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APRESENTAÇÃO
A Engenharia de Computação é a área que estuda as técnicas, métodos e ferramentas 

matemáticas, físicas e computacionais para o desenvolvimento de circuitos, dispositivos e 
sistemas. Esta área tem a matemática e a computação como seus principais pilares. O 
foco está no desenvolvimento de soluções que envolvam tanto aspectos relacionados ao 
software, quanto à elétrica/eletrônica. Os profissionais desta área são capazes de atuar 
principalmente na integração entre software e hardware, tais como: automação industrial 
e residencial, sistemas embarcados, sistemas paralelos e distribuídos, arquitetura de 
computadores, robótica, comunicação de dados e processamento digital de sinais.

Dentro deste contexto, esta obra aborda diversos aspectos tecnológicos 
computacionais, tais como: implementação e modificações numéricas a serem feitas no 
algorítmo de Anderson (2010) para simular o escoamento sobre uma asa finita submetida 
a ângulos de ataque próximos ao estol; modelo distribuído para analisar a influência da 
formação e do adensamento de geada sobre o desempenho de evaporadores do tipo 
tubo-aletado, comumente usados em refrigeradores frost-free; um algoritmo de Redes 
Neurais Convolucionais(CNN) que identifica se a pessoa está ou não utilizando a máscara; 
potencialidades do M-Learning e Virtual Reality no curso técnico em Agropecuária; avaliação 
da qualidade da energia elétrica em um sistema de geração de energia fotovoltaica; uma 
abordagem para a segmentação de imagens cerebrais, utilizando o método baseado em 
algoritmos genéticos pelo método de múltiplos limiares; estudo numérico de uma âncora 
torpedo sem aletas cravada em solo isotrópico puramente coesivo, utilizando um modelo 
axissimétrico não-linear em elementos finitos; estudo acerca da análise numérica de placas 
retangulares por meio do método das diferenças finitas, obtendo soluções aproximadas 
para o campo de deslocamentos transversais bem como os correspondentes momentos 
fletores, para problemas envolvendo uma série de condições de contorno, utilizando-se 
o software Matlab® para simulação; desenvolvimento e aplicação da Realidade Virtual 
(RV) como Tecnologia de Informação e Comunicação (TIC) para auxiliar no processo de 
ensino-aprendizado de disciplinas do Ensino Médio; avaliação dos resultados obtidos em 
campanhas de medição de qualidade da energia elétrica (QEE) na rede básica em 500 
kV; examinar o comportamento mecânico-estático de uma longarina compósita projetada 
para uma aeronave esportiva leve através de investigações numéricas, empreendidas em 
software (ANSYS Release 19.2) comercial de elementos finitos; construção de um sistema 
para monitoramento de ativos públicos; a relação da Sociedade 5.0 envolvida no contexto 
da Indústria 4.0 e a Transformação Digital; algoritmos de seleção e de classificação 
de atributos, identificando as vinte principais características que contribuem para o 
desempenho alto ou baixo dos estudantes; a Mask R-CNN, utilizada para a segmentação 
de produtos automotivos (parabrisas, faróis, lanternas, parachoques e retrovisores) em uma 
empresa do ramo de reposição automotiva; o nível de usabilidade do aplicativo protótipo 



para dispositivo móvel na área da saúde voltado ao auxílio do monitoramento móvel no uso 
de medicamentos em seres humanos. 

Sendo assim, está obra é significativa por ser composta por uma gama de trabalhos 
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes 
desta área. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas 
significativas contribuições, e aos nossos leitores, desejamos uma proveitosa leitura, 
repleta de boas reflexões.

Ernane Rosa Martins
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ABSTRACT: The present study refers to the 
composite steel-concrete beams analysis 
considering the various nonlinear effects. These 
effects generate complexity to the design requiring 

computational methodologies for the accurate 
measurement of structural behavior. With good 
numerical efficiency, the Refined Plastic Hinge 
Method also stands out for its simplicity. This 
methodology will be used considering rotational 
pseudo-springs at the finite elements ends for the 
simulation of plasticity. However, this approach 
was initially developed for isotropic materials with 
elastic-perfectly-plastic behavior, implying loss of 
precision in the analysis of structures containing 
concrete in their composition. Furthermore, the 
effects of partial interaction can not be simulated 
by the inherently rotational behavior of the 
pseudo-springs. Thus, to corrected reported 
problems, the introduction of the cracking and 
partial interaction effects will be approached 
through effective moment of inertia defined by 
normative criteria for partial shear connection and 
using the Patel model for cracking simulation in 
concrete slab. In addition, geometric non-linearity 
will be introduced to the model considering a 
co-rotational formulation, dismembering from 
the rigid body displacements those that actually 
cause deformation to the element. The validation 
of the implementations will be done based on the 
comparison with numerical and experimental data 
present in the literature. The results converged to 
the expected behavior, capturing cracking, elastic 
and plastic limit satisfactorily.
KEYWORDS: Partial interaction, steel-concrete 
composite beams, cracking, concentrated 
plasticity.
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MODELO NUMÉRICO SIMPLIFICADO PARA A ANÁLISE DE VIGAS MISTAS 
AÇO-CONCRETO COM INTERAÇÃO PARCIAL

RESUMO: O presente estudo se refere à análise de vigas mistas aço-concreto considerando 
os diversos efeitos não lineares. Tais efeitos geram grande complexidade ao projeto exigindo 
metodologias computacionais para a aferição precisa do comportamento estrutural. Com 
boa eficiência numérica, o Método da Rótula Plástica Refinado, se destaca também pela 
sua simplicidade. Utilizou-se essa metodologia considerando molas rotacionais fictícias 
nas extremidades dos elementos finitos para a simulação da plasticidade. Entretanto, essa 
abordagem foi inicialmente desenvolvida para materiais isotrópicos com comportamento 
elasto-plástico perfeito, implicando em perdas de precisão na análise de estruturas que 
contém concreto em sua composição. Além disso, os efeitos da interação parcial não podem 
ser simulados pelo comportamento inerentemente rotacional das molas. Desse modo, para 
correção dos problemas observados, a introdução dos efeitos da fissuração e da interação 
parcial foi abordada via momento de inércia efetivo definido por critérios normativos no 
caso da interação parcial, e utilizando o modelo de Patel para a simulação da fissuração 
na laje componente da viga mista. Ademais, a não linearidade geométrica foi introduzida 
ao modelo considerando uma formulação corrotacional, desmembrando dos deslocamentos 
de corpo rígido aqueles que realmente causam deformação ao elemento. A validação das 
implementações foi feita com base na comparação com dados numéricos e experimentais 
presentes na literatura. Os resultados obtidos convergiram para o comportamento esperado, 
captando a fissuração, o limite elástico e o limite plástico satisfatoriamente. 
PALAVRAS - CHAVE: Interação parcial, vigas mistas aço-concreto, fissuração, plasticidade 
concentrada.

1 |  INTRODUCTION
Steel and concrete are materials that have plenty of applications in the construction 

area, whereas both satisfy several structural problems because of their properties 
(mechanical and physical) and can be produced relatively easily. Structures that are formed 
by the combination of both show an improvement in diverse areas, as such resistant 
capacity, rigidity, protection of metallic elements, among others (LEMES, 2018). Steel-
Concrete composites structures have a high degree of complexity to be calculated and 
analyzed. Thus, computational methodologies are the best option to overcome this problem 
(LEMES, 2018; LIEW et al., 2001), because it has a design code simplification (ABNT, 
2008), making it easier check the safety of the structure.

The Refined Plastic Hinge Method (LEMES et al., 2018) is one of the methods available 
to have an efficient analysis, it consists in dealing with the plasticity in a concentrated form, 
several papers evaluate the inelastic effect through this method (LI et al., 2015; LEMES 
et al., 2016; LEMES et al., 2017). RPHM consist in the insertion of a fictional spring in the 
nodal point of study, which will simulate the nonlinear effects of the material degradation.

Patel et al. (2015) introduced a new approach to estimate the moment of inertia 
of reinforced concrete structures, through an explicit equation was possible to observe 
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an improved behavior adjustment of reinforced concrete beams when compared with 
experimental values.

This study aims to use the equation provided by Patel et al. (2015) to study the 
behavior of steel-concrete composite beams with partial share connections together with 
computational analysis, comparing with experimental values existing in the literature and 
getting quick answers without losing accuracy.

2 |  FINITE ELEMENT FORMULATION
In the present work, the displacement-based formulation with concentrated plasticity 

in the nodal points is applied. In this case, the axial and flexural stiffness degradation 
occurs exclusively at the FE nodes. Then, the method is presented, introducing the material 
nonlinearity only. Some considerations and simplifications of this formulation can be seen in 
(LEMES, 2018; LEMES et al., 2018).

In the structural system modelling, the hybrid beam-column finite element of length 
L, delimited by nodal points i and j (Figure 1), is used. This element has zero-length pseudo 
rotational springs at its ends, which are responsible for the plasticity simulation by means 
of the parameter Sp, discussed in Section 3. The finite element is referenced to the co-
rotational system where the degrees of freedom are the rotations at nodes i and j, given by 
θi and θj, and the axial displacement in j, δ. The terms Mi, Mj and P represent the bending 
moments and the axial force in the respective degrees of freedom.

Figure 1. Finite element with pseudo-springs

The force-displacement relationship can be writing as:

The terms k11, k22, k23, k32, and k33 are components of the beam-column stiffness 
matrix element, without the pseudo-springs, described as (LEMES, 2018):
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where Es is the steel modulus of elasticity, A is the homogenized area of the section, 
Ieff is the modulus of inertia as discussed on Section 4, measured in nodes i and j, and L is 
the finite element length.

3 |  PSEUDO SPRINGS FLEXURAL STIFFNESS
The limits of uncracked, elastic or plastic states are defined by the by the moment-

curvature relationship (LEMES, 2018). In this nonlinear procedure, the initial cracking 
moment Mcr, the initial yield moment Mer and the full yield moment Mpr can be easily obtained.

According to the classical RPHM, three equations define the pseudo-spring stiffness 
for the regions showed in Figure 2. In regions 1 and 2, it is observed that the section is in 
an elastic regime. In regions 3 and 4, there can be noticed that the section is in a stiffness 
degradation process due to plastic strains. And finally, for when the fully plastified section 
occurs (region 5). For a given axial force-bending moment combination, Sp is defined as 
follow:

Figure 2. Interaction curves and behavior limits of the cross sections.

in which L is the finite element length and EsIeff is the section’s flexural stiffness, 
considering the cracking, as discussed below.

Note that, by the value described in Eq. 3, there is no possibility of simulating cracking 
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and partial shear connection in the elastic regime. This adjustment is made in the following 
section.

4 |  MOMENT OF INERTIA
Patel et al. (2015) proposed an explicit equation for the effective moment of inertia 

evaluation of RC sections in a cracking state. The effective moment of inertia, Ieff,c, is given 
by:

where:

being Mcr and M, respectively, the initial cracking bending moment and the bending 
moment acting on the section, Ic is the intact section moment of inertia, Icr is the cracked 
moment of inertia of the section evaluated in the critical point of moment-curvature 
relationship (LEMES, 2018), ak, bk, ck, dk and ek described in the Table 1 and xt the rate of 
tensile reinforcement bars.

Table 1. Parameters of Equations (4) and (5)

Considering the partial action between concrete slab and steel section, the effective 
moment of inertia, Ieff, can be determined as a directly function of degree of interaction, ni. 
Thus (ABNT, 2008):

in which Isteel and Itr are moment of inertia of steel and homogenized cross sections, 
respectively. The homogenized moment of inertia is calculated by the direct relation of Ieff,c 
and Isteel. 
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5 |  NUMERICAL APPLICATION
In this section the numerical procedure described in this paper will be tested. 

Chapman and Balakrishnan (1964) tested simply supported composite beams with partial 
interaction. In this analysis, the E1 beam (CHAPMAN AND BALAKRISHNAN, 1964), 
illustrated in Fig. 3, is simulated using the proposed formulation. In this same figure, loads, 
geometry, FE meshes and the cross-section are showed. The partial shear connection is 
made by equally spaced 50 rows with a couple of stud-bolt connectors per row. The material 
data of this beam are presented in Table 2.

Figure 3. Simply supported beam with partial shear connection

Table 2. Material data of simply supported beam with partial interaction (in kN, cm).

In Figure 4 the equilibrium paths for finite element meshes 1,2 and 3 are plotted 
and compared with the experimental results (CHAPMAN AND BALAKRISHNAN, 1964). As 
can be seen in this figure, the data of numerical analysis tends to distance itself from the 
experimental values, thus showing that is overestimated, however in all cases it is seen a 
good precision in both initial stiffness and final bearing capacity. In this same figure it can 
be observed that after the beginning of the stiffness degradation the most refined meshes 
present a more rigid behavior.
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Figure 4. Equilibrium path of simply supported composite beam

6 |  CONCLUSIONS
This study presents a concentrated plasticity-based formulation using the finite 

element method for material nonlinear analysis of steel-concrete composite beams with 
partial interaction. The classical Refined Plastic Hinge Method was applied considering the 
explicit modification of the effective moment of inertia. For this, the cracking effect of the slab 
was introduced using the formulation of Patel et al. (2015). Associate to this, the moment of 
inertia was reduced by the degree of interaction of concrete slab and steel section.

The simply supported beam simulated in this paper presented consistent initial 
stiffness and final bearing capacity with the experimental data. It is important to highlighted 
that low refinement meshes were sufficient for a satisfactory global response in the tested 
example.

Thus the proposal of union of the classical RPHM with the effective moment of 
inertia equation (originally designed for reinforced concrete), considering cracking and 
partial interaction, provided satisfactory results in the context of material nonlinear analysis 
of steel-concrete composite beams. But this results can be improving with a better study of 
pseudo-springs stiffness degradation.
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