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ABSTRACT 

Earthquakes occurred in recent past around the world have indicated that if the structures are not analyzed and 

designed with adequate requirements may cause a great destruction of structures apparently resulting in human as well 

as financial losses. Hence, going for the study of buildings with broad and expanded considerations are needed to 

decide the further precautionary measures for the designers in future. In this study is the 10 storey building damaged 

in Nepal earthquake on 25th April, 2015.The paper was published named, “Performance of a ten story reinforced 

building damaged in the 2015 Nepal Gorkha Earthquake” and the resistance of the building to the seismic demands 

was found inadequate. 

The analysis of the building model is again done with the adoption of different known time histories from the past and 

the comparative study was carried out on the model using the same response history analysis and inverted triangular 

based pushover analysis. The failure criterion of the building model is determined for different time history functions.  

Keywords: Response history analysis, push over analysis, Time history functions, etc. 

I. INTRODUCTION 

The buildings in Nepal are designed as per the Indian standards and are seen to have destroyed severely in the 2015 
Nepal earthquake. Hence it becomes necessary to do the detailed analysis and to reach the core of the seismic 
behavior of the building with comparative study of different past earthquakes on the same model. A detailed review 
of the design and construction practice of RC buildings in Nepal can be found in Chaulagain et al. (2013). Firstly, the 
non linear response history analysis was carried out followed by an inverted triangle load pattern based push over 
analysis.  

The time history functions called in this study were: 

1. NEPAL,KATNP EARTHQUAKE,APRIL15,2015 
Magnitude: 7.8 

2.  CHILE,ALGAROBBO EARTHQUAKE,MARCH03,1985 
Magnitude: 8 

3. EL-CENTRO EARTHQUAKE,MAY18,1940 
Magnitude: 6.9 

4. UTTARKASHI  
EARTHQUAKE, OCT 20, 1991 
Magnitude: 6.6 

5. BOKAJAN EARTHQUAKE,AUG06,1988 
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Magnitude: 6.9 

 

Building specifications and Modeling: 

 It is the 3 –bay by 5-bay,10 storey reinforced concrete building comprised with a uniform floor height of 
10ft(3.048m)with varying bay width. The building has a small room having a height of 13 ft (3.962 m) to house the 
elevator machinery on the roof. The two core          shear walls are placed in the elevator shafts. The building has 
two floors of basement assumed to behave as a rigid body, which are not considered during the analysis. 

                            From the available data, the design compressive strength of the concrete is 30 MPa and the nominal 
yield strength of reinforcement is 500 MPa.  Dead load consists of member self-weight, loads due to partitions, infill 
clay brick walls, and floor finish.  Live load on the floor and roof slabs was 2.0 kN/m2 and 1.5 kN/m 2, respectively.   
The other necessary parameters were adopted from the aid provided. Modeling and analysis of the building was 
done using ETABS 2015 Ultimate15.0.0. 

                           The beams and columns were modeled using rectangular frame elements (rectangular sections), 
while the core walls of the elevator shafts were modeled using a frame element (box section) representing 
equivalent wall sections. To maintain the connectivity of the walls with the frame, it was connected at the floor level 
with rigid links. 

                             In order to model the nonlinear behavior in the structural components, nonlinear hinges were 
assigned to each frame element.  The default hinge property available in ETABS 2015 which is based on ASCE 41-13 
is used.  The PMM hinges that combine axial force and biaxial bending (i.e. axial force-moment interaction) was 
assigned to both ends in all the columns, while M3 hinges (representing the out-of-plane bending) were assigned to 
the beam ends.
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 Figure1: Plan view of building model                                         Figure2:  3-dimensional view of building model 

 

II. Objectives of study 

1. To re-analyzed the 10 storey Nepal Gorkha building and govern its performance during the 2015 
Kathmandu (KATNP) earthquake. 

2. To do the comparative study of failure criteria of the damaged building model with other different 
major earthquakes. 

Methodology of analysis: 

During the analysis it was observed that the effects on the Y- direction of the model were less when compared to 
that of in X- direction. So the study was done limiting to the X- direction due to its severity in the results. 

1. Response history analysis: 

 The ground motion data of “KATNP” along with “BOKAJAN”, “CHILE”, “EL-CENTRO” and 
“UTTARKASHI” were applied on the building model separately and the non linear response history curves were taken 
out of each model representing respective ground motions. The functions were made with the aid of curves 
generated and response history analysis was carried out. The base shears, storey displacements, inter storey drifts, 
lateral forces and other relevant data was taken out.  
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                                       Figure3: A typical response history curve for KATNP ground motion 

 
2. Push-over analysis:  

         Pushover analysis in the X-direction considering the P-delta effect was carried out for the building using an 
inverted triangle load pattern.  The horizontal forces were applied on five models respectively on CM. Push over 
curve and the inverted load pattern of forces applied are shown in figures. The plastic hinge formations in the 
structural elements were observed in all the pushover curves. The displacement in the push over analysis was limited 
to 4% of total height of the building model.  

III. RESULTS  

                                                                                                                              

Figure4: Lateral forces on each storey for different earthquakes 
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                                              Table1: Lateral force on each storey for different earthquakes  

                                 

                        

         Figure5: max base shear                                                                        Figure6: max lateral displacement                                                                                        
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      Figure7: Push-over curve for Nepal                                                   Figure8: Push-over curve for Chile 

 

           
          Figure9: Push-over curves for El-Centro                                  Figure10: Push-over curves for Uttarkashi 
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Figure11: Push-over curve of Bokajan                                                 Figure12: Typical saw tooth observed 

 

IV.  CONCLUSION

After carrying out the non-linear response history and pushover analysis of the building model with Nepal Gorkha 
2015 KATNP and four other major earthquakes it was observed and concluded that: 

   * The seismic resistance of the building was found to be inadequate against the past considered ground motions 
as well as the Nepal KATNP ground data since the formation of plastic hinges are observed in push over curves of all 
the models studied. 

   * The lateral stiffness of the building would have been higher if one among the past studied ground motions would 
have been adopted by the designer in its pre- designed stage, resulting in less damage to the structure.  

    *  In this study it has been clearly observed that outcome analytical data from the “KATNP” measured 7.8 Ritcher 
magnitude was higher than that of others Including “CHILE” measured 8 magnitude which is greater than that of 
Nepal “KATNP” ground motion data. 

    * The base shear, max lateral displacements and the lateral load pattern due to all the ground motions has justified 
the above conclusion. 

 * It can be further concluded that KATNP ground motion data due to its critical amplitude and immense effects can 
be taken as time history considerations for the buildings to be designed in future. 
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