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1. Introduction 

Discrepancies between simulation and experimental results 

inevitably arise, reducing the accuracy of the simulated model's 

predictions. To assess the impact of strength variations on the 1st floor, 

a comparison of predictive accuracy before and after updating is 

carried out in this part. Consistent with Part 1-2, the pushover 

analysis is regarded as the simulation, producing the original 

performance curve. Meanwhile, the time-history analysis is deemed 

the experiment and generates the real behavior. 

 

2. Case setting 

2.1 Model setting for the analyzed cases 

The original model in this part remains consistent with the one 

employed in Part 2. To assess the robustness of the proposed updating 

method, initial differences in the yielding shear force on the 1st floor 

were introduced. Specifically, six cases were created with differences 

ranging from 20% to -20%, as displayed in Tab. 1. The resilience 

model of each case is depicted in Fig. 1. In order to streamline the 

model and control for variables, the mass and initial stiffness were 

maintained identical for each case. 

 

 Tab.1 Setting of the basic parameters 

Case 1 2 3 4 5 6 

Difference (%) -20% -10% -5% 5% 10% 20% 

 

 
Fig.1 Basic introduction of the analyzation 

 

2.2 Input ground motion 

In Part 2, a comprehensive analysis was conducted to evaluate the 

impact of input ground motion on the efficiency of the proposed 

updating approach, which demonstrated a negligible influence. 

Consequently, to streamline the computation, an artificial wave was 

chosen, with a spectrum resembling the 5%-damped acceleration 

response spectra of the AIJ standard [1], presented in Fig. 2, in both 

time and frequency domains. Notably, the aforementioned standard 

spectra, rather than the earthquake spectrum, is adopted to forecast 

the response. 

Tab. 2 is utilized to determine the amplification rate of each run, 

which is derived from the pushover analysis. Fig. 3 presents the 

outcomes, which indicate that with regard to maximum displacement, 

Runs 1 to 3 are situated within the cracking range, Runs 4 to 6 fall 

between the cracking and yielding ranges, and Runs 7 to 10 occur 

after the yielding range. 

After that, Fig. 4 displays the maximum story displacement 

computed from the time-history analysis of Run 9. It is evident that 

when the strength of the 1st floor diminishes, the initial failure 

location is likely to occur on the first floor. Consequently, the 

earthquake response will be altered by this initial disagree. 

 

 
(a) time domain              (b) frequency domain 

Fig.2 Input earthquake wave 

 

 
Fig.3 Relative story displacement (case 6-Pushover) 

 

Tab.2 Setting of the input runs 

Run 1 2 3 4 5 6 7 8 9 10 

Rate (%) 2 5 8 10 20 30 40 60 80 100 

 

 
Fig.4 Relative story displacement (Run 9-time history analysis) 
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3. Updating performance curve 

Using the real behavior until Run 8 with the method discussed in 

Part 1, the performance curve is updated from the original one and 

plotted in Fig.5. In the inexperienced area, the updated performance 

curve seems to fit better with the real behavior compared with the 

original performance curve. 

    
(a). -20% Case 1           (b). +20% Case 6 

Fig.5 Calculation of the updated performance curve (Case 1.Case 6)  

 

4. Updating damping 

As shown in Fig.6, the damping behavior is updated from the 

original damping with the input of real damping until Run 8. 

Compared with the original damping, the updated damping fits much 

better with the real behavior in experienced and inexperienced areas. 

 

   
(a). -20% Case 1           (b). +20% Case 6 

Fig.6 Calculation of the updated damping (Case 1.Case 6)  

 

5. Predicting future response 

Utilizing the updated and original damping coefficients, the 

earthquake spectra and future response are predicted separately. Fig.7 

displays the computed outcomes of case 1 and 6 using the capacity 

spectrum method (CSM). Using analogous techniques, prediction of 

Runs 9-10 for other cases are computed and subsequently plotted in 

Fig.8 (a). The prediction with updating shows improved agreement 

with real behavior in comparison to the prediction without updating. 

 

 
(a) -20% Case 3, Run 9 

 
(b) +20% Case 6, Run 9 

Fig.7 Predicted spectra with and without updating (Case 3. Case 6) 

    
(a).Response                  (b). Error  

Fig. 8 Predicted response 

 

Tab.3 Error analyzation 

Case 1 2 3 4 5 6 

without updating (%) 60.1 26.1 23.6 21.4 20.1 20 

with updating (%) 37.2 3.8 16.1 13.7 14.8 16.5 

 

Utilizing the methodology proposed in Part 1, the average error of 

runs 9-10's predictions for each case is then calculated and presented 

in Tab.3 and Fig.8 (b). The error for Case 1 is rather huge compared 

with other cases due to the collapse of the lump mass model. All the 

average errors for the prediction with updating are nearly half the size 

of the errors of the prediction without updating, which suggests that 

the proposed updating method effectively mitigates the initial 

differences between simulation and experiment. Additionally, while 

the error increases for cases without updating as the strength 

decreases, it remains nearly constant for the updated cases (excluding 

Case 1), which supports the robustness of proposed updating methods. 

 

6. Conclusion 

Two conclusions can be drawn: 

(1) Differences in strength in the first story between the original 

and real model will induce a huge difference in story drift distribution.  

(2) Using the proposed updating method can decrease the error 

nearly twice for the future response prediction when there is an initial 

difference between real behavior and original model results. 
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