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1. Uvod

Prispévek je zaméfen na aktualné rezonujici problematiku
spinanych Zelezobetonovych piihradovych vaznik typu
SPP6-18/6, které byly vyvinuty na prelomu Sedesatych a
sedmdesatych let minulého stoleti statnim podnikem
Zavody inzinierskej a priemyselnej prefabrikacie, S.p.
Prefabrikovany konstrukéni systém je v souCasnosti
centrem pozornosti zdivodu nékolika evidovanych
kolapst tohoto ptihradového vazniku v uplynulych letech
[1]. Vzhledem k aktivni angaZovanosti v problematice
v oblasti stavebné technického priizkumu se podafilo
pracovisti EXC Stavebni fakulty VSB-TUO ziskat pro
podrobnou analyzu nékolik neposkozenych exemplaia
vazniku SPP6-18/6. Vtomto piispévku je popsana
numerickd analyza ocelové konstrukce, ktera bude
vyuzita pro zatéZzovaci zkouSku problematického
konstrukéniho prvku.

2.  Numericka analyza ocelové
konstrukce

Pro potfeby zatézovaci zkouSky je navrzen prostorovy
ocelovy exoskelet, do kterého se umisti zkouseny ZB
vaznik. Obé konstrukce tvofi uzavieny staticky systém,
ktery je pifi vnesenych silach v ramci experimentu ve
vzajemné statické rovnovaze. Ocelova konstrukce se
sklada ze dvou hlavnich ramt. Pasové pruty rami jsou
rozdéleny na piimé segmenty a spolu se svislicemi jsou
spojovany v T, respektive L styCnicich pomoci celnich
desek a Sroubu. Ztuzeni poli rami je realizovano pomoci

tahel z kulatiny. Rozpérné pticniky mezi ramy slouzi k
ulozeni vazniku (krajni) a vnaseni zatizeni (mezilehlé) pti
zatézovani. Pro vyrobu ocelového exoskeletu je navrzena
konstrukéni ocel S355J2.

Navrh prvkl vychazi z globalni analyzy v programu
SCIA Engineer (GMNIA). Pro ocelové prutové prvky je
pouzit idealné pruzno-plasticky materidlovy model se
zpevnénim o hodnoté¢ E/10000. Na zakladé platnych
norem jsou rovnéZ stanoveny lokalni a globalni
imperfekce [2]. Pro model ZB vazniku jsou pouZity
skofepinové prvky a Drucker-Prageriv pruzno-plasticky
materidlovy model. Nelinearni vypocet aplikuje Newton-
Raphsonovu pfirustkové-iteratni metodu a fteSi¢ dle
Lanczose pro stabilitni analyzu. Nasledny navrh a
posudek spojii je proveden pomoci programu IDEA
StatiCa.

Fig. 1: Numericky model ocelové konstrukce a ZB vazniku.

3. Zavér

Cilem tohoto piispévku je piedstavit navrh ocelového
exoskeletu pro potieby experimentalniho testovani
zelezobetonovych piihradovych vaznikli v prostorach
EXC na Stavebni fakulté VSB-TUO.

Reference
[1] SPALEK, R. VYZVA: Opakované havarie
betonovych predpinanych vaznikd. Zprdavy a

informace CKAIT [online], 2019.
[2] Normy fady CSN EN 1993-1
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Abstract. This contribution is focused on the design
analysis of membrane structure. The membrane structure
is designed for roofing of the experimental stand, which is
in the campus of Faculty of Civil Engineering,
VSB — Technical University of Ostrava and is currently not
protected against unfavorable weather conditions. The
aim of this paper is to give an overview of the design of the
temporary membrane structure starting from the
architectural visualization and continuing to deal with
structural and dispositional parts of the design using the
RFEM software.

Keywords

Membrane structures, tensile structures, lightweight
structures, roofing system, form finding, numerical
modelling, nonlinear analysis, RFEM software, Rhino
software.

1. Introduction

Membrane structures combine surface material and
supporting elements, mostly made of steel. When
designing such a structure, the first step is to find the
optimal shape [1]. This process is called Form — Finding.
and deals with finding the optimal deflection and visual
shape based on the given boundary conditions. It is
necessary to apply pre-stressing into the structure which
prevents inversion of the curvature and after that, the
structure can be loaded. The initial shape of membrane
structure must be designed in such a way that only the
tensile forces can occur in the structure.

2. Design of membrane roofing

It was necessary to consider the type of surrounding
buildings, obstacles, and the slope of the terrain.

After determining the boundary conditions, a suitable
shape of the membrane structure was solved. The final
shape can be seen in Fig. 1. The new prestressed shape is
then used as the initial state for the structural analysis.

Fig. 1: Final shape of membrane structure

3. Conclusion

The aim of this paper was to give an overview of the design
of the temporary membrane structure starting from the
architectural visualization and continuing to deal structural
and dispositional parts of the design.

Acknowledgements
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Abstract. This paper describes the implementation of
inverse analysis in the case of experimentally obtained
results. The method is presented on structural lightweight
concrete (SLWAC) made of fine red ceramic waste
aggregate, expanded clay coarse aggregate, and reinforced
by steel fiber in 1.5% of concrete volume. The material
characteristics, especially data from the three-point
bending test (3PBT), have been used for the development
of the material model allowing further numerical
modelling of fiber-reinforced SLWAC.

Keywords

Waste red ceramic, copper coated crimped steel fiber,
fracture characteristics, inverse analysis.

1. Introduction

The randomly distributed fibers are added into concrete to
enhance the post-cracking residual tensile strength and
ductility. In this project, the fiber is in crimped shape made
of copper-coated steel (CCSF), fine aggregate is waste
material from a low-quality red ceramic airbrick and
commercially available expanded clay aggregate is
utilized as a coarse aggregate. The process of designing
and results of testing the mechanical and durability
characteristics of the FR SLWAC were described in detail
in previous papers. The fiber together with using of waste
material in a creation of a concrete mixture represent a
promising future in the field of civil constructions.

The aim of the study is to present a material model of
FR SLWAC1.5% defined by the obtained material
characteristics and experimentally measured data of load
and crack mouth opening displacement (CMOD) from the
3PBT conducted in accordance with European Standard.
The 2D model (Fig. 1) was created in software GiD +
ATENA Studio using the finite element method (FEM) and
fracture-plastic constitutive material model for nonlinear
analysis of concrete - CC3DNonLinCementitious2User.
The tensile function of the material model has been
modified until matching the experimental data.

2. Results and Conclusions

The designed fiber-reinforced SLWAC1.5% has been
tested by 3PBT and its fracture parameters were defined
by inverse analysis. The data from the experiment and the
results from the numerical simulation are shown in Fig. 2.
Good compliance between the experimental results and
numerical simulation of load-CMOD curves was obtained.

S6neliot e

e

Fig. 1: 2D numerical model and boundary conditions in GiD.

FR SLWAC1.5% B
10 ——FRSLWACI1.5% C

Average FR SLWAC1.5%
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Load [kN]
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Fig.2: Results from the 3PBT of SLWAC1.5% and from numerical
simulation in ATENA.
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Abstract. Mechanical metamaterials are becoming
more common in last years due to reduced diffi-
culty in the fabrication of complex 3D structures (on
macro/meso/micro scale) by application of aditive
manufacturing. To design structures on this level of
complexity and detail, the computer aided methods are
needed. In particular solving mechanical properties of
metamaterials with basic FEM software is inefective
to the extent that heterogenical metamaterial has to
be simplified as anisotropic homogenical material. Ba-
sicly the proces of numerical homogenization predicts
behaviour of metamaterial at its structural boundaries.
For instance the structure on meso scale level is trans-
formed to macro scale level homogenous material. In
this paper is shown actual state of the art in the field
of numerical homogenization.

Keywords

Aditive manufacturing, numerical homogeniza-
tion, metamaterial.

1. Introduction

In engineering there has been allways motivation to use
as little material as possible to be most effective at dif-
ferent aspects as cost, weight, stifness, etc.. This idea
was transformed into mechanical metamaterials with
other mechanical properties than the original materi-
als had. For many years it has been unimaginable to
manufacture materials with these properties, but with
development in field of aditive manufacturing (AM) it
became possible. Superstructures with complex sub-
structures (metamaterials) are way more time consum-
ing to design and compute, but are way more cheaper
to produce than a part with simpler geometry and ho-
mogenous material (complexity paradox).

podrouzek.jQfce.vutbr.cz

Metamaterial fabricated by AM may also vary on
different paths of printing and layering. Thus design
of structure must have printing settings included in nu-
merical analysis. The material properties may vary on
every scale and direction. The homogenization is used
in order to obtain effective material properties for su-
perstructure. Homogenization transforms well detailed
and complex structure with voids or combination of
materials with "simpler" solid material.

Homogenization requires significant computational
resources and well known micro and meso scale of fab-
ricated metamaterial. The problem can be solved by
constructing implicit geometry of material (meso scale)
and experimentaly measururing material properties on
the end of printing medium (micro scale). The results
of homogenization are tensors of various ranks (as vec-
tor, matrix, etc.).

2. Conclusion

In future there will be bigger amount of structures fab-
ricated by AM. With free complexity provided by AM
there will be more common use of optimization tools
in design of superstructures on all scales of structure.
The homogenization saves computing time reducing
load on FEM solver and user by simplifying compu-
tational model. The difference becomes substantional
with complex periodical patterns as gyroids or teseract
and other strut based patterns.

Acknowledgment
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Abstract. A solution of forced vibration damping through
the use of hyperelastic materials have been proposed in the
paper. Most structures can be easily simulated on the basis
of a linear elastic material model. However, when linear
elasticity ceases to be sufficient, then nonlinear models are
adopted, e.g. hyperelastic materials. The aim of this study
was to investigate the behavior of the structure under the
influence of external forces with the use of materials
showing high fatigue resistance to compression with
simultaneous consideration of vibration damping. The
model presented in the paper has been subjected to an
exciting force of the same value in both considered cases.
The paper presents a dynamic analysis using the finite
element method in the ANSYS program. The comparison
concerned the use of hyperelastic materials with the use of
the deformation energy model of hyperelastic
incompressible materials according to the Mooney-Riviin
model.

Keywords

Forced vibrations, damper, Mooney-Rivlin model.

1. Introduction

Mechanical vibrations are undesirable in most cases. Due
to the fact that in many cases it is impossible to remove the
source of vibrations, various methods of damping and
minimizing their impact are used. A solution for damping
vibrations through the use of rubber-based materials,
which are defined as incompressible materials, have been
propose in the paper. In the case of modeling linearly
elastic materials according to the FEM theory, it is enough
to define two material constants (Young's modulus and
Poisson's number). Hyperelastic materials are able to
undergo large elastic deformations under the influence of
forces but exhibit non-linear behavior and their
deformation is not directly proportional to the applied load
[1]. In the case of hyperelastic material models, additional
material parameters must be defined. The material
characteristics of typical hyperelastic materials have been

shown in Fig. 1.

|

o

€

Fig. 1: Stress-strain characteristic of typical hyperelastic materials [2].

Based on this dependence and taking into account the
deformation range in the simulation, a model of the
deformation energy of hyperelastic incompressible
materials has been selected. In the deformation range from
10% to 300% deformation, the best approximation is
provided by the Mooney-Rivlin model, the form of which
is presented in the general formula:

W= Cio(I1-3)+Coi(l>-3), (1)

where: [, and [, — invariants describing the strain energy
density, Cio and Cy; — material constants.

The results of numerical tests performed in the
ANSYS/Mechanical program, as well as the dynamic
interactions, and a proposition of vibration damping
solution has been presented in this work. The model can
be the basis for further numerical and experimental
research.
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Abstrakt. Prispevok sa zaobera inovaciou dreveného
ramového spojenia vytvoreného zo systému dvoch stojok a
priecle. Toto ramové spojenie bolo vytvorené z lepeného
lamelového dreva triedy GL24h. Pre spojenie boli
namiesto Standardne vyuzivanych mechanickych spajacich
prostriedkov, kombinacie svornikov a kolikov, pouzité
celozavitové skrutky triedy pevnosti 10.9. Celkovo boli
otestované tri varidcie spojenia. V prvom teste neboli
Jednotlivé komponenty ramu nijako spevnené. V druhom
teste bola pomocou dvoch celozavitovych skrutiek
spevnena priecla av tretom teste boli pomocou dvoch
celozavitovych skrutiek spevnené stojky aj priecla.
V prispevku boli experimentdlnym testovanim zistené
maximdlne unosnosti arozny priebeh duktility pre
Jednotlivé variacie spojenia. Nasledne boli zistené hodnoty
unosnosti porovnané so Standardnym vypoctom unosnosti
takéhoto spojenia podla literatury a normy.

KPucové slova

Celozavitové  skrutky, Duktilita, Experimentdlne
testovanie, Lepené lamelové drevo, Ramovy roh

1. Uvod

Drevo sa ako stavebny material v stavebnictve stale viac
dostava do popredia pri stavbe réznych konstrukcii. Tento
trend je z Ccasti zapriCineny aj vdaka upriameniu
pozornosti na obnovitelné zdroje. Dopyt po dreve ako
stavebnom materidly ponuka moznost zlepSenia jeho
mechanickych a fyzikalnych vlastnosti a preto st vyvijané
nové kompozitné materidly na baze dreva alebo sa
skimaju zlepSenia spojenia jednotlivych segmentov pre
zabezpeCenie vySSej unosnosti a tuhosti konstrukcie.
Prispevok sa preto zameriava na inovaciu dreveného
ramového spojenia vytvoreného pomocou mechanickych
spajacich prostriedkov kolikového typu. Konkrétne boli
namiesto Standardnej kombinacie svornikov a kolikov
pouzité celozavitové skrutky. Jednotlivii korespondenciu
vysledkov experimentalneho testovania je potom mozné
porovnat’ s vysledkami dosiahnutych pomocou normy [1]

a odbornej literatary [2]. Prispevok je pokracovanim
vyskumnej ¢innosti autora na predchadzajiicu uverejnena
pracu [3].

2. Zaver
V prispevku  boli  predstavené vysledky  zistené
experimentadlnym  testovanim ramového  spojenia.

Testovanie pozostavalo ztroch varidcii konstrukéného
systému. Spevnenie jednotlivych segmentov ukazuje
ocakavane vyznamny vplyv na duktilitu spojenia, pricom
unosnost’ zostdva pomerne nezmenena.
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Combinations of two different materials in structural Bl et
elements are more and more common in engineering a
applications in order to improve properties of components. "
One of the popular technologies is the laser cladding [1]. 0 e f1-150GPa (bending)

E1 =200 GPa (bending)
——E1=250 GPa (bending)
-300GPa(bending) e et

In this contribution, the fatigue crack propagation
through the laser-cladded layer is assessed. Surface layers
made of materials with various Young’s modulus are
considered and their effect on the fracture parameters is
investigated. The numerical simulations presented in this
work are a part of a more extensive analysis that should
finally bring recommendations on the proper layer O 0102030605 060708 00
thickness choice and material choice under a particular ol
kind of loading with regard to fatigue lifetime of real Fig. 2: Stress intensity factor range for various Young’s modulus of the
components. A specimen prepared for oncoming laser-cladded layer for two types of loading.
experimental campaign is shown in Fig. 1.

AK, [MPa.m'/?]

Based on the plots presented in Fig. 2 and knowledge
g‘;::;gl;;; of basic fatigue properties of the materials (threshold value
(weld deposit) of the stress intensity factor AKy, and critical value AK|c),

conclusions can be stated with regard to assessment
of stable/unstable fatigue crack propagation. Thus, choice

hard chrome
layer (after
machining)

hard chrome of the proper choice of the material of the layer and/or its
s 1; 1d . . .
o PRl thickness under a particular loading can be recommended.

Fig. 1: Real cylindrical specimen consisting of a steel substrate coated

with a hard chrome layer and/or an aluminium bronze layer. ACkHOWledgements
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In order to investigate the crack behaviour in various  Brno University of Technology is gratefully acknowledged
kinds of protective layers, numerical calculations via FEM  (proiect No. FAST-S-21-7338).

were performed. A steel bar with thin surface layers on its
both sides were modelled. One crack on each side of the Ref
specimen in its middle was considered and the specimen eierences

was subjected to 1) pure tension; 2) pure bending (couple- 1] ZHU, L., XUE, P, LAN, Q., MENG, G., REN, Y.,

moment). The stress intensity factor range was YANG, Z., Xu, P. and Z. LIU. Recent research and
investigated for different elastic modulus of the cladded develof)me’nt s’tatus of laser cladding: A review.
layer (simulating various materials of the layer, such as Optics & Laser Technology. 2021, vol. 138, 10paper
tool steel, stainless steel types, cobalt, copper, nickel, or r. 6915. ISSN 0030-3992. DOI:
aluminium alloys). Results obtained can be seen in Fig. 2. 10.1016/j.optlastec.2021.106915.
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Use of stainless steel as a structural material is highly
common nowadays. Thanks to its greatr resistance to
aggressive environment, high yielding strength, flexibility
and good weldability, it can be widely found used in large
structures like bridges and water supply systems. In
comparison to other structural materials various geometry
and angle connections of elements are more accessible. On
the other hand, it has also an attractive appearance,
therefore it can also be used in exterior structural work like
roofing and barriers, handrails and for the entrance
structures.

Many of loadbearing stainless steel elements are
subjected to cyclic load which can lead to fatigue damage.
Linear elastic fracture mechanic analysis is performed on
IPE profile, which is beam component typical for steel
structures. 3D parametrical study is processed using FEM
software Ansys Mechanical, specimen model with crack in
software is displayed in Figure 1.

Fig. 1: 3D numerical model of IPE profile.

Stress field around crack tip is modelled in variations
of shapes and the stress intensity factor (SIF) is the main
characteristic used to describe the stress field distribution
around crack tip. Geometries of crack front shapes are
presented in Figure 2.

The only half of the IPE profile was modelled to

symmetry conditions. The specimen was loaded to
represent three- point bending and the results obtained on
3D model are calibrated and compared with 2D solution.

Fig. 2: Sketch of crack front shapes configurations

Results of this numerical parametric study are further
investigated in order to obtain geometry of the crack front
which would plot values of SIF approximated to 2D
solution and 3D specimen with rectangular cross- section.
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Abstract. The paper is dealing with preliminary anal-
ysis of the concept off two-layered dome-like structure
for lunar bases with respect to its the stability. There
are constraints that makes it impossible to bring the
traditional source materials and technology for the re-
inforced concrete construction of Lunar and Martian
bases. Therefore the article is dealing with one of the
possible strategies to overcome this limitation. The
proof of concept of the structural shell of the dome
based on the coarse fraction regolith-based concrete-like
material and protection overlay material from the fine
fraction of regolith is preliminary evaluated with respect
to stability of proposed solution. The initial numer-
ical analysis of the stability of the dome with respect
to dead-load and the inside-air caused uplift via direct
stiffness method was conducted.

Keywords

ISRU, Moon,
Model, Stability.

Dome, Sandwich, Habitat,

1. Introduction

The human endeavor to build a bases and to live on
Luna and Mars tempted mankind for almost two cen-
turies. There is a question, though, what construction
material may be used. The concrete that is among the
most common one on Earth seems to be good choice.
However, it is obvious that transportation of all the
construction material from Earth to the construction
site is not possible. Therefore, the in-situ resource uti-
lization (ISRU) and automation shall replace the tra-
ditional earth materials such as aggregates and sand
as well as human work. Moreover, the attention might
be driven to the fully automated construction process
including 3D printed reinforcement.

The dome-like shell seems to be most effective struc-
tural solution having in mind the pressure from the
air inside the dome. Moreover, the meteorites impacts
and the significant temperature changes effect are po-
tential risk to the structural integrity of the structure
air-tightness of it. Therefore, the sandwich-like struc-
ture is proposed: the structural shell controls the sta-
bility and the soil overlay protects from the climate
effects. Moreover, the balloon like support and lost
form work is considered as well in order to maintain
the air-tightness. The concrete-like material might be
prepared from the coarse fraction of the regolith and
the overlay from the fine fraction. The coarse fraction
would be separated by magnetic separation.

The paper is dealing with preliminary analysis of the
stability of the concept off two-layered dome-like struc-
ture for lunar bases. The material from the shell of the
dome is intended to be from the structural coarse frac-
tion regolith-based concrete-like material and protec-
tion overlay from the fine fraction of regolith. The pre-
liminary numerical analysis of the stability of the dome
with respect to dead-load and the inside-air caused up-
lift via direct stiffness method is conducted and dis-
cussed in the full paper.
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Abstract. The sloshing problem is relevant to the analysis
of liquid transportation, the study of the effect of vibrations
on liquid storage tanks or liquid damper devices, and
many other engineering applications. Several methods
have been developed to study and predict free surface
behaviour, such as experimental studies, analytical
solutions, and numerical methods. This work described
analytical, numerical, and experimental possibilities of
monitoring of frequency determination of fluid filling and
sloshing problems in liquid storage tanks.

Keywords

Fluid, Natural Frequency

1. Introduction

Ground-supported tanks are used to store a different kind
of liquids. The motion of the container, full or partially
filled with liquid, causes the hydrodynamic pressure and
fluid flow up to sloshing of free surface and forms the basis
for many complex problems. The free liquid surface may
experience different types of motion including simple
planar, non-planar, rotational, irregular beating,
symmetric, asymmetric, quasi-periodic and chaotic, it is
depended on the type of excitation and container shape.
The amplitude of slosh depends on the frequency and
amplitude of the tank motion, liquid-fill depth, liquid
properties, and tank geometry. The fluid resonance in the
case of horizontal excitation occurs when the external
forcing frequency is close to the natural frequency of the
liquid. The liquid sloshing is a practical problem with
regard to the reliability and safety structures, because an
eventual damage of containers used for storage of
hazardous liquids, as petroleum, chemical and radioactive
waste are catastrophic, consequences are financial, and

environmental loses.

2. Natural frequency analysis

2.1. Analytical solution of natural
frequencies

The determination of the n-th natural angular frequency @,
can be obtained from the analytical equations according to
Housner, which applies to a rectangular tank

2 _ . 158g H
wp =N~ tanh (n1,58 L) @)

The n-th natural angular frequency @, for a cylindrical
tank can be determined
wf = n2 tank (n1,84%) @)
where R is the radius of the cylindrical tank, L is half the

length of the rectangular tank, and H is height of fluid
filling.

6[HZ] S5cm MEI0cm MWI15cm

5 <

o0 et
e LSS
NN en
i) cion
oo o
oo e
0%
NN
S
e
T
| I
<N
I
=
O l
1 2 3 4 5 6 7 8 9

Fig. 1: The comparison of the first ten natural frequencies of fluid
filling for 5 cm, 10 cm, and 15 cm filling

[\

—_

10

This work was supported by the Project VEGA 1/0374/19.

© 2021 VSB - TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING 10



MODELLING IN MECHANICS

19th INTERNATIONAL CONFERENCE | 215t AND 22" OCTOBER 2021

THE PREDICTION OF FATIGUE LIFE OF NOTCHES

Kamila KOZAKOVA', Jan KLUSAK'

1Institute} of Physics of Materials, Czech Academy of Sciences,
Zizkova 512/22, 616 00 Brno, Czech Republic

kozakova@ipm.cz, klusak@ipm.cz

Abstract. The contribution presents a method for
lifetime predictions of components with notches.
The method was developed using experimental data and
numerical analysis of notched specimens. The method
employs approaches of generalized fracture mechanics.
Emphasis is placed on the area of gigacycle fatigue.

Keywords

Wohler curve, fatigue life, notches, generalized
fracture mechanics, stress distribution.

Method

Computational methods bring the possibility of precise
analysis of stress concentrations in notches. Fatigue life
curves are usually determined for smooth specimens
and rarely for notched samples. Two sets of specimens
(notched and smooth) from structural steel were tested
in the area of high and very high cycle fatigue [I]. In
order to estimate fatigue life of specimens with differ-
ent notch radii an approaches of fracture mechanics
were employed. The suggested method forms relation
between the life curves of smooth and notched speci-
mens and uses distribution of the axial stress (fig. [I]).

2500 T
T ——R=0.1mm
o ——R=02mm
=, 2000 R=05mmi|
e ——R=0.6mm
@ 1500 —R=1mm
3 R=1.2mm
= ——R=24mm
= 1000 —R=3mm
500t .

0 0.2 0.4 0.6 0.8 1 1.2
distance from the surface, r [mm]

Fig. 1: Axial stress distribution

The line method of the theory of critical distances
[2], was used to find the relationship between the S-N
curves of smooth and notched samples (R = 0.1 mm).

O.Sm()oth (Nf)

a,nom

grotched (V) " Oy,LM, nom

a,nom

(1)

oya(l) =

The output of the equation is the critical length
parameter [. We assume that this length parameter
is a material property and can be used to predict the
lifetimes of specimens with different notch radii.

Experimental data

——smooth specimens

g - notched specimens,
g 7 » ~ R=0.1 mm
o .
K Prediction
M | ——R=3mm
E ——R=24mm
= R=12mm
s —R=1mm
: ool ——R=0.6 mm
3 R=0.5mm
8 ——R=0.2mm
2]

00....0... o
et Dy

10* 10° 10° 107 108 10°
number of cycles to fracture, Nf [-]

Fig. 2: Fatigue data and predictions of lifetime curves

Conclusion

Using the precise analysis of stress distribution of the
notched specimens and two lifetime curves (notched
and smooth specimens), it is possible to predict life-
time of specimens with different notch radii. The aver-
age critical distance for the steel is 0.08 mm and slightly
decreases with the increasing number of cycles to frac-
ture.
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Abstract. This paper describes the methodology and the
results of the safety analysis of the Nuclear Power Plant
structures under impact of the extreme climatic loads. The
requirements of the international agency IAEA and NRC
standards are based on the probability of mean return
period equal to one per 107 years. This probabilistic
assessment of NPP structures for Probabilistic Safety
Analysis (PSA) level 2 of VVER 440/213 in the case of the
extreme wind impact is considered. The experimental and
numerical analysis of the wind load are presented.

Keywords

reliability, fragility, nuclear power plant,
experiment, wind, ANSYS, FLUENT,

Safety,
probability,
FReET.

1. Introduction

This paper presents the reliability analysis of the steel hall
frame of the NPP critical transversal gallery resistance due
to extreme wind loads. The extreme loads were defined for
mean return period equal to one per 10* years in
accordance with IAEA requirements for NPP structures.
The new methodology of the safety and reliability analysis
of the NPP structures are presented. The extreme wind
impact to the NPP buildings was considered in wind tunnel
of STU Bratislava. The models of the NPP buildings were
considered without and with the surrounding buildings.
The objects were assembled on a 3D printer in a scale of
1: 300. After the measurement in the wind tunnel, it was
necessary to verify the measured values on a 3D model of
wind flow on individual critical surfaces. The errors can
also occur in defining the boundary conditions as well as
in the computational processes during the simulation and
processing of the results in the postprocessor. The resulting

pressures from extreme winds were therefore considered
as the best estimate corresponding to the average value of

Fig.1: 3D FE fluid model in software ANSYS-FLUENT.

The new presented design methodology is based on the
proposition that the failure of the structures is determined
by the failure of the principal critical structural systems.
The principal problem of the wind resistance of the NPP
structures was that the real pressures of the wind impact is
diametral indifferent in comparison of the Eurocodes. The
geometric and material nonlinearity were considered. The
deterministic and probabilistic analysis of the structure
failure were investigated. The results of this analysis
clearly confirm that considered NPP steel structures have
significantly greater resistance to extreme wind effects at
the origin considering the development of plastic
deformations.
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Abstract. In the construction of steel structures and
especially bridges, the use of high-strength steel (HSS)
has been increasing in recent decades. The use of steel
with a higher yield strength allows the design of slim-
mer as well as more aesthetic constructions. Design
often leads to cost and material savings. In cases where
the ultimate limit state of the structure is not a decisive
factor of the design (but on the contrary the serviceabil-
ity limit state, dynamic behavior of the structure, sta-
bility or fatigue of the material), the advantage of HSS
becomes questionable. In such cases, the resulting resis-
tance of the HSS structure is affected mainly by fatigue
resistance. The article is focused on the initial study
of fatigue damage prediction of HSS structures using
linear fracture mechanics and probabilistic approach.

Keywords

Fatigue, steel, HSS, failure.

1. Introduction

In the construction of steel structures and especially
bridges, the use of high-strength steel (HSS - steel with
a yield strength of 460 MPa or higher) has been increas-
ing in recent decades. The use of steel with a higher
yield strength allows the design of slimmer as well as
more aesthetic constructions. Design often leads to
cost and material savings. In cases where the ultimate
limit state of the structure is not a decisive factor of
the design (but on the contrary the serviceability limit
state, dynamic behavior of the structure, stability or
fatigue of the material), the advantage of HSS becomes
questionable. In such cases, the resulting resistance of
the HSS structure is affected mainly by fatigue resis-
tance, because reducing the cross-section of the struc-
ture leads to a higher concentration of stress in the
details prone to fatigue damage. For this reason, it is
a very current topic for research, which is addressed

by many authors, and this is the reason that issues
associated with the use of HSS have to be given due
attention.

Fatigue degradation of high strength steel is likely to
be different than that of low/medium steel and not suf-
ficiently explained yet and needs further investigation.
Propagation of the fatigue cracks and possible predic-
tion of such propagation in time since the start of vari-
able loading effects is the case when probabilistic meth-
ods must be used because too many uncertainties influ-
ence the determination of the input values. Stochastic
approach is a powerful computing tool, which brings
with it some difficulties associated mainly with insuf-
ficiently relevant input data and also often with com-
putational complexity. Probabilistic analysis of struc-
tural durability usually leads to estimate the lifetime
of the analyzed load-bearing elements. For this reason,
new probabilistic approaches are still evolving. One of
them is also the DOProC method, which is an impor-
tant method for this type of calculation. This approach
is characterized by the high precision of computing of
the failure probability p;, as well as considerable ef-
ficiency of the calculation in a number of probability
tasks. Presented analysis is focused on the initial study
of fatigue damage prediction of HSS structures using
DOProC method and linear fracture mechanics.
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Abstract. Corrosion of steel lattice tower joints is
a structural and economical issue. The aim of this article
is the corrosion degradation of bolted joints of steel lattice
towers made from weathering steel. Attention is paid
especially to the effect of crevice corrosion on the load-
bearing capacity of the joint. The measured data from the
implemented loading tests are compared with the results of
analytical and numerical models.

Klicova slova

Sparova koroze, styCnik, stoZar elektrického vedeni,
havarie, Atmofix, p¥iloZky, patinujici ocel

1. Uvod

Patinujici oceli jsou v Ceské republice vyuzivany pro
realizaci ocelovych konstrukei jiz od poloviny 70. let
minulého stoleti. Typickymi objekty jsou predev§im mosty
a stozary. Ocelové ptihradové stozary se obvykle pouzivaji
jako nosné konstrukce v energetickych pienosovych
soustavach. Tyto konstrukce predstavuji nejrozsahlejsi
realizaci patinujicich oceli v Ceské republice. V letech
1974 az 1992 bylo postaveno pfiblizné 4000 stozart
vedeni a 130 rozvoden napéti 110 kV, 220 kV a 400 kV.
Ptihradové stozary elektrického vedeni jsou vyrabény
v ruznych tvarovych variantach, vzdy ve tvaru ¢tyibokych
prihradovych konstrukei, vyztuzenych v jednotlivych
sténach diagonalami a ptickami z jednoduchych uhelnikd.
Narozniky zihelnikd jsou po vySce stykovany pomoci
Sroubovych spojii s pfilozkami, uhelniky ztuzeni jsou k
naroznikdm pfipojeny pomoci jednoho Sroubu.

Korozni chovani patinujicich oceli na elektrovodnich
a vysilacich stozarech je systematicky hodnoceno od roku
1975. Obecné lze konstatovat, Ze na nosnych prvcich
stozar  dochazi k pfiznivému vyvoji  ochrannych
koroznich produkt. Pro pouziti patinujicich oceli vsak
byly wuplatnény stejné detaily jako pro stozary
metalizované zinkem nebo chranéné natérem, pro
provozni kontrolu a tidrzbu stozard nebyly specifikovany

zadné zvlastni pozadavky. V nevhodné konstruovanych
detailech proto dochézi k nepfiznivému vyvoji koroznich
produktii. U Sroubového spoje naroznikl dochazi ve spare
mezi prilozkami a spojovanymi uthelniky ke vzniku
sparové koroze. Ve spaie se prodluzuje doba ovlhéeni
povrchu, mohou se hromadit necistoty, vznikaji aeracni
a koncentraéni rozdily, coz vSe podporuje r0zVOj
korozniho procesu. Ve spafe tak nenastavaji podminky
potiebné pro vznik ochranné patiny. Nahromadéné korozni
produkty deformuji pfilozky ve spoji. Obava z moznych
ucinkd nepfiznivého korozniho vyvoje ve spojich
narozniki vedla energetické spole¢nosti v Ceské republice
k opusténi konceptu uplatnéni patinujicich oceli pfi
vystavbé novych linek elektrického vedeni. Aby bylo
mozné stavajici stozary zodpovédné provozovat, je
dalezité mit k dispozici ovétené technické udaje o vlivu
sparové koroze na tinosnost sty¢nikd.

V ¢lanku jsou proto uvedeny vysledky zatézovacich
zkousek styCnikli naroznikt stozart elektrického vedeni
2x110 kV, které byly odebrany z havarovanych stozart na
vedeni Nezndsov — Tynisté nad Orlici. Hlavnim cilem
experimentalniho programu a naslednych vypoctovych
analyz, viz obr. 1, bylo ovéfeni vlivu spary mezi
jednotlivymi prvky spoje na mechanickou odolnost
konstrukce stozaru navrzeného z patinujici oceli.

499,76 Max
4,25
386,74
333,23
277,72

222,21

166,71

111,2

55,668
0,17972 Min

Obr.1  Srovnavaci napéti [MPa] na sty¢niku typu A
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Abstract. The field of space engineering is attracting
increasing attention as the time approaches when it will be
necessary to colonize our nearest space neighbour quickly
and efficiently. The huge challenge is to change the
established procedures suitable for our home planet and
also to make the most of resources without the need for
disproportionately complicated space transportation. The
aim of this work is to expand our knowledge of the lunar
aggregate simulator (LAS) based on ilmenite rock, which
is available in Central Europe, and which has good and
suitable properties. Prismatic samples from mortar based
on standard sand and ilmenite were prepared. The
measurements were collected using several different
destructive (DT) and non-destructive (NDT) methods, and
the results were compared, and mutual correlation was
evaluated. The presented procedure for experimental
testing combining DT and NDT methods in one sample
represents a potential streamlining of processes.

Keywords

Compressive strength, lunar aggregate simulant,
concrete, electrical resistivity, correlations.
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Fig. 1: The process of using the samples for surface resistivity, volume
resistivity, flexural test, and compressive strength.

Fig. 2: Example of measuring volume resistivity of a prismatic sample.

This work presented the application of the known
measurement of electrical resistance to a new material
serving as lunar aggregate stimulants. The electrical
resistance from two different tests was compared with
elementary methods for determining strength. The most
important limitation of the results is the fact that we do not
have enough information about the behaviour of rocks on
the moon. Current findings could help solve this problem
because they have shown the limitations and similarities
with known composite materials. These results provide a
significant step towards the impending colonization of
space, which will need support in the form of building
development.
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Abstract

The present contribution summarizes the identification
part of the project concerned with the development of a
comprehensive multilevel approach for the experimental—
computational determination of the mechanical fracture
parameters of C30/37 concrete. Three-point bending tests
(3PBT) and wedge-splitting tests (WST) were performed
simultaneously using three different geometrically similar
specimen sizes in the ratio 1:3 and two well-separated
depths of initial notches. Examples of both test

configurations are depicted in Fig. 1.

Fig. 1: Test configurations of a three-point bending test (left) and
wedge-splitting test (right).

Experiments were followed by identification of the
mechanical fracture parameters using inverse analysis
based on an artificial neural network [1]. The inverse
procedure transforms fracture test response data into the
desired mechanical fracture parameters. This approach is
based on matching laboratory measurements with the
results gained by reproducing the same test numerically.

Three material parameters were subject of
identification — modulus of elasticity E, tensile strength f;,
and fracture energy Gy The mechanical fracture
parameters were successively identified for all 36
specimens tested in 3PBT and WST configurations.
Resulting mean values (coefficients of variation) of
C30/37 concrete, obtained from all tested 3PBT and WST
specimens, were: £ =31.42 GPa (12.8 %), fi=3.12 MPa
(18.7 %), Gr=192.85 J/m? (17.7 %).

When comparing the values of the parameters obtained
for different specimen sizes, a certain degree of

dependence on the size of the initial uncracked ligaments
was evident. Fracture energy value is influenced by the
size of the fracture process zone, which in turn is
influenced by the free boundary of the test specimen.
Figure 2 depicts values of fracture energy obtained from
3PBT plotted against the depth of the initial uncracked
ligament. A size dependence was also confirmed for the
tensile strength. On the other hand, the results confirmed
the size independence of the modulus of elasticity.
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Fig. 2: Dependence of fracture energy on the size of the uncracked
ligament: identification vs. experiment for 3PBT specimens.
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1. Vehicle Computational Model

For the purpose of this paper the so called quarter model
of vehicle was adopted. Equations of motion for
calculation of unknown functions, describing the vertical
displacements of lumped masses m;, can be written as

71 (6) = {~kyd,(©) — byd, () }/m,,
72 (8) = {+kyd, (¢) — kpd, (¢) + byd, (6) -

bzdz(t)}/mz- (1)
The term for calculation of contact force is
F(t) = =Gy + kdy(t) + bod,(8). (2)

The values di(?), (i = 1, 2) represent the deformation of
connected members of the model in time ¢. The derivations
with respect to time are denoted by the dot above the
symbol of dependently variable.

2.  Computational Model of a
Concrete Slab

In the spirit of classical mechanics the slab computational
model is created in the sense of Kirchhoff theory of thin
slabs on elastic foundation of Winkler and Pasternak type.

The equation of motion describing the slab vibration on
Winkler foundation has the form

*w a*w *w a%w aw
D(W—anxzayz—l-a_y‘*) +CW+”6?+2”(UDE_
p(x,y,t). €)

In case of Pasternak foundation the equation of motion is
*w *w *w %w %w
D (5 + 2smmar + 530) + Cw = Cax' . — Cor 7 +
%w ow

The assumption about the shape of the bending area of the

slab wa(x,y) due to the load is adopted and the wanted
function w(x,y,f) describing the shape of the bending area
of the slab in time 7 is expressed as

w(x,y,t) = q()w,(x,y) = q(t)sin?sin ?—y (5)

X y
I case of discrete moving load the contact force Fj(f) must
be transformed on continuous load p(x,y,?) by [1] using the

Dirac’s ¢ function

p(x,y,t) = X; F;()6(x —x)6(y —y;).  (6)

3. Pavement Composition

The subject of the analysis is the concrete pavement on the
layered subsoil. For the subsoil the constants C, Cj, Cay,
C,y, which characterize its properties in the spirit of
Winkler's and Pasternak's model were calculated. We
assume an isotropic subsoil Cox = Coy = C,.

4. Numerical Solution

Numerical solution of equations of motion was performed
in MATLAB and the ode45 procedure was used [8]. In the
first step, the Winkler's subsoil model is considered. In the
second step the Pasternak's model is considered. For the
Pasternak's model a correction of the results is needed due
to the fact that the slab transmits to the subgrade only the
value k' F of the contact force, where

_ 2K1(po)
=1/ + PoKo(Po)). )
After these corrections, the model provides acceptable
results. In the case of contact forces between the vehicle
wheel and the slab, both models give practically identical
results. A more precise model can be created only in the
sense of FEM
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Abstract. This contributions deals with an assessment of
the influence of the thickness on the values of stress
intensity factor (SIF) measured on the compact-tension
specimen. For this a numerical model was assembled and
the SIF values were calculated for various specimen’s
thicknesses by direct method.
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1. Introduction

The compact tension (CT) specimen is commonly used in
the experimental measurements of the fatigue crack
growth rates in metallic materials by Paris’ law [1].
Furthermore the standard for such measurements ASTM
E647 [2] recommends the minimum thickness to achieve
plane strain conditions and to have constant crack
increment over the load cycles. Nonetheless the influence
of the specimen’s thickness has not been investigated in
detail.

SIDE VIEW SECTION A-A

H/2 H/2
%
& o

Fig. 1: Compact tension specimen

In case traditional size of W= 50 mm, the stress conditions
for very thin specimen with a thickness B < 2.5 mm are
believed to be as plane stress while for the specimens with

thickness B> 10 mm it is acting as plane strain. However,
the practical material sometimes require to prepare
specimens with different thicknesses.

Based on this fact, a 3D numerical model in commercial
finite element (FE) software ANSYS was created and the
values of SIF were calculated by direct method.
Furthermore, the specimen’s thickness B varied from 1 +
20 mm.
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1. Introduction

The work presents the role of numerical modelling of flow
around a circular cylinder with a rough surface, which
represents a smokestack. The 2D task simulates a highly
turbulent flow corresponding to the real atmosphere. The
calculations are carried out in the ANSY'S Fluent software
using the SST k-@ model, which allows a better
mathematical description near the wall compared to other
RANS models. The solution is examined on two basic
types of roughness, which differ only in their density.

The study is focused on the calculation of the pressure
load of the cylinder from the effect of the wind, which is
represented here by the dimensionless pressure coefficient
¢p- Since it is a very rough surface, attention is also paid to
the influence of the local point location in surface
roughness. Differences are observed not only in terms of
local load, but also in its turbulent (fluctuation)
characteristics. The drag coefficients cq in both cases are
compared to the standard calculation.

The flow around the cylinders is a complex phenomenon
that is highly dependent on many parameters that can
significantly affect flow field properties. Wind flow in the
real atmosphere is a highly critical event in critical mode.
Therefore, not only the Reynolds number Re (turbulent
flow rate), but also the roughness (Fig.1) and the
irregularity of the flowing surfaces, play an important role
in the loading of structures. The subject of this study is the
effect of surface roughness on the flow field properties
around the cylinder.

Fig. 1: Building structure with corrugated surface

https://tinyurl.com/chimney123].

The task is focused on modeling the flow around a
cylinder with a corrugated surface. The paper describes a
simulation of the wind flow around a real chimney with a
diameter of 3.6 m. A diagram of two types of shaped
surfaces is shown in Figures 2 and 3. In both cases the
wave height is 18 mm. The main difference between the
monitored profiles is their wave density. Flow parameters
in the atmospheric boundary layer correspond to highly
turbulent flow. In the study, the wind velocity is considered
to be ux = 10 m/s and the turbulence intensity i, = 10 %.
Reynolds number Re = 2.1-106.
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Fig. 2: Detail of geometry with dense waves on the perimeter (including
velocity vectors around the cylinder).
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Fig. 3: Detail of sparse wave geometry on the perimeter (including
velocity vectors around the cylinder).
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Abstract. In construction practice, it is often necessary to
change the use of the original building in the existing
building - hall. Associated with this is the basic question
of whether it is possible and under what conditions to
adapt this original building to the new demands on the
operating load and its change. In this case, it is a general
change of use of existing floors made of wire concrete or
plain concrete. Normally, these floors are primarily
designed for surface loads taking into account the small
point force. Due to the trend of using older buildings for
new purposes (storage halls with racks - point load from
rack assemblies or as in this case a built-in hall for clean
rooms) it is appropriate to find a calculation and testing
tool to determine the maximum load capacity of such
floors. One possibility is numerical analysis using
advanced modeling methods with the support of diagnostic
methods and laboratory experiments to provide input data
for the mathematical model. This article is a numerical
analysis supplemented by knowledge from the literature
and physical measurements.

Keywords

Compressive strength, crack, concrete, FEM analysis,
EPS100, FRC, stiffness and deformation, soil analysis.

This work presents the results of a numerical model of the
effect of subsoil stiffness and heel plate stiffness on the
change in stress in polystyrene and wire concrete (see Fig.

).

ANSYS|
|

Fig. 1: Stress distribution under the contact plate.

Fig. 2:

Example of real anchoring steel column on slabs.

The motivation for this analysis is the long-term
cooperation with the company Block, which deals with
clean spaces. This company often uses older buildings and
builds new halls into them, where it assembles closed halls
for special requirements for dust-free. For the original
buildings, the existing floors are not dimensioned for the
new point load and therefore this analysis is performed
here. The numerical calculation includes three types of
base plates and three types of subsoil. These individual
input data are combined with each other to determine the
effect of these parameters on the stress in concrete and
polystyrene. The result of the analysis are graphs of the
course of deformations depending on the input parameters
of the model (stiffness of the base plate and stiffness of the
subsoil). The aim is to determine the load-bearing capacity
of polystyrene and wire-reinforced concrete, so that there
is no permanent deformation of polystyrene and
unsatisfactory cracks in wire-reinforced concrete, which
affect the stiffness of the board and thus the local pressure
on EPS100.
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1. Introduction

Many existing steel railway bridges are exposed to
degradation and increasing traffic loads. Their reliability
assessment may contribute to sustainability in construction
particularly when these bridges are kept in service. The
sustainability aspects mainly relate to reducing waste
material and to unnecessary replacements of existing
bridges. The key aspects of assessment include
specification of the target reliability and selection of an
appropriate assessment method. The submitted study is
aimed at improvements methods of reliability assessment
of an existing steel railway bridge.

2. Comparison of Approaches to
Reliability Verification

Reliability requirements following from the fixed partial
factors (FPF) provided in EN 1990 and SZ S5, adjusted
partial factors (4PF) according to SZ S5, and probabilistic
method (PM) are critically compared. An existing steel
railway bridge with age 90 years and remaining service life
10 years is considered.

Figure 1 displays variation of W;/ Wex with load ratio
x for the case where a rail traffic load effect is based on the
LM71 model. W; denotes the geometrical characteristic of
a cross-section (such as section module) required to satisfy
the limit state in accordance with a particular approach to
reliability verification and Wgnis the reference value based
on the partial factors recommended in Eurocodes.
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Fig. 1: Variation of W;/ Wgy with y for LM71 model (age of bridge —

90 years, remaining service life — 10 years)

Figure 2 displays variation of the FORM sensitivity
factors with the load ratio y. In this case, the a-factors are
practically independent of the rail traffic load model.
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Fig. 2: Variation of sensitivity factors with y

It appears that for steel bridges, the dominant influence
on reliability can be attributed to variability of the rail
traffic load effect. Detailed numerical studies indicate that
in this case, the sensitivity factors depend insignificantly
on a reference period as they are primarily affected by
uncertainties in time-invariant variables including the
dynamic amplification factor.

3. Conclusions

Application of probabilistic-based partial factors and
adjusted partial factors allows to reduce assessment
requirements by 10-15%. Development and wider use of
the adjusted partial factors seems to be reasonable
considering the balance between demands on input
information, computational complexity, and achieved
improvements in reliability assessments. For routine
applications in assessments, the target reliability levels for
existing railway bridges should be specified.
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Abstract. Tensegrity structures, due to their lightness and high
stiffness, have been popular among architects and constructors
for many years. When designing building and engineering
structures, the most important stage of designing is the selection
of the appropriate structural system depending on the purpose
and location of the designed facility. When selecting the load-
bearing structure, designers are guided by the smallest possible
weight of the structure, while ensuring the safe operation of the
facility, meeting all strength conditions. The article presents an
analysis of the effectiveness of using the tensegrity structure for
the load-bearing structure of a tower in a steel structure. The
assessment of effectiveness was carried out taking into account
the economy of execution and the fulfillment of the ultimate and
serviceability limit conditions of individual elements of the
structure for the load-bearing system of the tensegrity structure.
Numerical calculations and cross-section dimensioning were
performed using the finite element method in RFEM, modeling
the structure in 3D.

Keywords

Tensegrity structure, tension structure, RFEM.

1. Computational model of tower
structure in the tensegrity system

For the analysis, the construction of a tower consisting of
simplex tensegrity modules was adopted, with the base
described in the figure of a triangle, inscribed in a circle
with a diameter of 3 m. Fig. 1 shows two types of
connections in multi-module tensegrity systems. The
height of the tower was assumed to be 12 m, and the height
of one module was assumed to be 3 m. The upper base of
the module in relation to the lower base was turned by
150°. The tower consists of 5 modules overlapping each
other by a distance of 1/4 of the module height. The
tensegrity structure uses the opposite direction of twisting
the base of the module compared to the previous one. The
model was modeled in RFEM and calculations were made.

Fig. 1: Types of connection of tensegrity modules: a) node-node
connection, b) strut-tendon connection.

2. Conclusion

The article presents the tensegrity structure as an
interesting solution in the mechanics of structures in
engineering facilities. The uniqueness of such a system is
determined by the self-stress state and the infinitesimal
mechanisms that stiffen it. Due to the axial distribution of
forces in individual elements of the structure, some of
them can be replaced with light cables, which significantly
contributes to reducing the weight of the structure. It is
worth noting, however, that in the tensegrity structure there
is a risk of failure of the entire structure as a result of
damage or tearing of one of the elements, and this may lead
to the destruction of the entire structure and is
disadvantageous from the point of view of the reliability
of the structure. However, as a result of the analysis carried
out on the basis of the modeled, loaded and dimensioned
tower model, it can be concluded that the tensegrity
structure for the tower structure is an interesting solution
that is worth considering when designing.
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1. Introduction

Non-linear finite element analysis has become a widely
used tool in reliability verification of reinforced concrete
(RC) structures. However, such assessment is a
challenging task due to growing complexity of structural
models, large number of random variables, and small
failure probabilities. Semi-probabilistic methods such as
the partial factor method PFM or the method of
Estimation of Coefficient of Variation ECoV are devised
to yield adequate estimates in most situations. Previous
studies showed that particularly the verification of series
systems presents a challenge concerning applications of
PFM and ECoV. Basic cases of series systems are thus
analysed here; design resistances (Rq) estimated by these
methods are compared with the probabilistic approach.

2. Lognormal Resistance (Case 1)

Case 1 is focused on a series system whose resistance R
is obtained as a minimum of concrete and steel
reinforcement contributions described by lognormal
distributions. Fig. 1 displays variability of
R semi-probab / Ra probab With reinforcement ratio p. It appears
that PFM provides a very good approximation while
ECoV may overestimate up to 15%.

Rd,semi-prob /Rd,probab
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Fig. 1: Variability of Ry semi-probab / R probar With p (Case 1).

3. Normal Resistance (Case 2)

Case 2 investigates the same series system as in Case I,
but concrete and yield strengths are now described by a
normal distribution. Variation of the Ry-ratios is similar to
that observed in Case I. However, the ECoV error is
magnified, reaching up to 30% for Rygrcov(px) and
converging to 10% for high reinforcement ratios.

4. Concluding Remarks

It is shown that for the series systems, PFM provides
very good approximations. ECoV may overestimate in
some cases; the maximum error is attributed mainly to
failure in identifying a type of distribution of system
resistance. When the normal distributions of component
resistances are considered, the error of EColV—strictly
based on the assumption of lognormally distributed
resistance—is magnified. Further research should be
focused on the analysis of parallel and mixed series-
parallel systems, cases with strongly non-lognormal
resistance, effects of many components of the system and
correlations between component resistances, and
performance of advanced methods for reliability
verification of RC structures.
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Abstract. This paper presents the use of a finite element
method (FEM) to analyse the negative shear lag effect on
prestressed continuous double T beam. However, the
numerical method can be applied to i) any cross-section,
ii). the most common types of supports, such as fixed,
pinned, roller, iii) and any applied load, concentrated, or
distributed. The characteristics of the cross-section are
firstly derived from 2D FEM, which uses a 9-node
isoparametric element. Then, a 1D FEM, which uses a
linear isoparametric element, is developed to compute the
deflection, rotation angle, bending warping parameter,
and stress resultants. Finally, the stress field is obtained
from the local analysis on the 2D-cross section. A
MATLAB program is executed to validate the numerical
method.

Keywords

Shear lag, restrained warping, prestressing, load, finite
element method

1. Introduction

According to the elementary beam theory, when the beam
element is under load, the longitudinal normal stresses are
assumed to be proportional to the distance from the neutral
axis. However, in practice, these stresses are nonuniformly
distributed over the width of the cross-section. This
phenomenon is called shear lag. Many authors have
researched the shear lag phenomenon. Most studies focus
on concentrated and uniformly distributed loads. The
effect of prestressed load on shear lag has only been
performed in a few studies. Chang, S.T. (2004) used an
analytical method to calculate the shear lag of simply
supported prestressed concrete. Zhou, S.J. Qin. (2011)
proposed a new FEM to analyse the shear lag in
prestressed concrete box girders.The purpose of this paper
is to investigate the negative shear lag effect due to
prestressing load in continuous double T beam by

establishing a numerical method using FEM, based on
displacement and strain fields derived from Dikaros, 1.C.
et al. (2014).

2. Validation Example

A prestressed continuous beam with a double T cross-
section shown in Fig. 1 was analysed using the code
developed in MATLAB R2015. Six straight tendons are
positioned uniformly at the centre of the slab, each of
which is stressed with a force of 140 kN. Modulus of
elasticity £= 30 x 10° MPa, and the Poisson ratiov = 0.2.
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Fig. 1: Continuous beam, the load, and the geometry of the cross-
section, units [mm].

3. Conclusions

In this paper, FEM is developed to analyse the negative
shear lag effect due to prestressing in continuous double T
beam. However, the numerical method can be used for
arbitrary cross-sections with most boundary conditions
and load types. A three-span continuous beam subjected to
the prestressing load at the internal support was analysed
and compared with the results from 3D simulation
software. It was observed that the present study could
predict the negative shear lag phenomenon accurately due
to prestressing load.
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Abstract. This paper presents the use of a finite element
method (FEM) to analyze nonuniform torsion with an
arbitrary cross-section with homogeneous elastic material
without shear deformation effect. Beams are constrained
by the most common types of supports, such as fixed,
pinned, and roller, and are subjected to any applied
torsional load, concentrated, and distributed. The
presented FEM transforms the 3D analysis of nonuniform
torsion beams into separated 2D cross-sectional and 1D
modelling. The geometric constants of the cross-section
are firstly derived from 2D FEM, which uses a 9-node
isoparametric element. Then, a 1D FEM, which uses the
Hermitian shape function, is developed for computing the
twist angle, the derivative of twist angle, and stress
resultants. Finally, the stress field is obtained from the
local analysis on the 2D-cross section. A MATLAB
program is executed to validate the numerical method
through examples. The validation examples have proven
the reliability of the author's numerical method for
analyzing problems defined above.

Keywords

Nonuniform torsion, Shear deformation effect, Warping
restraint.

1. Introduction

In engineering practice, we often encounter beam
structures loaded in torsion. When the warping of a
member's cross-section is not restrained, the stress field of
a prismatic beam with homogeneous isotropic material can
be derived from the Saint-Venant theory strictly [1-4]. In
practice, because i) boundary conditions are imposed, ii)
geometrical characteristics of the section, the warping of
beam's cross-section is restrained, which leads to
additional normal and shear stresses, which the Saint
Venant theory does not take into account. Vlasov [5] was
the first to formulate the problem of nonuniform torsion.

Benscoter [6] improved Vlasov's theory, which neglects
the shear deformation effect, leading to errors with closed
cross-sections [7]. Many authors established FEM to
consider nonuniform torsion taking into account the shear
deformation effect [7-14]. However, the above research [7-
14] used the approximations of Thin Tube Theory [5] to
determine the bar's geometric constants, restricting the
accuracy and applicability of the formulations. The
purpose of this paper is to establish a numerical method
using FEM to solve the nonuniform torsion problem
without the shear deformation effect of the prismatic beam
with arbitrary cross-section unchanged throughout the
length with homogeneous isotropic elastic material, based
on displacement and strain fields derived from
Sapountzakis, EJ et al. [17]. This paper is a preliminary
research step for future research, which considers the shear
deformation effect in nonuniform torsion.

2. Validation Examples

A computer code is developed in the MATLAB R2015a
software based on the formulations described in the
previous sections. The obtained results are compared with
the available works of the literature.

3. Conclusion

In this paper, a FEM is developed to solve nonuniform
torsion without the shear deformation effect of the
prismatic beam with an arbitrary cross-section with
homogeneous isotropic material. Two examples were
performed for validating the accuracy of the present study.
The comparison of the results from the present study with
the corresponding results in the literature shows that the
present study can predict the responses of the non-uniform
torsion with arbitrary cross-section without shear
deformation effect accurately. Linear analysis of
nonuniform torsion considering shear deformation would
be one of the future research topics.
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Abstract. A frequent requirement for the innovation
of housing  units in  residential  buildings made
of prefabricated concrete panels is the creation of a new
opening in the load-bearing wall of the building.
The article discusses one selected reconstruction case
leading to a design of supporting steel frame structure
activated before the start of demolition work.

Klicova slova

Panelové domy, otvor, ocelovy vyztuZny ram.

1. Uvod

Rekonstrukce bytovych jader v panelovych domech
je dlouhodobé feSené téma stavebni praxe. S rekonstrukci
se hojné vaze problém s propojenim dvou sousedicich
mistnosti novym otvorem budovanym ve stavajici nosné
sténé panelového domu. Velkou pozornost, pii feSeni
podobného problému, je potieba vénovat predevsim
vzniku trhlin, které se vSak, dle dostupnych poznatkd,
vyskytuji prevazné v pribéznych sparach paneld [1].
Vznik trhliny v ploSe panelu jiz pfed zapocetim bourani
otvoru, znaci globalni problém celého nosného systému
a pravdépodobné pretizeni casti konstrukce. Budovani
jakychkoliv novych otvori u téchto staveb je nemozné.

V ptipadé dobré kondice nosného systému objektu je
vzniku novych otvori mozny, doporucuje se vSak jeho
Sitkové omezeni do max. 1000 mm. Zaroven je nutné
ovérit, zda v okolnich panelech jiz neni dodate¢ny otvor
zbudovan. Pokud v sousednich, pfedev§sim nad hornim
a pod dolnim licem feSeného panelu panelech, jiz otvor
v minulosti zbudovan byl, je nutné ovéfit také vliv téchto
otvorl na planovany zasah do posuzované konstrukce [2].

V dostupné literatuie jsou uvadény mnohé limity pro
provadéni a doporuceni na podepieni konstrukce pfi
vyfezani otvoru. Tomuto se snazi autofi ¢lanku vyhnout
navrzenim piedem aktivovaného ocelového privlaku,
ktery bude jest¢ dale vyztuZzen po vyfezani otvoru.
Navrzeny postup praci je v ¢lanku podrobné popsan.

Pro analyzu chovani konstrukce pfi budovani nového
otvoru byl vybran modifikovany panelovy dim G-OS se
znamym zaméfeni stavajiciho stavu a informaci o poctu,
velikostech a umisténi dalsich otvorti v nosnych sténach.

V ¢lanku je postupné osvétlena myslenka provedeni
nové budovaného otvoru bez vyuziti dodate¢ného
podepieni konstrukce. Dale je provedena analyza zmény
tuhosti oslabené stény ve vodorovném sméru, pro ovéieni
roznosu zatizeni vétrem na oslabeném objektu.
Na zjednoduseném  sténovém problému suvazZenim
pusobicich svislych zatizeni je provedena analyza
moznych feSeni predem vyztuzeného nadprazi. Nasledné
je na vybraném feSeni je provedena detailni numericka
analyza vyuzivajici objemové konecné prvky pro
nalezeni kritickych mist, ve kterych by mohla vzniknout
lokalniho porucha, kterd by pozdé€ji ovlivnila globalni
chovani konstrukce. Autofi nabizi také mozZnost
zjednoduseného  posouzeni  konstrukce.  Vysledky
jednotlivych feSeni navzajem porovnavaji a diskutuji.
V zavéru ¢lanku je prokazana proveditelnost navrzeného
feseni vyztuzeni dodate¢né budovaného otvoru vyuZzitim
spoluptisobici ocelové ramové konstrukce.

KZ9 : 1.35*ZS1 + 1.5*ZS3 + 1.5*ZS4 + 1.5*ZS5 Ve sméruY
Pruty Napgti Sigma- Napéti
- ol [MPa)
1.94
11392
0.840
0.289
0263
0815
1.367
: 1918
2.470
L.x 3.022
3573
Pruty MaX Sigma-x. =3 40364032, Min Sigma=x. 3.403e+032 [MPa]MW_;i;Qég
Max Sigma-1,+: 1.944, Min Sigma-1,+: -4.125 MPa B

Obr. 1

[1] WITZANY, J. a kol.: Metodické a technické pokyny
pro posuzovani stavebnich Uprav a zasahi do nosné
konstrukce  panelovych ~ domi,  certifikovana
metodika, Praha: CVUT v Praze, VUT v Brnég, VSB,
2016, Dostupné na: http://www.sfrb.cz/fileadmin/

user_upload/metodika otvory_final.pdf
[2] WITZANY, Jiti, Jaromir VRBA a Vaclav

HONZIK. Otvory v panelovych domech. Praha:
Pro Ceskou komoru autorizovanych  inZenyrt
atechnik cinnych ve vystavbé vydalo Informacni
centrum CKAIT, 2014. Technické kniznice (CKAIT).
ISBN 978-80-87438-55-8.

Ptiklad napéti 6, v betonu v piipadé nevyztuzeného otvoru
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Abstract. Standard push-out tests are nowadays often
performed by many researchers around the world in
order to determine the elastic shear resistance of the
selected shear element. Later, these experiments are
modelled in several softwares based on finite element
method (FEM). The main toping of this article is the
importance of choosing the right mesh settings for such
analysis — shape, curvature control and specifically size.
Their effect is closely described below.

Keywords

Mesh, FEM, push-out tests, steel-concrete, continuous
shear connector.

1. Introduction

Load [kn]

St lmml Slip [mm]
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Load k]

Mesh 4
Mesh 12

silmm) sip ]

Fig. 1: Comparison of results between bigger and lower global size of
each push-out test analysis.

2. Conclusion

From the Fig. 5 it is visible how big effect the size of the
elements has onto the analysis results. This is also
specific to the push-out tests due to the small distance —
10 mm — of the measured slip. In all the compared

analysis the difference in results occurred before the
cycle between 40 and 5% of the expected resistance, with
deviation lower than 1mm. In the last type of the strip,
PTS5, the mesh size of concrete and steel had to be divided
into different numbers, probably due to the small, 20mm
in diameter, holes in its walls.

Based on the trial and error method it was found that
the maximum deviation control as well as minimum size
control performed well when the ratio was around 0.1 for
all parts and that the global size of the parts of push-out
tests was acceptable when lower or equal to 20, with
reinforcement at its higher limit and steel parts with
lower numbers.
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Abstract. This paper concerns the results of research
into the effect of the mechanical-fracture parame-
ters of inclusion material on the fracture response
of specially designed cement-based composite speci-
mens. These specimens of the nominal dimension
40 x 40 x 160 mm with inclusion in the shape of prisms
with nominal dimensions of 8 X 8 x 40 mm were pro-
vided with an initial central edge motch and tested
in the threee-point bending configuration, see Fig. [1]
These specimens were made of fine-grained cement-
based composite and had different types of inclusion —
rock inclusions (amphibolite, basalt, granite and mar-
ble), steel and extruded polystyrene.

IF CROSS SECTION
<2
=
&
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Fig. 1: Specimen geometry and the three-point bending frac-
ture test configuration.

The aim of this paper is to analyse the effect
of the mechanical-fracture parameters of inclusions
material on the effective mechanical—fracture param-
eters of cement-based composite. For this pur-
pose, the correlations between evaluated mechanical—
fracture parameters evaluated from F-d diagrams
and mechanical—fracture parameters of inclusion mate-
rial are presented. Namely Young’s modulus of elastic-
ity Eage and Poisson’s ratio Vage of inclusion are used,
other predominantly fracture parameters are omitted.
The reason is simple — no crack propagation through
the inclusion was observed (except of the first speci-
men with marble inclusion) so the fracture properties
of the inclusion should not affect the fracture behaviour
of specimens.

The results of this research indicate the depen-
dence of the Young’s modulus of inclusion material
E.gs on the effective mechanical-fracture parameters
of cement-based composite.  The results show that
Young’s modulus of composite E is negatively corre-
lated with Young’s modulus of inclusion material Egg.
The resistance, which s approximately expressed by
the values of maximal forces F/Fux, specific frac-
ture energy Gr /Gr mix and effective fracture toughness
Kice/KiCemtx ratios, is mazimal in the case of Eagg ~
2E’mtx-

The mazimal values of Gr /G mix
and Kice/Kicemtx are in the case of Vage ~ 0.2
which is the value typical for concrete. Nevertheless,
the effect of the Poisson’s ratio of inclusion Vags is not
as significant as in the case of Young’s modulus Eagg.

Anyway, the author is aware that it is mecessary
to perform more experiments and confirm it by numer-
ical simulations to prove the real effect of mechanical—
fracture parameters of inclusion on overall fracture be-
haviour of composite.
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Abstract. This paper deals with the importance of
analysing tensile structures during individual construc-
tion stages. This type of analysis is usually related
to conventional structures. However, results of the re-
search on this topic imply that problems caused by an
nsufficient design are solved on a building site on a
daily basis. It usually is the engineer’s responsibility
to find a proper solution and a method of construction.
A challenging decision is strongly dependent on exrpe-
rience and current status. This research contributes to
a more detailed description of the problem.

Keywords

Construction stages, form-finding, tensile sur-
face structures.

1. Introduction

This paper focuses on the importance of construc-
tion stages analysis of tensile surface structures.
Lightweight structures represent a sustainable and
elegant roofing solution. In order to reach sufficient
efficiency of the individual elements it is important to
include each response in the calculation.

Membrane structures are characterized by internal
membrane forces due to the fact that the bending
stiffness of a membrane material is almost zero. The
structural shape of a tensile structure is determined by
forces, thus from an inverse formulation of equilibrium.
(7]

In general, the spatial position of all material points
of the surface are determined in order to reach equilib-
rium during the form-finding procedure. Input param-
eters are external forces and internal stresses acting on
the unknown shape of the surface. [?]

2. Conclusion

Tensile surface structures are very sensitive to any
change as has been stated and proved. A temporary
load may affect the structure under construction in
an unexpected way during the most vulnerable condi-
tion. This approach for analyzing the membrane sur-
face structures may help to suggest new construction
methods. Load distribution appears to be one of the
most important objectives. A more uniform distribu-
tion of the principal internal forces n; ensures a better
initial condition for further loading. Another impor-
tant objective is to reduce the overall amount of ex-
treme internal forces. Then it is possible to choose
smaller steel parts of the surface. Thus, the design of
the structure is more effective and ecological.
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Abstract. The aim of the study was to test the effectiveness
of the proprietary FUNCTIONS ANALYSIS software to
assess the degradation of tested brick elements based on
the surface areas of the obtained FRF functions. The
research confirmed the usefulness of experimental modal
analysis in identifying damages of masonry elements
based on a comparison of the course of the FRF function
and the coherence function in a damaged and undamaged
object.
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Modal analysis; vibration frequencies; stabilization
diagram; solid brick; checker brick.

1. Introduction

The purpose of the work is to conduct an experimental
modal analysis by the SISO method and confirm its
usefulness in identifying damages of masonry elements
based on a comparison of the FRF function and the
coherence function in a damaged and undamaged object.

2. Validation Example

The following figures show a comparison of the average
of 10 samples (undamaged and damaged), FRF function
waveforms and coherence in terms of their visual time
course, as well as the calculated surface areas of the
function data for fit and damaged samples of solid bricks
and checker bricks.

Fig. 8:
solid brick (a) undamaged, (b) damaged in the Z axis.

The average surface area of the FRF function for

(b)

Average surface area of the coherence function for

Fig. 9:
solid brick (a) undamaged; (b) damaged in the Z axis.

3. Conclusion

Presented research results indicate that basically a modal
analysis can distinguish between material properties,
which affects the ability to distinguish between their
strength properties or degradation state. The research
confirmed the usefulness of experimental modal analysis
in identifying damages of masonry elements based on a
comparison of the course of the FRF function and the
coherence function in a damaged and undamaged object.
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