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THE PURE BENDING TASK IN CASE OF COMPOSITE ROD
BASED ON FOUR-ELEMENT MODEL

Bidzina ABESADZE'
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Abstract. In the presented paper is stated at external
constant force moment, distribution of deformations and
stresses development in the rod with consideration of
geometric characteristic as well as the time factor based
on the four-element model. The values of the curvature and
rotation angle are estimated. Are determined values of
deflection of rod with dependence on its coordinate and
time. The behavior and distribution of arisen in the cross-
section of rod stresses at constant deformation (the case of
relaxation) depended on the time is also determined.

Keywords

Composite rod, model, stress, deformation.

1. Introduction

Composites with fiber matrix and ebony (organic) filler are
characterized the complex nature of deformation. This is
expressed even in the case of constant loading in
development of deformations, occurs the creeping
phenomenon. They are also characterized by relaxation (at
constant deformation arisen in the cross-section stresses
are decreased during period of time). The theory of models
is often applied to describe the properties of such materials
that represent certain combinations of pure elastic and
viscous elements. The simplest way of modeling is the
two-dimensional Maxwell and Kelvin-Voigt models;
although they would not even fully qualitative describe the
characteristics of the mentioned composites. Much better
results are achieved at considering of generalized models
in that the number of simple elements is more than two. In
the given case the task is considered based on the four-
element (two elastic and two viscous) generalized models
that conventionally represents the parallel combination of
Maxwell's and Kelvin-Voigt models.

The linear task of the deformation of such model is
reduced to the generation of differential dependence
(rheological equation) that connects the total stress and
deformation, and its solution would be done in a particular
case of deformation or stress, for example: to 0 = o, =

const correspond the case of creeping and to € =g, =
const — relaxation. At this are obtained the specific
analytical solutions that more or less well are describing
the actual characteristics of such composites.

Due using the four-element generalized model, the task
of pure bending of composite rod will be reduced to the
task of linear deformation for each layer. In the presented
paper is stated the distribution of developed in the rod
deformations and stresses at the constant loading with
consideration of geometric characteristics as well as taking
into account the time factor. The values of curvature and
rotation angle are estimated. The values of rod deflection
are defined depending on its coordinate and time. The
behaviour and distribution of arisen in the cross-section of
rod stresses are determined also at constant deformation
(case of relaxation).

2. Conclusion

The considered task reflects mode of deformation
corresponding to the pure bending of made from
composite material rectangular rod. Despite of the
simplicity of task, in contrary to the metals, will be
obtained the complex image, deformation and stresses in
the points of cross-section with coordinates will depend
also on time. The application of general models and in this
case the four-element model gives the possibility for the
most cases to write down the solutions in analytical form
that is very important for further researches.
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ON VECTORIZED MATLAB IMPLEMENTATION
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Abstract. We propose an effective and flexible way to
assemble tangent stiffness matrices in MATLAB. Our
technique is applied to elastoplastic problems formu-
lated in terms of displacements and discretized by the
finite element method. The tangent stiffness matriz is
repeatedly assembled in each time step and in each it-
eration of the semismooth Newton method. We discuss
in detail von Mieses and Drucker-Prager yield crite-
ria and linear and quadratic finite elements in two and
three space dimensions. Our codes are vectorized and
available for download. Comparisons with other avail-
able MATLAB codes show our technique is also effi-
cient for purely elastic problems. In elastoplasticty, the
assembly times are linearly proportional to the number
of integration points.

Keywords

FElastoplasticity, wvectorized MATLAB codes,
von Mises yield criterion, Drucker-Prager yield
criterion.

1. Introduction

Vectorization in MATLAB replaces inefficient loops
over long arrays by operations with matrices, mainly
with sparse matrices. Vectorized codes are then rea-
sonably scalable and fast for large size problems. In
this contribution, we deal with a vectorized MATLAB
implementation in 2D and 3D proposed in [I] for so-
lution of elastoplastic problems. The related codes are
available for download in [2].

Our implementation arises from a current elastoplas-
tic solution scheme including time discretization by the
implicit Euler method, construction of a constitutive
operator and its generalized derivatives by the return-

(©2019 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

mapping algorithm, space discretization by the finite
element method, and solution of nonlinear systems of
equations by the semismooth Newton method. In [I],
there is described in detail the implementation for mod-
els including von Mises and Drucker-Prager yield cri-
teria.

Further, one can optionally choose P1, P2, Q1 and
Q2 finite elements with convenient quadrature rule for
numerical integration. To be the codes universal, cru-
cial functions are written uniformly regardless on the
choice of elastoplastic models, finite elements or geome-
tries.

2. Conclusion

The paper is focused on an efficient and flexible imple-
mentation of elastoplastic problems. We have mainly
proposed the innovative assembly of elastoplastic FEM
matrices. Additional effort to build the tangential stiff-
ness matrices in each Newton iteration and each time
step of elastoplastic problems does not exceed the cost
for the elastic stiffness matrix. The smaller is the num-
ber of the plastic integrations points, the faster is the
assembly.

References
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Abstract. The numerical analysis of a composite bending
plate as a weight in motion sensor is presented in the
article. The deflection of the composite block is measured
through the measurement of elongation of the prestressed
steel bars. The result shows how big the changes in the
prestressed force is. The study is focused especially on
comparison of static and dynamic solution. The influence
of temperature is also considered.

Keywords

Finite element method, ADINA, weight in motion,
composite bending plate, contact analysis.

1. Introduction

Development of the Weight in motion systems (WIM) is
the task of engineers and researchers from various
institutions for more than 65 years (Norman, Hopkins
1952). The role of the WIM system is to detect the weight
of moving vehicles with the accuracy close to the system
that detect the weight at rest. The main part of WIM system
is the mass (weight) sensor. The most commonly used
technologies are load cells, bending plates, fibre optic
sensors or quartz piezoelectric sensor. The presented
article is focused on the numerical design of the
prestressed composite bending plate sensor for high speed
permanent WIM system. The proposed bending plate
block is designed to be made from material Pertinax Hp
2061 which is a composite material made of paper
impregnated with a plasticized phenol formaldehyde resin.
first purpose is to prestress the block. The block is
designed to be prestressed as it is supposed to be effective
to decrease its nonlinear behaviour. The second reason
why there are steel rods is to measure the deflection of the
bending plate. This is done by measurement of the
elongation of them. The strain gauge mounted on them are
used for this. The advantage of this idea is that electronic

equipment is hidden in the volume of the block and there
are better experiences with mounting strain gauges on steel
than on other materials. The analysis is focused on
dynamic response of the bending plate to the moving
wheel.

LOADING POINT
F =50 kN

WHEEL MODEL

MOVING DIRECTION
SPEED 10 m/s (const)

WIM ELEMENT

1000 M

=9
AUXILIARY SURFACE e
\ 750mM S

Fig. 1: Scheme of the finite element model

2. Conclusion

The concept of a composite bending plate used as a weight
in motion sensor is presented in the article. Its numerical
model is used to investigate how the loading with a moving
wheel changes the prestressed force in a steel bar. The
result shows that there are similar changes for static and
dynamic solution, which means that the dynamic
behaviour of the bending plate could not influence the
measured results. However, there is important to say that
no irregularities on the pavement have been considered in
this study.
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Klicova slova

Scia Engineer, Brazilsky disk, nelinearita, beton, kvazi-
kirehky material.

1. Uvod

Tento prispévek se zabyva porovnanim odezvy vybranych
materialovych model, se zahrnutim kvazi-kiehkého
chovani dostupnych v softwaru SCIA Engineer [1], ktery
patii k jedném z nejrozsifenéjSich softwarli pro navrh
stavebnich  konstrukci. Materidlové modely  jsou
porovnany na télese typu Brazilského disku. Li & Wong
(2013) [1], které¢ mlze byt opatieno ve stiedu zafezem
Ayatollahi & Aliha (2008) [3], viz Obr. 1.

P

—COMPRESSIVE
FORCE

Fig. 1: Okrajové podminky a geometrie télesa typu Brazilsky disk.

2. Nelinearni Materialové Modely ve
SCIA Engineer

Hlavnim tématem toho pfispé€vku je porovnani nékolika
materialové nelinearnich modeld, které lze pouzit pii
navrhu  betonovych  konstrukci.  Implementované
nelinearni materialové modely v softwaru SCIA Engineer
jsou tyto: metoda normové zavislych pruhybd odpovida
dle normy EN 1992-1-1 [4], elasto-plasticky model
Drucker-Prager / Mohr-Coulomb, ale také modifikovany
Mazarstiv model poskozeni [5].

3. Zavér

Cilem tohoto piispévku bylo porovnat rGzné nelinearni
materidlové modely dostupné v softwaru SCIA Engineer a
vygenerovat zatézovaci kiivku télesa tvaru Brazilského
disku. Z provedené studie lze dojit k zavéru, ze pribch
zkousky Brazilskym diskem je nejlépe popsan
materidlovym modelem s rozdilnymi pevnostmi v tlaku a
tahu. Lze tedy tento materidlovy model doporudit
k modelovani nejen zkousek, ale také i betonovych
konstrukci. Dale byla porovnana také pole hlavnich napéti
generovana témito nelinearnimi modely.

Podékovani
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»Program narodni udrzitelnosti I konkrétné ,,Admas UP-
Pokrocilé materialy, konstrukce a technologie® (¢islo.
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Abstract. The paper is focused on design and numerical
analysis of a rolling chassis of a trailer. The trailer will
serve as a mobile building containing sauna. The analysis
is made according to dynamical load during motion on
rough terrain and deceleration caused by braking.

Klicova slova

Podvozek, dynamické zatiZent, pruZinovy model.

Clanek popisuje navrzeni tvaru, vytvofeni vypoéetniho
modelu a zpusob posouzeni nosné konstrukce mobilni
sauny na dvoundpravovém podvozku, viz obr. 1.
Predlohou pro novy navrh byl stavajici nevyhovujici
podvozek maringotky v majetku objednatele.

Nové navrzena konstrukce, slozena z jekld rtznych
rozmért, je kombinaci ramu a dvojice piihradovych
ztuzidel. Spodni ztuzidlo zajistuje pfedev§im odolnost
vici krouticim €inkiim vzniklym pojezdem po nerovném
povrchu. Horni ztuzidlo pak zajist'uje konstrukei zatiZzenou
ucinky brzdeéni. Podvozek je uloZen na dvou néapravach
odpruzenych ctvefici listovych per.

2500

o o

] ]

7 7

Obr. 1: Schéma hlavni nosné konstrukce podvozku
a umisténi naprav.

Schéma na obr. 1 ukazuje trojici obdélnikovych otvort.
Otvory nejsou vyuzité k piihradovému feSeni, jelikoZ
budou obsahovat velkoformatové vyplné (zavétrovani je
zajisténo diagonalami v pficnych ramech). Konkrétné
otvory vlevo a vpravo jsou uréeny pro okna. Otvor
uprostfed pak pro vyklapéci schodisté. Okenni otvory tvofi
z hlediska mezi pouzitelnosti kritickou ¢ast, jelikoz bylo
tteba zajistit dostate¢né malé deformace po extrémnim
zatizeni, které neprekroci dilataéni meze okennich vyplni.

Obr. 2 ukazuje axonometricky pohled na spodni nosnou
&ast podvozku. Cervenou barvou jsou zde zndzornény
hlavni podélniky, fialovou barvou pomocné podélniky
ahorni pasy té€zSich pficniki (nesou sloupy horni
konstrukce). Oranzovou barvou jsou znazornény profily
spodniho piihradového ztuzidla a zelenou barvou horni

pasy lehéich pti¢nikt (nenesou sloupy).

Obr. 2: Schéma spodni nosné konstrukce.

Znazoréna prihradovina tvofi plné piihrady ve
sténach kvadrd, pfi¢emz vSechny prostorové diagonaly
chybi. Tyto kvadry jsou navrzeny s ohledem na jejich
vyuziti pro skladovani materialu a odpadnich latek.

Model podvozku je  dynamicky, fyzikalné
a geometricky nelinearni, ¢imz je zajiSténo posouzeni
konstrukce na poruseni, dynamické ucinky a ztratu
stability.

Kazdy prutovy segment modelu je rozdélen alespoi na
tii Casti (pruzinové elementy), diky ¢emuz je zajiSténa
moznost vyboceni prutu ve vzpéru, viz obr. 3. Pruty
a jejich vazby reflektuji skute¢né propojeni jednotlivych
segmentl. Hlavni nosnik je tak modelovan jako spojity,
ackoliv se svou ¢asti ucastni pfihradového ztuzidla.
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Abstract. The paper is focused on analysis of dynamical
load of a basement caused by a rotor.

Clanek popisuje stanoveni dynamickych uéinkil stroje
vyvazujiciho uréené typy rotord s danym nevyvazkem na
zakladovou konstrukci, na niz stoji, viz obr. 1, vcetné
odhadu vlastnich frekvenci soustavy pro zamezeni mozné
rezonanci v pracovnim rezimu stroje.

S rotorem

konstrukce

Obr. 1: Schéma vyvazovaci
a ilustra¢ni snimek rotoru [1].

Podkladem pro vypocty byly vykresy zafizeni vcetn¢
rozpisu hmotnosti soucastek a urené noremni zattidéni
mozné nevyvahy rotoru (stupen jakosti nevyvazeni) G dle
CSN (veli¢ina ma jednotky [m/s], viz napf. [2]).

rotoru e [m] jsou dany vyrazy:

U=me,

G (1)
e=—,

w

kde m je hmotnost rotoru tociciho se thlovou rychlosti .
Otacejici se rotor zatézuje zaklad tthovou silou Fy a Casove
proménlivou silou F,; plsobici v ose rotace, viz obr. 2
danou vyrazem:

2)

kde a je dostfedivé zrychleni.

h d
Fé/
Y, Y,
SO B
A A
Z, ' Z,

Obr. 2: Pisobici sily v roviné kolmé k ose rotoru.

Ze zatézujicich sil Fy a Fy dle obr. 2 stanovime reakce
v bodech upevnéni a a b:

F h
7z =tzxp
) -
F
Ya,ﬁjy, 3)

F,=F,+F;siny,
F,=F,cosy,

kde F; a F’. jsou slozky vyslednice sil zatézujicich zaklad,
sily Z a Y jsou slozky reakci vbodech upevnéni.
Poznamenejme, Ze je z hlediska bezpecnosti vhodnéjsi
uvazovat prosté uloZeni, ¢imz vzroste vodorovna slozka
reakci na dvojnasobek.
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Abstract. Membrane structures are often designed as
roofing for temporary and permanent buildings.
Advantages of membranes are a low weight, aesthetic
airiness, high shape variability, large spans, and the
aesthetics of the structures themselves. Three basic types
were analyzed in terms of extreme stresses. For the
analysis, the computing software RFEM was used. In the
form-finding process, the U. R. Brightzer and E. Ramma's
Updated Reference Strategy method is applied [1].

Keywords

Stress analysis, membrane, tension structure, fabric
construction, numerical modelling, form — finding.

1. Introduction

The aim of this article was analyzing basic shapes in
terms of extreme stress after loading the structure. For
every shape, there were determined a variable parameter
in construction. It was analyzed how changes affect the
resulting stresses after the loading.

2.  Shapes of Membrane Structures

2.1. Hyperbolic Paraboloid (Hypar)

The slope of the anchor columns was analyzed as a
variable parameter. With the increasing slope up to about
30°, there is a gradual increase in internal forces and
stress values in the fabric. Between 30°- 45°, the
magnitude of internal forces and stress decreased
gradually. For columns at an angle of 60°, the biggest
internal forces occurred in supporting steel elements and
there is also the greatest stress.

2.2. Saddle

As a variable parameter was determine the arc shape with
the same span of the anchor columns. The resulting stress
in the membrane fabric increases with the decreasing
arch. The arches were also modeled with same column
span and arching. For parabolic arch, the stresses were

more favorable with respect to stress peaks and more
evenly distributed around the steel profiles than for
semicircular arch.

2.3. Cone

The cone was modelled as a one area without any
prestressed rods inside the fabric. With the increasing
height, the radius of circular profile at the top of the cone
needs to be increased also. If not, the equilibrium shape
could not be reached. As next, 4 prestressed rods were
modelled into the fabric and the equilibrium shape was
reached without increasing the radius of circular profile.
However, the stress values was higher than in first option.

3. Conclusion

The aim of this paper was to analyse the static behaviour
of the membrane structure depending on its shape.
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Abstract. The results of static tests of concrete samples
exposed to aggressive environment of agricultural object
are presented in this article.

Keywords

Strength tests, samples of concrete,
environments, elastic modulus.
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1. Introduction

Agricultural structures built in the second half of the past
century in Slovakia nowadays show a high degree of
degradation. This leads to the degradation of their static
function and it is inevitable to monitor their condition. In
order to eliminate degradation impacts, it is necessary to
discover reasons of degradation and subsequently to
design reconstruction methods.

The aim of the experiment was to evaluate the
condition of ceiling panels of K-174 cow-barn structure
and to design suitable rehabilitation provisions. In order to
evaluate an impact of the aggressive environment, during
construction of the cow-barn concrete beams made of
various concrete classes were placed into sky-lights to be
later analysed for chemical degradation and its impact onto
the concrete structure. The original formulation of the
concrete mixture is not available, therefore after 27-year-
long exposition, the concrete beams were also tested for
strength in order to compare contents of chemical
substances in samples made of different concrete classes.
Static tests results were evaluated in accordance with
chemical analysis and were also compared with results
obtained from the existing panel fragments.

Strength tests performed on concrete beams were
confronted with chemical analysis results. Based on the

comparison of aggressive chemicals contents (chlorides,
nitrates, ammonium salts, sulphates) between the beams
and ceiling panel fragments, and measurements of proved
strengths and Elastic moduli in the beams, it can be stated
that high-strength concrete is as susceptible to aggressive
substance penetration as low-strength concrete. High-
strength concrete is not a guarantee of a lower content of
unfavourable substances in a structure. This results in
necessity to regularly monitor a structure of any kind of
concrete placed in an aggressive environment, to monitor
chemical substances increase, and to evaluate their impact
on the structure. Based on the obtained data, it is inevitable
to provide its maintenance and/or reconstruction.
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Abstract. Chloride ions can cause reduction of the
durability of concrete structures placed in aggressive
environment; mostly highways, bridges and garages or
structures in seashore environment. The depth of the
chloride penetration can be very effectively measured by
colorimetric method with AgNOj3 solution. In the article
the evaluation of the application of colorimetric method to
specimens made of two types of concrete is presented; the
penetration depths are qualitatively compared.

1. Colorimetric Method with AgNQO;
Solution

The silver nitrate colorimetric method for identifying the
presence of free chlorides is very fast and easy to use [1].
Tested circular specimens (Fig. 1a) made of ordinary and
high-performance concrete were placed in the fully
saturated NaCl solution for 30 days. After this time were
rinsed by tap water and let to dry. Then were sawn by 3
cuts of the dry saw and the AgNO; solution with
concentration of 0.1 N was carefully sprayed onto the fresh
surfaces [2]. After the application, the photochemical
reaction occurred — the area that contained free chloride
ions changed its color to light grey, and the area with low
or zero concentration of chloride ions transformed to

brownish color (Fig. 1b) [1].

The penetration depth is not completely same in every
point of the specimen, so 7 measurements in every circa
10 mm were done from the top and the bottom of every
specimen, while avoiding the parts with aggregates and the
ends of the sample [2]. Penetration depth was calculated as
a mean value of these measurements (Table 1).

Tab.1: The mean values of the penetration depth of each specimen.

Specimen Penetration Penetration Mean value of
depth from the | depth from the penetration
bottom [mm] top [mm] depth [mm]
OPC-S-0 4.13 1.69 291
OPC-S-1 3.37 3.46 342
HPC-S-0 8.52 6.63 7.58
HPC-S-1 7.23 6.47 6.85

2. Conclusion

The qualitative assessment of penetration depths is
presented in the paper. Based on the values given in
Table 1 results that the penetration depth is circa two times
higher on the specimens made of high-performance
concrete. However, it is not possible to identify the
concentration of chloride ions by colorimetric method [1].

131,57
o _ [111.57] 10|
a ) 70,14][10,14][10, 14][10, 410,14 [10,14]10,14][10,14][10, 14][10,14][10,14
o8 ! _— , ‘ ‘
BI B2 f

Fig. 1: a) Schema of the specimen, b) Measurement of the chloride penetration depth, specimen OPC-S-0, area al-a2.
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Abstract. Numerical approach using the FEM has been
used to determine the mechanical resistance (criterion R)
of a reinforced concrete structure exposed to fire.
Geometry of the structure is considered as a simply
supported slab in one dimension. Fire load has been
defined by a nominal standard ISO 834 fire curve. Both,
thermal and structural response are obtained using a
FEM software ANSYS. Temperature-dependent nonlinear
thermal and mechanical properties of concrete and
reinforcement are adopted in accordance with Eurocode
standards. Nonlinear material model Menetrey-Willam
with exponential functions for compression hardening
(and softening) and tension softening has been used to
describe the behaviour of concrete elements. Discrete
option of modelling reinforcement has been considered.
Mechanical resistance of the slab is determined by
reaching the limit mid-span deformation. Results have
been compared with simplified method of isotherm
500 °C described in Eurocode.

Keywords

Extreme loads, mechanical fire resistance, Menetrey-
Willam material model, numerical nonlinear analysis,
reinforced slab structure, transient fire response.

1. Introduction

In contrast to most of the studies in this field [1], recently
implemented non-linear material model for concrete,
Menetrey-Willam [2], has been examined. Instead of
widely used [1] legacy elements SOLID65 [2] to model
concrete, a current technology elements SOLID185 has
been used. To provide extra discrete reinforcement,
special type of REINF264 elements are applied.

3D model of the slab in simple bending is developed
due to more realistic assessment of reinforcement in
concrete. To model plane strain, translational constrains
have been applied along the transversal sides of the
narrow segment of the simply supported slab.

The sequentially coupled thermo-mechanical analysis
procedure requires 2 models with the same geometries to
be developed. One for a transient thermal analysis and the
second to be used in a transient structural analysis. Both
have been carried out in Classic APDL environment.

Three different loading history approaches are
examined. In the first one, the estimated (Eurocode) limit
mechanical load is applied before the fire exposure.
Simultaneously applied loads are examined in the second
approach, and reverse loading history in the third one.

2. Conclusion

Different loading history approaches during non-linear
analysis lead towards to different softening of the initial
stiffness and different results in calculation convergences.

Compression is rising in concrete surfaces exposed to
fire thermal load, even if not directly constrained.
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Abstract. A sandwich plate loaded along a contour with
two outer layers and an intermediate layer as a discrete,
ribbed filling is considered.

The outer layers are made from fiberglass plastic would
be reinforced either with uniformly with fiberglass woven
or discretely by separate high-strength threads. The load
bearing capacity of the plate is determined not only by its
reduced bending stiffness at possible buckling, but also by
the degree of stress concentration near the regularity
violations due to the attachment of the ribs and
arrangement of the reinforcing threads.

The results of calculations indicates that when the number
of ribs is more than 4 in each of the directions, a
continuous plate with reduced bending stiffness would be
accepted as a design model. At one or two edges neglect of
their discrete arrangement would lead to the completion of
the critical load value up to 2-2.5 times.

Keywords

Formating, paper, styles, template.

1. Introduction

Is considered the loaded on contour sandwich plate with
two external layers and intermediate layer as discrete
ribbed filling. The external layer is made from glass fiber
that would be reinforced uniformly by glass wove or
discretely by high strength threads. The load bearing
ability of plate is determined not only by its reduced
bending stiffness at possible buckling but also by degree
of stress concentration in adjacent of violations of
regularity due attachment of ribs or arrangement of
reinforcement threads. The results of analysis indicates
that at number of ribs more than 4 in each direction as
design model would be accepted continuous plate with
reduced bending stiffness. If at one or two ribs is not
considered their discrete arrangement it would leads to
termination of value of critical loading in 2+2.5 times.

As object of carried out research is the loaded on contour
sandwich plate with two external layers and internal layer
as discrete ribbed filling. The external layer is made from
glass fiber that would be reinforced uniformly by glass
wove or discretely by high strength threads. The load
bearing ability of plate is determined not only by its
reduced bending stiffness at possible buckling but also by
degree of stress concentration in adjacent of violations of
regularity due attachment of ribs or arrangement of
reinforcement threads

2. Conclusion

The initial relations are presented and are obtained
decisive equations for plates with cuts and ribs of limited
length, parallel to the sides of a rectangular contour. The
limited length ribs, smaller than the length of the side of a
rectangular contour, are considered as edges of step-
variable stiffness. Thus, the obtained dependences and the
resolving equations turn out to be general and can be
extended to wider, rather steep problems than those studied
in the presented paper.

The developed method for analysis of shells with
fractures and ribs in linear and non-linear formulation and
the resulting calculation formulas allow to describe all the
features in the distribution of components of the stress-
strain state near the regularity failures, reflect the change
and redistribution of forces and moments in the process of
loading.
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Abstract. Probabilistic methods allow better account of
the randomness of input quantities in the design process
and the reliability assessment. The presented DOProC
method uses optimized numerical integration to calcu-
late the probability of failure. The main improvement
of this method is an increase in the accuracy of calculat-
ing the probability of failure by modification of the ba-
sic algorithm and reduction of computation time using
parallelization. Probabilistic modeling and prediction of
fatigue damage is one of the fields where the DOProC
method is advantageously utilized and applied.

1. Introduction

Probabilistic methods are used in engineering where a
computational model includes random input variables.
The DOProC method (Direct Optimized Probabilistic
Calculation) is one of many probabilistic methods
which uses optimized numerical integration to calcu-
late the probability of failure. The main advantages
include: the high accuracy of the failure probability
calculation and the high efficiency of the calculation
for many probability tasks (e.g. probabilistic predic-
tion of fatigue damage [I]). Principle of the method
was published e.g. by [2].

Parallelization of the
DOProC computation

2.

Calculations by DOProC method can be very time con-
suming. Certain parts of the calculations may take
place simultaneously. In the basic computational al-
gorithm, it is possible to divide the total number of
computational operations into as many parts as are
available number of computing units. After partial cal-
culations, the histogram of the resulting variable (e.g.
reliability function Z in probabilistic reliability assess-
ment) can be compiled from the partial results.

(©2019 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING

3. Conclusion

In this paper, it has been presented the improvements
of the probabilistic method - DOProC, which is still
under development, such as reducing calculation time
using parallelization. It turns out that the DOProC
method is very suitable for solving various engineering
tasks such as modelling of fatigue problems and pre-
diction of fatigue damage.
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1. Introduction

A numerical study of the flow over a smooth cylin-
der in the regimes with a character of the flow for
four Reynolds numbers ranging from Re = 4 - 10% to
Re = 1.4 - 10° is presented in the article. The results
of experiments for Re at the boundaries of this inter-
val are available in the literature[ll 2], but it seems
that the region of the intermediate values is not yet
sufficiently analyzed.

The task is solved by the finite volume method in the
commercial software Ansys Fluent, which allows good
parallelization of the computational domain. The cal-
culations are performed on the high performance com-
puting facility, because it is necessary to use an ad-
vanced turbulent model (LES model in this study) and
a properly fine meshing.

Results are verified using available experimental
data. The following characteristics are observed: the
velocity profile in the wake behind the cylinder, the
distribution of the pressure load on the circumference
of the cylinder (pressure coefficient ¢,), the resistance
force of the object (drag coeflicient ¢4), the frequency of
the vortex shedding (lift coefficient ¢;), Strouhal num-
ber St.

Normalized mean stream
velocity for selected Re

2.

Normalized mean stream velocities in the wake at the
cylinder axis level obtained from both numerical and
physical experiments for all monitored Re are recorded
in Figure

CFD simulations have shown a shortening of the core
of the wake with a growing Re number.

This result represents a good agreement with the
experiments presented by [I} 2] for both boundary Re.
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Fig. 1: Normalized mean stream velocity for selected Re
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Abstract. An explanation of the sensitivity concept
involved in the analysis of composites, the mechanics
needed to investigate this concept into a mathematical
representation of the physical reality, and numerical
solution of the sensitivity analysis of the resulting
boundary value problems by using Finite Element Analysis
software are included in this paper. The design of a
composite laminate is problem with fiber orientation
design variables. The continuous-valued design variables
as a fiber orientations have changes between 0° and 90°
and they are taken into account in the sensitivity problem.

Keywords

Composite laminate,
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design variables, sensitivity

1. The Sensitivity Problem

In asensitivity study we need design variables and
response quantities, that are functions of the design
variables. A sensitivity analysis of 8-layer [0/6-8/90]s
Carbon-Epoxy laminate plate due to changes in the ply
orientation #is solved. The material constants of laminate
layer are following: E; = 140 GPa, E; = 10.3 GPa, G1» =
7.8 GPa, vi» = 0.3. The bending loading of 5 kPa is
applied to the simply supported plate with dimensions
0.8 mx0.8m.

2. Results and Discussion

In the global sensitivity study, the design variables are
fiber angle orientations, that are changed between 0° and
90° in 19 of steps. The sensitivity analysis in the next three
figures shows influence of angle changes to the values of
the strain vector components ¢, £, Vi respectively.

The best laminate stacking is for anglegd = +45, and
therefore [0/45/-45/90]s laminate is suitable to take into
consideration for bending analysis.

The sensitivity analysis of composite structures or

structural elements is important analysis for design of
structures or structural elements ranging from aircrafts to
civil structures.
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Abstract. This paper describe the methodology and the
results of the safety analysis of the Nuclear Power Plant
structures under impact of the extreme climatic loads. In
the case of the Nuclear Power Plant structures, the design
criteria are stronger. The requirements of the international
agency IAEA and NRC standards are based on the
probability of mean return period equal to one per 10?
years. The fragility curve of the extreme wind was
determined on the base of the nonlinear probability
analysis of the steel hale frame considering material and
geometric nonlinearity using ANSYS software. The failure
mode of the NPP structures is expressed by High
Confidence of Load Probability of Failure (HCLPF).

Keywords

NPP, Nonlinear, Safety, Fragility, Probability, Extreme
Wind, ANSYS.

1. Introduction

This paper deals with the resistance of the steel hale frame
of the nuclear power plant (NPP) with reactor VVER440.
The international organization IAEA in Vienna set up the
design requirements for the safety and reliability of the
NPP structures. The extreme environmental events (e.g.
wind, temperature, snow, explosion...) are the important
loads from the point of the NPP safety performance. The
extreme wind loads are defined with the probability of
mean return period equal to one per 10* years. This paper
deals with the analysis of the steel hale frame loaded with
extreme wind load. The FEM model of the steel hale frame
consist the beam and mass elements of ANSY'S program -
BEAM188 and MASS21 (fig.1).

The load combination of the probabilistic analysis is
based on ENV and JCSS standards requirements for the
ultimate limit state of the structure as follows:

E=G+ Q + Wg= gvar-Gm + qvar-Qm + Wyar. WEm (1)

where gyar, Gvar, Wvar are the variable parameters defined in
the form of the histogram calibrated to the load
combination in compliance with Eurocode and G, Omand
Wem are the median values of the permanent dead loads,
live loads and extreme wind loads.

ANSYS|

M3 * FO3 % Reactor 3311 Frame A Fsb-ers Wind - Nonlirenr

Fig. 1: FEM model of the steel hale frame.

The extreme wind load (EWL) was determined from
the maximum wind speed determined from the SHMU
measurements in the NPP locality for the return period
10** by year and the probability of non-exceedance 95%

vo=53.9 m/s and pressure g,= 1.816 kPa . (2)

The probabilistic nonlinear analyses were carried out
in the software ANSYS using the approximation method
RSM to determine the probability of the frame failure. The
geometric and material nonlinearity were taken into
account. The elastic-plastic model of steel material was
taken in compliance with the Von Mises yield function.
The Newton-Raphson iteration method to solve nonlinear
equations was taken. The parameter HCLPF was
calculated as the maximum wind load determined from the
nonlinear probabilistic analysis.
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Abstract. The paper is focused on the comparison of
Wohler's curves for concrete in accordance with fib Model
Code 2010 and EN 1992-2. It discusses the great
difference for bridge fatigue assessment between Model
Code 2010 and EN 1992 observed in previous studies.
Respective S-N curves were compared with the
experimental data for concrete C20. Evaluation is
performed for concrete exposed to compression only.
Wéhler's curve in fib Model Code 2010 is more complex
and can better fit experimental data than the Eurocode
model.

Keywords

Fatigue, fib Model Code 2010, EN 1992, Wéhler’s curve
for concrete.

1. Introduction

The study is based on the practical problem where the great
differences for probabilistic estimation of a bridge fatigue
life in accordance with EN 1992-2 (EC) and fib Model
Code 2010 (MC) observed by previous unpublished
studies of the authors. Estimation of service life of bridges
is significantly affected by fatigue induced by crossings of
heavy vehicles and significantly depends on the type of an
S-N curve adopted in the assessment. While in common
cases fatigue resistance of concrete is assessed indirectly
through the check of stresses due to service loads, a more
advanced assessment using S-N curves is often needed for
slender structures, existing structures failing to comply
with the stress limit, or some members of prestressed
structures.

All calculations are performed for theoretical minimal
and maximum compression in concrete. Mean values
obtained by the MC and EC models are critically compared
with limited experimental data.

2.  Comparison of Methods with
Data

MC provides a more complex method than EC, i.e. MC
Wohler’s curve additionally depends on stress gradient ..
The paper provides the critical comparison of methods for
different minimum compressive stress level E.min With
experimental data and discusses the influence of 7. on MC
Wohler’s curve.

3. Conclusion

It appears that:

e For n. = 1 the EC model seems to be more
conservative for E¢min < 0.6; for Ecmin > 0.6 the EC
and MC models seem to lead to similar results.

e 1. decreases a number of constant amplitude cycles
for maximum compressive stress level in MC
(effect increases with increasing minimum
compressive stress level).

e Both models seem to be slightly conservative in
comparison with the experimental data; the MC
model provides a slightly better fit.

It is foreseen that the achieved experience will be
utilised in refinements of fatigue resistance models for
concrete structures. The presented approach could be also
utilised to validate fatigue resistance models for UHPC
where fatigue often dominates structural reliability.
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Abstract. Up to 20% of the bridges on the main roads
in the Czech Republic are in unsatisfactory state. One
of the main causes of the unsatisfactory condition of steel
bridges is the corrosion damage of the main supporting
elements. The reasons for corrosion damage are
inappropriate design of structural details, defects
in the leakage system, inappropriate design of corrosion
protection and neglected maintenance. Weathering steel is
used for the design of bridge structures placed
1 the outdoor. This steel can be used outdoor without
the corrosion protection. Local type of corrosion damage
of bridges designed from weathering steel is due
to microclimatic conditions around the bridge due
to increased deposition of dust deposits and chlorides
on the surfaces of the structure. In order to monitor
the amount of chlorides in the surrounding of bridges,
experimental tests were carried out on two selected bridge
structures in Ostrava (the Czech Republic). The article
discusses the relationship between chloride deposition
and thickness of the corrosion layer.

Keywords

De-icing salts; weathering steel; maintenance of bridges;
layer of corrosion products; wet candle method; dry plate
method.

1. Introduction

In the Czech Republic there are 3 353 bridges located on
highways and roads Class I, II. and III in either poor, very
poor or even emergency condition. One of the most
common causes of unsatisfactory condition in bridges
with steel structures is corrosion damage [2, 3]. A specific
group of bridges with a steel structure are those designed
with structural steels with improved atmospheric corrosion
resistance, commonly called weathering steel bridges
[4, 5]. If the road traffic is the reason for a higher
deposition  of dust particles and  chlorides,
the environmental parameters of the bridge cannot be

changed. The impact of the structure and layout
of the bridge on the amount of deposited chlorides should
also be studied. Measurement of the chloride deposition
rate is specified in CSN ISO 9225 [6].

2. Conclusion

The article discusses the results of the data obtained from
the experiment - chloride deposition rates and corrosion
layer thicknesses measured on two bridge structures
in Ostrava. Bridge structure Bl shows an expected
significant effect of chlorides on the development of
corrosion layers on the weathering steel surfaces. A
highway passes beneath the bridge, which is treated with
de-icing salts containing chlorides.
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Abstract. In this paper stress distribution in different
shapes of spread footing has been discussed. For the
analysis purposes comparison of stress distribution has
been performed for six different shapes of spread footing.
Spread footings has been divided into two groups, where
the first contained foundations with rectangular base and
in the second one circular base has been considered,
respectively. In both groups three different shapes of
spread footing have been analysed — prismatic/cylindrical,
prism with sloped edges/cut-off cone and stepped footing.
For each spread footing in the centre of their top surface a
small part of column has been modelled. Presented in this
paper comparative analysis has been limited only to the
pure axial loading subjected to the top surface of columns.

Keywords
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1. Model and Analysis

For the comparative numerical analysis of stress
distribution, six different shapes of spread footing were
chosen [1]. In order to perform numerical analyses
SolidWorks software based on FEM was chosen. For each
spread footing model with columns, concrete material was
represented by linearly-elastic isotropic material model.

The comparative analysis of stress distribution in
spread footings was made for three different cases. In the
first case Misses stresses was measured as the maximum
value from the bottom surface of spread footing. In the
second case Misses stress was read-out as the maximum
value from the perimeter of column located at the
connection between column and foundation. In the third
case, comparison concerns shape of foundation stress
plots, where minimum value of stress was limited to 0.30
MPa. Numerical results of maximum Misses stress were
presented in Fig. 1.

Stress under bottom surface of spread footing
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Fig. 1: Maximum Misses stress under the analysed foundations bases

for different spread footing shapes.

2. Conclusion

From six different analysed shapes of foundations it was
stated that the most appropriate one would be cut-off cone
footing. It was shown that mentioned footing had the
lowest weight and Misses stress under the bottom
foundation surface was one of the lowest from analysed
foundations. Also presented shapes of stress distribution
for each spread footing proved that forces distribution in
cut-off cone footing was visually comparable with the
cylindrical one. In the stepped footings corner stresses
were obtained at the connection between footings steps.
Moreover, values of Misses stress under the mentioned
stepped footings bases were the highest from all analysed
foundations, which was connected with the lowest area on
which the axial force was distributed from the first footing
step.
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Abstract. The paper presents a numerical analysis of the
propagation of a mechanical wave in a composite made
of concrete and rubber. It was assumed that both
materials are incompressible hyperelastic materials, i.e.
nonlinear materials, which are described by the
hyperelastic potential. The obtained numerical results
made it possible to assess the effectiveness of the
composite in question in order to suppress dynamic
effects, especially in places where concrete is used as a
building material for building walls. This solution is an
authors solution that allows an effective way to damp the
mechanical wave propagating in the elastic medium. The
foundation walls can be an example of using this
solution.

Keywords
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FEM.

1. Model and Analysis

In order to conduct numerical analysis of mechanical
wave propagation in the considered rubber-concrete
composite with dimensions of 0.47 m in length, 0.25 m in
width and 0.22 m in height, a numerical model was made
in the ADINA program - Fig. 1.

The dynamic external load was a concentrated force
of 5000 N, which was applied to the surface of the front
wall. The maximum value was reached for time t = 1 x
107 s. After this time, the force was removed and the
impact value was 0. It should be noted that the applied
load values were treated only as a reference for a
comparative analysis between the composite and solid
concrete blocks. Three different values of the time step
have been included in further considerations about the
obtained effective stresst=1 x 107 s, 5 x 107 s and 9 x
107 s, respectively.

A
3 __
-

Fig. 1: Numerical model of the considered composite block.

2. Conclusion

The article discusses the propagation of a mechanical
wave in an original concrete-rubber composite, from
which a wall with intended strength parameters can be
built. According to the numerical analysis, it was shown
that propagation of the mechanical wave in the composite
block can be significantly suppressed. The propagation
wave on the back side of the considered composite has
been reduced in the range of about 25-30% compared to a
block made of solid concrete. Such values of mechanical
wave damping can be obtained thanks to the mechanical
energy absorption properties of the rubber used for this
composite. From the engineering and design point of
view, the composite presented can be easily used in civil
engineering, especially in areas exposed to minor shocks,
machine vibrations or to reduce acoustic waves. The
presented composite gave satisfactory mechanical
damping results by means of numerical analysis, and
experimental investigations should also be carried out to
estimate the actual bearing capacity and other material
properties not specified in this document.
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Abstract. In order to protect the environment and the
rational use of natural resources, the optimal
technological parameters of the process of regeneration of
sodium cation exchangers with a solution of sodium sulfate
were calculated. Target function accepted the present
value of a cubic meter of softened water. Optimization
criteria adopted by the transmission rate through the
loading of softened water and the specific consumption of
reagent. The mathematical expression of the objective
function is obtained. Developed is the program for
optimizing the operation of sodium cation filter.
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1. General

Modern coexistence of a man and nature sets lots of tasks
for the society in various areas of their activity. Providing
needs of the society leads to an increased use of natural
resources and as a result causes the environmental
pollution. For a comprehensive solution of this task, it is
necessary to develop technologies that not only respond to
environmental protection issues but also to rational use of
natural resources. The solution of these issues is connected
with the determination of the optimal parameters of
technological processes. The goal of specialists is the
development of new technologies in various fields and
particularly in the development of water treatment
technology for industrial enterprises.

As arule, in technological tasks, the economic indices
are recognized as optimum criterion of the process: the
prime cost of the production got or the present value, when
the quantity of the production received doesn’t change.
Such criterion allows to compare with each other and take
into account the part of various technological parameters
such as the volume of ion exchanger, reagent discharge,

pressure loss of the layer and etc. The positive side of this
criterion is that it allows not only to calculate the optimum
parameters but also to compare various methods and to
define the rational field of their use.

For this purpose, the optimal technological parameters
of the process of regeneration of sodium cation exchangers
with a solution of sodium sulfate were calculated.
Obtained is mathematical expression of the objective
function to determine the optimal technological
parameters of the sodium exchanger installation
regenerated with a solution of sodium sulfate. The
program for optimization calculation of sodium cation
exchanger work was worked out. Target function accepted
the present value of a cubic meter of softened water. In the
optimization program, in the first variant, the values of the
exchange capacity that were got from the mass of the each
layer calculation of the regeneration process were used, in
the second variant, the values got from the calculation
method of the exchange capacity of the cation exchanger
were used. As we get the data from the each layer
calculation in a discrete form, for convenient comparison
the data got from the calculation method of the exchange
capacity were also presented in a discrete form.
Optimization of sodium cation exchanger work was solved
numerically on PC by using standard libraries.

Optimization criteria adopted by the transmission rate
through the loading of softened water and the specific
consumption of reagent. The mathematical expression of
the objective function is obtained. Developed is the
program for optimizing the operation of sodium cation
filter. Calculation tables and graphs of target functions are
given. It has been established that the regeneration of
sodium cation filter 1.5-2% with sodium sulfate solution at
specific reagent consumption 0.29-1.08 gr-equiv-gr-equiv
-1 is optimal. Softened water flow rate is 1.25-5.72 m-h'..

The derived mathematical expression of the objective
function and the developed program can be used to
determine optimal process parameters for reconstruction
of the existing design or the design of any new cationic
units.
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1. Generation of Stochastic Road
Profile

For numerical simulations of vehicle movement along the
road, it is necessary to generate a random longitudinal road
profile u(x) based on the known power spectral density of
the unevenness S,(£2). You can use the relationship (1) to
generate a random profile

u(x) =YN,J2-S\) A2 -cos(; - x + ;). (1)

2. Spectral and Correlation
Functions

In accordance with ISO 8608 [1], the pavements can be
classified into eight categories A - H on the basis of Power
Spectral Densities, using the relationship

5.(0) = 5,(00) - (2) " @

where Q in [rad/m] denotes the wave number, Qo= 1 rad/m
is the reference wave number and the waviness k = 2.

The statistical dependencies between individual points
of a random profile, or between two random profiles,
describe the correlation functions. The auto-correlation
function for one random profile u(x) is described by the
relationship

R,(§) = ;i_{g)ifj;u(x) “u(x + &) dx, 3)

where ¢ is lengthwise displacement in the X-axis direction,
¢ = x — x1. An important feature of the auto-correlation
function is that its zero point value is equal to the
dispersion D,

R, (0) = D,. 4)

This means that the normed auto-correlation function p.(¢)
has a function value for £ =0 equals 1

pu(0) =2 = 1. 5)

The normed cross-correlation function for two random

profiles u/(x) and ur(x) is described by the relationship

Rypur () = ;g?o%fj; ul(x) - ur(x+&)-dx.  (6)

3. Conclusion

In the solution of the problem of vehicle roadway
interaction the road unevenness represents the main source
of kinematical excitation of vehicle. In accordance with
ISO 8608 [1], roadways can be classified into 8 categories
A —H, on the basis of power spectral densities Long waves
predominate in the composition of unevenness. By
smoothing the power spectral density shown in the log-log
scale a line is obtained. It can be very good approximated
by equation (2). On the basis of power spectral density
S, (02y), for the reference wave number Qo = 1.0 [1/m], the
quality of roads surface can be classified into eight
categories A — H. But actually on highways and roads of
the 1% and 2" classes , only categories A + E come into
consideration. The statistical dependencies between
individual points of a random profile, or between two
random profiles, describe the correlation functions. The
results of the correlation analysis show that there is little
statistical dependence between individual points of the
random profile. It is clear to see from the correlation
functions that the random profile contains a number of
periodically repeating components.
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1. Introduction

The Brazilian disc test with a central notch (BDCN) [1]
provides information about fracture behaviour under
modes I, I and mixed-mode I/Il loading. The test
performed on the BDCN specimen (circle cut from the
core-drill cylinder) is carried out under relatively simple
experimental conditions, using only the testing press with
sufficient load capacity. The evaluation of the fracture
parameters for modes I, II and mixed mode I/II is done by
inclining the notch by angle « against the load position
(see Fig. 1).

P

——COMPRESSIVE

Fig. 1: Brazilian disc test with central notch and loading conditions.

The aim of this contribution is to evaluate and compare
the values of the SIF under the mixed mode load
(combination of mode I and mode II) and find the value of
T-stress close to zero. This was done by a numerical model
in which the constrain effect was studied and the geometry
functions were evaluated.

2. Numerical Model

A numerical simulation was performed in the FE software
Ansys 17.2 [8] to derive dimensionless geometrical
functions for mixed mode of SIFs and to calculate 7-stress.
A two-dimensional (2D) numerical model with a plane
strain boundary condition was used to calculate SIFs (K;
and Kj1). Input material properties of concrete used in FE
analysis were following the Young’s modulus and
Poisson’s ratio, £ = 40 GPa and v = 0.2, respectively.
Simulated BDCN had radius R = 75 mm and the relative
crack length a/R was 0.4. Numerical model was loaded
with constant force P =100 N in all cases.

3. Conclusion

In this contribution a numerical study of the Brazilian disc
test with central notch was performed with focus set on
finding the notch inclination angle ¢, where the T-stress
reaches value of zero. The presented T-stress values were
compared to literature and shows good agreement.
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Abstract. Reliability of a reinforced concrete chimney is
analysed considering probabilistic models for the effects
of wind loads and the principles provided in Eurocodes.
Corrosion of reinforcement due to carbonation is taken
into account. Obtained reliability indices are compared
with the target levels indicated in the EN and ISO
standards. Sensitivity analysis identifies the parameters
that have a significant impact on structural reliability,
namely wind velocity and time-invariant wind pressure
parameters. The values of these parameters can be
updated on the basis of measurements and a more
economic design can be achieved.
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1. Reliability Analysis

The presented analysis is focused on the example of
reinforced concrete chimney designed by the partial
factor method provided in Eurocodes. The probabilistic
reliability analysis is performed with annual parameters
of the wind velocity obtained from meteorological
measurement. The limit state function reads:

OrMp = A cqcsc mqvyp )

where My is the flexural resistance of a critical cross
section and 6 is the related model uncertainty, A4 is the
deterministic geometrical parameter to obtain the moment
in the critical cross-section from a specified wind
pressure distribution, cq the dynamic factor, ¢ the
construction size coefficient, ;> the roughness factor, my
the model coefficient considering model uncertainty, and
v is the annual maximum of basic wind velocity. An
axial strength is considered deterministic due to
negligible variation when compared to the wind effect.

Sensitivity parameters describing the effect of
individual basic variables on reliability are shown in
Fig. 1.

Mg; -0,05 g, 0,08

Fig. 1: Comparison of sensitivity parameters for individual basic
variables.

2. Conclusions

The reliability of the deteriorating chimney designed
according to EN 1992-1-1 is critically compared with the
recommendations of EN 1990 and ISO 2394. Sensitivity
analysis identifies the parameters that have a significant
impact on structural reliability - wind velocity and time-
invariant wind pressure parameters. These parameters can
be updated on the basis of measurements and a more
economic design can be achieved.
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Abstract. Travelling mass due to its mass inertia has
significant effect on the dynamic response of the bridges.
This study is devoted to the study of the dynamic response
the real steel railway bridge of the length L, = 38 m for the
single locomotive bogie mass load My, = 44 t passing over
the bridge with the speed v = 65m/s. The iteration method
of the governing partial differential equation of the
transverse motion of the bridge structure w(x,t) has been
applied. The modal superposition method for the vertical
bridge deflection w(x,t) considering the first mode j=1 was
used.
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1. Introduction

Investigating of railway bridges traversed by moving
vehicles is one of the important concerns for the structural
engineers in the design of highway and railway bridges.
By introducing the inertial effects of the moving loads into
the problem formulation, more realistic results would be
gained especially for loads with relative large weights
travelling at high speed.

The problem in which the moving load force G and the
beam mass M are both taken into account is far more
complicated than the moving load one. This study is
devoted to the study of the dynamic response the real
railway middle span bridge of the length L, = 38 m for the
single load M;;, = 44 kN moving the speed ¢ = 65 m/s =
234 km/h, Fig, 3. For the presented example the ratio of
the moving mass and the beam mass m is M,/ my, = 0,36,
Fig.1.

wit) G* w(p,t) wix,t)

Fig. 1: Single mass M moving on the bridge.

2. Dynamic Equilibrium Equation
and Solution

The main difficulty to deal with moving mass problems is
that the unknown displacement w(x,?) in the differential
equation subjected to a moving mass M appears on the
both sides of Eq. (1). A convenient rigorous solution for
the problem has not been found. Commercial finite
element solvers applied to the moving mass are also
questionable. Therefore, an iterative approach is applied.

The kth iteration of the governing equation for the
mode of vibration j=/can be written as

64W(/\’)up)((x ) S (x.7) (1)
EI (1) 4 +m (1)(G+\4) - (A)apx t 5 X—ct
6x4 1 atz )(G+v1)( ) ( )
(k)ay _ (kg - (k-1)a
where g (1) = GO a7 (i)

The modal superposition method for the vertical bridge
deflection w(x,?) was applied

W(l)(x’t):q(l)(t)%(x) @)
For the interaction force (the contact force) loaded the
beam is

F(/c)upo)(t) G® P _pf i

()(G+

. (k— l)up)c(p,t) G-M- q(k l)apX(t) sinQ

o (ldr

(€))

The modal equation corresponding Eq. (1) for the
fundamental mode of vibration j=1 can be written as

(k)a x
q((lk))apx ( ) ( q((]/»))apx (t) (l) ((f)+’|/[)(t) ¢(1)(x) (4)
m J. ¢(1)(x)dx
0

And Eq. (4) in practical form may be written and soluted
as

2-G 2-M .. .
i, st(1>dr —7 w“)(p:ct,t)-st(l)drt

(&)

Goy (D) + a’rl)qm(t) =
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Abstract. This article deals with problem of soil-structure
interaction on a simplified model using commercial
software Ansys on Anselm supercomputer in National
Supercomputing Center IT4Innovations in VSB-Technical
University of Ostrava. For the purpose of modelling large
scale tasks by supercomputer it is useful to know program
limitations, area and scope of selected solution. Therefore,
numerical model was created with increasing size and
therefore degrees of freedom until the calculation was
possible until the size maximum size of task was obtained
The maximum size of the task solved on supercomputer
was compared to the maximum size solved on standard
computer station. Several complications appeared during
enlargement of task, therefore the article also discuss the
problems which occurred during the submission of the jobs
and its solution.

Keywords

Ansys, Finite Element Method, Supercomputer.

1. Introduction

An interaction between the soil and the structure is a
complex task in which we need to take into account the
influence of the physically-nonlinear behaviour of both the
soil and the foundation. Therefore, the choice of a
computational model is the crucial element to consider.

Use of advanced models that takes into account many
nonlinearities usually requires also fine finite element
mesh and has increased computing time requirements. The
capacity of the standard workstation is insufficient for the
research at the moment so the use of parallel computer
codes and larger computers (often the supercomputers) is
usually required to be able to analyses larger structures.
Use of supercomputer provides a wider range of options
but adaptation is always needed as in other areas.

2. Results

The task was computed distributed to 512 cores. The
number of 512 cores was selected due to limitation of HPC
licences available on supercomputers in IT4Innovations.
Due to this restriction is impossible to distribute the
calculation to the bigger amount of cores. The computation
times of tasks were recorded. Increasing computation time
with increasing degrees of freedom was evaluated into the
Fig.1.
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Fig. 1: Time of the calculation dependent on size of the task.
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1. Uncertainty Quantification

The mathematical model of physical problem can be
represented by a function M of the input variables X.
Generally, the mathematical model M(X) can be solved in
implicit form by various methods e.g. finite element
method (FEM), which may be highly computationally
demanding, especially in a case of non-linecar FEM.
Moreover, it is necessary to assume input variables X as a
random vector to represent natural uncertainty of real
physical problems e.g. material parameters. Therefore, a
response of model Y=M(X) is a random variable described
by a probability distribution. This fact leads us to seek the
probability distribution of Y instead of a deterministic
result. There are several methods for a statistical and
sensitivity analysis, commonly called uncertainty
quantification (UQ) of Y, and the most of them can be
generally divided to two groups of different nature: Monte
Carlo (MC) simulation techniques and stochastic spectral
expansion. There are various forms of MC techniques
e.g. crude MC or Latin Hypercube Sampling (LHS). These
popular methods are simple to understand and implement
but their efficiency is not generally high, thus objective of
the full paper is to introduce and present stochastic spectral
expansion as an efficient tool for UQ.

2. Stochastic Spectral Expansion

Stochastic spectral expansion is a more recent alternative
for an uncertainty propagation and it consists in
representing the solution by a functional representation of
the random variables expansion. Typical stochastic
expansion method is Polynomial Chaos Expansion
(PCE) originally proposed by the excellent mathematician
Norbert Wiener [1]. These methods are typically more
efficient in comparison with MC techniques but on the

other hand, theory of PCE is more complicated and its
implementation is not so straightforward as in case of MC.
Moreover, several theoretical issues are still under
research, e.g. correlation among random variables.

The full paper is focused on detailed description of
PCE as a highly efficient method for an uncertainty
quantification. It is shown how to build up a PCE by a
simple least square regression. Once the explicit form of
PCE is obtained, an efficient statistical analysis is possible

via simple analytical processing of deterministic
coefficients. Moreover, an extensive description of
connection between PCE and Hoeffding-Sobol

decomposition is presented and its utilization for
sensitivity analysis of variance (ANOVA) is discussed.
The practical implementation of theory into the developed
software tool [2] is presented and possible numerical
issues during implementation are discussed. Such practical
information may be beneficial for researchers interested in
implementation of PCE. In the last part of the paper, the
whole process of UQ using PCE is applied on academic
examples with known reference solutions and obtained
results are discussed.
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Abstrakt: S podporou Slovenského futbalového zvizu bola
realizovana rekonStrukcia futbalového Stadiona v Nitre.
Po troch stranach ihriska boli postavené nové tribuny a
povodna  tribuna bola komplexne rekonstruovand.
Pouzitim valcovych skrupin z termoplastového skla sa o 6
m predizila strecha pévodnej tribuny. Tato iprava si
vyziadala spoluprdacu architekta a statikov.

V pitdesiatych rokoch minulého storocia bol v Nitre pod
hradom vybudovany pekny Sportovy komplex pre futbal
iTahku atletiku. Okolo futbalového ihriska bol 400
metrovy antukovy atleticky bezecky oval. Komplex
obsahoval vSetky doplnkové ndlezitosti pre vrhacie
i skokanské discipliny I'ahkej atletiky. Na jednej pozdiznej
strane sa nachadzala tribiina. Cely komplex bol obohnany
betonovym ovalom s osadenymi lavicami na sedenie.
Postupne upadol zaujem divakov o l'ahku atletiku. Vsetky
prvky viazané na Tlahku atletiku (bezecka draha,
doskociska, vrhacie sektory) boli zrusené a celda plocha
bola zatravnena.

Takto upraveny Stadion uz nemohol vyhovovat' ani
najniz§im poziadavkam kladenym na moderny futbal.
Okrem toho Stadion bol silne schatraly. Mesto Nitra
s podporou Slovenského futbalového zvézu pristapilo ku
komplexnej rekonstrukcii.

Prispevok Slovenského futbalového zvdazu bolo
dodanie tribun po troch stranach $tadidna. Mesto Nitra
dodalo vyhrievany travnik a kompletni rekonstrukciu
povodnej tribuny so vSetkymi nalezitost’ami (Satne, plochy
pre umiestnenie televiznych kamier, VIP priestory,
informacéné tabule a pod).

Strecha povodnej tribliny bola kratka a nedostatocne
chranila divakov sediacich v dolnych radoch. Preto bolo
navrhnuté prediZit tribinu 06 metrov oblakovymi
konstrukciami z priechl'adného plastového skla.

Vuvodnej Studii  vypracovanej architektom sa
uvazovalo s pouzitim silného pozdizneho nosnika
s kratkym stlpikom podoprenym tiahlami. Statické
vypocty ukazali, ze ploché tiahlo je malo ucinné. Takto
koncipovana konstrukcia by si vyziadala osadit’ mohutné
nosniky na strechu tribiny. Po spolupraci statikov (autori
predlozeného ¢lanku) sa postupne vyprojektovala
a realizovala konstrukcia pre prediZzenie tribuny s pouzitim
zalomeného stipa advoch tiahel. Takéto rieSenie

prediZenia strechy si vynitilo zosilnit' horna &ast’ stipa.
Realizovalo sa to prilozenim silnej pasnice, ktora zaroven
,.prichytavala“ i pridany stip. Vo vnutornej Gasti tribuny sa
pre zosilnenie pouzilo ¥ profilu HEB.

Kazd4d zvarana ocelova konstrukcia obsahuje
zvyskové (zvarové) napétia. V mieste zvaru s tieto
napitia tahové a dosahuji medzu klzu. Konstrukéna ocel’
ma vyrazné pruzno-plastické vlastnosti. Odlahcenie
aznovu zatazenie je ale pruzné. Toto je vynikajica
vlastnost’ ocele ako konstrukéného materialu. Treba mat
na mysli, Ze vprvom zatazujicom cykle je tuhost
konstrukcie nizSia ako udava vypocet s predpokladom
pruznych vlastnosti ocele. V pripade konstrukcie pre
prediZenie strechy tribiiny v mieste pripojenia podporného
stipa bolo realizovanych mnozstvo zvarov. Navrhol
arealizoval sa spOsob pripojenia tiahiel pod napétim,
ukazany na obr. 1. Tento postup Ciastocne eliminoval
spominany  nepriaznivy efekt zvarovych napéti
a zarucoval, ze 1v pripade velkého zatazenia sanim od
vetra nevzniknu v tiahlach tlakové sily.

Zéna s velkymi
zvarovymi napétiam

x / 3
o u..."" N
TR

i

Fig. 1: Schéma pre spdsob pripojenia tiahiel.

Cela rekonstrukcia futbalového sStadionu v Nitre stala
7.5 mil. €. (5.2 mil. mesto Nitra a 2.3 mil. SFZ). Medzi
slovenskymi futbalovymi S$tadionmi rekonStruovanymi
vtejto cenovej hladine je tento $tadion bez diskusie
najkrajsi. Autorov ¢lanku tesi, ze prispeli k realizacii tohto
vydareného diela
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Knowledge of quasi-brittle behaviour of civil engineering
materials plays key role for numerical modelling in finite
element software. One of key parameter is stress intensity
factor (SIF), that describe the stress/displacement field in
the vicinity of crack tip. From experimental measurement,
the maximal value of force for given thickness of specimen
and crack length is obtained. The precise knowledge of
geometry function gives us possibility to evaluate the
critical value of SIF (fracture toughness).

In article, we focused on geometry influence for
evaluation of SIF in case of two typical experimental
procedure used for measurement of fracture properties in
case of concrete.

f P
~——COMPRESSIVE

Fig. 1: Specimen geometries a) WST and b) Brazilian disc.

Numerical models were created in finite element
software (FEM) Ansys 17.2 as a plane symmetric 2D with
plane strain boundary conditions. Studied model was
meshed with element type PLANE183 and command
KSCON to take into account crack singularity. Material
properties Young’s modulus and Poisson’s ratio were E =
30 GPa and v=0.2 for investigated material like concrete.
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Fig. 2: Comparison of B2 for WST (a) and Brazilian disc (b).

Normalized values of T-stress B> can be seen in Fig. 2
for relative crack lengths o €<0.1; 0.9> and various
geometries. The WST has always positive values of T-
stress while the Brazilian disc with notch has always
negative value of T-stress, even though both cracks grow
to pressure point.
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1. Introduction

The pace of knowledge of the operational durability of old
steel elements is essential for assessing their condition and
remaining service life. The aim of this research was to
determine if the mechanical and strength properties of the
old steel and compare with properties of S235 and S355.

M12

Fig. 1: Specimen geometry.

2. Results

The test results were subjected to proper measurement in
Zwick/Roell machine with following results in Tab. 1.

Tab. 1: Mechanical and strength properties of three kinds
steels (Old one, S235 and S355).

Steel Old steel S 235 S 355
;‘;‘éﬁ%ﬂi 20630 | 20820 | 20540
(GPa] +6.2 +4.1 +7.4
Yield stress 271.20 276.87 381.94
[MPa] +2.46 +0.31 +6.22
UTS 439.28 423.86 554.41
[MPa] +0.49 +1.49 +1.62
Elongation at 18.49 21.99 34.22
break [%] +0.23 +0.22 +1.54
Poisson’s
ratio [1] 0.3 0.3 0.3

3. Conclusions

An analysis of all the presented material properties shows
that the tested old steel has now similar mechanical and
strength properties like S235.

The presented investigations should be considered as
exploratory. It would be essential to compare the effect of
the cyclic loads generated by passing vehicles on the
mechanical and strength properties of the structural steel
for various structure elements. Therefore, it would be
worthwhile to carry out such tests when opportunities (etc.
demolitions) arise so that the dependence between the
changes in the properties of the steel and the operating
stress could be unequivocally established.
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The aim of the paper is to present the results of the
experiment focused on the development of the mechanical
fracture characteristics of alkali-activated slag (AAS)
based composites within the time interval from 3 days to 2
years of ageing. Two AAS composites, which differed only
in the presence of shrinkage reducing admixture (SRA),
were prepared for the purpose of experiments. The
composites were prepared using ground granulated blast
furnace slag activated by water-glass with silicate modulus
of 2.0, standardized quartzite sand with the particle grain
size distribution of 0—2 mm, and water. Commercially
produced SRA was added into second mixture in amount
of 2 % by weight of slag. The test specimens were not
protected from drying during the whole time interval and
were stored in laboratory at ambient temperature of 21 + 2
°C and relative humidity of 60 + 10 %. The prism
specimens made of above mentioned composites with
nominal dimensions of 40 x 40 x 160 mm and the initial
central edge notch were subjected to fracture tests in three-
point bending configuration. The load ' and displacement
d (deflection in the middle of the span length) were
continuously recorded during the fracture tests.

The obtained F—d diagrams and specimen dimensions
were used as input data for identification of parameters via
the inverse analysis based on the artificial neural network,
which aim is to transfer the fracture test response data to
the desired material parameters. In this paper, the modulus
of elasticity Ep, tensile strength f; ip and fracture energy
Gr, ip values were identified and subsequently compared
with values obtained based on the direct fracture test
evaluation using the effective crack model and work-of-
fracture method: modulus of elasticity £, effective fracture
toughness Kic., specific fracture energy Gr.

Both techniques provided comparable results (a similar
trend of parameters development during the ageing). The
differences in mean values of fracture energy correspond
to their different physical meanings — the identified values
are primarily related to the material point, whereas the
values obtained from the work-of-fracture method are

related to the tested specimen, the size and shape of
fracture process zone and represent the average fracture
energy.

Tab.1: Mean values (CoV in %) of selected mechanical fracture
parameters obtained by identification — set VIII (without SRA).

Set VIII Age of specimens
Parameter  Unit 3 days 90 days 2 years
Ewn GPa 14.4 16.8 18.0
(13.9) (5.5 (4.9)
Gr,» J/m? 1403 241.5 1473
(24.4) (29.6) (16.5)
ﬁ, D MPa 1.5 1.7 1.8
9.6) (10.2) (4.3)
E GPa 12.0 143 14.1
(15.4) (6.9) (5.1
Kice MPa-m'? 0.541 0.717 0.678
(12.1) (10.2) (11.5)
Gr J/m? 80.2 142.6 97.5
(21.6) 9.7 (7.7)

Tab.2: Mean values (CoV in %) of selected mechanical fracture
parameters obtained by identification — set IX (with SRA).

Set IX Age of specimens
Parameter  Unit 3 days 90 days 2 years
En GPa 14.4 8.1 19.0
(14.1) (4.6) (6.7)
GF, 1 Jm? 823 178.1 204.8
(21.6) (25.8) (10.2)
ﬁ, ID MPa 1.2 0.7 2.3
(7.1) (12.2) (6.0)
E GPa 11.6 6.9 16.2
(13.9) (8.0) (3.8)
Kice MPa-m'? 0.418 0.279 0.696
(7.4) (12.3) 5.7
Gr J/m? 50.9 92.4 119.1
(14.2) (18.5) (7.1)
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Abstract. The following paper presents nonlinear
resistance assessment of a slender reinforced concrete
column using commercial FEM software ATENA.
Furthermore, three different approaches are used to
determine design value of resistance. Firstly, most
commonly used method of partial safety factors. Secondly,
method ECOV (estimate of coefficient of variation), which
is one of the possible options used in fib Model Code to
asses design resistance of structures using nonlinear
analysis. Eventually, a fully probabilistic analysis is
performed using commercial software package SARA.
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1. Global Safety Format

1.1. Full Probabilistic Analysis

The full probabilistic analysis is the most rational way of
assessing the structural reliability. Its principal lies in
running the non-linear simulations on many samples of the
investigated structure, while chosen parameters of the
numerical model (material properties, dimensions,
boundary conditions etc.) are systematically varied within
the samples according to certain probability distribution
functions (PDF).

1.2. ECOV Method — Estimate of
Coefficient of Variation

ECOV is a simplified probabilistic method. It is based on
the idea of determining the coefficient of variation from
two samples only and assumes lognormal distribution of
resistance. The first sample is calculated using the mean
material parameters (50% probability of failure) and the
second one uses the characteristic parameters (5%
quantile).

1.3. Partial Safety Factors

The method of partial safety factors described in most of
the design codes can be also applied on global analysis to
obtain design resistance of the structure. The design values
of material parameters f, are calculatedas f, = f, /7, ,
where f, is characteristic value and y,, is material safety

factor.

2. Case Study

The three above mentioned methods of assessing the
global structural reliability will be presented on the case
study of axially loaded reinforced concrete slender
column.
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Fig. 1: Comparison of three design resistance assessment methods,
C50/60.
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Abstract. Due to reconstruction and restoration of the
original guise of the landmarked buildings in St
Petersburg the investigators are facing the problems of
assessing possible adverse consequences of such sorts of
work in the recent years. This article gives consideration
to the ways of solving a problem of ensuring safety of
buildings and structures in use provided their operating
conditions have changed. The measurements of vibrations
with simultaneous assessment of robustness and bearing
capability of the brickwork have shown that the vibrational
impact of chimes of heavy bells cannot adversely affect the
bearing structures of the of St. Isaac's Cathedral bell
towers. However, there is always a risk of such adverse
effect on the structure of the bell tower and stability of soils
at its base.

Keywords
Bell tower, cyclic strain-induced creep, dynamic
monitoring, safety of buildings and structures,

vibrations, vibrational impact, vibrodiagnostics.

1. Introduction

The most problematic are the works requiring dismantling
of the bearing and fencing structures built into original
scheme. The builders have succeeded to successfully solve
these complex problems using the up-to-date methods of
technical diagnostics and calculation by means of three-
dimensional finite-element models [1]. Another type of
works implies a revival of ensembles of bells on the
steeples [2]. In order to assess possible adverse
consequences of these actions, it is necessary to take into
account not only the new load emerging in the structures
not being used for direct purpose for long, but the possible
consequences of vibrational impact on the soils of bases of
structures.

2. Results

The acquired results have been analysed and compared

with the existing requirements of standards with a view to
exceedance of actual loads. The effect of St. Isaac's
Cathedral bell tower resonance swinging is not observed
during multiple chimes, since the frequencies of clappers
swinging and the natural frequency bending oscillations of
the bell tower differ significantly. The actual values of
velocities and displacements are significantly below the
threshold value of vibrational impact, which can adversely
affect the soil ground. The obtained assessments of
settlements show that they cannot be ignored [3]. It is
important to take into consideration that the process of
foundation settlement corresponds to quite a durable
change, therefore, it is necessary to establish an
instrumental monitoring and take the due engineering
decisions for soils stabilization.

References

[17] SAVIN, S. and V. TSAKALIDIS. The use of elastic
oscillations of different wavelengths to evaluate the
dynamic parameters of buildings and structures and
assess the strength of materials of the building
construction. In: COMPDYN 2015. Proceedings of
the 5th International Conference on Computational
Methods in Structural Dynamics and Earthquake
Engineering Methods in Structural Dynamics and
Earthquake Engineering, 5. 25-27 May 2015 Crete
Island, Greece. Hersonissos, Crete: National
Technical University of Athens, 2015, pp. 706—720.
ISBN 978-960-99994-7-2.

[2] SAVIN, S. and E. SMIRNOVA. Evaluation of
mechanical safety of building structures using elastic
vibrations varying in wavelength. World Applied

Sciences Journal. 2013, vol. 23, iss. 11, pp.
1448—-1454. ISSN 1818-4952. DOI:
10.5829/idosi.wasj.2013.23.11.13161.

[3] VEL'SOVSKIJ, A., B. KARPOV and E.

SMIRNOVA. Development of a new method for
checking frost heave in roads. Proceedings of the ICE
- Civil Engineering, 2015, vol. 168, iss. 5, pp. 49-54.
ISSN 0965-089X. DOI: 10.1680/cien.14.00036.

© 2019 VSB-TECHNICAL UNIVERSITY OF OSTRAVA FACULTY OF CIVIL ENGINEERING 32



MODELLING IN MECHANICS

17" INTERNATIONAL CONFERENCE | 234 AND 24" MAY 2019

UNCERTAINTY IN CHARACTERISTIC STRENGTH OF HISTORIC STEEL
USING NON-DESTRUCTIVE TECHNIQUES

Miroslav SYKORA', Jan MLCOCH!, Pavel RYJACEK?

1Depar’tment of Structural Reliability, Klokner Institute, CTU in Prague, Solinova 7, Prague, Czech Republic

2Department of Steel and Timber Structures, Faculty of Civil Engineering, CTU in Prague, Thakurova 7, Prague, Czech
Republic

miroslav.sykora@cvut.cz, jan.mlcoch@cvut.cz, pavel.ryjacek@fsv.cvut.cz

1. Introduction

The mechanical properties of historic metal materials
exhibit a considerable scatter dependent on periods of
construction and the region of a producer. Assessments of
historic structures then need to be based on measurements
and tests. The use of non- or minor-destructive tests
(NDTs) is often preferred over to destructive tests (DTs)
to reduce the cost of structural survey. Limited attention
has been paid to the investigation of uncertainties in
characteristic strength estimates based on NDTs so far.
The contribution thus explores the measurement errors
associated with common NDT hardness techniques
(Brinell, Rockwell, Vickers, Poldi hammer, Leeb) and
quantifies uncertainties in characteristic strength
estimates. The measurement uncertainty is assessed
considering the database of 119 pairs of NDTs and DTs
taken from buildings and bridges from the 19% century.

2. Uncertainties in Measurements
and Characteristic Strength

The measurement uncertainty ¢ is treated here as a
random variable. A widely adopted multiplicative format
for measurement uncertainty is taken into account, fpr =
¢ fapr (with £ denoting material strength). NDT results are
compared with respective DTs for all the hardness
methods in Fig. 1.
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Fig. 1: Comparison of NDTs and DTs for all the hardness methods.
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Fig. 2: Confidence intervals of error in f estimate with npt/ nnpr.

The effect of the measurement uncertainty on the
estimate of characteristic ultimate strength, fi, is
investigated by means of simulations. The confidence
intervals of the error in an f; estimate are shown in Fig. 2.

3. Concluding Remarks

e Unity mean and coefficient of variation of 12% might
be adopted for the measurement uncertainty of the
methods under study as a first approximation.

e While the mean of the error in the estimate of
characteristic ultimate strength (5% fractile) approaches
unity for a very small number of DTs, the measurement
uncertainty results in a scatter of NDT results and the
mean of the estimate is far from unity. On average, the
true characteristic strength is by ~15% larger than that
based on a very large number of NDTs. This represents
the expected gain when the characteristic value is
estimated from five DTs instead of many NDTs.
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Abstract. This article illustrates the applicability of the
Finite Element Method (FEM) in the analysis of multi-
layer flexible pavement systems subjected to tire loading
of a heavy vehicle. For the past few years, the phenomenon
of vehicle overload in highway transportation is more and
more critical. 3-D simulative static FEM model of flexible
pavement with subgrade loaded with standard design axle
was adopted. Computational model was made in
computer software ADINA, based on the finite element
method. A several constitutive material models, such as
linear elastic model, are applied in the analysis to describe
the behaviour of the pavement structure. The response of
the stress in the pavement structure was got by using
ADINA/Standard code. The flexible pavement represents a
standard pavement, which is used for the regular road
structures in road engineering. The standard design axle
was chosen for flexible pavements parameters for a 11.5t
heavy vehicle. In the results shows that under static load,
the surface course of pavement is mainly in three-
dimension compressive stress state.

Keywords

Finite Element Method, standard design axle, flexible
Ppavement, stress response analyses, displacement.

1. Introduction

FEM is frequently used to solve actual problems of
structural mechanics in engineering tasks. One of the topic
witch can be solved by FEM is static problems of structural
mechanics. The flexible pavements represent the typical
pavement types used for the regular road structures. This
article is focused on the analysis of the stress state and the
displacements of the pavement induced by the static load
from the traffic.

1.1.  The Design Axle

The design axle is defined by the characteristics to which

the axles of each type of vehicle are recalculated.
Typically, the design remedy is a axle load, contact
pressure on tire and pavement contact and number and
shape of loading surfaces and their geometric arrangement.
The dimensioning conditions applicable in Slovakia for
the 11.5 t design axle. [1].

1.2. Model Description

The numerical model of the flexible pavement loaded by
design axle was compiled in FEM computational software
ADINA. Material properties for particular construction
layer were set considering the conventional flexible
pavements. The 3-dimensional numerical model of the
flexible pavement was modelled to investigate the stress-
strain state of the pavement. The intensity of the uniform
stress was 0.65 MPa. Each layer of the pavement was
modelled separately with predefined material properties.
The layers are modelled using 3D solid elements with the
possibility of a check in mesh.

2. Conclusion

This article demonstrates the applicability of FEM
methods for the numerical simulation of the pavements. It
is also focused on the synthesis of model and the
effectiveness of their use.
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1. Introduction

When assessing existing bridges, the requirement for
sufficient mechanical resistance and stability is usually
given by the maximum load that the structure is able to
carry safely - the maximum weight of the road vehicle
which can pass the bridge under the specified condi-
tions, i.e. the load carrying capacity.

In case of masonry vault structures this task is com-
plicated by the structural behaviour and typical prop-
erty of the material - a negligible tensile strength.

This article deals with the problems of masonry vault
bridges, which determine the load carrying capacity:
combination of bending moment, normal force and
shear, load distribution in transverse direction of the
bridge. Calculation methods are shown on the example
of Legion Bridge in Prague, mostly its span No. 4.

Fig. 1: Demonstration of failure mode of span 4. Shear failure
can occur as well as plastic hinges

2. Methods of calculation -
arch
1. Graphical method.

Linear calculation.
(a) Beams — 2D or 3D.
(b) Plane-stress elements — 2D.
(¢) 3D solid elements.

@

Non-linear calculation (2D — plane).
Equilibrium method — LimitState:Ring.
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3. Comparison of methods and

discussion

In the figure 2] we can see the eccentricity from the
linear, non-linear model and from graphical solution
from the archive documentation. Models were loaded
with self-weight.

—e— Non-linear
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Linear
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eccentricity of load /[m]

Station of the whole bridge / [m]

Comparison of linear, non-linear and graphical method
for span 4.

Several models of the Legion Bridge were carried out.
Results were validated by the static load test. Mod-
elling of arches showed, that the most real behaviour of
arches describes the non-linear model. The results from
non-linear modelling are non-conservative in compari-
son to other methods. Modelling of load distribution in
transverse direction showed, that 3D solid model gives
upper bound (non-conservative), effective width gives
the lower bound (conservative results) and 3D beam
model is somewhere between.

Verification of shear resistance showed also impor-
tance of considering the material non-linearity. The
shear forces resulting from linear beam model, which
doesn’t consider the non-linearity showed to be unreal,
the structure collapses even loaded by self-weight.
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