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Abstract:

Introduction/purpose: This study investigated the influence of concrete
compressive strength on the reliability and the plastic resistance moment of
steel-concrete composite beams. The objective was to evaluate the impact
of concrete strength variations on structural performance, with a particular
attention to the plastic resistance moment which is critical to the safety and
compliance ofthe composite beam.

Methods: To model the nonlinear behavior of concrete, Abaqus created a
three-dimensional numerical model including a concrete damage plasticity
(CDP) model. Reliability analysis was performed, and the failure probability
was assessed using Monte Carlo simulations (MCS) and first-order
(FORM) and second-order (SORM) reliability methods. The limit state
function was determined according to Eurocode 4 criteria considering the
concrete compressive strength of 25 to 80 MPA.

Results: As a result, it was found that the compressive strength of concrete
significantly affects the plastic resistance moment and the reliability index
ofthe composite beam. The high strength of concrete improves the plastic
resistance moment, and the reliability index varies depending on the
geometric and material property of the composite section and loading
conditions.

Conclusion: The compressive strength of concrete is an important
parameter that determines the structural characteristics and safety of steel-
concrete composite beams. This highlighted the need to consider the
variability of concrete strength when designing and evaluating composite
structures to ensure compliance with reliability standards.

Key words: composite beam, nonlinear modelling, plastic resistance
moment, reliability analysis, finite element analysis, failure probability.
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Introduction

Due to the combination of concrete compressive strength and steel
tensile strength, steel-concrete composite beams are frequently utilized in
moderne construction to create reliable and efficient systems. The
behavior of these beams is strongly influenced by concrete compressive
strength which also affects their plastic resistance moment and reliability.
The purpose of this study is to examine how these two crucial factors are
affected by the compressive strength of concrete.

Many researchers use a limit state function based on Eurocode 4
criteria (CEN, 1994) to study the reliability of steel-concrete composite
beams. The goal of this strategy is to offer more precise insights into the
behavior of the system under study. Using a case study as validation,
Mamuda et al. (2018) examined the four failure modes of bending,
shearing, deflection, and shear connector capacity when analyzing the
reliability of beams. The impact of various parameter variations on
reliability was evaluated. Chaves et al. (2010) examined the design
specifications for the steel-concrete composite beam. The study of the
structural reliability of the timber concrete composite beam is evaluated by
Daanoune et al. (2024). This evaluation is carried out by the MCS, the
FORM and the SORM methods for three failure modes in concrete, timber
and at the connectors. Another research where the limit state function is
based on the resistance criteria according to Eurocode 4 was carried out
by Lydia & Nassim (2022). This study focuses on the evaluation of the
reliability of square composite columns under axial compression and the
results show that steel tubular columns filled with high performance
concrete (HPCFTC) are more reliable than those filled with ordinary
concrete (OCFSTC).

In this context, the study provides a comprehensive analysis using
numerical simulations to investigate the influence of concrete tensile
strength. A 3D finite element model has been developed in Abaqus to
simulate the behavior of composite beams to account for the nonlinear
behavior of concrete in tension and compression through Concrete
Damage Plasticity - CDP (Dassault Systemes, 2016; CEN, 2004). The
reliability analysis is performed using the Monte Carlo simulation (MCS)
and the first-order (FORM) and the second-order (SORM) reliability
methods, as developed by Rackwitz (2001), which include the treatment
of uncertainties in the parameters affecting the system behavior. The
applied limit state functions are designed to verify the plastic resistance
moment of the composite beam in bending, in accordance with Eurocode
4 standards (CEN, 1994). The study considers a range of concrete
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compressive strengths from 25 to 80 MPa. The results demonstrate a
significant influence of concrete compressive strength on reliability and
plastic moment capacity. This study provides valuable insights into the
design and analysis of steel-concrete composite beams, enabling the
optimization of their performance and safety, and proposes a clear
approach to the use of safety factors to adjust the reliability level of the
system, thereby ensuring the proper functioning of the composite beam.

Methodology

Plastic resistance moment of the composite cross section
to bending

The calculation of the neutral axis depth Zpi and the determination of
the plastic neutral axis (PNA) position according to Eurocode 4 (CEN,
1994; Johnson, 2018; Liang, 2018) allows for the calculation of the plastic
resistance moment MpiiRd of the composite section. This procedure is
performed using the following equations.

If the neutral axis is located in the concrete slab

0 _ Nola

A nefPe-85xfcd e, Q)
MplLRD _ Npla(2 + RC- ZF ) i e 2
where:
Npla _ AaX ’\‘6 ............................................................................... 3)
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beff : effective width of the concrete flange,
ya: safety factors of steel,

yc: safety factors of concrete,

fy: yield strength of the steel section,

fc: compressive strength of the concrete,

ha: height of the steel section,

hc: height of the concrete flange,

Aa: area of the steel section, and

if the neutral axis is located in the steel flange

MpiRd _ Npla(2 + ) - iNPia- Ncf)Zf ..o (6)
where:
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bf " width of the steel flange.

Composite cross section design

For the study of the flexural behavior of steel-concrete composite
beams, four types of composite steel-concrete beams were tested by Du
et al. (2021), each with a different class of concrete: C25, C45, C65, and
C80 with a compressive strength of 24.5 MPa; 45.9 MPa; 63.1 MPa and
78.3 MPa, respectively. Figure 1 illustrates the layout and the transverse
and longitudinal dimensions of the steel-concrete composite beam with the
stud connection. The beam is subjected to four-point bending, with one
end pinned and the other end on a roller.

@

Figure 1- Cross-sectional dimensions of composite beams: (a) cross-section; (b)
longitudinal section

Finite element analysis (FEA) setup and parameters

These samples are modeled using a 3D finite element (FE) model
with Abaqus software (Dassault Systéemes, 2016). In the FE models,
damage plasticity was used to simulate the mecanical behavior of
concrete. Cracking or crushing of concrete results in a reduction of its
elastic modulus. The tensile behavior of concrete was assumed to be
linear up to the uniaxial tensile strength ft = 10 according to Eurocode 2

(CEN, 2004). The uniaxial stress-strain relationship in compression for
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concrete can be identified by the following formula of Hognestad Model
(Hognestad, 1951):

:f'CXSZ_OX(Z-tfd) for £< £, (8)
ac=fcXJ[l- 015" )] for* > *C i, (9)
where £cuis the ultimate compressive strain and £c = is the strain at

the ultimate stress according to Hognestad Model, see (Hognestad, 1951).
This model has been used and mentioned in the papers of several authors
such as Guo et al. (2020) and Rezaie Oeé al. (2022).

Ecm [MPa] = 22000 X (~O MPa) : the elasticity modulus of

concrete given by Eurocode 2, Table 3.1 (CEN, 2004).

f'c:the ultimate concrete compressive stress.

The steel material properties of the steel beam and the screw stud
connectors were defined as isotropic elastoplastic behavior (Dassault
Systémes, 2016). The yield strength and ultimate tensile strength of the
studs were 350 MPa and 480 MPa and the yield strength and the ultimate
tensile strength of the steel beam were 495.4 MPa and 572 MPa (Du et al,
2021).

Probabilistic methods for the reliability analysis

Three different methods were employed: the Monte Carlo method, the
FORM, and the SORM.

The Monte Carlo simulation is practical and accurately represents
the real phenomenon during a sample test. The principle of this method
involves generating a large number of simulations, typically in the order of
10n(Haldar & Mahadevan, 1999) to calculate the failure probability Pausing

the equation:

PF = N (10)
where Nf isthe number of times the system fails, and N is the total number
of simulations. In our study, a MATLAB command was used to generate a
number N of simulations with a given mean and standard deviation.

The FORM Method: This method is a first-order Taylor series
expansion of the limit state function G(x) around a point P* called the
design point. It involves determining the reliability index p, which is the
shortest distance between the origin O and the point P* in the centered
standard space. The reliability index p then provides access to an
approximate failure probability Ar (Grandhi & Wang, 1999). The reliability

index was calculated using the Hasofer-Lind-Rackwitz-Fiessler algorithm:
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where @ is the cumulative distribution function - CDF (Grandhi & Wang,
1999), see Appendix 1.

The SORM Method: This method is a second-order Taylor series
expansion of the limit state function G(x) and corrects the failure
probability obtained by the FORM. For this method, we used the Breitung
formula to calculate Py (Haldar & Mahadevan, 1999):

1

~ — -1

We define the principal curvatures k; as the eigenvalues of the matrix
A, where its elements a;; are defined by:

e (13)

_ RDR)y ., . _ B
Y= e i) =123, m =1 i (19)

Here, D is the Hessian matrix (n X n) of the limit state function in the
reduced centered normal space evaluated at the design point. R is the
rotation matrix obtained by the Gram-Schmidt transformation (Haldar&
Mahadevan, 1999), see Appendix 6.

Mechano-reliability coupling

The mechano-reliability coupling of Abaqus-MATLAB is used to
evaluate the flexural failure mode of composite beams according to
Eurocode 4 (CEN, 1994) Abaqus simulates the behavior of the mechanism
related to material interaction and nonlinearity, while MATLAB does
reliability analysis, focusing on the flexural over the failure mode of the limit
state functions. This approach takes into account the uncertainties in the
properties of certain geometric and material parameters, determining the
probability of reaching the moment of plastic resistance and guaranteeing
compliance with the safety criteria.

In our reliability study, we distinguish two limit state functions
according to the position of the neutral axis

hy zZ
G () = Nyt (2 +he =) = Mgq oo (15)

G2(®) = Npiq (2 +25) = (Npta = Neg) B2 = Mg oo (16)
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Table 1- Random variables chosen from the limit state function

Properties  Variables Mean cov
Material fy 495.4 N/mm2 6%
fc 24.5 N/mm2 6%
_ 250 mm 5%
Geometric e 100 mm 506
Loading mMsd 355.68 KN.m 5%

Distribution

Lognormal
Lognormal
normal

normal

normal

Ref.

Bartlett et al. (2003)
Bartlett et al. (2003)
Ellingwood et al. (1982)
Ellingwood et al. (1982)

Du et al. (2021)

The following flowchart explains the Abaqus-MATLAB coupling steps:

Figure 2 - Abaqus-MATLAB mechanical-reliability coupling flowchart
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Results and discussion

Abaqus and the reliability results

Figure 3 -Stress distributions in the connection at the maximum load

Figure 4 - Stress distributions in the composite beam with a 3D cut view

Figures 3 and 4 illustrate the stress distribution within the composite
beam under the maximum load. Across the four types of beams studied, it
was observed that the neutral axis is consistently located near or within
the thickness of the concrete slab. This suggests that the bottom fiber of
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the steel beam is yielded before the concrete reaches its maximum
compressive strength. This prediction is confirmed by the Abaqus results
of the finite element analysis, Figures 3 and 4 (in gray), which show that
the bottom fiber in the middle of the steel beam has reached its maximum
strength of 495.4 MPa.

Figure 5- Load-deflexion curve with different concrete classes of the composite beam

Figure 5 compares the mid-span load-deflection curves of the beam
obtained by a nonlinear method and the experimental results given by Du
et al. (2021). In all four composite beam samples, the finite element
simulation (FEM) accurately estimated the curve of the experimental part
and thus provided a globally consistent estimate of the composite beam
behavior under load. It offers the possibility to thoroughly analyze the
different stages of structural deformation and to visualize the behavior up
to the ultimate loading phase, which is difficult to accomplish by
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experimental tests alone. However, the slight overestimation of ductility
observed in the FEM simulation results compared to the experimental data
can be explained by the use of simplified elastoplastic laws to represent
the behavior of steel. The force-deflection curves of steel-concrete
composite beams in nonlinear analysis do not have a descending branch
in this study due to the ductility of steel and the application of an
elastoplastic or bilinear constitutive law, which influences the curve by
delaying the formation of a decreasing branch. Steel can reach its plastic
domain without immediately losing its strength. Indeed, once the steel
enters its plastic phase, the stiffness of the beam decreases, and the force-
deflection curve tends to stabilize or become horizontal. This type of curve
is observed by Chiorean & Buru (2017) and Benyahi et al. (2021) and by
Luo et al. (2012) which confirms the results obtained in the FEM model
studied.

Table 2 — Plastic resistance moments for each concrete class

Plastic resistance Ultimate .
Specimen moment Abaqus Ultimate Mypagus
(KN.m)M,,1zq moment experimental M
moment (kN.m) exp
7 — — (kN.m)
ory_=1 fory =1.5
C25 365.87 332.0336 355.68 341.3 1.04
C45 42279 388.9604 392.41 378.8 1.03
C65 441.23 416.6237 423.68 408.8 1.04
c8o 450.785 430.9544 432.45 423.8 1.02
Table 3 — Reliability indices and probabilities of failure
Specimen Abagus
P MCS FORM SORM
_ B =0.3443 _
C25 Pr = 0.3509 P, = 03653 Pr =0.3571
_ B =2.6184 _
C45 Pr =0.0043 Py = 0.0044 Pr =0.0043
_ _ B =3.7918 _ _
C65 Pr =1.1700e — 04 P = 74775¢ — 05 Py =7.2567e — 05
_ _ B = 44518 _ _
C80 Pr =4.0000e — 06 P = 4.2580¢ — 06 Pr = 4.1438e — 06
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Table 2 presents a comparison between the ultimate moment
obtained by theory and the test. The results demonstrate a good
agreement between the experimental ultimate moments and those
calculated with Abaqus, which confirms the used simulation method. The
observed ratios Mabaqus/Mexp are relatively low and fluctuate between 1.02

and 1.04, which is generally acceptable compared to 1.01 found by Du et
al. (2021) and Mans et al. (2001), as well as between 0.95 and 1.05 for
Nie et al. (2009) and 1.03 for Youn et al. (2011). According to the results
of Table 3, it is evident that the reliability of steel-concrete composite
structures varies considerably depending on the quality of the concrete
used. For concrete class C25, the probability of failure is high i = 0.3509,

indicating low structural reliability. Increasing the concrete class C45, C65,
C80 results in a decrease in the probability of failure R~ = 0.0043 ,
1.1700e - 04, 4.0000e - 06, while the reliability index ft increases ft =
0.3443, 2.6184,3.7918,4.4518, indicating increased strength and safety.
Consistent results are obtained using different techniques, the MCS, the
FORM and the SORM, confirming that composite beams with high-quality
concrete slabs C65 and C80 are more reliable than those with low-quality
concrete slabs C25. In summary, the choice of high-quality concrete, such
as C65 and C80, ensures strong structural performance and increased
reliability, making these composite beams ideal for supporting high loads
and meeting strict safety requirements. The reliability results obtained by
the FORM, the SORM and the MCS also show that when the limit state
functions are nonlinear, the SORM method provides a better
approximation than the FORM. Indeed, the SORM considers the limit state
surface as a curve shape (hyperboloid), while the FORM simplifies it into
a tangent plane. This more realistic approach allows the SORM to obtain
results very close to those of the Monte Carlo method known for its high
accuracy. The studies of Yu et al. (2017) and Morse et al. (2017)
corroborate these results.

According to Eurocode 2 and many international codes and
regulations (fib, 2013; The Government of the Hong Kong Special
Administrative Region: Buildings Department, 2020; AClI Committee 318,
2019) the safety factor yc = 1.5 is used in structural calculations to ensure
a certain level of reliability by reducing the characteristic strength of
concrete. This explains the inherent uncertainties due to the design and
measurement during construction. In this study, we used the actual mean
values of the geometric and material parameters for the reliability analysis,
while taking into account the uncertainties by integrating the standard
deviation of these parameters. The results of the reliability analysis (Figure
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as the concrete strength decreases, indicating a decrease in structural
safety margins and an increased probability of failure when the concrete
compressive strength is low. This decrease is particularly noticeable when
fc values are around 20 MPa.
In contrast, when yc = 1.5, the reliability index remains higher overall fc,
indicating a more robust design with higher safety margins. Even at higher
concrete strengths, where the index yc = 1 becomes critical, yc = 15
ensures significantly higher reliability. According to Eurocode standards,
the results demonstrate the importance of using an appropriate safety
factor to ensure good structural reliability.

Figure 8- Variation in failure probability as a function of the yield strength of steel

Figure 9 - Variation in failure probability as a function of the concrete slab thickness
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Figure 10 - Variation in failure probability as a function of the steel beam height

The results of the three last Figures (8, 9 and 10) show that several
factors influence the probability of failure A of the steel concrete
composite beam. First, an increase in the steel beam strength generally
leads to a decrease in failure probability (Figure 8) because stronger steel
increases the structural performance. This decrease is even more
pronounced when the concrete has a high strength C45, C65 or C80,
because stronger concrete requires stronger adhesives to maximize its
potential. In parallel, a higher section height of the composite section,
whether concrete (Figure 9) or steel (Figure 10) reduces failure probability
while improving the stiffness of the beam. The probability of failure
decreases with increasing height for all types of concrete, with a stronger
effect for high-strength concrete, which exhibits superior performance
even at lower section heights. Therefore, increasing the overall height of
the composite section and improving the strength of the steel beam
significantly reduces the probability of failure of the composite system, with
benefits that are particularly evident when the concrete is high strength.

Conclusion

The evaluation of steel-concrete composite beams reveals several
essential insights into their structural reliability and performance. The finite
element method (FEM) has demonstrated high accuracy in predicting the
behavior of composite beams under load, by closely aligning with
experimental results. The FEM remains a valuable tool to analyze
structural deformation steps and predict failure outcomes.
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The comparison between the original values and the experiments
confirms the simulations using the FEM and maintains a good
conformational system. Notably, the failure probability i is a sign that the

high-strength concrete is used. The concrete classes C45, C65 and C80
have a safer and more reliable system than the concrete C25. This trend
relieves the import of high-strength concrete to increase the structure
performance and safety.

Furthermore, the results highlight that increasing the section height of
both concrete and steel components reduces the failure probability Pf,

thereby improving beam stiffness and overall reliability. The benefits of
these design adjustments are more pronounced with high-strength
concrete, which retains its performance advantages even at smaller
section heights.

The results highlight the importance of selecting high-strength
materials and optimizing section dimensions to improve the safety and
reliability of composite beams, aligning with Eurocode standards and
ensuring robust structural performance.
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Resumen:

Introduccién/objetivo: Este estudio investigo la influencia de la resistencia
a la compresion del hormigén en la confiabilidad y el momento de
resistencia plastica de las vigas compuestas de acero y hormigén. El
objetivo fue evaluar el impacto de las variaciones de la resistencia del
hormigén en el desempefio estructural, con especial atencién al momento
de resistencia plastica, que es critico para la seguridad y la conformidad de
la viga compuesta.

Métodos: Para modelar el comportamiento no lineal del hormigon, Abaqus
cre6 un modelo numérico tridimensional que incluye un modelo de
plasticidad del dafio del hormigén (CDP). Se realiz6 un andlisis de
confiabilidad y se evalué la probabilidad de falla utilizando simulaciones de
Monte Carlo (MCS) y métodos de confiabilidad de primer orden (FORM) y
segundo orden (SORM). La funcién de estado limite se determiné de
acuerdo con los criterios del Eurocddigo 4 considerando la resistencia a la
compresion del hormigén de 25 a 80 MPA.

Resulfados: Como resultado, se encontr6 que la resistencia a la
compresion del hormigbén afecta significativamente el momento de
resistencia plastica y el indice de confiabilidad de la viga compuesta. La
alta resistencia del hormigén mejora el momento de resistencia plastica y
el indice de confiabilidad varia segtn la propiedad geométrica y del material
de la seccion compuesta y las condiciones de carga.

Conclusion: La resistencia a la compresion del hormigén es un parametro
importante que determina las caracteristicas estructurales y la seguridad
de las vigas mixtas de acero y hormigon. Esto puso de relieve la necesidad
de considerar la variabilidad de la resistencia del hormigén al disefiar y
evaluar estructuras mixtas para garantizar el cumplimiento de los
estandares de confiabilidad.

Palabras claves: viga compuesta, modelado no lineal, momento
resistente plastico, andlisis de confiabilidad, andalisis de elementos
finitos, probabilidad de falla.
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BnnaHne npo4yHocTun 6eToHa npun cxatnnm Ha HageXxXHOCTb N MOMEHT
naaCcTU4eCKoro conpoTme/ieHNA CTa/1Ie6EeTOHHbLIX KOMMO3UTHbIX 6a/10K

Habunb [laaHyH, KoppecnoHAeHT, Haccum KepHoy

YHuBepcuTeT bemkas, TexHonornyeckuii hakynbTer,
NabopaTopusi CTpOUTENBHOW MHXEHepUN 1 apxuTekTypbl (LGCA),
r. bempkasn, Anxumpckas HapogHas [lemokpatuyeckas Pecny6nuka

PYBEPUKA T'PHTW: 67.09.33 BeToHbl. XXene3obeToH. CTpouTe bHble
pacTBOpbIl, CMecH, CoCTaBbl
B CTATbW: opurnHasibHaa Hay4yHas ctatbs

Pe3tome:

BeegeHue/uens: B agaHHOM unccnegoBaHMM  M3y4dasioCb  B/AUSIHME
NPOYHOCTU 6GeTOoHa NpPu CcXaTuUU Ha HaAeXHOCTb U MOMEHT
NaacTUYECKOro COMNPOTUB/EHUS CTanebeTOHHbIX KOMMNO3UTHbIX
6anok. Llenb wnccnegoBaHWs 3ak/iko4yasniacb B OLEHKe BAUSIHUA
N3MeHeHN’ NPOYHOCTMU 6eToHa Ha 3KCnNyaTauMoHHbIe
XapakTepuCcTUKN KOHCTpPyKuun. Ocoboe BHMUMaHUE YyAensinocb
MOMEHTY MN/laCTMUYECKOro COMNPOTUB/IEHUSA, KOTOpPbIH unMeeT
pewatouiee 3HayeHme a8 6€30NacHOCTU U NPOYHOCTUN KOMNO3NTHOI
6asnku.

MeToabl: AnAa MoAenupoBaHUA HeNWHENHOro noBefeHUs 6eToOHa
KoMnaHua «Abaqus» co3gana TpPeXMepHYH UUC/EHHYHO MoJesb,
BK/IOHAKOLWLYIO MOAesib MacTUYHOCTU 6GeToHa npu MNOBpexXAeHUu
(CDP). Bbin npoBefeH aHann3 HaAeXHOCTW U OLeHKa BEPOATHOCTMU
OTKasa C uCnosb3oBaHNeM MoAenMpoBaHnsa nNo meToay MoHTe-Kapno
(MCS) n meTogam onpegeneHus HaAeXHOCTWU NepBOro nopsaka
(FORM) wn BTOporo nopsagka (SORM). ®yHKuMa npepenbHOro
cocTOosAHUA Oblla onpejesieHa B COOTBETCTBUM C KPpUTeEpuamu
EBpokosa 4 c y4ueTOM NPOYHOCTUN 6eTOoHa Ha cxaTue oT 25 go 80
MMa.

PesynbTaThbl: PesynbTaThbl nccnegoBaHunA nokKasanwu, 4yTOo
NMPOYHOCTb 6eToOHa Ha cxaTue CyuileCTBEHHO B/INdeT Ha MOMEHT
nnacTwunyeckoro conpoTwuB/ieHnA n nokasaTeslb HageXHoCcTwu
KOMMO3NTHON 6anku. Bbicokas NMPOYHOCTb 6eToOHa nNoBbIWaeT
nnacTun4yeckoe conpoTuB/ieHUe, a nokasaTeslb HageXHoCcTwu
BapbmnpyeTca B 3aBUCMMOCTWU OT TreomMeTpunyeckmnx napameTpos,
CBOACTB KOMMNO3NTHbIX MaTepunanoB VIyCJ'IOBVIVI HarpyxeHus.

BbiBoA: T[poyHOCTbL 6GeToHa Ha cXaTue SBASEeTCS BaXHbIM
napaMmeTpoM, ONpeaensitolWUM KOHCTPYKTUBHbIE XapaKTepUcTUKM U
6e30MacHOCTb CTanie6eTOHHbIX KOMMNO3WTHbIX 6anok. DTOoT dakT
nogvyepknBaeT HEO6XOAMMOCTb yYeTa U3MEHEeHNIH NPOYHOCTN 6eToHa
nPpn nMpPOeKTUPOBAHUM U OLEHKE KOMMO3UTHbIX KOHCTPYKUWA ans
o6ecrnevyeHnss COOTBETCTBUA CTaHAapTaM HaeXXHOCTU.
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Krodeenbie criosa: KoMno3umHas 6aska, HernuHeliHoe modenupoeaHue,
MOMEHM 71aCMUYeCK020 COMPOMUGIIEeHUs, aHanu3 HadexHocmu,
KOHEeYHO-3/1eEMEHMHbIL aHasu3, 8ePOSIMHOCMb OMKa3sa.

YTuuaj uspcrohe BGeTOHA NpY NPUTUCKY HA MOY34aHOCT U MOMEHAaT
NAaCTUMHOCTU CNPETrHYTUX YENMYHO-DETOHCKMX HOcaYa

Habun JanyH, ayTop 3a npenucky, Hacum KepHy

YHuBepauteT y beyaju, TexHonowku dpakynTerT,
JlaBopatopuja 3a rpaheBUHCKO MHXeHePCTBO U apxuTekTypy (NTLIA),
Beuaja, HapopHa demokpatcka Penybnuka Amxump

OBJACT: MalMHCTBO, rpaheBUHapcTBO
KATEFOPWUJA (TKIM) YUNAHKA: opurnHanHu HayydHu pag

Caxemak:

Yeod/yuwrs: Y 080j cmyduju ucniuman je ymuuaj yspcmohe 6emoHa npu
MPUMUCKY Ha noy30aHocm u riiacmuy4HU OMInOPHU MOMEHaM CripeaHymux
Hoca4ya 00 yenuka U bemoHa. Ljurb je 6uo da ce npoueHu ymuuaj
pasnuqumux 4spcmoha 6emoHa Ha noHauwlake KOHCMPYyKuuje, ¢
rNocebHUM HaanackoM Ha nnacmudHu OmiopHU MOMeHam Koju je
KpumudaH 3a cu2ypHOCM U UcCTlyrbasarbe 3axmeea 3a cripegHymu Hocau.

MemooOe: 3a molenupar-e HenuHepaHoz2 rnoHawara 6emoHa, Abakyc je
Kpeupao mpodumMeH3UOHanHuU HyMepudku mModern Koju obyxeama moder
owimehersa 6emona ycned nnacmuyHocmu (Concrete Damage Plasticity
—CDP model). AHanu3upana je noysdaHocm, a eeposamHoha omka3sa je
npouerseHa nomohy cumynauuja Monme Kapno (MCS), kao u nomohy
memoda noy3faHocmu npsoz (FORM) u dpyeoe peda (SORM). ®yHKyuja
epaHu4Hoz2 cmarsa odpeheHa je npema Kpumepujymuma Eepokoda 4
yaumajyhu y 063up yspcmohy 6emona npu npumucky 00 25 6o 80 MPA.

Pesynmamu: Noka3aHo je 0a Yyepcmoha 6emoHa rpu npumucKy 3HamHo
ymu4de Ha raacmuyYHu omrnopHU MomeHam u uHlexkc rnoy3sdaHocmu
cripesHymoe Hocayda. Bucoka Yygpcmoha 6emoHa nobossluaea rniacmudHu
OMIMopHU MOMeHam, 00K UHOekc noysdaHocmu eapupa 3asucHo 00
ceojcmaesa Mamepujarna, 2eoMempuje crnpeaHymoea rpeceka, kao u ycrosa
onmepehensa.

Sakpyyak: Yepecmoha 6emoHa rpu npumucKy eaxan je napamemap Koju
odpehyje cmpykmypHe Kapakmepucmuke U Cu2ypHOCM CripeesHymux
Hocada 00 Yenuka u 6emoHa. 3amo je npu npojekmosarsy U npoueHuU
cripesHymux KOHcmpykKuyuja HeorixoOHo 0a ce eapujabunHocm 4Yepcmohe
6emoHa y3Mme y 003up Kkako bu ce ocueyparo rnouwmosaHe cmaHdapda
noysfaHocmu.

KibyyHe peyu: cripeeHymu Hocad, HesnuHeapHo wmodenuparse,
nnacmuyHU OMIOPHU MOMEHam, aHanu3a noysfdaHocmu, aHanu3sa
KOHa4yHUX enemeHama, eeposam+Hoha omka3sa.
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