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Abstract  This paper discusses about 3D ANSYS FE modeling of the failure behavior of structural reinforced concrete 
beam element. The capacity of the bending moment, deformation, stress, strain and fracture patterns is determined that 
occurs on a single reinforced concrete beams with different types of collapsed mechanisms. The RC beam specimens of 
normal strength is modeled by rectangular section with tensile steel reinforcement ratios to represent the tensile, balanced, 
and compressive collapsed mechanism. The beams is subjected to concentrated load at middle span and collapsed behavior 
observed from load of the first crack up to fully collapse. The results show that the reinforced concrete beams can be 
analyzed using ANSYS software with modified model. The behavior of reinforced concrete beams can be determined by 
the analysis of calculation and FEM that beams with tensile collapsed condition has a lower flexural capacity and collapse 
behavior is more ductile than that of the beam with the compressive collapse and balanced condition. According to SNI 
03-2847 manual calculation analysis is more suitable to represent the RC beam behavior of collapsed condition. 
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1. Introduction 
Concrete beam has a weakness in terms withstand tensile, 

it is used to increase its strength of steel reinforcement fibers 
are mounted on a regional attraction. The addition of tensile 
reinforcement in concrete beams will cause different patterns 
of concrete collapse happened. Understanding the behavior 
of the collapse of a reinforced concrete beam is very 
important especially in the design phase of structural 
elements. In the design of a flexural beam, tensile 
reinforcement must be designed to meet the requirements of 
ductility so that the collapse happened is the ductile tension 
collapse, and should be avoided reinforcement design with 
an emergent brittle compression collapse. From the analysis 
on single reinforced concrete beams obtained that the 
ductility of the beam will decrease as tensile reinforcement 
ratio increase [1]. 

To ensure that the design of the reinforcement behave 
ductile, tensile reinforcement ratio should be between the 
minimum and maximum reinforcement ratio required by the 
codes either SNI 03-2847-2013 [2] or ACI 318 [3]. Limiting 
reinforcement ratios for RC flexural members have 
significance influence on the crack behavior [4]. The   
RC design becomes more economicalby reducing not   
only the amount of reinforcement but also the installation of  
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reinforcement junction [5]. 
There are many methods for modeling the behavior of 

concrete structures through analytical and numerical 
approaches [6-8]. Finite Element Method (FEA) is one of the 
numerical methods are widely applied in concrete structures 
based on nonlinear behavior of materials. FEA provides 
tools to simulate and predict the behavior of reinforced and 
prestressed concrete elements, such as ANSYS [9]. 

Numerical investigation of the behavior of normal 
strength concrete beam with single layer reinforcement by 
collapse patterns have been conducted using ANSYS 
software and can visualize the process of normal strength 
concrete beam collapse started from the first crack, yielding 
crack and ultimate cracking condition. A test on a simple 
beam two pedestals in the laboratory has been conducted and 
modeled with ANSYS computer-based modeling software. 
ANSYS can be an excellent alternative apart from damaging 
the laboratory tests, the variation of which is still acceptable 
[10, 11]. 

Experimental study of the failure behavior of concrete 
beams normal quality has been done by taking the variation 
of the ratio of reinforcement tensile steel to represent three 
patterns of collapse with the result is the stress that occurs at 
the steel reinforcement fascination with pattern collapse of 
tensile (under reinforced) have reached the yield tension 
stress (fy = 415 MPa), the pattern collapse balanced 97% of 
yield stress, and pattern collapse of yield stress reaching 87%, 
this indicates that the larger the tensile steel reinforcement 
ratio the stress that occurs at tensile steel reinforcement will 
be smaller so that the beam will increasingly behave brittle 
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[12]. The use of ANSYS software is very good to know the 
process of collapse a reinforced concrete beam flexural 
cracks start to the shear cracks (linear), but the result is 
having a significant deviation in the phase of destruction of 
concrete (plastic). However, this shortcoming can be 
overcome by using multilinear plasticity material models 
available in ANSYS [13].  

In this research will study the behavior of structural 
elements of single layer reinforced concrete beam under 
tension, balanced, and compressive collapsed mechanisms to 
be modeled and analyzed using ANSYS software [14], and 
compared to manual analysis by code SNI 03-2847-2013. 
The parameters used in the modeling are the strength of 
concrete beams, steel quality, diameter steel reinforcement 
and static loading. Results to be obtained from this study   
was to determine collapse behaviour of the RC beam by   
the bending capacity, load-deformation relationships, 

stress-strain relation-ship of concrete and cracking patterns 
that occur in every model of the beam.  

2. Model Configuration 
A simple span reinforced concrete beam is modeled with 

applying ultimate pointload until crushing representing the 
reinforced concrete collapsed mechanism with conditions of 
under reinforced (ρ ≤ 0.75.ρb), balanced reinforced (ρ =. ρb) 
and over-reinforced (ρ > 0,75.ρb) with dimensions: 200 mm 
x 400 mm, L = 3000 mm, and Lc/c = 2800 mm (see Figure 1 
and Table 1). The load is applied to the middle span beams 
with concentrated loads, and the observed value of the load, 
deflection, and the concrete stress that occurred from the first 
crack load up to fully collapse. 

 

Table 1.  Element Configuration Model of Single Layer RC Beam (ρmin = 0.350%, ρmaks = 2.032%) 

No. Speciment 
Steel Bar Reinforcement (ρt) Collapsed 

Condition Tensile Ast(%) 

1 BUR-200.400 2D16 401. 9200 (0.5740) Under Reinforced (ρt ≤ ρmaks) 

2 BBR-200.400 2D34.7475 1895.6000 (2.7080) Balancing Reinforced (ρt = ρb) 

3 BOR-200.400 2D32 1607.6800 (2.2970) Over Reinforced (ρt > ρmaks) 

 

 

3. Numerical Modeling 
3.1. Reinforced Concrete Beam 

A reinforced concrete beam material is modeled by 8 node solid elements (SOLID65) with three degrees of freedom at 
each point and the case of translation in the x, y, and z. This element also has the ability to deform plastically, cracks in the 
direction of x, y, and z, until the crushed concrete [15].  

Normal strength quality concrete model used is a model of Multininear Kinematic Hardening by compression stress-strain 
curves of unconfined concrete proposed by Kent-Park and tensile stress is ft = 0.7.√fc’ [16-18] as shown in Table 2. The use of 
the element type SOLID65 in modeling of concrete materials can provide results either through the nonlinear behavior of 
reinforced concrete beams [19]. 

Figure 1.  Element Types of ANSYS Modeling 

Concrete 
SOLID65 

Tensile Reinforcement 
LINK8 

Concrete 
SOLID65 

Steel plate (loading) 
SOLID45 

Steel plate (support) 
SOLID45 

Steel plate (support) 
SOLID45 
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Table 2.  Concrete Material Properties by SOLID65 

Linear - Elastic - Isotropic 

 

Modulus of 
Elasticity, Ec 

24,375 MPa 

Poisson Ratio, ν 0.20 

Nonlinear – Multilinear 
Kinematic Hardening 

Strain (εc) Stress (fc) 

0 0 

0.00010 2.4375 

0.00015 3.6094 

0.00040 9.0000 

0.00060 12.7500 
 

Strain (εc) Stress (fc) 

 

0.00100 18.7500 

0.00140 22.7500 

0.00180 24.7500 

0.00200 25.0000 

0.00240 22.3720 

0.00280 19.7430 

0.00300 18.4290 

0.00320 17.1150 

0.00340 15.8000 

0.00360 14.4860 

0.00380 13.1720 

0.00400 11.8580 

0.00420 10.5440 

0.00440 9.2290 

Nonlinear – Inelastic – Non-metal plasticity – Concrete65 

Open shear transfer coefficient 0.30  

Closed shear transfer coefficient 1.00  

Uniaxial cracking stress 3.50 MPa (ft = 0.70.√fc’) 

Uniaxial crushing stress 25 MPa (fc’) 

Tensile crack factor 0.60  

 
3.2. Steel Reinforcement  

Steel bar reinforcement in idealized as axial rod element by taking the discrete engineering models Spar Link Element 
(LINK8) with similar characteristics as the original, but a line reinforcement [20-23]. This element has 2 points with 3 
degrees of freedom at any point in the x, y, and z, and is able to deform plastically. The reinforcement is assumed to be 
capable of transmitting axial forces only, and perfect bond is assumed to exist between the concrete and the reinforcing bars. 
To provide the perfect bond, the link element for the steel reinforcing bar was connected between nodes of each adjacent 
concrete solid element, so the two materials share the same nodes. Model of stress-strain relationship of steel used is a model 
Bilinear Isotropic Hardening that the material data is shown in Table 3. 

3.3. Steel Plates Pedestal and Supports 

The steel plate used as the basis of concrete pedestal and supports that do not experience excessive local stress 
concentration which would cause the process to stop running ANSYS. These elements have 8 nodes with 3 degrees of 
freedom at any point in the x, y, and z [21].  

The steel plates using a model SOLID 45 with the material conditions of linear data that can be seen in Table 4. 
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3.4. Hand Calculation 

According to analysis of SNI to determine capacity and deformation values of beam under the loading of first crack, yieid, 
and ultimite based on the equations: 
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Table 3.  Material Data of Steel Reinforcement LINK8 

Linear - Elastic - Isotropic 

 

Modulus of Elasticity, Es 2.0 x 105 MPa 

Poisson Ratio, νs 0.30 

Real constant, Ast 
D16 (200.960) 

D34.7475 (947.800) 
D32 (803.840) 

Nonlinear – Inelastic – Rate Independent – Isotropic Hardening 
plasticity – Mises Plasticity – Bilinear Isotropic Hardening 

Yield stress, fy 400 MPa 

Table 4.  Data Material Steel Plates Pedestal and Supports SOLID 45 

Linear - Elastic –Isotropic 
Linear Elastic 

Condition Young’s Modulus of Steel, Es 2.0 x 105  MPa 

Poisson Ratio, νs 0.30 

4. Results and Discussion 
4.1. Load and Deflection 

The results of hand calculation analysis according to SNI and FEA ANSYS show the same behavior. From Table 5 and 
Figure 2, and Table 6 and Figure 3 it can be seen that the value of the load and deflection at the time of the first crack for the 
third type of collapse together, and seen that beam with the conditions of the collapse of the drop after the first crack occurs 
then tilt stiffness of the beam continues to decline (ductile), while the collapse of the press and balanced stiffness of the beam 
is only slightly decreased (brittle). From Figure 5 obtained from analysis of SNI for all models with the first crack loading   
of reaching 26.667 kN. From Figure 6 for ANSYS modelling with first crack loading reaching value of 31.487 kN 
(BUR-200.400), 36.721 kN (BBR-200.400), and 35.836 kN (BOR-200.400) with various values of mid span deflection 
(δms). 
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Table 5.  Load-Deflection of Hand Calculation Analysis According to SNI 03-2847 

Load Condition 
Under-reinforced Balance-reinforced Over-reinforced 

Load 
(kN) 

δms 
(mm) 

Load 
(kN) 

δms 
(mm) 

Load 
(kN) 

     δms 
(mm) 

First Crack 26.667 0.469 26.667 0.469 26.667 0.469 

Service 43.794 1.825 191.040 4.312 163.743 4.101 

Yield 72.989 4.429 282.493 6.376 252.033 6.312 

Ultimit 75.697 4.654 282.493 6.376 252.033 6.312 

 

 

Figure 2.  Results of Load-Deflection Analysis Manual According to SNI 03-2847 

 

 

Figure 3.  FEA Load-Displacement with Various Reinforcement Ratio 
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Table 6.  Analysis Data of Load-Displacement 

Under Reinforced Balance Reinforced Over Reinforced 

Load 
(kN) 

δms 
(mm) 

Load 
(kN) 

δms 
(mm) 

Load 
(kN) 

δms 
(mm) 

31.487 0.500 36.721 0.500 35.836 0.500 

24.084 1.000 53.156 1.000 50.193 1.000 

31.245 1.500 73.126 1.500 66.376 1.500 

37.565 2.000 90.491 2.000 83.114 2.000 

45.127 2.500 107.783 2.500 99.355 2.500 

50.920 3.000 121.223 3.000 109.766 3.000 

57.528 3.500 127.399 3.500 95.092 3.500 

62.429 4.000 121.471 4.000   

67.305 4.500 70.444 4.500   

70.693 5.000 31.299 5.000   

4.2. Compressive Stress and Strain 

FEA results of compressive stress and strain analysis of concrete is shown on Table 7 and Figure 4. It can be determined the 
mid span deflection that on the same value of 1.5 mm (row 3 in Table 7) after first crack occurred that the higher tensile 
reinforcement ratio, the higher the compressive stress of the concrete on the balanced reinforcement, so that the beam will be 
more brittle behavior. 

Table 7.  Results of Stress and Strain Analysis of Concrete 

Under Reinforced Balance Reinforced Over Reinforced 

Compressive 
Stress (MPa) 

Strain 
(%) 

Compressive 
Stress (MPa) 

Strain 
(%) 

Compressive 
Stress (MPa) 

Strain 
(%) 

1.175 0.009 4.189 0.017 4.138 0.017 

1.938 0.008 7.413 0.030 7.469 0.030 

2.624 0.011 14.304 0.037 9.637 0.039 

3.624 0.015 4.588 0.087 11.055 0.045 

4.398 0.018 5.436 0.105 12.179 0.050 

5.036 0.021 6.560 0.122 19.431 0.099 

4.914 0.019 7.961 0.125   

10.692 0.014     

13.036 0.039     

12.439 0.058     

 

Figure 4.  FEA Results of Compressive Stress and Strain  
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4.3. Tensile Stress and Strain  

From Table 8 and Figure 5 it can be seen that the condition has a tensile collapse concrete tensile stress most is equal to 
3.190 MPa (tensile stress theory of ft = 3.50 MPa) compared to the collapse of the press and balanced condition. So it can be 
concluded that the higher tensile reinforcement ratio the tensile stress that occurs will be even lower. 

Table 8.  Results of Tensile Stress and Strain Analysis of Concrete 

Under Reinforced Balance Reinforced Over Reinforced 

Tensile Stress 
(MPa) 

Strain 
(%) 

Tensile Stress 
(MPa) 

Strain 
(%) 

Tensile Stress 
(MPa) 

Strain 
(%) 

3.190 0.013 2.850 0.012 2.906 0.012 

 
Figure 5.  FEA Results of Tensile Stress - Strain 

4.4. Visualization Stress Collapse  

From Figure 6 to 8, it can be visualized overall contour concrete beam voltage at the load end of the collapse, and it is 
known that the collapse of the balanced beam with a pattern of concrete compressive stress occurs higher due to brittle 
compared with the type of collapse tap, and ductile. Under reinforced beam is subject to development of bending stress 
spreading from the tension region to the compressive region, whilst the shear stress moiving to the support region. Balanced 
reinforced and over reinforced beams are subject to little development of the concrete from tension region to the compressive 
region, but the collpase mechanism happened due to high stress concentration on the mid span region. Therefore, concrete is 
failed under ultimate load with crushed brittle collapse mechanism. 

 

  

Figure 6.  Stress Contour of the Beam under Tensile Collapsed Mechanism (BUR-200.400) 
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Figure 7.  Stress Contour of the Beam under Balance Collapsed Mechanism (BBR-200.400)  

 

  

Figure 8.  Stress Contour of the Beam under Compressive Collapsed Mechanism (BOR-200.400) 

 

4.5. Crack Patterns at Final Collapse  

Based of FEA ANSYS can be known pattern of cracked concrete at the time of the final collapse of the collapse of the state 
visit, press and balanced. From Figure 9 to 11 can be seen that the higher the ratio of tensile steel reinforcement beam bending, 
the capacity will be increased and the beam will behave more brittle, so that the destruction process in the area of concrete 
compressive (crushing) will be more visible. 

 

 

Figure 9.  Crack Pattern under Tensile Collapsed Mechanism (BUR-200.400)  

crushing 

flexural cracks 
 

shear cracks 
 

crushing 
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5. Conclusions 
The conclusions of this study based on 3D numerical 

modelling analysis are: 
1)  Single reinforced concrete beams with various 

conditions represented collapse with tensile 
reinforcement ratio variation can be modeled using 3D 
modified numerical modeling with spar element. 

2)  Beams with pull collapse condition has a lower 
flexural capacity and collapse behavior is more ductile 
than the beam with the collapse of the compressive 
and balanced condition  

3)  The higher the ratio of tensile reinforcement beams, 
the process of collapse in the area of concrete 
compressive (crushing) will be more visible 

4)  The higher the tensile reinforcement ratio the tensile 
stress that occurs, the lower yield stress. 

5) In the beam with the drop collapse condition, results of 
manual analysis according to SNI 03-2847 when the 
condition first crack load and ultimate load suitable for 
beams with tensile collapse condition (ρ ≤ 0.75.ρb) is 
closer to the result of FEA ANSYS  
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