting the
traffic load effects on bridges. Particularly for the
assessment of existing bridges and calculation of their
load-bearing capacity, it is expected that the analysis of
new traffic data will make it possible to propose new (or
updated) load models in CSN 73 6222.
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The use of 3D printing technology in the construction
industry has gained significant attention in recent years
due to its potential for increased efficiency and waste
reduction. 3D concrete printing has strong potential for
inclusion of recycled materials, specifically recycled
aggregate. In this research optimization of the mixture
design of 3D printed concrete (3DPC) by inclusion of
recycled fine 3DPC aggregate into mixture is presented.

The properties of recycled aggregate are different from
those of traditional aggregate, and this presents unique
challenges in the 3D printing process. However, studies
have shown that by optimizing the mixture proportions,
3D printed concrete with recycled aggregate can achieve
satisfactory fresh and hardened properties. Therefore,
strong potential for reducing the environmental impact of
concrete production can be achieved.

In addition to the potential environmental benefits, 3D
printed concrete with recycled aggregate also presents
economic benefits. By using recycled materials, the cost of
concrete production can be significantly reduced.
Furthermore, 3D printing technology enables the
production of complex geometries that would be difficult
or impossible to achieve using traditional construction
methods.

In the presented research recycled aggregate made of
crushed 3D concrete were used as partial replacement of
cement. Replacement of cement by 10-50 vol.% with fine
recycled aggregate was evaluated. The process of
production of recycled 3D concrete aggregate is shown in
Figure 1. To evaluate the influence of recycled aggregate
on the rheological properties static yield stress
development over time was evaluated based on the
methodology presented in Figure 2. Additionally flow
table and mechanical properties were tested for each
designed mixture. In the final stage, an extrusion tests of
material were performed along with quality inspection of
printed elements.

Fig. 1: Concept of production of recycling aggregate made out of 3DCP.
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Fig. 2: Methodology of static yield stress determination test.
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The aim of the work was to create 3D models to simulate
chloride penetration into the concrete. The model
was prepared in the commercial software Ansys
Workbench. Two types of concrete are considered in this
work - OPC (ordinary concrete) and HPC (high strength
concrete). The results of chloride concentration values
in the model were compared with previously published
results from a numerical model prepared in Ansys
software. Tab. 1 shows the input parameters for the model
that simulates the concrete disc sample used for
the chloride test.

Tab.l:  Model input information.
Parameters Value
Height H [m] 0.025
Diameter B [m] 0.150
Diffusion coefficient D, [m?%/s] 8.79 x 1072
Surface chloride concentration Cy [%] 1.40 %

Fig. 1 shows a model of a concrete sample. The finite
element mesh is shown, the average dimension was chosen
as one tenth of the total thickness of the sample.

s 1) o)

o0 0

Fig. 1: The geometry of a concrete specimen with a 2.5 mm finite

element mesh marked.

Two models of concrete discs made of HPC and OPC
concrete were created and exposed to chloride over the
entire surface of the specimen. Fig. 2 shows the chloride
penetration results for OPC concrete at 7, 14, 28, 56,
and 91 days after concreting. These times are chosen
because electrical resistivity testing of the samples

is normally performed at the same time. The results were
also compared with a model prepared in Matlab software,
previously published (see Tab. 2). For the first two results
(7 and 14 days) the chloride concentration in both models
is so small that the difference at 208 % and 88 % cannot be
taken realistically. The other results show high agreement.

Fig. 2: Graphical output from Ansys Workbench for OPC concrete
(7, 14, 28, 56, and 91 days after concreting).

Tab.2:  Results of numerical analysis - chloride concentration [%].
Day MATLAB ANSYS 3D | MATLAB/ANSYS 3D
7 0.004 0.0013 -208 %
14 0.0027 0.022 88 %
28 0.1593 0.157 -1%
56 0.4901 0.485 -1%
91 0.8065 0.793 2%
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The development of 3D printing technology has
revolutionized  various industries, including the
construction industry. One of the most exciting areas of
application for 3D printing in construction is the use of
concrete as a printing material. Concrete is a widely used
construction material and offers many benefits, including
durability, strength, and resistance to fire and weathering.
Using 3D printing technology to print concrete structures
offers many advantages over traditional construction
methods, including increased speed, reduced waste, and
increased flexibility in design.

This article provides an overview of various 3D
printing techniques using concrete, along with their
characteristics, advantages, and potential applications in
the construction industry. The methods covered include
direct printing with piston extruders, auger nozzles, and
various shaped nozzles with multiple outlets (Fig.1). Each
method has its own advantages and disadvantages
depending on the specific application.

In addition to discussing the various printing
techniques, this article also evaluates the use of additive
manufacturing in the construction industry, particularly in
the building of houses (Fig.2).

Overall, this article aims to increase awareness of the
potential applications of 3D printing using concrete in the
construction industry. The development of this technology
has the potential to revolutionize the construction industry,
allowing for faster, more efficient, and more sustainable
construction processes.

Fig. 1: Concept of printing with using dual-exit nozzle.

Execution of foundation piles using

a 3D printer Simulation of the foundation

of a building on piles

e 5

Foundation piles
in the ground

Fig.2: Concept of 3D printing of foundation piles.
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This study follows the development of concrete with
metallurgical sludge waste (MSW) used as a replacement
of aggregate in concrete [ 1, 2] and presents the results after
the concrete samples have matured. The applicability of
MSW concrete has been presented previously but the
results of long-term characteristics are still lacking in the
literature. In this article, the effect of superplasticizer (SP)
and air-entraining admixture (AEA) on compressive
strength and electrical resistance in time are evaluated. The
resistivity measurement leads to the diffusion coefficient
of concrete, which can be assumed as an indicator of
durability. Measurements were taken approximately one
year after concrete was casted, and the results are
compared with the results measured earlier and published
in [3]. In this case, four concrete mixes were analysed.
First one was a reference mixture without MSW and any
other chemical additives, second one was prepared without
MSW but with AEA (REF+AEA). Two of them was
prepared with MSW as a 30 % replacement of fine
aggregate — with AEA (MSW+AEA) and without AEA
(MSW). However, in the case of using MSW in the
concrete, it is necessary to enrich the mixture with SP
because of higher water consumption of MSW.

B 56 days m392 days

(=N

lr. n

60,45
6,46
27

54,58
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3}
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5

)

REFERENCE MSW

47,71

Fig. 1: Compressive strength results [MPa]

Based on the results, the compressive strength slightly
benefits in time from using of AEA (5 % increase), see
Figure 1. In terms of diffusion coefficient, all of the
mixtures show improvement over time, which is a
generally known phenomenon, AEA does not affect the
diffusion coefficient and by using MSW the diffusion
coefficient increases by 40 % and 60 % with AEA, which
means worse diffusion characteristics, see Figure 2.
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Fig. 2: Diffusion coefficient results [m%/s]

Acknowledgements

The research was funded by the Ministry of Education,
Youth and Sports of the Czech Republic through VSB - TU
Ostrava (SGS SP2023/056).

References

[1] PIZON, Jan, Jacek GOLASZEWSKI, Mohamed
ALWAELI a Patryk SZWAN. Properties of
concrete with recycled concrete aggregate
containing metallurgical sludge waste. Materials.
2020, 13(6). ISSN 19961944.

[2] ALWAELI, Mohamed, Jacek GOLASZEWSKI,
Marian NIESLER, Jan PIZON a Matgorzata
GOLASZEWSKA. Recycle option for
metallurgical sludge waste as a partial replacement
for natural sand in mortars containing CSA cement
to save the environment and natural resources.
Journal of Hazardous Materials. 2020, 398,
123101. ISSN 03043894.

[3] LEHNER, Petr, Marie HORNAKOVA, Jan PIZON
a Jacek GOLASZEWSKI. Effect of Chemical
Admixtures on Mechanical and Degradation
Properties of Metallurgical Sludge Waste Concrete.
Materials. 2022, 15(23), 8287. ISSN 1996-1944.

© 2023 VSB - TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING 1



MODELLING IN MECHANICS

21°' INTERNATIONAL CONFERENCE | 25" AND 26" MAY 2023

EFFECT OF DEGRADATION PROCESSES ON THE COMPRESSIVE
STRENGTH OF HIGH PERFORMANCE CONCRETE

Kristyna HRABOVA', Petr LEHNER?,

nstitute of Building Testing, Faculty of Civil Engineering, Brno University of Technology,
Veveri 331/95, 602 00 Brno
2Depar‘[ment of Structural Mechanics, Faculty of Civil Engineering, VSB-Technical University of Ostrava, Ludvika
Podésté 1875/17, 708 33 Ostrava-Poruba, Czech Republic

kristyna.hrabova@vutbr.cz, petr.lehner@vsb.cz

High performance concrete (HPC) has been used for many
years, for example in the construction of bridge structures
[1]. It is clear that these structures are exposed to
weathering and aggressive substances such as chloride
ions or carbon dioxide [1]and it is therefore appropriate to
investigate the effect of these substances on the material
properties. The cubic compressive strength of high-value
concrete ranges from 55 MPa to 120 MPa. In this study, a
concrete with an expected cubic strength of just around 55
MPa was prepared, i.e. on the borderline between standard
and HPC concrete. The composition of this concrete is
shown in Table 1.

Tab.1:  Concrete mixture properties.
Material kg/m®
CEM II/A-S 42.5R 400
Aggreagate 0/4 752
Aggreagate 4/8 204
Aggreagate 8/16 755
Water 165

The concrete was prepared according to EN 206 [2]
and strength testing was carried out according to EN
12390-3 [3]. In addition to several tests during the ageing
of the concrete at 28, 90 and 181 days, strength tests were
carried out on specimens subjected to degradation
processes. The specimens were tested for frost resistance
and their strength was determined after removal from the
apparatus at 118 days. In addition, separate samples were
immersed in chloride solution and other samples in a
carbonation chamber at 90 days. At 181 days their
compressive strengths were then obtained again.

Fig. 1 shows the average values of the cubic
compressive strengths determined from the three samples.
The standard deviation is also show. Light columns are
without the inclusion of degradation tests. The blue
column shows samples after freeze hardiness testing, the

orange column is after exposure to chloride bath and the
grey column is after exposure to carbon dioxide.

.

0ol [68.71] [F =
66,09 |°*"1 64,64 |64,57| 66,80
56,88
28 days 90 days Frost 181 days Chloride Carbon

118 days 181 days 181 days

Fig. 1: Results from compressive strength tests [MPa].
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It is still of high interest of many research groups around
the world to design and study possibilities of using waste
as replacement of traditional ingredient for -certain
construction materials. In the case of concrete industry, the
most common trend is to use construction and demolition
waste as a replacement of natural aggregate. Despite the
differences in the mixture compositions, the general
conclusions are that recycled aggregate should be
considered as a valuable material in concrete industry [1].
The waste materials can be paving blocks (PB) too (see
example in Fig. 1 [2]). The paving block is a vibro-pressed
element with a low water-cement ratio, which allows for
obtaining appropriate mechanical properties. However, if
the strict requirements for dimensions or shape are not met
during pavement installation or if the pavement is
dismantled, these elements must be somehow disposed of.
One of the following uses of these elements might be
crushing and using as a replacement for natural coarse
aggregate in a new concrete mixture with the intention to
increase the compression strength [3]. This paper
summarizes the assumptions of the project and research
conducted at the Department of Structural Mechanics,
Faculty of Civil Engineering, VSB-TUO.

RN e

Fig. 1:

Example of concrete paving blocks [1].

Due to the properties of PB, it is believed to be an ideal
material for replacing coarse aggregate in concrete.
Milling to a fine powder and replacement as fine aggregate

is practically and economically inefficient [2]. As a basis,
the percentage of crushed or ground PB in the whole range
of replacement should be from 0 to 100%, ideally in 20%
increments. The raw material will be obtained from the
University of Gliwice, where it will be crushed and
aggregate analysis (specific gravity, grading, water content
and water absorption) will be carried out, after which the
mixes will be designed and concreted and tests for
mechanical resistance and durability of the materials will
also be carried out. The research will include the study of
the microstructure of concrete materials. Based on the data
obtained, a material model will be developed and used for
numerical modelling in ATENA/ANSYS software to
evaluate and optimize the long-term degradation tests.
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Abstract. The paper describes with the determination of
the rotational stiffness of a timber semi-rigid connection.
The rotational stiffness was calculated on the basis of the
currently valid standard and experimental test. In the first
case, the connection was made from the standard
combination of bolts and dowels. In the second case, the
connection was made of fully threaded screws.

1. Introduction

Despite today's knowledge, the joints of timber structures
are still not fully researched. Especially stiffness, which
can significantly influence the redistribution of internal
forces between individual elements of the structure. The
article describes the experimental determination of the
rotational stiffness of the timber semi-rigid connection
between the post and the transom. The results of the
experimental testing were compared with the values that
can be calculated according to the standard for designing
wooden structures ECS.

The table shows the values where, k:,kcs is the rotational
stiffness value achieved by substituting the standard values
of the wood density and the outer diameter of the
connecting means. The value Ay gcs,1 contains the actual
measured density of the wood and the diameter of the
shank of the connecting means. The ks values were
obtained by experimental testing at a load level of 60, 80
and 100% of the value of the limit state of the bearing
capacity calculated according to the EC5 standard.

Fig. 1 shows a scheme of a solved connection, fig. 2 shows
the dependence of the rotational stiffness on the load and
in tab.1 individual results are shown and compared.
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Fig. 1 Connection detail.
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Fig. 2 Dependence of rotational stiffness on load.

Tab. 1 Results of rotational stiffness.

Type of connecting Value Comparison
agent [MNm/rad] [%]
ki ECs 0,323 -
kiupcs,1 0,299 -8
Bolts and dowels K test.60 2,198 +85
ke test. 80 1,055 +31
ki est, 100 0,404 +20
ki ECs 0,323 -
kiupcs,1 0,206 -57
Full thread screws | ki test60 0,386 +16
ke test. 80 0,313 -3
K test, 100 0,896 +64

2. Conclusion

The paper presents and compares the results obtained by
experimental testing and the results calculated according
to the ECS standard. In the results, it is possible to observe
a non-negligible difference between the calculated and the
actual measured value of the rotational stiffness, especially
in the case of a joint made of fully threaded screws.
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One of the most well-known additive manufacturing
processes is 3D printing technology. There are types for
very detailed objects, and others are ideal for large-scale
or fast printing. It is also possible to work with various
materials - thermoplastic, concrete, metal, and others.

The quality and strength of printed materials depends on
many factors. The most widespread 3D printing
technology, FFF / FDM (fused filament fabrication / fused
deposition modelling) was chosen for this research.
Printed objects are assembled from fibres and layers. The
arrangement of the fibers and their size in the object
strongly influence their final overall strength according to
the applied load [1].

The purpose of this research is to determine the effect of
the sample size on the maximum normal stress during the
three-point bending test performed according to the CSN
EN ISO 178 standard. Three sets of PC Blend samples A,
B, and C are produced and tested, in three sizes (A -
80x20x15 mm; B - 120x30x22.5 mm; C - 160x40x30
mm). These sizes are a proportional multiple of the
smallest sample A (see Fig.1). One direction
(longitudinal) and size (0.4x0.2 mm) of printed fiber are
used for all samples.

]
A B

80x20x15 mm 120x30x22.5 mm

160x40x30 mm

Fig. 1: Schematic of three sets of samples showing fiber orientations.
The purpose of the test is to determine the maximum
possible force F (N) to bend the sample, and then the value
of the maximum normal bending stress opv (MPa) can be
calculated:

3FL
o™ = Jhi2 M

where L is seating of the abutment surfaces [mm], b is
the width of the test piece of rectangular cross-section
[mm] and £ is its thickness [mm)].

The resulting average values of the maximum normal
stress achieved are compared (see Fig. 2). As can be seen,
the differences in values are quite minimal, and thus the
total size of the specimen has no effect, or only a small one,
on its maximum normal stress.

Fig. 2: Results of the average values of the maximum stress achieved
during the three-point bending test for sets of samples with
different sizes.
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Abstract. This article is aimed at providing one of possible
approaches to carry out numerical computations of a
nonlinear system of equations of motion. The approach is
demonstrated using an example of a ball absorber placed
on a support bowl. The motion of the ball is constrained to
a planar problem. The numerical solution of the derived
system of equations is carried out using the continuation
method and the modified secant method. By these
techniques, the response of the absorber to different
amplitudes of harmonic excitation force is simulated. The
results are presented as a graphical representation of the
dependence of the response amplitude on the excitation
angular frequency. These results also include the
identification of stable and unstable solution regions using
the values of the determinant of relevant Jacobian matrix.

Introduction

Vibrations are an unwanted phenomenon to which the
load-bearing systems of buildings can be subjected. They
may be caused by human activity or natural processes, u.e.
earthquake. To minimise the effects of vibration and
reduce potential damage, damping devices are
incorporated into the structures. The robust ones and thus
most widely used are so called passive absorbers. One
representative of this group of dampers is the ball vibration
damper, which, despite all its advantages, can suffer from
motion instability, splitting and complications associated
with auto-parametric oscillation [1]. It is therefore
desirable to investigate the behaviour of this absorber with
this respect.

The aim of this contribution is to present a procedure for
the numerical calculation of a system of nonlinear
equations describing the response of a spherical absorber
placed in a support bowl, considering only planar
behaviour. The derivation of the system of equations is
based on the principles used in the [1]. The equations are
solved by applying Modified Secant Method and

Continuation Method. The main reason for choosing these
methods is the ability to solve equations that describe not
only functions but also resulting trajectories. This is useful
for creating curves showing the dependence between the
absorber response and the angular excitation frequency.
Due to the nonlinear behaviour of the absorber, a softening
effect occurs in these curves, resulting in multiple response
solutions for a single excitation angular frequency. If this
phenomenon occurs, it is necessary to analyse whether the
solution is a stable or unstable. Simulations are carried out
for three values of the excitation force amplitude. For each
of these cases, dependence curves between the response
and the angular frequency of the excitation are plotted. The
results also include graphical outputs of the relationship
between the value of the determinants of the Jacobian
matrix and the excitation angular frequency.
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This article deals with the behaviour of building materials
during heat transfer. It is a numerical analysis of the flow
over a heated plate of material used in historic buildings
under wind load. The main goal of the study is to describe
the heat transfer in the mixed velocity-thermal boundary
layer near the heated plate.

The numerical study was performed on two cases of
plate temperature. The flow around the unheated plate was
modelled as isothermal flow, whereas in the case of the
heated plate by AT=20°K, it was modelled as
incompressible non-isothermal flow. The calculations
were performed for 3 velocities: vi=1m/s, v,=3 m/s,
v3=5 m/s. The tasks were solved in Ansys Fluent software
using the Large Eddy Simulation (LES) method. The
parameters entered in the numerical solution in the case of
heated cylinder are: air temperature T [K], thermal
conductivity A [W/(m-K)] and sensible enthalpy hg [J/m?],
which is dependent on the specific heat capacity of the air
¢p [J/(kg-K)]. The present work was solved using the SL
subgrid model, where the so-called subgrid turbulent
viscosity is dependent on the length scale of small vortices.

294.5
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Fig. 1: Horizontal temperature profile in time 2.6 s at three levels above
the plate surface (v,= 3 m/s).

The dimensions of the computational area are
8.6x0.05x0917m  (length x width x height),  the
position of the heated plate can be seen from Fig. 1.
Although the monitored quantities change significantly
only in the direction of the x and z axes, the domain in the
third direction was modeled with a non-zero thickness so
that the LES model could be used. The mesh was
constructed to meet the requirements of y+ < 1 for all three
velocities.

Fig. 1 describes horizontal temperature profile in time
2.6 s at three levels above the plate surface for the velocity
v2. From a height of 12 mm above the level of the plate, a
temperature change was recorded behind the plate. For that
reason, the instantaneous temperature was also recorded at
points above the plate (position 3.4 m) and almost at its
end (position 3.6 m), in both cases 3 mm and 12 m above
the plate (Fig. 2).

305
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Fig. 2: Recording of instantaneous temperature at selected points.

The data obtained provide a description of the
interrelationship between various parameters such as
temperature, relative humidity, wind velocity and
direction, as well as heat flows in the building part and
surface roughness.
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Energy efficiency is a leading factor in case of competitive
cementious material along with sustainability of the
concrete industry. This study aims to evaluate the
durability indicator of high-performance concretes (HPC)
mixtures with various eco-friendly supplementary
cementitious materials (SCM). The major supplementary
cementitious materials (SCMs) namely volcanic pumice
pozzolan (VPP), Zeolite (Z) Class C and F fly ash, ground
granulated blast furnace slag of grade 120, silica fume, and
metakaolin were included in the study. Thirteen concrete
mixtures were analysed with respect to the corrosion
initiation related to chloride ingress along with seven types
of reinforcement protection (e.g. conventional steel,
galvanized steel, carbon steel, MMFX steel etc.).

The chloride ions from deicing agents penetrate through
concrete cover in the corrosion initiation period until
chloride threshold is reached. When chloride threshold
value is exceeded corrosion is initiated and propagation
stage is reached. The diffusion of chlorides is considered
as a major phenomenon governing chloride ion transport
to the reinforcement level in case of bridge decks. Thus 2.
Fick’s Law is used to describe chloride ion transport and
in-house Korozeenck tool is used for the analysis.

The concrete ability to resist chloride ion ingress is
described by the diffusion coefficient that might be
computed directly or indirectly. Direct computation is
based on the analysis of chloride profile and indirect one
is based on the evaluation of electrical resistivity of
concrete. The electrical resistivity was evaluated as a
surface or bulk resistivity and recomputed as the diffusion
coefficient of chlorides. The diffusion coefficient, along
with surface chloride concentration, depth of the
reinforcement and chloride threshold to initiate corrosion
are input parameters in order to compute corrosion
initiation time.

The sample output of the analysis for selected depth of the
cover and concrete mixtures is presented on as indicated
on Fig. 1. The results present corrosion initiation time
which is the time for the onset of corrosion for one of
considered cases — epoxy coated reinforcement. It is

possible to observe the difference between the reference
ordinary Portland cement-based concrete, marked as
100TH-V and mixture with 20 percent of zeolite and 25
percent of pumice, marked as 22TII-V/20Z/25P. The
nomenclature stands for the percentage of the cementitious
material and its symbol.
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Fig. 1: Sample output of the analysis: Evaluation of corrosion initiation

time (years) based on the concrete mixture and depth of the
cover (1.5in/38.1 mm, 2 in/ 50.8 mm, 2.5 in / 63.5 mm)
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The demand for drinking and service water storage is
rising with changing climate conditions and increasing life
expectancy. Tanks are commonly used to store large
volumes of liquids and materials in various fields of the
economy. Still, their classification can be difficult due to
varying shapes, purposes, and construction materials.

Cylindrical tanks offer advantages in terms of pressure
and tension stresses on their outer shells and material
consumption, but their construction requires complex
formwork. The tank bottom design depends on the
subsoil's bearing capacity. Specific requirements must be
considered when designing cylindrical tanks for liquids,
including the interaction between fluid and solid of the
container with the subsoil.

Certain ordinary or partial differential equations
systems can't be solved analytically in engineering
mathematical problems. Numerical methods were
developed to address this issue, particularly those suited
for computers. The finite element method saw rapid
progress starting in the early 1960s and is an ongoing area
of development to this day.

T
WA

Fig. 1: Computational model of the cylindrical water tank

We consider a cylindrical water tank subjected to
gravity loading with radii R = 15 m and wall height
H =25 m. The tank is made from steel, Young’s modulus
E=2.07-10"" N/m?, Poisson number v= 0.3, and density
05 = 7800 kg/m3. The wall thickness is 50 mm, and the

thickness of the bottom is 500 mm. The fluid filling has
a height of 20 m with water, density p, = 1000 kg/m?, and
bulk modulus x = 2.1 N/m?, see Fig. 1.

The effective stress of the tank solid domain by
numerical simulation in software Adina, is documented in
Fig. 2, and the pressure of the water filling on the tank solid
domain is in Fig. 3.
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Fig. 2: The effective stress of the tank solid domain
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Fig. 3: The pressure of the fluid domain
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Closed Steel Supports (CSS) are a basic structural support
element in mining and underground structures. In most
cases, they are rolled, robust cross-sections assembled
from a large number of parts to form a single closed
structure. The bearing capacity of supports is influenced
by shape, surrounding soil and conditions, among other
factors. This paper presents a comparison of results from a
finite element model (FEM) and results from a previously
presented numerical solution [1]. This solution was based
on the force method and numerical integration combined
with the assumptions of the Winkler model [2]. The FEM
model uses Scia Engineering software [3] to analyse the
internal forces and the overall behaviour of the structure.
Fig. 1 shows the analysed cross-section TH29. Fig. 2
shows the geometry of the entire support.

Fig. 1: TH29 profile — Liberty Ostrava, a.s. CZ.

Fig. 2: Geometry of closed steel supports construction.

The FEM beam model contains the exact geometry of the

structure and cross section of TH29 (see Fig 3 (a)). The
supports are defined around the entire circumference of the
CSS taking into account the stiffness characteristics of the
soil calculated with consideration to the Winkler model.
The procedure can be used to control more complex
structures.

S P PosedmenttT

(a) (b
Fig. 3: Precise numerical model in Scia Engineering (a) and display of
supports in the model (b).

——

Acknowledgements

Financial support from VSB-Technical University of
Ostrava by means of the Czech Ministry of Education,
Youth and Sports through the Institutional support for
conceptual development of science, research and
innovations is gratefully acknowledged..

References

[1] KOUBOVA, L., P. JANAS, K. JANAS a M.
KREJSA. Determination of the load -carrying
capacity of closed steel supports used in underground
construction and mining. Steel and Composite
Structures [online]. 2022, 35(5), 715-728. Online:
doi:10.12989/s¢s.2022.45.5.715

[2] Kurian, N. P. A new continuous winkler model for
soil-structure interaction. Journal of Structural
Engineering (Madras), 2021, 27(4), 269-276.

[3] Scia Engineer [online]. [vid. 2023-03-28]. Online:
https://www.scia.net/en

© 2023 VSB - TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING 20



MODELLING IN MECHANICS

215t INTERNATIONAL CONFERENCE | 25th AND 26th MAY 2023

THE INFLUENCE OF DIFFERENT NOTCHES ON FATIGUE
LIFETIME OF ROUND BAR SPECIMENS MADE OF HDPE

Kamila KOZAKOVA'?, Lukds TRAVNICEK'®, Jan KLUSAK®, Jan PODUSKA',
Jaroslav KUCERA*, Pavel HUTAR'?

nstitute of Physics of Materials AS CR, Zizkova 22, 616 00 Brno, Czech Republic
2Faculty of Mechanical Engineering BUT, Technicka 2896,/2, 616 69 Brno, Czech Republic
3CEITEC BUT, Purkyiiova 123, 621 00 Brno, Czech Republic
4Polymer Institute Brno, Tkalcovska 36,2, 602 00 Brno, Czech Republic

kozakova@ipm.cz, travnicek@ipm.cz

High-density polyethylene (HDPE) is one of the most
demanded polymer materials due to its various proper-
ties. Thus, it has found practical applications in differ-
ent industry sectors, such as automotive, buildings and
constructions, chemical industry, electrotechnics, or
food industry. These components often have complex
shapes with different stress concentrators (notches) and
are exposed to cyclical loading. To ensure its safe use, it
is necessary to study the influence of notches on fatigue
lifetime.

This research is focused on fatigue testing of notched
round bar specimens made of HDPE and the eval-
uation of the experimental fatigue data by a modi-
fied approach of finite fracture mechanics [I]. This
approach takes advantage of axial stress distribution
around notches that was calculated by finite element
analysis and experimental fatigue data to determine
a length parameter. This parameter can then be used
for fatigue lifetime predictions of notched specimens
with various notch radii.

Fig. 1: Detail of notch r = 0.1 mm

Three types of notches in the round bar specimens
were tested — ‘v’ notch with radii r of 0.1 mm and
0.4 mm and extremely sharp notch representing a crack

(©2023 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

(see Fig. . The notched specimens were exposed
to cyclic loading with a frequency of 10 Hz at room
temperature. The study includes the determination of
length parameters from different types of notches, their
analysis, and comparison.
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Fig. 2: Notched specimens: sharp notch representing a crack,
r=0.1 mm, r = 0.4 mm
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This paper describes the fragility analysis of the steel
doors of the reactor hall due to extreme pressure and
temperature. The scenario of the hard accident in nuclear
power plant (NPP) and the methodology of the calculation
of the fragility curve of the failure overpressure using the
probabilistic safety assessment PSA 2 level is presented.
The nonlinear probabilistic analysis based on the response
surface method (RSM) were considered.

The TAEA (International Atomic Energy Agency) in
Vienna [1] adopted a large-scale project "Stress Tests of
NPP", which defines new requirements for the verification
of the safety and reliability of NPP due to the accident of
NPP in Fukushima. Based on the recommendations of the
IAEA in Vienna [1], the probabilistic methodology of the
safety and reliability of the NPP structures was accepted
for the problem of the safety of the critical structures.

The SE-ENEL proposes the maximum temperature in
the reactor shaft is equal about to 1.800°C and in the
containment around the reactor shaft is equal about to
350°C [4-6].

Tab.1 The assumed scenarios of the accidents

Type Duration Overpressure Internal
in HZ [kPa] temperature [°C]
1. lhour - 1day 150 127
11 2hours - 7days 250 150

111. lyear - 80 -120

The possibility of the temperature increasing to the
containment failure state is considered in the scenario too.
In the case of the hard accident the overpressure can be
increased linearly, and the internal and external
temperature are constant.

Three types of the scenarios were considered (Tab.1).
The critical was the accident during 7 days with the
overpressure 250kPa, internal temperature 150°C and
external temperature -28°C.

The hermetic steel doors type A262 (with dimension
1600/900/150 mm) are located at the reactor shaft. The
steel doors fulfil both the sealing and shielding functions.
The technology segments of the NPP hermetic zone are
made from the steel (S235). The steel door is fitted in the
frame cast in concrete and sealed to the frame with double
rubber packing of 15 mm in width.

+ +

¥

+

Fig.2: FEM model of hermetic door of the reactor shaft

The FEM model of the steel door is shown in Fig.2.
The detailed FEM model has 65.194 SOLID185 and
CONTA173 elements.
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There are 6,726 railway bridges in the Czech Republic [1],
a large proportion of which are made up of riveted, welded,
or bolted steel truss structures (e.g., Fig. 1.). Fatigue
damage is considered to be the leading cause of premature
failure of railway bridges worldwide [2].

Fig. 1: Riveted steel railway bridge over the Ostravice River.

One way to determine the service life of such a structure
and or predict the need for inspection of the structure is to

FEM beam model

apply orthogonal resistance in conjunction with finite
element method (FEM) modelling (see simplified beam
model on Fig. 2). The result is then called fatigue curves
or S-N curves, which are used to determine the repeated
(dynamic) load capacity of the structure or part of it.
Although the whole process is complex and involves
several approaches and calculations, it can be described by
the simple flow chart shown in Fig 3.

Fig. 2: Simplified beam model of railway steel bridge.

Finding dangerous structural parts

Calculation of the influence lines from traffic

Monte Carlo simulation for load

Fatigue Assessment

of Existing Steel Bridge History of load prediction

Rain Flow counting of results

FEM model of chosen part

Load force value

Compared with S-N curves

Fatigue damage prediction

Fig. 3: Simplified diagram of the whole process of the fatigue assessment of existing steel bridge.
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Oceli vyssich pevnosti se historicky uplatiuji
predevsim ve strojirenském pramyslu. Tyto oceli se
vSak stdle Castéji vyuzivaji i v mostnim stavitelstvi.
Ocel pevnostni tifidy S460 byla naptiklad pouzita
pro most Oresund spojujici Dansko a Svédsko nebo
také pro Viadukt Millau ve Francii. Pro most
Akahi - Kaiky6 byly uplatnény tiidy oceli S690 a S780.
Oceli vyssich pevnosti se v8ak za¢inaji pouzivat i pii
vystavbé béznych mosti.

Jednou z hlavnich prednosti pro uplatnéni oceli
vysSich pevnosti ve stavebmnictvi je priznivy pomér
pevnostnich vlastnosti k hmotnosti konstrukce. Pii
navrhovani konstrukci z oceli vyS8ich pevnosti
uplatiiuji vyssi hodnoty pevnostnich vlastnosti oceli.
Diky této skute¢nosti je mozné provést efektivni navrh
konstrukce s vyznamnymi ekonomickymi tusporami
oproti uplatnéni tradi¢nich konstrukénich oceli.

Pfi pouziti oceli vySSich pevnosti je potieba
vénovat zvySenou pozornost zajisténi dostateéné
tuhosti konstrukce, vyhodnoceni stabilitnich jevia
a také posouzeni na tUnavu. Ze zkuSenosti
z realné provozovanych mostnich konstrukei vyplyva,
ze u nékterych prvka nosné ocelové konstrukce mize
dochéazet k rozvoji vyznamnych koroznich poruch.
Vlivem korozniho poskozeni dochézi k oslabeni nosnych
konstrukénich prvkia, k moznému snizeni statické
tnosnosti a ke zménam geometrie povrchu konstrukce,
které mohou mit vyznamny vliv na tinavovou odolnost
korozi ovlivnéného konstrukéniho detailu.  Ackoliv
jsou lokélni poruchy spojené s vyznamnym koroznim
poskozenim zasazeného povrchu castym jevem u
ocelovych nosnych konstrukci, stale neni k dispozici
dostatek experimentalné ovérenych informaci o vlivu
tohoto fenoménu na tnavovou odolnost konstrukei
navrzenych z oceli vyssich pevnosti. K rozvoji poznani
této problematiky ma prispét i feSeny grantovy projekt
GACR 21-14886S. V piedlozeném ¢lanku jsou ¢tenafi
seznameni s Uvodni experimentilni ¢asti projektu,
v ramci které byla feSena piiprava a provedeni
potiebnych analyz koroznich vzorka.
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Obr. 1: Korozni produkty vzorku skupiny 4 se svary

Obr. 2: Odmofteny povrch vzorku skupiny 4 se svary
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Obr. 3: Povrch  vzorku
(zvétseni 50x)

skupiny 4 pod mikroskopem

Podékovani

Tento prispévek je soudasti vyzkumu GACR 21-14886S
"Vliv materidlovych vlastnosti vysokopevnostnich
oceli na trvanlivost inZenyrskych staveb a mostd"
podporovany Grantovou agenturou Ceské republiky.
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The analysis of existing structures is of a great impor-
tance since it is often necessary to assess the reliability
of structures reaching its designed life-time or adapt
them to different conditions. However, existing struc-
tures are associated to many uncertainties regarding
material properties possibly affected by deterioration,
geometry or existing defects. Such uncertainties could
play crucial role in reliability assessment of exisiting
structures and thus it is necessary to extend deter-
ministic analysis to stochastic analysis. The advanced
stochastic analysis is especially valuable in case of ex-
isting concrete structures such as bridges, since there
is a high variability of the basic variables assumed in
the mathematical models.

This paper is focused on uncertainty quantification
(UQ) in existing bridge structure represented by non-
linear finite element model (NLFEM). The 3D model
was created according to the original drawings and re-
cent inspections of the bridge. In order to reflect the re-
alistic mechanical behavior, the model reflects aspects
of non-linear fracture mechanics and the calculation
consists of the three construction stages depicted in
Fig. The single calculation of the NLFEM is very
costly and thus even the elementary task of stochastic
analysis — the propagation of uncertainties through a
mathematical model — is not feasible by Monte Carlo
type approach. UQ is thus performed via efficient tech-
nique for surrogate modeling — Polynomial Chaos Ex-
pansion (PCE). PCE is well-known technique for ap-
proximation of the costly mathematical models with
random inputs, reflecting their distributions and offer-
ing fast and accurate post-processing including statis-
tical and sensitivity analysis.

First of all, the experimental design was generated by
Latin Hypercube Sampling containing 30 realizations
of the input random vector consisting of 5 marginal
variables: 4 material parameters describing a concrete
and uncertainty in prestressing force. The original
mathematical model was evaluated for all 30 realiza-
tions and three limit states were investigated: the de-

(©2023 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

compression, the first occurrence of cracks and the ul-
timate limit state represented by the structural fail-
ure. PCE was constructed by advanced algorithms
implemented in UQPy package, specifically determin-
istic coefficients of PCE were estimated by ordinary
least squared in combination with least angle regres-
sion for an optimal reduction of basis functions. Once
the PCE was constructed, it was possible to analyze all
quantities of interest (Qols) and analytically estimate
Sobol indices as well as the first four statistical mo-
ments. Sobol indices directly measure the influence of
the input variability to a variability of Qols. Statistical
moment were used for reconstruction of the probabil-
ity distributions of Qols, which will be further used
for semi-probabilistic assessment. Moreover, once the
PCE is available it could be possible to use it for fur-
ther standard probabilistic or reliability analysis as a
computationally efficient approximation of the original
mathematical model.
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Fig. 1: The three construction phases of the analyzed bridge
represented by a non-linear finite element model.
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The presented paper focuses on the use of a discrete
meso-scale model, enhanced with the description of
randomness in local material parameters, for the mod-
eling of the size effect on structural strength. The ran-
dom strength-size dependence is studied on dog bone
shaped concrete specimens loaded in eccentric tension.
These specimens were previously experimentally stud-
ied in van Vliet and van Mier [2].

The recent work of Elia§ and Vorechovsky [1] shows
how different parameters controlling the description of
material randomness influence the loading capacity in
fracture process zone (FPZ) and how they interact with
the nonlinear processes in FPZ. The follow-up work of
Vorechovsky and Elias [3] presents an analytical model
capable of simulating this interaction and applying it
for statistical size effect prediction. However, this was
done only for cases in which the FPZ is not dependent
on size and when stress has the form of a linear plane.
However, these assumptions do not hold in the case
of dog bone specimens in which the stress field has a
general shape.

(©2023 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

Firstly, the discrete mesoscale model is applied to the
modeling of a series of dogbone-shaped specimens with
different sizes. In these models, the decisive strength
material parameters are considered as a realization of
a stationary Gaussian random field. Then, the size
and shape of FPZ are measured via spatial profiles of
energy dissipation. Then the interaction between its
length Ippz and the autocorrelation length [, of a ran-
dom field is studied along with the proportions of en-
ergy dissipated in FPZ and in the rest of the specimen.

These results and the predictions from realizations
obtained using the discrete model are compared to the
experimental data.
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The durability assessment of reinforced concrete structures
exposed to chloride ions can be done by analytical and
numerical models. Most analytical models are based on the
application and development of Fick's diffusion law [1].

The original algorithm for estimating the service life of a
reinforced concrete bridge deck exposed to aggressive
chlorides was developed many years ago at VSB-TUO [1].
The basic script allowed a deterministic calculation of the
lifetime of the concrete structure considering the time-
varying diffusion coefficient. The first improved version
consisted of simulating an epoxy coating on the
reinforcement and simulating waterproofing on the cut
surface. Subsequent modifications included probabilistic
calculations and allowed the very appropriate introduction
of histograms of input data [2].

e
o

Step length [years]

o

Step number [-]

Fig. 1: Time step length in years based on “while” script.

In addition, a version of delayed exposure was created to
allow for the variable value of the load - that is, chloride
on the bridge deck surface [3]. The next evolutionary step
was to use the adopted random field script, which was
applied to the diffusion coefficient along the analysed
section [4]. However, all the variants mentioned in the
lifetime delay script were based on the same algorithm,
which showed a high computational load on certain
calculations. This was due to the use of a predefined "for"
loop condition that does not reflect the fact that input
parameters that are time-varying affect the computation
speed. This is because the accuracy of the computation is
dependent on both the size of the finite element and the
size of the diffusion coefficient, which varies. The present
paper shows a new and improved script that uses the
"while" condition and circumvents the aforementioned
limitation.

New "while"
New "for
Old "for"

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Time [seconds]

Fig. 2: Comparison of different scripts.
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Steel constructions are very often besides the cyclic
loading (fatigue) subjected to aggressive environment
during their service life. Thus, when assessing their
lifetime, this effect needs to be considered.

Corrosion pits are created based on the particular
conditions of each structure, i.e. their size and shape
depend on corrosive environment (its aggressivity, period
of its impact etc.). Thus, effect of the pit length and depth
on the stress distribution was investigated. A rectangular
specimen which should simplify the real cylindrical
specimen and represents the longitudinal cross-section in
the middle of the specimen is suggested, see Fig. 1. The
corrosion pit shape is a circular segment considering the
relation between its depth and length as LC = 4xD.
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Fig. 1: Scheme of the analysed specimen with a circular-segment-
shaped corrosion pit subjected to remote tensile cyclic loading.

The values of the individual geometrical parameters were
setas: L=24mm; W=4mm; D=0.1to 1 mm; LC=0.4
to 4 mm and corrosion pit radius, RC = (LC*+4D?)/8D.
Cyclic loading value and properties of the linear elastic
material model representing the high-strength steels (HSS)
were: Aoy = 100 MPa; E =210 GPa; v=0.3.

Within the paper, various stress distributions have been
investigated both on the corrosion pit surface and ahead of
the corrosion pit along the specimen width. Nevertheless,
one of the most important results of this paper is
comparison of the stress concentration values for
specimens with various corrosion pit sizes. The stress
concentration factor K, was defined as:

K, = 2mex (1)
Tavg
where o represents the maximum stress value
(occurring at the pit bottom) and o, represents the
average stress value (along the ligament of the cross-
section ahead of the pit, as it is indicated by the red path in
Fig. 1b). The von Mises stress values were assessed.

Tab.1: Values of Gy, Ouyg, K and its percentual difference for selected
increasing corrosion pit depth (D = 0.1 to 1.0 mm).

D Onax Ouwvg K | (KeKip=0.1mm)/ Ks,p=0.1mm
[mm] [MPa] [MPa] [-1 [%]

0.1 202.47 88.84 2.28 -

0.2 204.71 89.18 2.30 0.72

0.4 217.67 91.11 2.39 4.83

0.7 251.55 96.68 2.60 14.17

1.0 304.92 105.14 | 2.90 27.25

The results show that depending on the level of the
corrosion (corresponding to the corrosion pit size), the
stress concentration increases. Particularly, when the
corrosion pit is ten times larger (D=1.0mm in
comparison to D =0.1 mm), the stress concentration is
higher about ca. 27 %. Experimental campaign on
corroded specimens is running to be able to compare the
results obtained. Then, the numerical simulations will
probably enable to predict the lifetime of corroded
specimens quickly and reliably.
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The ingredients (aggregates and cement) used in concrete
are not only expensive, but their extraction also represents
a major environmental burden. With these facts in mind,
the scientific effort is to replace the used natural materials
with secondary raw materials. These materials are often
waste products created during construction production,
whether they are fragments of bricks, original concrete
structures, glass, or any other materials. Products from
metallurgical production may be also important secondary
raw materials, for example sludge (MSW), slag, or various
dust removals. These kinds of materials are often used as
a substitute for filler or as a partial substitute for cement
[1]. In this project, the concrete was made of MSW as a
substitution of fine aggregate in various percentages [2],
and the specimens were then crushed or grounded to use
again as a substitution of a coarse aggregate in concrete.
However, wastes from metallurgical production are often
classified as hazardous, which would make it impossible
to use them again. The chemical composition of MSW can
vary depending on the specific manufacturing processes
and the nature of the ores used. Therefore, it is necessary
to prove that the waste intended to be used as a secondary
raw material in another product, will not be harmful to the
environment and to humans throughout its lifetime. As
regards the production of concrete, it is necessary to
guarantee that no chemical reactions occur during
production that cause the formation of elements harmful to
both human health and ecosystems. Therefore, the
ecotoxicity of such concrete has to be determined before
its use in construction [2].

According to the standard [3], the sample for the
ecotoxicity test must consist of at least 95 % of grains
smaller than 4 mm in size and the uncrushable parts need
to be separated and recorded. Then, the basic
characteristics are determined - pH value, dry matter
content and water capacity for granular material, and pH
value, dissolved oxygen concentration and conductivity
for liquid waste. After determination, it is necessary to
create an analytical sample. The particles are mixed with
the leaching liquid and the solid and liquid phase mixture
is then placed in a closed container in a shaker, where it is
left for 24 hours + 0.5 hours. Then, the solid particles are
allowed to settle for 15 minutes + 5 minutes and the sample

is filtered. The leachate is analyzed to provide the
concentrations of individual components [4]. The leaches
can also serve us to investigate ecotoxicity by various
biological methods. For example, the toxicity assessment
in article [5] showed that leachates originating from
metallurgical waste treatment can have toxic
characteristics that inhibit germination rates and root
development.
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The present paper is devoted to the development of a
software equipment that allows to model heterogeneous
meso-structure by both discrete and continuous modelling
approaches. The aim is to create a geometrical and
topological representation of a discrete lattice particle
model as well as its 1:1 twin counterpart as modelled by a
continuum finite element (FE) method model, see Fig. 1.
The presented results illustrate the ongoing initial phase of
the efforts of the team in advanced modelling of damage
propagation within concrete.

(a) - Lattice numerical model:

e o)
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Solid 3D - Tetra-hedra
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(input points for Vornoi tesalation)
Vertices of Voronoi tesalation

Fig. 1 Tllustration of the meso-modelling approaches of a
heterogeneous structure: (a) the discrete particle model, (b) the
continuous model.

The overarching aim of the research and development
efforts is to create a framework that allows to generate: (i)
the geometry and topology of a meso-scale discrete
particle model of concrete and (ii) a corresponding 1:1
twin continuous FE model of such a heterogeneous
structure, see Fig. 1. For the solution of the discrete model,
the OAS [1] project is used, given the experience of the
team with its development. The continuous FE model is to
be executed within the ANSYS framework [2].

The discrete particle model assumes the interparticle
contact to be represented by a single 2D mechanical
element, see Fig. 2a. The mechanical elements connect the
Voronoi generator points that are considered as centres of
individual aggregates. The continuous FE twin model is
generated from the geometry and topology of the discrete
particle model, see Fig 2b. The continuous FE model

understands the regions of individual particles truly as
volumes, therefore the structure follows the geometry of
the generated Voronoi cells. Knowing the mutual
connectivity, volumes of individual aggregates are created.
To introduce the damage capability on the contact facets,
cohesive elements are to be inserted.

Fig.2 Discrete and continuum modelling approaches: a) discrete
particle representation by a mechanical element, b) full continuum FE
modelling of volumes with cohesive elements inserted on contact surface
of aggregates.
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Carbonation-induced corrosion is the main degradation
factor, which causes significant economic losses to the
operators of an aging large, reinforced concrete (RC)
structures such as cooling towers (CTs).

Due to large variability of basic variables, the
carbonation ingress process needs to be described by
probabilistic model. In this study, the carbonation model is
developed for practical applications in service life
assessments of these structures exposed to environmental
effects.

Carbonation resistance of concrete as a main parameter
affecting carbonation depth is difficult to obtain for
existing structures. In most cases, it is thus only possible
to describe carbonation ingress using carbonation depth
data from in-situ surveys. Shape of the carbonation depth
development curve with time is defined by the weather
function which accounts for the effect of environmental
exposure of the structure. The shape is essential for long-
term predictions of carbonation ingress.

Modelling of carbonation depth

The relationship between depth of the carbonated concrete
layer x. (mm) and time ¢ (year) can be expressed as:

xc(t) = A(n) t05°n (1)

Through the exponent 7, this simple relationship includes
the effect of wetting events that will partly inhibit further
ingress of CO,. The exponent can be evaluated from the
weather function W(t) provided in the fib MC 2010, using
local meteorological data. For practical assessments of
existing RC structures, the use of the fib model appears to
be complicated as the diffusion characteristics are affected
by large uncertainties. Therefore, it is useful to derive the
carbonation rate A(n) from measurements of x. for a
specified value of n.

Various models for time variation of the mean carbonation
depth, based on the measurements on several CTs located
in the Czech Republic are displayed in Fig. 1. The figure
also shows how the shape of the function affects long-term
predictions of carbonation depths.
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Fig. 1: Mean carbonation depths measured on CTs (dots) and derived
carbonation model (solid) with its physical bounds (dashed).

Conclusions

e In common situations it is recommended to
derive the carbonation rate A(n) from
measurements of the carbonation depth.

e Iflong-term observations of carbonation depth on
reference areas are unavailable, the shape of the
trend of carbonation depth development with
time can be determined from the fib model
through the parameters of climatic conditions
from the nearest meteorologist station.

e Itisexpected that the proposed framework for the
assessment of large reinforced concrete structures
will support applications of the probabilistic
approaches in practice.
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In modern structural analysis, uncertainties are repre-
sented by random variables described by specific prob-
ability distributions, the structural system can then
be seen as a mathematical function of a set of ran-
dom parameters. Evaluations of these functions exist-
ing in civil engineering are typically costly since their
solutions are obtained numerically by finite element
method and it is necessary to reflect also non-linear
behavior of the physical systems. Moreover, due to
existing uncertainties in physical systems and/or their
mathematical models, the analysis of structures must
be enriched by stochastic analysis. The elementary
task of stochastic analysis is to propagate uncertain-
ties through a mathematical model and analyse the
quantity of interest (Qol), e.g. statistical or sensitivity
analysis. Although uncertainty quantification has be-
come one of the most growing research fields in the last
two decades, it is still challenging to apply state-of-the-
art techniques in practical applications. Therefore it is
important to develop efficient but user-friendly soft-
ware solutions allowing fast and accurate analysis of
complex mathematical models.

The paper is focused on recent advances in uncer-
tainty quantification using polynomial chaos expansion
(PCE). PCE is well-known technique for approxima-
tion of the costly mathematical models with random
inputs — surrogate model. Although PCE is widely
used technique and it has several advantages over dif-
ferent surrogate models, it has still several limitations
and research gaps. This paper will review some of the
recent theoretical developments in PCE. Specifically
a new active learning method optimizing the experi-
mental design and an extension of analytical statistical
analysis using PCE will be reviewed. These two topics
represent crucial tools for efficient applications: active
learning leads generally to significantly more efficient
construction of PCE and improved statistical analy-
sis allows for analytical estimation of higher statistical
moments directly from PCE coefficients. Several appli-
cations of the theoretical methods are briefly presented
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in a context of civil engineering as well as some prelim-
inary results of further research.

Finally, implementation of PCE into the new ver-
sion of open-source UQPy (Uncertainty Quantification
in Python) package are described together with archi-
tecture of the whole package. UQPy represents multi-
purpose complex software package for python contain-
ing recently developed techniques for uncertainty quan-
tification including PCE, more details can be found on
official website, see QR codes in Fig. [I] UQPy contains
several modules associated to common techniques for
uncertainty quantification including surrogate models.
PCE module in UQPy contains state-of-the-art tech-
niques developed for advanced statistical sampling, ef-
ficient construction of the approximation (e.g. trun-
cation schemes, sparse solvers) and its post-processing
(e.g. Sobol indicies and complex statistical information
derived from PCE). UQPy can be easily used for prac-
tical applications as well as for research, since it is an
open-source package and anyone can contribute to the
UQPy code once their contributions pass the quality
checks.

Acknowledgments

The authors acknowledge the financial support pro-
vided by the Czech Science Foundation under project
number 22-00774S.

O]

®

Fig. 1: UQPy software: left) QR code leading to Git-Hub repos-
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This article presents an evaluation of the fracture test of
grade S690 high-strength structural steel (HSS) using a
numerical finite element model (FEM). Steels with better
strength characteristics may exhibit different behaviours
and therefore material models need to be thoroughly
analysed and prepared for further numerical calculations.
A numerical model that accurately simulates the
experiments was prepared based on known information
from tensile tests of high-strength steels [1,2]. The analysis
is a combination of the experimental test results (tensile
steel testing) and the numerical model used for the inverse
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Fig. 1:

Figure 1 shows the experimental results for specimens 1 to
5 (designations 601 to 605) compared to the derived plots
from the numerical model. Two multilinear material
models (ML 04 and ML _06) with manually adjusted
stress-strain diagram parameters were found to be the most
accurate.
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analysis of the material properties of HSS. To account for
statistical inaccuracies, five test specimens were prepared
and Finite Element Analysis model was prepared in the
commercial software ANSYS to simulate the test

procedure. This model was used to estimate the material
parameters of the analysed steel grade S690. The 1:1 scale
numerical model was prepared in the FEM ANSYS
Workbench software. It is a volumetric model consisting
of SOLID186 elements (20-node quadratic). The finite
element mesh has a size of 1.5 mm and multiple
approaches were evaluated in the analysis.

Strain [mm]

Stress-strain diagram of steel S690 from experiments and best-fit material models.
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Water and concrete are the first and second most consumed
materials in the world. Water shortages are being reported
across the world and an acute shortage of freshwater is
expected in 17 countries by 2040. Alternative water
sources for producing concrete to reduce freshwater
consumption is being restricted by maximum limits on
total solids and chlorides content by several international
standards for concrete production such as EN 206,
ACI 318, and 1S456. However, in the recent years it is
suggested that seawater-mixed concrete could be an
alternative to the conventional concrete for niche
applications in certain regions of the world with severe
water shortage. Also, more research on long-term
durability of these seawater-mixed concretes is necessary
to adapt changes in codes and specifications for making
concrete.

The present work focuses on understanding the
acceleration effect of seawater mixing in concrete made
with ternary blended cementitious systems containing
ground granulated blast furnace slag, and metakaolin
(PS20M10 & PS40M20). CEM I 42.5R (PC) cement was
used to prepare cement paste specimens with water-to-
cement ratio of 0.4. Among the six mixes in this study,
three mixes were cast with freshwater (FW) and three
mixes with artificial seawater (SW) prepared conforming
to ASTM DI1141. Paste specimens were cast and
compressive strength at 2, 7, 14, and 28 days were
measured. In addition, the cumulative heat of hydration for
7 days was determined in cement paste specimens using
isothermal calorimeter.

Fig. 1 shows the evolution of % change in compressive
strength (SW/FW) of cement paste specimens made with
CEM I and CEM I blended with slag and metakaolin. The
cementitious systems with slag and metakaolin showed a
higher improvement in the strength even at 28 days
contrasting to the performance of PC mixes that had better
performance at an early age (< 7 days).

Fig 2. shows the reduction in final setting time in SW
mixes calculated from the calorimetry results. Setting time
is defined as the time taken for silicate peak/end of
acceleration period from calorimetry results. A significant
reduction in the setting time was observed in OPC and
blended cementitious systems containing SW. Despite
having very high replacement levels (60% in PS40M20

mix), the ternary blended cementitious systems also
showed a significant reduction in setting time. These
results demonstrate the feasibility of using seawater as
mixing water for concretes produced with both Portland
cement and blended cement systems. The presence of slag
and metakaolin can enhance the chloride-binding and
ensure an improved durability of cementitious systems.
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Fig. 1: Evolution of compressive strength in cement pastes between 1
and 28 days of moist-curing.
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Fig. 2: Calculated setting time based on calorimetry results
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Radiation shielding is becoming of consideration due to
increased radionuclide releases from numerous sources
and environmental protection issues. In recent years,
concrete 3D printing has been introduced as a promising
technology for intelligent construction, providing several
benefits of free-formwork, flexible design, high safety, low
labour demand, and material saving. Therefore, digital
fabrication of concrete can offer new structural
possibilities, design of sophisticated shielding barriers,
structural optimization as well as reduce the amount of the
labour exposure in case of potential radiation or extreme
working conditions.

The main objective of this study is to develop heavyweight
concrete (3ADPHWC) mixture formulations suitable for
digital fabrication. To reach this goal natural aggregate was
gradually replaced by heavyweight magnetite aggregate up
to 100 vol.%.

A series of experiments were conducted to assess the fresh
and hardened properties of newly developed mixes. In the
first stage a set of tests related to fresh properties were
performed including flow table, setting time, penetration,
and uniaxial unconfined compression tests. Afterwards,
cast and printed specimens were prepared towards
determination of mechanical and radiation shielding
performance. Following the 3D printing of the hollow wall
segments, several other parameters, such as shape stability
employing the image-based correlation test, and porosity
characteristics, were examined.

As an outcome set of heavyweight concrete mixes suitable
for 3D printing were developed. All mixes were found to
meet the printing requirements only with small
modifications in superplasticizer dosage. Despite the
higher self-weight of material, the layer's strength and
stiffness were sufficient to sustain the dead load during
printing. Slight improvement of mechanical performance
in concrete was found as a result of magnetite aggregate
inclusion. Replacement of the river sand with magnetite
aggregate leads to considerable improvements in the
shielding performance against radiation. In both cast and
printed specimens, there are no noticeable differences
between attenuation performance against gamma-rays.

Fig. 1: Printing of the HWC element (left) and quality of 3D printed
column after hardening (right).
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Fig. 2: Oven-dry density of the developed 3D printable mixture
formulations with line indicator presenting the qualification of
concrete as heavyweight.
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Structural health monitoring is extremely important
for sustaining and preserving the service life of civil
structures. Research to identify the damage can de-
tect, locate, quantify and, where appropriate, predict
potential structural damage. This paper is about dam-
age identified by non-destructive vibration-based ex-
periments, which uses the difference between modal
frequencies and deflection of an initial and damaged
structure.

The optimization method used in this paper is the
Aimed Multilevel Sampling (AMS), which due to its
concept offers a significant reduction in computational
complexity. Its basic idea is to divide the simulation
run into several levels. Advanced sampling within a
defined design space will be performed at each level.
Subsequently, the sample with the best properties con-
cerning the definition of the optimization problem will
be selected. There are two methods to obtain the de-
sign vector. It can be obtained as the best realiza-
tion generated at the ith level corresponding to the
minimum of the objective function, or the best real-
ization can be obtained, as an inverse analysis, using
an artificial neural networks (ANN) trained from the
data of the corresponding level. The third alternative
is the hybrid method that combines above mentioned
approaches.

The methods were applied to a single-span steel truss
structure ten meters long. Numerical model was cre-
ated using the finite element method in ANSYS. The
structure was divided into ten sections. A different ma-
terial model was created for each section. The damage
was modeled by reducing the stiffness.

Evolution of the error F, between experimental and
estimated stiffness at each level during the optimiza-
tion process for all three methods are presented in Fig-
ure[] The first method (blue line) uses the minimum of
the objective function as the best realization, the sec-
ond (green line) uses ANN to identify the best realiza-
tion. The third method (red line) is a hybrid method.
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Fig. 1: Comparison of the methods — error progress during op-
timization

From the results, it can be concluded that all pre-
sented methods can correctly identify the given struc-
tural damage. When comparing the individual meth-
ods, it can be seen that the ANN method gives the best
convergence and accuracy of the resulting damage iden-
tification. However, creating, training and simulating
ANNSs brings increased computational demands. The
AMS method, on the other hand, due to the layering
principle, progressively targets the correct solution us-
ing a limited number of simulations at each level. The
proposed hybrid method, which combines the advan-
tages of both approaches, appears from the results to
be a suitable compromise between accuracy and speed
of convergence on the one hand and time and compu-
tational complexity on the other.
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Homogenization is a common way of incorporating ma-
terial structure into a macroscale computational frame-
work. The method allows to solve two separate prob-
lems during calculations: (i) at macroscale, at the level
of the whole structure, and (ii) at microscale, at the
level of individual material heterogeneities. A repre-
sentative volume element (RVE), which is defined as
statistically representative of the material, is used to
solve the microscale problem. The transition between
scales is provided through a scale parameter, defined
in such way that scale separation is ensured.

In the computational framework, the RVE problem
serves as a replacement of the constitutional relations.
On the input, the RVE recieves strain tensor and stress
tensor is the output. To solve the RVE as a separate
boundary value problem, boundary conditions have to
be defined to simulate the surrounding matter and load
the RVE. Among different options (overview may be
found in [1I]), periodic boundary conditions (PBC) are
the most popular, because they were shown to provide
the most consistent results. The method is based on
constraining degrees of freedom on opposite boundaries
of the RVE to prescribe each of periodic node images
the same displacements. The RVE is generated in such
a way, that the nodes on opposite sides are mirrored.

This procedure may be easily applied to a material in
elastic and pre-peak regime, however, during post-peak
the constraints applied on opposite RVE sides mandate
identical shear band or crack to occur simultaneously
on the periodic side. As a result, the crack pattern is
affected and the stress obtained from an RVE loaded in
such a way is not realistic [2], hindering the application
to materials experiencing strain softening. The phe-
nomena is schematically showed in Fig. [I]

SunNsN=l=

Fig. 1: Illustration of a crack pattern creation being influenced
by boundary conditions, figure is inspired by [2].
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During the last two decades, effort has been made by
researchers to overcome the phenomena. The present
contribution aims to review the methods which have
been developed so far and compare them.

Modified PBC dubbed percolation path aligned BC
have been inroduced by Coenen et al. [3]. The original
framework has been extended by allowing for a rotation
of the RVE coordinate system to align with the origi-
nating localization band. The inclination of the band
and the amount of rotation is to be either known apri-
ori or calculated after each iteration via additional
method. Another method which aligns the coupling
of points with the inclined band is called tesselation
PBC [I], where the periodicity frame is shifted from
one RVE to another to allow crack cross the boundary
at non-symetrical points. Alternative approach of us-
ing spherical RVE has been devised by Gliige et al. in
[4], showing promising alternative as a sphere is orien-
tation independent which potentially simplifies the im-
plementation. Each of the method brings its own ad-
vantages as well as challenges, which are discussed to
a detail.
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In this contribution, we focus on the mortar method
with a segment-to-segment approach [2] used for con-
necting non-conforming and non-overlapping meshes
and for the contact between two elastic bodies. We
shortly review the theory, present our Matlab imple-
mentation and compare results on benchmarks. We
compare our results with the analytical solution of
Hertz stress [I] and popular commercial software An-
Sys.

The finite element (FE) algebraic formulation of the
contact elastic problem between two bodies denoted as
Q' Q2 C R? can be written as the following optimiza-
tion problem

Find ue L:J(u) < J(v), VveK, (1)

where

i (2)

2
1 .
J(v) = Z —VvIKiv; — flv;.
i=1

Here v € R™ and f € R™ denote the discretized do-
main displacements and the discretized domain vector
of prescribed forces, and K € R"*™ is a symmetric
positive semidefinite block diagonal matrix consisting
of the elastic stiffness matrices K* defined for each do-
main §°, i =1,2. The set of feasible displacements

K={veR"|Bgv=cg, Byv<cs} (3)
is restricted by equality constrain matrix By € R™#*"
representing Dirichlet boundary conditions such as
supports and inequality constraint matrix By € R™1*"
representing the non-penetration condition on the con-
tact zones. In our implementation, the inequality
matrix By is evaluated using mortar method with
segment-to-segment approach.

As a benchmark, we consider a contact between elas-
tic semicircle and rigid halfspace, see Fig. [I] with an-
alytical solution for contact pressure known as Hertz
stress. Comparison between analytical, Ansys and ours
solution is shown in Tab. [l

(© 2023 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING
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Fig. 1: Computational model of the structure.

Approach || P Abs. Diff ~ Rel. Diff
[Mpa|  [Mpal [%]
Hertz 14003 - N
Ansys 13637 367  2.62
Our 13159 845 6.03

Tab. 1: Comparison of maximal normal contact pressure be-
tween Hertz stress, Ansys solution and our solution.
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The goal of the project is to establish a research laboratory
for 3D printing of cementitious materials and laboratory
for reclamation of resources from various wastes. There
are two main ideas behind the project.

The first one is to expand already achieved successes in
3D printing and allow for further development. West
Pomeranian University of Technology in Szczecin is the
leading academic entity in Poland that works on the 3D
printing of cementitious materials.

The university has been granted seven minor or major
scientific projects, including the ERA-MIN 3 Cofund 2021
Recycled aggregates for 3D printed concrete structures
developed in cooperation with universities from seven
different countries across the globe.

The laboratory of 3D printing will allow the entrepreneurs
and companies to find a place where their ideas concerning
3D printing can be developed and implemented on an
industrial scale.

The idea behind the second part that regards the
reclamation of wastes was developed due to strong
environmental focus of European Union. West Pomeranian
University in Szczecin has an extensive experience in
cooperation with local governmental entities that oversee
the utilization and recycling of wastes, including
municipal.

In the whole chain waste producer — waste recycler, there
is gap for a institution that would be able to evaluate as a
whole the physio-chemical properties of waste, and their
availability for processing and recycling. The laboratory
fits well into the circular economy approach. Experience
in Inter-Reg and Regional Operational Programmes will be
herein expanded.

The faculty of Civil and Environmental Engineering has
extensive knowledge and experience in working with all
kinds of sewage sludges, grey water and other municipal
and industrial wastes and reclamation of valuable
resources from them.

Fig. 2: Experimental treatment plant for municipal and industrial
wastewater
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Pfi navrhovani nosnych konstrukci je potieba
vénovat pozornost nejen vyhodnoceni prislusnych
kritérii meznich stavll Gnosnosti a pouzitelnosti, ale
také problematice souvisejici se zajisténim pozadované
zivotnosti konstrukce. Pfi navrhu systému protikorozni
ochrany mostu je potfeba mit k dispozici vystizné
udaje o korozni agresivité prostfedi. P¥i navrhu mostni
konstrukce je potfeba zohlednit vliv chloridi jakozto
koroznich stimulantu [1] [2] [3].

Vstupni proménné veli¢iny, jakymi jsou napiiklad
depozi¢éni rychlost chloridi, teplota prostiedi nebo

koncentrace oxidu sifi¢itého nejsou konstantni
hodnotou, ale jsou to mnéhodné proménné
veli¢iny. 'V soucasné dobé& jsou dobfe rozvinuté

pravdépodobnosti metody, které umoznuji inZenyriam
pracovat se vstupnimi i vystupnimi daty jako
s ndhodné proménnymi veli¢inami. V tomto ¢lanku
je vyuzito Pfimé Optimalizované Pravdépodobnostni
Metody (POPV), predev§im programu HistAn [4]
a ProbCalc [5]. Timto pfiStupem je moZné zohlednit
nadhodné proménny charakter vstupnich veli¢in
a nésledné provést pravdépodobnostni predikci
korozni rychlosti.

Ctenafim je v piispévku predstavena samotné
koncepce stochastického vypocétu a jeho vypodetni
naroc¢nost. Soucasné s tim je uvedeno, jakymi
zpusoby lze redukovat vypocetni narocnost pomoci
aplikace  metody  Pfimého Optimalizovaného
Pravdépodobnostniho Vypocétu. 'V prispévku jsou
zminéna pouzitd rozdéleni pro jednotlivé vstupni
nahodné proménné a definovany parametry rozdéleni.
Déle je uvedena nutna kontrola vstupnich parametra
dle pozadavku jednotlivych pfistupt predikce a jejich
pouziti v ramci skriptd v Delphi 7 [6]. Vysledky
pouzitych  predikénich modeli jsou porovnany
s vysledky méfeni korozniho tubytku na vybrané
lokalité v Hrabyni-Josefovicich.
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Block reinforced concrete foundations are a common type
of machine foundations. The foundation is placed directly
on the subsoil, or an insulating layer is inserted between
the foundation and the subsoil. This layer can be different.
It can be, for example, a cork layer, a rubber layer, or a
layer of spring insulators. The reason for its establishment
can be different, for example, to increase the damping, to
influence the natural frequency of the system, to reduce the
transmission of vibrations to the surrounding environment,
and the like. The task of the presented article is to assess
the dynamic response of the block foundation of the
machine, which acts on the foundation with a harmonically
variable force, at different operating speeds. Numerical
analysis was done in Matlab [1].

The foundation is placed on cork slab. The dimensions
of the foundation are a =2.0 m, b =2.5 m, 4 = 1.6 m, the
ground plane of the foundation 4 = a-b =2.0-2.5 = 5.0 m?,
the volume of the foundation V'=A4-A=15.0-1.6 = 8.0 m’,
bulk density p = 2 500 kg/m?, the mass of foundation m, =
V- p=8.0-2 500 =20 000 kg. The subsoil compressibility
module K, =3.0-103 N/m?. The elastic modulus of the cork
slab E; = 1.0-107 N/m?, the thickness of the cork slab A; =
0.2 m. The mass of the machine m; = 4 000 kg. The
damping angular frequency w, = 12.566 371 rad/s. To
solve the problem, the single degree of freedom
calculation model is chosen, Fig. 1.
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Fig. 1: SDF calculation model.

The amplitude and phase resonance curves will give us
the best image about the influence of frequency w of the
excitation force F(f) on the response of the system, Fig. 2.

The dynamic response is significantly affected by the
damping. It can best be observed on the courses of the
resonance curves in Fig. 3.
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Fig. 2: Amplitude and phase resonance curves.
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Fig. 3: Amplitude and phase resonance curves for various wy.
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The Discrete Element Method (DEM) is a numerical
approach used to study the motion and interactions
of individual elements. Although it is primarily uti-
lized in particle mechanics, it can also be applied to
problems of continuum mechanics. Unlike the more
widely-used Finite Element Method (FEM), DEM is
capable of handling combinated problems of continuum
and particle mechanics with greater efficiency, making
it a valuable tool in engineering analysis. One such ap-
plication of DEM is in the analysis of crack propagation
in reinforced concrete members.

This post discusses the possibility of using the DEM
method with an extension of the beam-bound model
(BBM) [1]. The BBM involves the insertion of a beam
element between bounded discrete elements to trans-
fer forces and moments. However, determining the
beam members’ appropriate cross-sectional and ma-
terial characteristics can pose a significant challenge.
This post is focused on the determination of those pa-
rameters and 2D modeling of fracture propagation in
axially loaded concrete beam.

For example, an axially loaded member with a square
cross-section of 1 m and a height of 2 m is shown. This
element is compressed by a force of 5 MN. The element
is made of a material with parameters E=30 GPa and
v=0.3. The evaluated stresses according to DEM can
be observed in Fig. [} The contact stresses between the
discrete elements that are used to subsequently break
the fixed bonds are shown in Fig. 2]

A comparison of the results with the FEM Ansys
model and the analytical solution can be found in Tab.

m
Approach Ty .
max (MPa) | rel. dif (%)
DEM 5.020 -
FEM 4.999 -0.42
Analytic 5.000 -0.40

Tab. 1: stress comparison DEM/FEM/Analytic
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Fig. 1: Mean stress in elements
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Extensive experimental programme has been performed
recently at Lodz University of Technology, Poland,
focused on shear failure testing of concrete beams. One of
the goals of the research was to develop an understanding
of the differences between steel and composite
reinforcement impact on shear strength of concrete beams.
The aim of the paper is modelling performed by nonlinear
fracture mechanics finite element (2D) software ATENA.
Modelling is focused also on bond between concrete and
reinforcement, the importance of correct bond modelling
is extremally important for GFRP reinforcement.

1. Bond modelling

For bond modelling two pre-defined reinforcement bond
models for concrete-steel (bond model by Bigaj and CEB-
FIP 1990 model code) are used. However, there are no
unique models for concrete-GFRP bond, and we did not
have relevant measured data, estimation had to be done.
Modulus of elasticity of GFRP is 4-5 times lower than of
the steel, the bond-slip law should be lower too. Finally,
the reduction to 20 % of bond was adopted.

2. Results

Simulation of shear strength of selected beams from
experiment have been performed for many alternatives of
material parameters and bond assumption. Here are the
best results achieved so far. For comparison we used two
monitoring points v25 and v26, which were measured in
experimental programme.

2.1. Beam reinforced by steel

For beam reinforced by steel we assumed that bond-slip
relationship would not play such a large role in beam
reinforced by steel. However, the load-deflection curve of
CEB-FIP 1990 model code was also slightly different from
model, where the bond was not modelled.

2.2. Beam reinforced by GFRP

For beam reinforced by GFRP the bond-slip relationship
played a significant role. Reduced bond model by Bigaj is
not suitable for GFRP (crack patterns were not identical).
Reduced CEB-FIP 1990 model code is quite similar.
Although we estimated it, the results are quite good.
Results are shown in Fig. 1, crack patterns in Fig. 2.
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Fig. 2: Crack patterns from experiment and modelling (CEB-FIP).
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