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1. Introduction 

During the design process of construction projects, prediction and control of deflection are 

crucial tasks to ensure normal level of structural safety and serviceability. The actual Vietnamese 

Standard on the Design of Concrete and Reinforced Concrete Structures (TCVN 5574:2018) [1] 

has made significant updates in calculation of deflection in reinforced concrete (RC) structures. 

These improvements aim to include material behaviors by considering bilinear or trilinear stress-

strain curves and to account for the effect of creep in concrete by introducing a degradation factor 

in its Young’s Modulus. These assumptions could facilitate practical calculations; however, they 

cannot accurately describe the complex real behaviors of materials, which require a more 

advanced material model. 

There have been several studies related to the deflection of RC components according to 

TCVN 5574:2018. N.L. Nguyen et al. [2] applied the bilinear/trilinear stress-strain curve model 

to predict the ultimate bending moment of RC beams using the load-deflection diagrams obtained 

from experiments. H.A.T. Nguyen et al. [3] proposed a methodology to establish the relationship 

between the bending moment and curvature of the beam with consideration of nonlinear stress-

strain relationship of concrete and steel defined in the TCVN 5574:2018. Recently, M.T. Phan et 

al. [4] used the stress-strain curves of materials specified in TCVN 5574:2018 to propose a 

method for determining the short-term deflection of RC beams combined with Glass Fiber 

Reinforced Polymer (GFRP) reinforcement. In one hand, these studies mainly focused on 

investigating related parameters in the calculation of deflection, such as the variation of 

reinforcement steel section, the use of bilinear or trilinear stress-strain curves or the addition of 

other materials. However, these studies have not assessed the influence of simplifications on 

material models, as well as overlooking the interaction between these materials in the other hand. 

The complex behaviors of concrete materials can be addressed using the Concrete Damage 

Plasticity (CDP) model, which has been developed and widely applied in recent studies [5] - [9]. 

In the CDP model, the elastoplastic behaviors of concrete could be defined at different stage of 

loads, allowing for an accurate description of the complex stress-strain curve of concrete 

material. This material model could be integrated into finite element (FE) analysis software, 

allowing for the simulation of complex material behaviors and the interaction between elements. 

By comparing with data from experiments, several recent studies [6], [7], [10], [11] have pointed 

out that the application of CDP model in RC concrete modeling could bring results closely 

resemble to the actual behavior of structures. 

This study focuses on evaluating the short-term deflection of RC beams according to TCVN 

5574:2018 by comparing them with simulated results obtained from Abaqus software. The CDP 

model of concrete is defined and integrated in the ABAQUS software to account for the 

complexity of materials. Based on the comparison with ABAQUS, necessary recommendations 

are proposed to enhance safety in calculating deflections according to TCVN 5574:2018. 

Methods for deflection calculation and material modeling will be presented in Section 2. Section 

3 focuses on the discussion of results, followed by conclusions in Section 4. 

2. Deflection of RC components and modeling of materials 

2.1. Deflection of flexural RC components according to Vietnamese Standard TCVN 5574:2018 

TCVN 5574:2018 [1] allows determining the deflection of a RC beam subjected to a bending 

load following the below formula: 

   ∫  ̅ (
 

 
)
 
  

 

 

 (1) 

Where: 

-  ̅ : is the bending moment at the section   caused by the unit load,  
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- and (
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 is the overall curvature at section   considering the contribution of 

reinforcement steel in the concrete section with or without crack. 

-   : is the corresponding moment for different loading cases. 

-          : is the equivalent stiffness of the section depending on the duration of load 

and the presence of cracks.  

-    : is the strain modulus of the concrete under compression, depending on the duration 

of load and the presence of cracks. 

-     : is the moment of inertia of equivalent cross-section including the section of 

concrete and reinforcing bars. 

The values of     and      are determined separately for cracked and non-cracked sections as 

presented in Eq. (2) and (3): 
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Where: 

-    is the modulus of elasticity of concrete, 

-       represents the creep coefficient of the concrete          for short-term loads), 

-         
  is the moment of inertia of the concrete, tension and compression reinforcement, 

-   
  

  
 is a steel to concrete coefficient to convert steel’s section into equivalent section 

of concrete, 

-     
  

      
 and     

  

        
 are steel to concrete coefficient for tension and 

compression reinforcement respectively, 

-         is the relative strain of concrete in tension, 

-         
    

 
 is the coefficient that accounts for the uneven distribution of relative 

deformations of the reinforcement between cracks. 

In the above equations, cracks occur when the moment generated by external forces M 

exceeds the cracking moment of the section (Eq. (4)). 

                 (4) 

Where: 

-        is the nominal compressive strength of concrete, 

-     is the elasto-plastic flexural resistance moment of the section. 

The mid-span deflection will be calculated by discretizing formula (1) in n elements 

(Eq.(5)), which involves dividing the component into multiple segments. The curvature at the 

boundaries of these segments will be determined and then multiplied by the corresponding 

bending moment diagram.  
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The TCVN 5574:2018 will be employed to determine the deflection of a simple RC beam 

where its geometries, material properties are provided in Section 2.3.  
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2.2. Concrete Damage Plasticity (CDP) modeling 

Concrete used in construction is frequently recognized as an elastoplastic material, wherein 

the elastic properties are considered under small loads and the plastic properties are significant 

during important load stages. Considering the plastic behaviors of concrete is therefore very 

important to have an accurate evaluation of the performance of RC structures. Toward this aim, 

the Concrete Damage Plasticity (CDP) is introduced in numerical modeling, allowing for an 

approximate description of the non-elastic behaviors and damages of concrete in both 

compression and tension. 

2.2.1. CDP of concrete in compression 

To simulate the CDP of concrete, the stress-train relationships         of concrete in 

compression should be provided. This information could be obtained from concrete tests or 

approximately computed from proposed equations in previous studies ([7], [12]). Due to the lack 

of experimental data, this study adopted the formulations proposed in the Eurocode 2 ([13]) to 

construct the         curve of concrete in compression. Once this relationship is completely 

defined, it is possible to establish the CDP model, which was originally proposed by [5] and has 

recently been used in several studies ([6]-[10], [12]). In the Eurocode 2 ([13]), the curve     
    of concrete in compression (Figure 1) could be approximately determined using equations 

(6)-(8): 

   (
     

        
)    (6) 

Where: 

  
  
   

 (7) 

         

   
   

 (8) 

In the equations (6)-(8),     is the elastic modulus (GPa) of concrete;     is the ultimate 

compressive strength of concrete with the corresponding peak strain     and      is the ultimate 

strain (            [13]). According to Figure 1, when the applied loads are relatively small 

corresponding to              , the relationship       is considered linear (following the 

Hooke’s law).  

 
Figure 1. The stress-strain curve of concrete in compression proposed by Eurocode 2 

The inelastic strains (  
  ) corresponding to each level of compression stress in concrete are 

determined by subtracting the elastic strains (   
  ) of undamaged material from the total strain     : 
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 (10) 
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The degradation of elastic stiffness which is represented by the compressive damage 

parameter    (or tensile damage parameter    for concrete in tension) could be defined for each 

level of inelastic strain (Figure 2) using Eq. (11).  

                 

   
      

   
             

(11) 

 
Figure 2. Concrete Damage Plasticity in Compression 

The plastic strain is then determined using Eq. (12) which is always positive: 

  
  

   
   

  

      

   
   

 (12) 

2.2.2. CDP of concrete in tension 

For concrete in tension, various models could be found in the literature ([7], [9], [11], [14]) to 

describe the relationship between stress and strain. The main difference between these models 

mainly relates to the complexity in the approximation of       curve during the tension 

stiffening stage of concrete. In this study, a linear model is adopted to describe the relationship 

      of concrete at this stage (Figure 3). Assuming that the tensile strength of concrete is taken 

as 10% ([9], [11]) of its ultimate compressive strength             and the tensile strain at 

failure      is equal to 10 times of tensile strain at cracking point      . 

 
Figure 3. The stress-strain curve of concrete in tension 

The cracking strain of concrete (  
  ) is obtained by removing the elastic part (   

  ) from total 

tensile strain      and the tensile damage parameter      is calculated similarly to the case of 

compression as Eq. (13)-(15): 
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The plastic strain of concrete in tension is calculated using Eq. (16):  

  
  

   
   

  

      

  
   

 (16) 

2.3. Numerical modeling of RC beam using ABAQUS 

2.3.1. Description of investigated beam 

This section focuses on studying the deflection of a simple RC beam which is supported by 

two locations with a distance of 2 m (Figure 4). This beam has a rectangular cross-section with 

a width of 150 mm and a depth of 200 mm. The thickness of the concrete cover is selected at 

20 mm for all faces of the beam. The reinforcing bars for the top and bottom layers are      

and      respectively and the shear bars      are uniformly distributed along the beam with a 

distance of 100 mm. 

 
Figure 4. Details of the investigated beam 

Material properties of the investigated beam are presented in Table 1 and this information are 

further employed to determine the CDP parameters which are previously presented in Section 

2.2. Reinforcing bars and shear bars use the same steel material with the assumption that the 

stress-strain relationship follows a bilinear model. For safety reasons, most of RC structures are 

not designed to work beyond the yielding point of reinforcing bars. Therefore, while this 

assumption does not reflect the real stress-strain relationship of steel, it could be sufficient to 

describe the real behaviors of RC structure before yielding point of steel. 

Table 1. Material properties of the studied beam 

Material Parameter Description Value 

Concrete 

    (10
3 
MPa) Young's modulus of concrete 31 

   Poisson's ratio of concrete 0.2 

    (MPa) Ultimate strength of concrete 33 

Steel 

   (10
3 
MPa) Young's modulus of steel 200 

   Poisson's ratio of steel 0.3 

   (MPa) Yield strength of steel 300 

   (MPa) Ultimate strength of steel 440 

2.3.2. Modeling of RC beam in ABAQUS 

In this section, the RC beam detailed in section 2.3.1 will be modeled using a finite element 

software ABAQUS (Figure 5). The meshing size is 20 mm for both concrete and steel components, 

ensuring a good level of convergence of results as proposed in previous studies [7], [12]. Concrete 

elements are modelled using element type C3D8R meanwhile elements type T3D32 are selected for 

both reinforcing and shear bars. It is recommended to use the bond-slip model to represent the 

interaction between steel and concrete, especially in cases where there is a reduction in bond 

strength [7], [8] (e.g. for RC structures subjected to corrosion). In this study, assuming that there is 
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no deterioration on the bond strength between steel and concrete, and the steel elements are 

considered to be embedded in concrete elements. However, further developments of this study 

should integrate the bond-slip model to improve the accuracy of results.  

 
Figure 5. Modeling RC beam in ABAQUS  

3. Results and discussion 

Figure 6 presents the results on the mid-span deflections of the studied beam from ABAQUS 

and the TCVN 5574:2018 standard. It can be seen that TCVN 5574:2018 standard does not give 

an accurate prediction of deflection when reinforcing bars begin to yield at a loading level of 

30.75 N/mm. The differences between the two approaches are more significant from the yielding 

point of steel onwards. This behavior is well recognized in the TCVN 5574:2018, where the 

deflection of an RC beam is determined with the assumption that steel is an elastic material. 

Consequently, the performance of the beam beyond the yielding point of reinforcing bars would 

not be addressed accurately. On the other hand, the modelling of steel in ABAQUS allows this 

material to continue working beyond the yielding point until it reaches its ultimate strength. Due 

to large deformations of reinforcing bars, cracks in concrete develop significantly in this stage 

(Figure 7c). However, at lower levels of loads before the yielding point, there is good agreement 

between these two approaches when the slopes of deflection curves change significantly at the 

point of initial cracking (Figure 6). For both methods, this cracking point corresponds to an 

applied load of 10.5 N/mm (Figure 7a).  

 
Figure 6. Comparison of deflection computed from ABAQUS and TCVN 5574:2018 

For small loads (<10.5 N/mm) corresponding to the uncracking stage (elastic stage), the 

prediction of deflection according to TCVN5574:2018 is higher than those calculated from 

ABAQUS (Figure 6). This trend could be explained by the fact that while the TCVN 5574:2018 

could consider the presence of reinforcing bars in deflection calculation, it cannot account for the 

interaction between steel and concrete as done in ABAQUS. At higher levels of loads ranging 

between 10.5 to 30.75 N/mm, the plastic strains in concrete increase as cracks develop (Figure 

7b). However, the TCVN 5574:2018 could not account for this behavior leading to lower 

estimations of deflection as compared to the ABAQUS.  
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Figure 7. Tensile damage in concrete at different levels of load 

 

 
Figure 8. Relative error of deflection computed from TCVN 5574:2018 

 

Figure 8 presents the relative errors of deflection calculated from the TCVN 5574:2018 with 

respect to those from ABAQUS. It is worth highlighting that these errors vary mainly in the 

range of (15÷20)% for applied loads corresponding to the stage of RC beam before the yielding 

point. This finding could be considered as a recommendation to account for these differences 

when using TCVN 5574:2018 to predict the deflection of RC structures. 

4. Conclusions 

The TCVN 5574:2018 uses simplified material models for concrete and steel in the form of 

bilinear or trilinear stress-strain curves. However, the behaviors of concrete and steel during the 

plastic stage as well as the interaction between these two materials are not well integrated leading 

to inaccurate estimation of deflection. When utilizing more realistic material models in a finite 

element model using ABAQUS, inconsistencies are found between these two approaches. 

Deflections calculated from TCVN 5574:2018 could be underestimated for small loads 

corresponding to the non-cracking stage of concrete. They may also be overestimated for higher 

levels of loads before reaching the yielding point of steel. Based on the results of this study, it is 

recommended that, for a better estimation of deflection, the TCVN 5574:2018 should take into 

account a difference of (15÷20)%. Future work on this study could involve considering: the 

modelling of cracks for the comparison of strain between steel and concrete, the long-term 

deflection by introducing the creep model and developing an experimental test to compare with 

real data. 
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