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Precast concrete structures have been widely used in the construction 
industry. This is due to the reduction of time and labor cost in construction of 
concrete building structures. Strength and ductility of connection of the 
precast element must be adequately designed to prevent failure of connection 
prior to failure of members. Experiments performed by previous researchers 
were done to proof the strength stiffness and ductility of beam-column 
connection but high cost and time consuming. In this work, the nonlinear 
finite element model was developed to analyze the behaviors of reinforced 
concrete beam-column connection of precast concrete structures. The model 
was verified by the experimental results performed by the previous work. It 
was found a good correlation between test and analytical results. 
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1. Introduction 
The precast concrete building system has been widely used in many countries. It can reduce 

construction time and solve the shortage of labor.  Quality of precast concrete members can be 

controlled thoroughly and effectively in a factory before the erection on the construction site. 

Precast concrete components can be column, beam, slab and wall. Important factors to consider in 

the design of precast concrete structure are strength, stiffness and ductility of connection of 

structural members. The connection must be strong enough to transmit force between the members 

without failure before the members reach their maximum strength. Many previous researchers have 

studied the behavior and strength of joints in the laboratory, but there are costs and time consuming. 

This research has developed a nonlinear finite element model to analyze the behavior and strength 
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of beam-column connections to reduce experiments. Software, ABAQUS, was utilized in the 

analysis. The model is verified by the test results performed by (Thaweesak, 2015). 

2. Literature Review 
Long (2014) analyzed the behavior of beam-column joints under static load by a 3D finite 

element method with ABAQUS software. This model used the concrete damaged plasticity model 

and 8-node solid element (C3D8R) to simulate concrete and truss element (T3D2) elements to 

simulate reinforcing steel.  The analytical results were verified to test results performed by Peng and 

Wang (2010). 

 

Sinaei (2011) analyzed the behavior of carbon fiber reinforced concrete beam-column joints 

using ABAQUS software.  This study proved and confirmed the ability of a program to analyze 

before compare with results of Mahini and Ronagh (2007).  Analysis showed that the finite element 

was consistent with experiment.  Finite element can thus be used to analyze reinforce concrete 

beam-column joint, in which this study is about. 

3. Theoretical Approach 

3.1 Element Types 
ABAQUS (ABAQUS, 2008) is one of the most efficient software used in nonlinear finite 

element analysis, which is selected to be used in this work.  This study uses 8-node solid element 

(C3D8R) to simulate concrete and truss element (T3D2) elements to simulate reinforcing steel as 

shown by Figure1. 

 

 

 
 

 

(a) 8-node solid element (C3D8R) for 
concrete 

(b) Truss element (T3D2) elements for 
reinforcing steel 

 
Figure 1: Element used in the finite element model of beam-column connection. 
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3.2 The stress-strain relation of concrete 
The stress-strain relation of concrete in compression and tension is accounted for compression 

and tension stiffening of reinforced concrete after cracking called damage plasticity model proposed 

by Hsu and Hsu (1994) as shown in Figure 2.  The stress-strain relation of reinforcing steel is 

assumed elastic-perfectly plastic as shown in Figure 3.  Equations (1)-(4) are used in the 

construction of material model of concrete in compression. 
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Where σc refers to compressive stress, εc refers to compressive strain, and σcu refers to ultimate 

compressive stress.  Note: 𝜀𝜀𝑑𝑑  = 0.85𝜀𝜀𝑐𝑐  and units of Equations (1) to (4) are in kip/in2 (1Mpa = 

0.145037743 kip/in2).  Point 𝜀𝜀𝑑𝑑  in Figure 2(a) is strain at the 0.3 σcu. 
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(a) Concrete in compression 

 

 
(b) Concrete in tension 

Figure 2: Consitutive model of concrete used in ABAQUS (Wahalathantri et al., 2011) 
 
 
 
 

 
Figure 3: Elastic-perfectly plastic model of reinforcing steel. 
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4. Finite Element Modeling 
Sopontanaporn (2015) tested two types of test specimen CJ-1 and PJ-1.  CJ-1 is the control 

specimen, beam-column joint that cast monolithically as shown in Figure 4.  The end of beams are 

connected to a column by steel plate in PJ-1.  The beams are cast to encase steel plate inserted in 

precast column as shown in Figure 6.  To increase the bond between concrete and steel plate, 30 

DB16 are inserted into hole of steel plate before the casting of concrete beam as shown in Figure 7. 

Finite element models of two type specimens are shown in Figures 5 and 7. 

 

 

 

 
Figure 4: Details of control specimen CJ-1 of test performed by (Thaweesak, 2015). 
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Figure 5: Finite element mesh of CJ-1. 
 
 
 

 

 
 
 

Figure 6: Details of specimen PJ-1 of test performed by (Sopontanaporn, 2015). 
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Figure 7: Finite element mesh of PJ-1. 
 
 
 

Material properties of concrete, steel rebar and steel plate used in the analysis are shown in 

Tables 1 and 2. 

 

Table 1: Concrete properties. 
Concrete Ultimate strength 210 ksc 
Young’s modulus 25246.8 Mpa 
Poisson’s ratio 0.2 
Dilation angle 31 

Eccentricity 0.1 
Compression plastic strain ratio 1.16 
Invariant stress ratio 0.667 
Viscosity 0 
 

 

 

Table 2: Properties of steel rebar and steel plate. 
Yield Strength of DB12, 16 595 Mpa 
Yield Strength of RB9 290 Mpa 
Yield Strength of Plate 9mm  480 Mpa 
Yield Strength of Plate 12mm 337 Mpa 
Poisson’s ratio 0.3 
Young’s modulus 210000 Mpa 
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5. Analytical results 
Effect of mesh size or amount of element on behavior under static loading of CJ-1 and PJ-1 are 

shown in figure 8 and 9. Convergence of the solution is found to be 50000 elements for CJ-1 and 

21878 elements for PJ-1. 

 

 
 

Figure 8: Mesh sensitivity on behavior under static loading of CJ-1 
 
 
 

 
 

Figure 9: Mesh sensitivity on behavior under static loading of PJ-1. 
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The converge results of CJ-1 and PJ-1 are found to be good correlation with experimental 

results in both linear and nonlinear range. Strength and deformation of joints can be predicted 

accurately by nonlinear finite element model. Parametric study can be performed using this verified 

model 

 

 
Figure 10: Comparison of test and analytical results of CJ-1 

 
 
 

 
Figure 11: Comparison of test and analytical results of PJ-1 
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6. Conclusion 
A nonlinear finite element model is developed to predict behavior of beam-column joints under 

static loading which were tested by the previous experiments performed by (Thaweesak, 2015). 

ABAQUS software was chosen to analyze using 8-node solid element, C3D8, for concrete and truss 

element, T3D2, for reinforcement. The damage plasticity model is applied to concrete and elastic-

perfectly plastic model is applied to steel rebar and plate. Optimized number of elements leading to 

the convergence of a solution can be found by mesh sensitivity analysis. There are good correlation 

between converge finite element results and test results. 
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