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Abstract 
 

During the earthquake reinforced concrete (RC) beams or columns may fail and fail of some RC 

columns may lead to collapse of entire buildings. RC buildings should be well designed in order to 

minimize the damage of buildings and loss of life. In this study, a new developed code was verified 

with the results of SAP2000 and then the code was applied to determine the response of selected real 

RC buildings located in Bingol seismic zone. The response of buildings was shown as schematic 

diagram of the plastic hinge locations.  
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1. Introduction 

 

Turkey is located on one of the most active earthquake zone which has earthquake periods quite 

often with shortest return periods. During the last century, more than twelve major earthquakes 

with minimum magnitudes 7 (Mw) caused significant casualties, severe damages to a lot of 

structures and lifelines in Turkey [1].  

 

Most of RC buildings were designed and constructed before current Turkish Seismic Code 

requirements. They cannot provide the required ductility, lateral stiffness and strength in 

accordance with current Turkish Seismic Earthquake Code requirements [2]. Reinforced concrete 

(RC) buildings are consisting of structural elements such as beams and columns connected to 

each other. RC buildings should be well designed in order to minimize the damage of buildings 

and loss of life. During the earthquake RC beams or columns may fail and fail of some RC 

columns may lead to collapse of entire buildings.  

 

Time history analysis is one of the ways to determine the response of RC buildings subjected to 

earthquake. This method is more effective than the other methods in order to determine realistic 

response of RC buildings [3-6]. The response of any kind of buildings can be determined by 

using nonlinear time history analysis [7].  

 

The main objective of this paper is to determine the earthquake response of selected real RC 

buildings by using of TWIZ code. The code was developed by using of the Matlab program [8]. 

In this study, it is studied the formation of a plastic hinge at the ends of all structural elements 

corresponding to its moment capacity and its effect to response of RC buildings. A schematic 

diagram of the plastic hinge locations of RC frame buildings are shown for earthquake time steps. 
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In the end of the paper, the results of the developed code were compared to response of selected 

real RC buildings subjected to 2003 Bingol Earthquake. 

 

2. TWIZ Code 

 

TWIZ code has been developed to investigate the response of RC frame buildings. This code uses 

combination of methods such as finite element method, stiffness method and nonlinear time 

history method. The global stiffness matrix and global mass matrix of frame was taken into 

account. XTRACT program was used to calculate the relationship of moment-curvature for RC 

beams and columns [9]. In this code, the plastic hinges are assumed to form at ends of the 

structural elements which are reached to its moment capacity determined by moment-curvature 

analysis. 

 

The first step in the code is to define the structure material properties and the coordinate of 

structure in X, and Z directions then to define the beams and columns sections and considering 

boundary conditions. By defining the data, the code determines the global mass matrix and global 

stiffness matrix. It uses lumped mass matrix to evaluate every element mass matrix. 

 

The idealized frame-1 (Fig. 1) subjected to Kocaeli Earthquake was used to verify the developed 

code. The results of the developed code were compared with the results of SAP2000 program. 

This frame has two spans and three stories with heights of 4m. The section of beams and columns 

were selected as 400x400mm. 

 

 
  

Figure 1. Idealized frame for confirming the developed Code 

 

The periods of first 5 modes and bending moments at time step 9.98 sec for the idealized RC 

buildings are tabulated in Table 1 and Table 2 respectively.  
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Table 1 Comparison of the results of TWIZ Code and SAP2000 

Mode 
Periods (sec) Error 

(%) TWIZ Code SAP2000 

1 0.3155 0.3190 1.10 

2 0.1011 0.1023 1.22 

3 0.0607 0.0615 1.39 

4 0.0236 0.0235 0.14 

5 0.0197 0.0197 0.17 

 

Table 2 Bending moment results at selected time step (t=9.98 sec). 

Frame  Joint 
Bending Moment (kNm) Error 

(%) TWIZ Code SAP2000 

1 1 20.26 20.63 1.62 

1 2 17.04 17.23 1.07 

2 2 16.85 17.23 2.15 

2 3 20.15 20.63 2.29 

3 4 44.64 45.31 1.45 

3 5 40.25 40.72 1.14 

4 5 40.07 40.72 1.58 

4 6 44.48 45.31 1.81 

5 7 60.01 60.92 1.48 

5 8 52.24 52.88 1.20 

6 8 52.13 52.88 1.40 

6 9 59.92 60.92 1.62 

7 1 20.29 20.63 1.61 

7 4 9.71 9.70 0.04 

8 2 -33.90 -34.45 1.58 

8 5 24.74 25.01 1.07 

9 3 -20.15 -20.63 2.29 

9 6 9.60 9.70 1.00 

10 4 34.94 35.61 1.86 

10 7 27.24 27.70 1.63 

11 5 55.58 56.42 1.47 

11 8 52.11 52.82 1.32 

12 6 34.88 35.61 2.03 

12 9 27.19 27.7 1.84 

13 7 32.70 33.22 1.34 

13 10 61.24 62.65 2.24 

14 8 52.26 52.95 1.29 

14 11 71.01 72.33 1.81 

15 9 32.73 33.22 1.45 

15 12 61.22 62.65 2.26 

 

  



 

M. TWIZERE et al./ ISITES2016 Alanya/Antalya - Turkey  1874 

 

 

 

The results of displacement in x-direction and z-direction are illustrated in Figures 2 and 3 

respectively while the results of rotation at joint 1 are shown in Figures 4. As can be seen in 

Figures 3 to 5 the code can determine correctly the response of RC buildings with linear time 

history analysis by corresponding the results of SAP2000 program. 

 

  
Figure 2.The displacement time histories in x-direction 

 

  
Figure 3.The displacement time histories in z-direction 

 

  
Figure 4.The rotation time histories in y-direction 
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3. Numerical Study  

 

Two different RC frame buildings, Structure-1 and Structure-2, which are gathered from real 

buildings response in literature [10] were analyzed with the TWIZ Code. The first one collapsed 

and the other one didn’t get any damage during the 2003 Bingol Earthquake. 

 

Structure-1 has four spans with four stories. The height of ground floor is 3.50m and others are 

3.0m in the Structure-1. The building has different columns sections and same beam sections 

with 250mm/400mm. Structure-2 has three spans with five stories. The height of ground floor is 

3.80m and others are 3.0m in the Structure-2. The building has different columns sections and 

same beam sections with 250mm/400mm (Figure 5). The cylinder compressive strength of 

concrete is 16 MPa and yield strength of reinforcement steel is 420MPa in these two buildings. 

The details of buildings can be find in the literature [10]. 

 

 
 

Structure-1 Structure-2 

   

Figure 5. Structure frames which gathered from literature [8] 

 

 

4. Results and Discussion 

 

Structure-1 and Structure-2 were analyzed with the TWIZ code and the formation of plastic 

hinges of these buildings were shown in Figure 6 and Figure 7 respectively for time steps.  
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Number of plastic hinges formed Formation of first 4 Plastic hinges 

  

  
Formation of 10 plastic hinge Formation of 22plastic hinge 

  

  
Formation of 31 plastic hinge Formation of 34 plastic hinge 

 

Figure 6. Formation of plastic hinge results for Structure-1 
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Number of plastic hinges formed Formation of first 6 Plastic hinges 

  

  

Formation of 15 plastic hinges Formation of 21 plastic hinges 

  

 
 

Formation of  24plastic hinges Formation of 30 plastic hinges 

 

Figure 7. Formation of plastic hinge results for Structure-2 
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4. Conclusion 

 

In this paper, the response of RC frame buildings subjected to 2003 Bingol Earthquake were 

determined by using of developed a new code.  This code uses finite element method, nonlinear 

method, stiffness method and time history analysis method. XTRACT program was also used to 

calculate the moment curvature relationship of beams and columns sections. SAP2000 program 

was used to verify the code. The bending moments of elements, the displacements and rotations 

of nodes were determined successfully with small difference as the big difference was 2.29% in 

bending moments by using of verified the code. 

 

Two real RC buildings located in Bingol seismic zone were analyzed with developed code. The 

first one collapsed and other one didn’t get any damage of these buildings in 2003 Bingol 

Earthquake. The developed and verified code obtained similar results with the real response of 

these buildings. The first one subjected to Bingol Earthquake had a formation of plastic hinge 

until the columns fails which is caused to collapse of the RC frame building. In second building 

there was formation of plastic hinges but the structure didn’t reach the level of failure. 
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