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Abstract 
Seismic behaviour of Special Reinforced Concrete Frame with high ductility, designed according to the 4th edition of Iranian earthquake standard 

2800, in four structural models of 4, 8, 12, and 24 stories under all of earthquake records of the far-field and near-field recommended by FEMA-

P695, have been evaluated by performing incremental dynamic analysis (IDA). Fragility curves are drawn for structural models. The results of this 

research and the evaluation of effective parameters in the evaluation of the safety margin of collapse show that the special reinforced concrete 

frame (SRCF) designed with the 4th edition of the 2800 standard, except for high-rise structures, has an acceptable performance against the design 

seismic loads and maximum credible earthquake.  
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1.  Introduction 

With fragility curves that show the probability of structural failure 

for different levels of earthquake intensity, it is possible to prioritize 

structures for retrofitting by determining the degree of their 

vulnerability. In 1980, the fragility curve was first used for nuclear 

power plants. It was drawn [1]. These curves were drawn by using 

factors of fragility such as water pressure, concrete strength, 

displacement and stress created in the tank shells based on different 

levels of maximum earthquake acceleration. After the Northridge 

earthquake (1994), more attention was paid to estimating the amount 

of damage to structures, and engineers paid more attention to 

predicting the amount of financial damage to structures in more 

severe earthquakes. In 1994, during a study on structures in the state 

of California, ATC-13 criteria were used to draw fragility curves [2]. 

In 2014 [3], Shin et al. analysed the fragility of reinforced concrete 

flexural frames and investigated the change in the performance of 

the structure due to the occurrence of the seismic sequence 

phenomenon. 

Due to the relatively new research and studies on the seismic 

vulnerability of bending frames using fragility curves, this research 

is also part of the studies to help further studies in this field. 

In this research, the group of earthquake records including 

44 far-field earthquake records and 56 near-field earthquake records 

proposed by FEMA-P695 [4] has been used, and due to the relatively 

large number of earthquake records, the results are highly accurate.    

2. Validation of Reinforced Concrete Frame 

Choi and Park in 2011 [5] conducted a laboratory study to investigate 

the cyclic behavior of reinforced concrete frame. To this end, the 

tested three-story frame Figure 1 a) shows this frame [5]. In this 

research, in order to ensure the accuracy of the modelling, the 

numerical model of the laboratory sample was analysed in OpenSees 

finite element software [6]. For modeling, the nonlinear beam-

column element (nonlinear Beam Column) has been used for beam 

and column elements with deformation control, which has the ability 

to include P-Δ effect and large deformations. In order to model the 

extensive plasticity in the elements in the program, the sections of 

the beam and column elements are divided into a number of fibers. 

Also, Concrete01 and Steel02 materials have been used to model 

concrete and steel reinforcements, respectively. Also, the discussion 

of concrete encasement of columns has been seen in the model. The 

numerical results obtained from cyclic loading are compared with 

the experimental results (Figure 1b). The values of load bearing 

capacity, initial stiffness determined from the experiment and the 

corresponding simulated model are presented in Table 1. As can be 

seen from Figure 1b related to the hysteresis curve of the numerical 

model and laboratory sample of Choi and Park and Table 1, the finite 

element model using OpenSees software can be used to predict the 

behaviour of the reinforced concrete frame with appropriate 

accuracy. 

Table 1: Comparison of finite element analysis results [6] and Choi and Park model test [5]. 

Lateral load (KN) Elastic stiffness (KN/mm) 

Test Finite element Ratio finite element to test Test Finite element Ratio finite element to tes 

190 173 0.91 6 6 1 
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3. Modelling 

Regarding the classification of structural systems, some consider the 

height-to-dimension ratio as the criteria for classifying structures, 

and the height-to-dimension ratios are greater than 1.5 π, between π 

and 1.5 π, between 0.5π and π and less than 0.5π are known as high, 

mid, and low-rise structures respectively [7]. Therefore, in this 

research, four structure models of 4, 8, 12, and 24 stories with 

height-to-dimension ratios of 0.54, 1.09, 1.63, and 3.26 in the 

classification of low, mid, mid, and high-rise structures with a 

rectangular plan according to Figure 2a is selected with Special 

Reinforced Concrete Frame (SRCF). The height of the storis of the 

models is 3.4 m. The supports of all structures are fixed and the 

construction site of the structures is considered to be an area with 

high relative risk and soil type III. The concrete used in the C25 class 

concrete structure has a characteristic strength of 250 kg/𝑐𝑚2and the 

rebars are of A3 type with a yield stress of 4000 kg/𝑐𝑚2. In the 

analysis and design of the researched structures, the 6th [8] and 9th [9] 

topics of the National Building Regulations and the Iran Earthquake 

Standard 2800, 4th edition [10] have been used. 

The dead load of the stories and roof is 640 kg/𝑚2, the live 

load of the floors and roof is 200 kg/𝑚2, and the load of the 

surrounding walls of the floors is 600 kg/𝑚2. For the real and 

rational design of the structures, the behavior coefficient of 7.5 was 

used for this system [10]. Among the models, the structural sections 

of the two-dimensional model of the 4-story have been presented in 

Figure 2b. Designed beams and columns of the 8-story, 12-story, and 

24-story models also the results of modal and nonlinear analysis of 

models have been presented in [11].   

  

 

 

4. Seismic Records used in Nonlinear Dynamic 

Analysis 

In this research, a group of earthquake record, including the records 

proposed by FEMA-P695, have been used. This set of records 

includes 22 earthquake records of the far-field (records with a 

distance of more than 10 km from the fault) with two horizontal 

components and 28 earthquake records of the near-field (14 records 

of the near-field with pulse and 14 near-field records without pulse) 

with two horizontal components. The models have been analysed 

under these records proposed by FEMA-P695. 

5. Incremental Dynamic Analysis (IDA) [12] 

The incremental dynamic analysis method (IDA) [12] was proposed 

for the first time in 2000 by Professor Cornell at Stanford University, 

and in 2002, it was investigated for a 20-story building during Dr. 

Vamvatsikos' project under the supervision of Professor Cornell. In 

fact, IDA is a non-linear dynamic analysis that can be used to 

Figure 1 a. Reinforced Concrete Frame [5]. Figure 1 b. Hysteresis curve of numerical model 

and test [5]. 

Figure 2 a. Joint plan of structural models Figure 2 b. structural sections of the two-dimensional 

model of the 4-story 
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determine the amount of damage to the structure according to the 

intensity of the earthquake stimulation. 

6. Results of IDA 

6.1. Results of IDA for Far-Field Records 

The results of the nonlinear IDA of structural models under 

FEMAP695 far-field records are presented in figures 3 to 6 and their 

failure curves in figures 7 to 10. Also, the results of the nonlinear 

IDA of the structural models under the near-field with pulse 

FEMAP695 are presented in figures 11 to 14 and their failure curves 

in figures 15 to 18. Figures 19 to 22 show failure curves of models 

under without pulse FEMAP695 near-field records. 

  

 

 

 

 

 

Figure 3. IDA curves of 4-story model for far-field 

records. 
Figure 4. IDA curves of 8-story model for far-field 

records. 

Figure 5. IDA curves of 12-story model for far-field 

records. 
Figure 6. IDA curves of 24-story model for far-field 

records. 
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 Figure 7.  Fragility curves of 4-story model for far-field 

records. 

Figure 8.  Fragility curves of 8-story model for far-field 

records. 
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    6.2. Results of IDA for Near-Field Records 

  

 

 

 

 

 

Figure 9.  Fragility curves of 12-story model for far-

field records. 

Figure 10.  Fragility curves of 24-story model for far-

field records. 

Figure 11. IDA curves of 4-story model for near-field 

records with pulse. 

Figure 12. IDA curves of 8-story model for near-field 

records with pulse. 

Figure 13. IDA curves of 12-story model for near-field 

records with pulse. 

Figure 14. IDA curves of 24-story model for near-field 

records with pulse. 
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Figure 15.  Fragility curves of 4-story model for near-

field records with pulse. 

Figure 16.  Fragility curves of 8-story model for near-

field records with pulse. 

Figure 17.  Fragility curves of 12-story model for near-

field records with pulse. 

Figure 18.  Fragility curves of 24-story model for near-

field records with pulse. 

Figure 19.  Fragility curves of 4-story model for near-

field records without pulse. 

Figure 20.  Fragility curves of 8-story model for near-

field records without pulse. 
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7. Fragility curves and total uncertainty of the 

structure 

According to the proposed method of FEMA-P695 and using the 

provided relations, the collapse of the models designed with the 

2800 standard of Iranian earthquake was evaluated. The overall 

uncertainty of the structure is calculated according to the equation 

(1) of FEMA-P695. 

       𝛽𝑇𝑂𝑇 =  √𝛽𝑅𝑇𝑅
2 + 𝛽𝐷𝑅

2 + 𝛽𝑇𝐷
2 + 𝛽𝑀𝐷𝐿

2
                 (1) 

Where   𝛽𝑅𝑇𝑅 , 𝛽𝐷𝑅  ، 𝛽𝑇𝐷  ، 𝛽𝑀𝐷𝐿 ،𝛽𝑇𝑂𝑇   represent the uncertainties of 

the selected records, design, experimental information, modelling, 

and general uncertainty of the structure, respectively. Differences in 

the response of the structures under different earthquake records can 

be attributed to differences in the frequency content and different 

dynamic properties of earthquake records. According to research 

conducted by Hasleton (2006), Ibarra and Kravinkler (2005), and 

Zareian et al. (2006), it can be stated that the amount of uncertainty 

related to selected records (β𝑅𝑇𝑅) for different building systems is 

about 0.35 to 0.45. Equation (2) relates the amount of uncertainty in 

association with the set of earthquake records to the ductility 

coefficient of the structure. 

𝛽𝑅𝑇𝑅=0.1+0.1𝜇𝑇≤0.4                                 (2) 

8. Assessing the collapse of the structure 

To evaluate the collapse of the structure, first, the ACMR parameter 

is calculated according to the spectral shape correction factor (SSF) 

and also the CMR parameter and is compared with similar values in 

the FEMA-P695 instruction [4] (Tables 2-5). Spectral acceleration in 

the first mode of the structure for an earthquake with a return period 

of 2475 years is the same as the Maximum Credible Earthquake 

(MCE) surface earthquake (Figure 23) [13]. 

 

 

Table 2: Effective parameters in assessing the safety margin of the modified collapse and evaluating the performance of the 4-story model. 

Seismic Records S_CT S_MT CMR SSF ACMR Accepted ACMR Percent increase 

of ACMR 

Performance 

Far-field 1.88 1.13 1.66 1.11 1.84 1.62 14% Accepted 

Near-field without pulse 2.27 1.13 2.01 1.11 2.23 1.66 34% Accepted 

Near-field with pulse 1.44 1.13 1.27 1.11 1.41 1.66 -15% Not accepted 

 

Table 3: Effective parameters in assessing the safety margin of the modified collapse and evaluating the performance of the 8-story model. 

Seismic Records S_CT S_MT CMR SSF ACMR Accepted 

ACMR 

Percent increase 

of ACMR 

Performance 

Far-field 2.8 1.1 2.55 1.1 2.81 1.66 69% Accepted 

Near-field without pulse 3.37 1.1 3.06 1.1 3.37 1.66 103% Accepted 

Near-field with pulse 2.69 1.1 2.45 1.1 2.70 1.66 63% Accepted 

Figure 21.  Fragility curves of 12-story model for near-

field records without pulse. 

Figure 22.  Fragility curves of 24-story model for near-

field records without pulse. 

Figure 23. 2800 spectrum and maximum possible MCE 

earthquake [13] 
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Table 4: Effective parameters in assessing the safety margin of the modified collapse and evaluating the performance of the 12-story model. 

Seismic Records S_CT S_MT CMR SSF ACMR 
Accepted 

ACMR 

Percent increase 

of ACMR 
Performance 

Far-field 1.03 0.76 1.36 1.22 1.66 1.66 0% Accepted 

Near-field without pulse 0.93 0.76 1.22 1.22 1.49 1.66 -10% Not accepted 

Near-field with pulse 1.14 0.76 1.50 1.22 1.83 1.66 10% Accepted 

 

Table 5: Effective parameters in assessing the safety margin of the modified collapse and evaluating the performance of the 24-story model. 

Seismic Records S_CT S_MT CMR SSF ACMR 
Accepted 

ACMR 

Percent increase 

of ACMR 
Performance 

Far-field 0.35 0.60 0.58 1.32 0.77 1.66 -54% Not accepted 

Near-field without pulse 0.32 0.60 0.53 1.32 0.70 1.66 -58% Not accepted 

Near-field with pulse 0.40 0.60 0.67 1.32 0.88 1.66 -47% Not accepted 

 

9. Conclusion 

In this research, Reinforced Concrete Frame structures are modelled 

and in order to perform nonlinear incremental dynamic analysis of 

FEMA-P695 recommended far and near- field records, were 

selected. In the discussion of fragility curves and probability of 

failure, it seems that the performance of special reinforced concrete 

is acceptable in low and mid structures and unacceptable in high-rise 

structures. 
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