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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 of the 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
of the 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 Systémes, 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

163

Daanoune, N. et al, Impact of concrete compressive strength on the reliability and the plastic moment of steel-concrete composite beams, pp.162-182



EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

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 Z,; 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 M, z, of the composite section. This procedure is
performed using the following equations.

If the neutral axis is located in the concrete slab

— Npla
Zp = b X085 g Z ................................................ (1)
hq
Mpl,Rd == Npla (? + c Tpl) ............................................. (2)
where:
f;
Npig = Ag X y—z .............................................................. (3)
S e, (4)

besy: effective width of the concrete flange,
y,. safety factors of steel,

y.. safety factors of concrete,

fy- yield strength of the steel section,

f.: compressive strength of the concrete,

hy: height of the steel section,

h.: height of the concrete flange,

A, area of the steel section, and

if the neutral axis is located in the steel flange

_ N la_ch
Zpl_;ljjr—xﬁ,xya+hc .................................................. (5)
hq . h¢ Z
Mpl,Rd = Npla (7 + 7) - (Npla - ch)Tpl ........................... (6)
where:
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0.85.f,
ch = Y J X hc X beff .................................................. (7)

by 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.

beyr
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h,  Concrete slab

Stud connector
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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 Systémes, 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 f; = f—co 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):

Uc=f'c><§><(2—§) fOr € < €0eiiieiiieiiiiieeeeeeeee, (8)
o, = f' % [1 ~0.15 (%)] fOF € > £ vvveereereeeeeen e, (9)
2xf'c

where g, is the ultimate compressive strain and ¢, = — 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 et al. (2022).

fem

0.3
E.m [MPa]zZZOOOX(TMPa) : the elasticity modulus of

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

f'.: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
10™(Haldar & Mahadevan, 1999) to calculate the failure probability Prusing
the equation:

Pr=t (10)

where Nf is the 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 8, which is the
shortest distance between the origin O and the point P* in the centered
standard space. The reliability index B then provides access to an
approximate failure probability Pr (Grandhi & Wang, 1999). The reliability
index was calculated using the Hasofer-Lind-Rackwitz-Fiessler algorithm:
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B = gr(r&g’zo U e (11)
Pf,FORM = (D(_ﬁ) ..................................................... (12)

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
Pf,SORM ~ (D(—ﬂ) H?:%\/?ﬁk] ................................... (13)
We define the principal curvatures k; as the eigenvalues of the matrix
A, where its elements a;; are defined by:

_ (RDRYy . _ _
b= e =123 =1 (14)

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

Ra z

G1(x) = Nyt (52 + he =) = Mg oo (15)
ha . he z

Gz(X) = Npla (7 + ?) - (Npla ch)Tpl T Mg v (16)
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Table 1 — Random variables chosen from the limit state function

Properties | Variables Mean COV | Distribution Ref.
Material fy 495.4 N/mm? 6% Lognormal Bartlett et al. (2003)
fe 24.5 N/mm? 6% Lognormal Bartlett et al. (2003)
h, 250 mm 5% normal Ellingwood et al. (1982)
Geometric 5
h, 100 mm 5% normal Ellingwood et al. (1982)
Loading Mgy 355.68 KN.m 5% normal Du et al. (2021)

QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

The following flowchart explains the Abaqus-MATLAB coupling steps:

[ Defined geometric and material parameters of the composite beam ]
[ Evaluation of the plastic resistance moment according to Eurocode 4 ]
[ Probability analysis MATLAB ] [ FEM Abagus Model ]
v ¥
[ Choice of random variable ] [ Defined the job model ]
¥ ¥
Generate N number of simulation with a given Estimate the ultimate bending moment and
mean and standard deviation of each variable validate by experimental results

Construct the limit state function
G=R-S %

accordind to the enrocode 4 criterion

[ Estimate the Pf by MCS ]

p
Calculate the mean and standard
- " deviation of each random variable

¥

[ Estimate the Pf by FORM ]

¥

[ Estimate the Pf by SORM ]

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

Abaqus and the reliability results

S, Mises
{Avg: 75%)
+5.402e+02
+4.954e+02
+4.544e+02
+4.133e+02
+3.723e+02
+3.313e+02
+2.903e+02
+2.492e+02
+2.082e+02
+1.672e+02
+1.262e+02
+8.513e+01
+4.411e+01
+3.081e+30
-

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

S, Mises

(Avg: 75%)
+5.402e+02
+4.954e+02
+4.541e+02
+4.128e+02
+3.716e+02
+3.303e+02
+2.890e+02
+2.477e+02
+2.064e+02
+1.652e+02
+1.239e+02
+8.261e+01
+4.133e+01

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.
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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 UItlmate Mabagus
(KN.m)My,;zq moment experimental M
moment (kN.m) exp
f — - (kN.m)
ory =1 fory =1.5
C25 365.87 332.0336 355.68 341.3 1.04
C45 422.79 388.9604 392.41 378.8 1.03
C65 441.23 416.6237 423.68 408.8 1.04
C80 450.785 430.9544 432.45 423.8 1.02
Table 3 — Reliability indices and probabilities of failure
Specimen Abaqus
P MCS FORM SORM
_ B = 0.3443 _
C25 Pr = 03509 P, — 03653 Pr = 0.3571
_ B =2.6184 _
C45 Py = 0.0043 P, = 00044 Pr = 0.0043
_ B =3.7918 _ B
C65 Pr =1.1700e — 04 Py = 7 47756 — 05 Pr = 7.2567e¢ — 05
_ _ B = 4.4518 _ _
Cc80 Pr =4.0000e — 06 P, = 4.2580e — 06 Pr = 4.1438e — 06

171

Daanoune, N. et al, Impact of concrete compressive strength on the reliability and the plastic moment of steel-concrete composite beams, pp.162-182



EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

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 Mp,qus/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 P, = 0.3509,

indicating low structural reliability. Increasing the concrete class C45, C65,
C80 results in a decrease in the probability of failure P = 0.0043 ,

1.1700e — 04, 4.0000e — 06, while the reliability index S increases f =
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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7) and the plastic resistance moments (Figure 6) for yc =1 and yc = 1.5
were compared to evaluate the safety margins provided in the calculations
according to Eurocode 4.
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Figure 6 — Moment variation as a function of the concrete compressive strength
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Figure 7 — Variation in failure probability as a function of the concrete compressive
strength

As shown in the curve in Figure 7, the safety factor has a significant

impact on the reliability index, which is based on the concrete compressive
strength. When yc = 1, the initial reliability index is high, but it decreases
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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
fe values are around 20 MPa.
In contrast, when yc = 1.5, the reliability index remains higher overall f,,
indicating a more robust design with higher safety margins. Even at higher
concrete strengths, where the index yc = 1 becomes critical, yc = 1.5
ensures significantly higher reliability. According to Eurocode standards,
the results demonstrate the importance of using an appropriate safety
factor to ensure good structural reliability.

0.8 -.======\§\ \ \
W\ ==
\\ —
\\

N\ M

0.0
300 350 400 450 500 550 600
Yield strength of the steel fy(MPa)

0.4

Failure probability

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

0.8 kt\
2.0\ —
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Figure 9 — Variation in failure probability as a function of the concrete slab thickness

174




0: \\\\\ \\ —
IR\ B —
4NN
—mn—m—izgm%

Height of the steel beam section ha (mm)

Failure probability

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 Pr 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 Py 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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Nabil Daanoune, autor de correspondencia, Nassim Kernou

Universidad de Bejaia, Facultad de Tecnologia,
Laboratorio de Ingenieria de la Construccién y Arquitectura (LGCA),
Bejaia, Republica Argelina Democrética y Popular

CAMPO: ingenieria mecanica, ingenieria civil
TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccién/objetivo: Este estudio investigo la influencia de la resistencia
a la compresion del hormigbn 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 desemperio estructural, con especial atencion 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 hormigén, Abaqus
cre6 un modelo numérico tridimensional que incluye un modelo de
plasticidad del dafio del hormigdén (CDP). Se realiz6 un analisis de
confiabilidad y se evalud la probabilidad de falla utilizando simulaciones de
Monte Carlo (MCS) y métodos de confiabilidad de primer orden (FORM) y
segundo orden (SORM). La funcion 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.

Resultados: Como resultado, se encontré6 que la resistencia a la
compresion del hormigbn afecta significativamente el momento de
resistencia plastica y el indice de confiabilidad de la viga compuesta. La
alta resistencia del hormigbn mejora el momento de resistencia pléastica y
el indice de confiabilidad varia segtn la propiedad geométrica y del material
de la seccién compuesta y las condiciones de carga.

Conclusién: La resistencia a la compresion del hormigon es un parametro
importante que determina las caracteristicas estructurales y la seguridad
de las vigas mixtas de acero y hormigén. 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, analisis de confiabilidad, analisis de elementos
finitos, probabilidad de falla.

179

Daanoune, N. et al, Impact of concrete compressive strength on the reliability and the plastic moment of steel-concrete composite beams, pp.162-182



EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

BnnaHne NMPOYHOCTH fbeToHa npu cXxXaTtnn Ha Hagae>XHoOCTb U MOMEHT
nnacTn4ecKkoro conpoTtmBrieHna cTanebeToHHbIX KOMNO3UTHLIX Banok

Habunb [JaaHyH, koppecnoHaeHT, Haccum KepHoy

YHuepcuteT beaxas, TexHonornyeckuii akynbTeT,
TNabopaTopus cTpomTenbHon nHxeHepuu n apxutekTypbl (LGCA),
r. begxas, Anxupckasa HapogHasa [lemokpatuyeckas Pecnybnuka

PYBPUKA TPHTW: 67.09.33 BeToHbl. XKene3obeToH. CTpouTenbHbIe
pacTBOpbI, CMECU, COCTaBbI
BWO CTATbW: opurmHanbHas HayyYHas ctaTbsl

Peswome:

BeedeHue/uenb: B 0daHHOM uccnedoeaHUU U3y4Yasiocb BJIUSIHUE
npoyHocmu 6emoHa npu cxamuu Ha HadexHocmb U MOMeHM
rnnacmu4eckozo COMpPomMuUeIeHUs cmanebemoHHbIX KOMMIO3UMHbIX
banok. Llenb uccrnedosaHusi 3ak/rodasiacb 8 OUEHKEe 8/USIHUS
Uu3MeHeHuUl rnpoyHocmu 6emoHa Ha aKCrIyamayuoHHbIe
Xxapakmepucmuku KoHcmpykyuu. Ocoboe 6HUMaHuUe yO0ensnoch
MOMeHmYy  Mjacmu4ecKko20  COMPOMUBIIEHUs, KOmopbIld umeem
pelarouiee 3HaqdeHue 01151 beaonacHocmu U MPOYHOCMU KOMIO3UMHOU
barnku.

Memodsi: [ns modenuposaHusi HernuHelHo20 noeedeHusi 6emoHa
KomnaHusi «Abaqus» co30ana MmpPexMepHyt YUCIEHHY0 Mooerb,
gKoYarowyro Modesnb nnacmuyHocmu 6emoHa npu nospexoeHuu
(CDP). bbin nposedeH aHanu3 HalexHoOCMU U OUEeHKa 8eposimHoOCmu
omkasa € ucrornb308aHueM ModesuposaHusi no memoody MoHme-Kapiio
(MCS) u memodam onpedeneHusi HadexHocmu repeoeo opsioka
(FORM) u emopozo mnopsidka (SORM). ®@yHkyus npedesnbHo20
cocmosiHusi 6biria onpedesieHa 8 COOMBEMCMBUU C Kpumepusmu
Espokoda 4 ¢ yyuemom npoyHocmu bemoHa Ha cxamue om 25 6o 80
Mrlla.

Pesynbmamebi:  Pe3ynbmamsbi  uccriedogsaHus  rokasanu, 4mo
rnpoyHocmb bemoHa Ha cxamue CyWecmeeHHO erusiem Ha MOMEeHM
rnnacmu4eckoeo COMpomuernieHuUss U rokazamersnb HaldexHocmu
KomnosumHol 6anku. Bbicokass npoyHocmb b6emoHa rnoebiaem
nnacmu4yeckoe CconpomuersieHue, a rokasamesib  HaldexHocmu
8apbUPyemcsi 8 3ag8UCUMOCMU OM 2e0MempuUYeCcKUX rnapamempos,
ceolicme KOMIMO3UMHbIX Mamepuarsios U yCcrosull HagpyXeHUs.

Bbigod: [lpoyHocmb bemoHa Ha Cxamue S68rnsemcsi 8aXHbIM
rnapamempoM, orpedernsiowUM KOHCMPYKMUBHbIE XapakmepucmuKku U
6e3onacHocmb cmarnebemoHHbIX KOMMO3umHbiX 6anok. dmom ghakm
rnodyepkusaem Heobxodumocme ydema UusMeHeHul npo4YHocmu 6emoHa
fpu  MpPoeKmMuUpPoBaHUU U OUEHKE KOMIMO3UMHbIX KOHCMpYyKUuul Ons
obecrieyeHus1 coomeemcmeusi cmaHoapmam HadexXHOCmuU.
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Knroyesnie criosa: komno3umHasi 6aska, HesluHeliHoe mModernuposaHue,
MOMeHmM Mlacmu4YecKo20o COMPOMUEIIEeHUs, aHanu3 HadexHocmu,
KOHEYHO-3r1ieMeHMHbIl aHanus, 8eposimHOCMb OmkKa3sa.

YTuuaj uspctohe 6eToHa nNpu NPUTUCKY Ha NOy34aHOCT U MOMEeHaT
NNacTUYHOCTM CNPETrHYTUX YENTUYHO-OETOHCKMX Hocaya

Habun QaHyH, ayTop 3a npenucky, Hacum KepHy

YHusepauteT y belaju, TexHonowkn akynrer,
NabopaTopuja 3a rpafieBMHCKO UHXeHepCcTBO 1 apxuTekTypy (JITLA),
Beyaja, HapogHa Oemokpatcka Penybnuka Amxup

OBJIACT: mawmnHcTBO, rpaheBnHapcTBO
KATEFOPUJA (TWUM) YITAHKA: opurinHanHu Hay4Hu paj

Caxemak:

Yeod/yurs: Y oeoj cmyduju ucnumaH je ymuuaj yspcmohe 6emoHa npu
MpUMUCKy Ha rnoy30aHocm U riacmu4yHU OmnopHU MOMeHam CripegHymux
Hocada 00 4Yenuka u 6emoHa. Lurb je 6uo Oa ce npoueHu ymuuaj
pasnuqumux  yepcmoha 6emoHa Ha MoHawake KOHCmpyKyuje, C
MocebHUM Haz2nackoM Ha MnacmuyHu OmIMOpHU MOMeHam Koju je
KpumuyaH 3a cuaypHOCM U UCryH-aeaH-e 3axmeea 3a CripeesHymu Hocau.

Memode: 3a modenupare HeruHepaHoz roHawarka 6emoHa, Abakyc je
Kpeupao mpoduMeH3UOHaTHU Hymepudku modesn Koju obyxeama modern
owmehera 6emona ycned nnacmudHocmu (Concrete Damage Plasticity
—CDP model). AHanusupaHa je noy3daHocm, a eepogamHoha omka3sa je
npouern-eHa riomohy cumynauuja MoHme Kapno (MCS), kao u nomohy
memoda noysdaHocmu npeoe (FORM) u dpyzoe peda (SORM). ®yHKyuja
epaHu4yHo2 cmarba odpeheHa je npema Kpumepujymuma Eepokoda 4
y3umajyhu y 0b63up yspcmohy 6emoHa fipu npumucky 0d 25 6o 80 MPA.

Pesynmamu: lNoka3aHo je 0a 4epcmoha 6emoHa fpu rnpumucKy 3HamHo
ymu4ye Ha naacmuyHu OmropHU MomMeHam U UHOeKc roy3daHocmu
crpeaHymoe Hoca4a. Bucoka yspcmoha 6emoHa nobosbwasa ninacmuyHu
OMIopHU MoMeHam, OOK UHOeKC roy30aHocmu eapupa 3asucHO 00
ceojcmasa Mamepujarna, 2eoMempuje cripeeHymoa rnpeceka, Kao U ycriosa
onmepehersa.

Sakrbyyak: Yepcmoha 6emoHa ripu MpUMUCKy 8axaH je napamemap Koju
odpehyje cmpykmypHe Kapakmepucmuke U CU2ypHOCM CripeaHymux
Hocaya 00 4eruka u bemoHa. 3amo je rnipu rpojekmosarby U MpoueHu
cripeeHymux KoHcmpykuuja HeorixodHo Oa ce sapujabunHocm ygpcmohe
6emoHa ysme y 063up kako 6u ce ocuzyparno nowmosare cmaHOapda
rnoysdaHocmu.

KrbydHe pedqu: cripesHymu Hocad, HesfuHeapHo Moderiuparbe,
naacmu4YHU OMIMOPHU MOMeHam, aHanus3a roy3daHocmu, aHanusa
KOHayHUX enieMeHama, eeposamHoha omkasa.

181

Daanoune, N. et al, Impact of concrete compressive strength on the reliability and the plastic moment of steel-concrete composite beams, pp.162-182



EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

Paper received on: 04.10.2024.
Manuscript corrections submitted on: 28.01.2025.
Paper accepted for publishing on: 29.01.2025.

© 2025 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

182


http://www.vtg.mod.gov.rs/
http://%D0%B2%D1%82%D0%B3.%D0%BC%D0%BE.%D1%83%D0%BF%D1%80.%D1%81%D1%80%D0%B1/
http://creativecommons.org/licenses/by/3.0/rs/

