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                    Abstract
This study evaluates the influence of site-specific strong-motion duration caused by interplate earthquakes on structural performance. Specifically, the seismic response of an equivalent single-degree-of-freedom (SDOF) system subjected to a set of accelerograms recorded at different soil-profile sites located in Mexico City is analyzed. The properties of the equivalent SDOF system were estimated from the dynamic characteristics and pushover curve of a steel frame. The accelerograms, whose total durations, \({t}_{r}\), vary from approximately 120 s to 350 s, are associated with earthquakes that occurred in the Mexican subduction zone. In addition, several synthetic accelerograms were generated to evaluate the seismic performance of the equivalent SDOF system via fragility curves. Operational, life safety, and collapse performance levels were assessed. In particular, two approaches were considered for the evaluation of the effects of the strong-motion duration on the performance of the equivalent SDOF system. The first approach uses the peak displacement of the system as the engineering demand parameter (EDP), whereas the second approach uses an energy-based damage index. Results indicate that the strong-motion duration has a significant influence on the nonlinear response of the equivalent SDOF system when considering any of the mentioned EDPs. Overall, the greater differences in fragility are seen for sites that show the greatest response-spectrum amplitudes in the range of dominant periods, \({T}_{s}\), near the fundamental period of the equivalent SDOF system. This study demonstrates the importance of properly characterizing the strong-motion duration when selecting site-specific accelerograms to perform nonlinear dynamic analyses.
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              The accelerograms used in Sect. 2 of this study were selected from the catalogs by the Mexico City accelerograph network operated by the Instrumentation and Seismic Record Center (RACM-CIRES, acronym in Spanish) and the UNAM Institute of Engineering accelerograph network (RAII-UNAM, acronym in Spanish) (CIRES 2020; II-UNAM 2020).

            

References
	American Society of Civil Engineers (ASCE) (2016) Minimum Design Loads and Associated Criteria for Buildings and Other Structures (ASCE/SEI 7–16). Reston, Virginia

	Anderson JG (2003) Strong-motion seismology. In: Lee WHK, Kanamori H, Jennings PC, Kisslinger C (eds) International handbook of earthquake and engineering seismology, Part B, 1rst edn. Academic Press, Cambridge, pp 937–965
Chapter 
    
                    Google Scholar 
                

	ANSYS Inc. (2019) ANSYS Multiphysics Release 19

	Arias A (1970) A measure of earthquake intensity. In: Hansen R (ed) Seismic design for nuclear power plants. Mass. Inst. Tech. Press, Cambridge, Massachusetts, pp 438–483

                    Google Scholar 
                

	Barbosa AR, Ribeiro FLA, Neves LC (2017) Influence of earthquake ground-motion duration on damage estimation: application to steel moment resisting frames. Earthq Eng Struct Dyn 46:27–79. https://doi.org/10.1002/eqe.2769
Article 
    
                    Google Scholar 
                

	Belejo A, Barbosa AR, Bento R (2017) Influence of ground motion duration on damage index-based fragility assessment of a plan asymmetric non-ductile reinforced concrete building. Eng Struct 151:682–703. https://doi.org/10.1016/j.engstruct.2017.08.042
Article 
    
                    Google Scholar 
                

	Bommer JJ, Stafford PJ, Alarcón JE (2009) Empirical equations for the prediction of the significant, bracketed, and uniform duration of earthquake ground motion. Bull Seismol Soc Am 99:3217–3233. https://doi.org/10.1785/0120080298
Article 
    
                    Google Scholar 
                

	Bravo-Haro MA, Liapopoulou M, Elghazouli AY (2020) Seismic collapse capacity assessment of SDOF systems incorporating duration and instability effects. Bull Earthq Eng 18:3025–3056. https://doi.org/10.1007/s10518-020-00829-9
Article 
    
                    Google Scholar 
                

	Centro de Instrumentación y Registro Sísmico (CIRES) (2020) Red acelerográfica de la Ciudad de México (RACM). http://www.cires.org.mx. Accessed 24 Jun 2020

	Chandramohan R, Baker JW, Deierlein GG (2016a) Quantifying the influence of ground-motion duration on structural collapse capacity using spectrally equivalent records. Earthq Spectra 32:927–950. https://doi.org/10.1193/122813eqs298mr2
Article 
    
                    Google Scholar 
                

	Chandramohan R, Baker JW, Deierlein GG (2016) Impact of hazard-consistent ground motion duration in structural collapse risk assessment. Earthq Eng Struct Dyn 45:1357–1379. https://doi.org/10.1002/eqe.2711
Article 
    
                    Google Scholar 
                

	Chávez-García FJ (1994) Site effects in Mexico City eight years after the September 1985 Michoacan earthquakes. Soil Dyn Earthq Eng 13:229–247. https://doi.org/10.1016/0267-7261(94)90028-0
Article 
    
                    Google Scholar 
                

	Chopra AK (1995) Dynamics of structures: theory and applications to earthquake engineering. Prentice Hall, Ney Jersey

                    Google Scholar 
                

	De Luca F, Vamvatsikos D, Iervolino I (2013) Near-optimal piecewise linear fits of static pushover capacity curves for equivalent SDOF systems*. Earthq Eng Struct Dyn 42:523–543. https://doi.org/10.1002/eqe.2225
Article 
    
                    Google Scholar 
                

	Demidenko E (2004) Mixed models: theory and applications. John Wiley & Sons Inc, Hoboken, New Jersey
Book 
    
                    Google Scholar 
                

	Díaz SA, Pujades LG, Barbat AH et al (2017) Energy damage index based in capacity and response spectra. Eng Struct 152:424–436. https://doi.org/10.1016/j.engstruct.2017.09.019
Article 
    
                    Google Scholar 
                

	Dobry R, Idriss IM (1978) Duration characteristics of horizontal components of strong-motion earthquake records. Bull Seismol Soc Am 68:1487–1520

                    Google Scholar 
                

	European Committee for Standardization (CEN) (2004) Eurocode 8: design of structures for earthquake resistance part 1: general rules. Seismic Actions and Rules for Buildings, London

                    Google Scholar 
                

	Gasparini DA, Vanmarcke EH (1976) SIMQKE: a program for artificial motion generation. User’s manual and documentation

	Goel SC, Chao S-H (2008) Plastic design versus elastic design. In: Performance-Based Plastic Design. International Code Council, pp 7–16

	Hancock J, Bommer JJ (2006) A state-of-knowledge review of the influence of strong-motion duration on structural damage. Earthq Spectra 22:827–845. https://doi.org/10.1193/1.2220576
Article 
    
                    Google Scholar 
                

	Hancock J, Bommer JJ (2007) Using spectral matches records to explore the influence of strong-motion duration on inelastic structural response. Soil Dyn Earthq Eng 27:291–299. https://doi.org/10.1016/j.soildyn.2006.09.004
Article 
    
                    Google Scholar 
                

	Heresi P, Ruiz-García J, Payán-Serrano O, Miranda E (2020) Observations of Rayleigh waves in Mexico City Valley during the 19 September 2017 Puebla-Morelos, Mexico earthquake. Earthq Spectra. https://doi.org/10.1177/8755293020942547

	Husid R (1969) Características de terremotos. Análisis General Rev Del IDIEM 8:21–42

                    Google Scholar 
                

	Iervolino I, Manfredi G, Cosenza E (2006) Ground motion duration effects on nonlinear seismic response. Earthq Eng Struct Dyn 35:21–38. https://doi.org/10.1002/eqe.529
Article 
    
                    Google Scholar 
                

	Iglesias A, Singh SK, Pacheco JF, Ordaz M (2002) A source and wave propagation study of the Copalillo, Mexico, Earthquake of 21 July 2000 (Mw 5.69): implications for seismic hazard in Mexico City from inslab earthquakes. Bull Seismol Soc Am 92:1060–1071. https://doi.org/10.1785/0120010144
Article 
    
                    Google Scholar 
                

	Instituto de Ingeniería de la Univerisdad Nacional Autónoma de México (II-UNAM) (2020) Red acelerográfica del Instituto de Ingeniería (RAII-UNAM). https://aplicaciones.iingen.unam.mx/AcelerogramasRSM/. Accessed 24 Jun 2020

	Jaime-Paredes A (1987) Características dinámicas de la arcilla del Valle de México. Universidad Nacional Autónoma de México (UNAM), Mexico City

	Jaimes MA, Reinoso E (2006) Comparación del comportamiento de edificios en el Valle de México ante sismos de subducción y de falla normal. Rev Ing Sísmica 75:1–22

                    Google Scholar 
                

	Kempton JJ, Stewart JP (2006) Prediction equations for significant duration of earthquake ground motions considering site and near-source effects. Earthq Spectra 22:985–1013. https://doi.org/10.1193/1.2358175
Article 
    
                    Google Scholar 
                

	Kostoglodov V, Pacheco JF (1999) Cien años de sismicidad en México. In: UNAM Geofísica. http://usuarios.geofisica.unam.mx/vladimir/sismos/100a%F1os.html

	Lee J, Green RA (2014) An empirical significant duration relationship for stable continental regions. Bull Earthq Eng 12:217–235. https://doi.org/10.1007/s10518-013-9570-0
Article 
    
                    Google Scholar 
                

	Liu AH, Stewart JP, Abrahamson NA, Moriwaki Y (2001) Equivalent number of uniform stress cycles for liquefaction analysis. J Geotech Geoenvironmental Eng 127:1017–1026. https://doi.org/10.1061/(ASCE)1090-0241(2001)127:12(1017)
Article 
    
                    Google Scholar 
                

	López-Castañeda AS, Reinoso E (2021) Strong-motion duration predictive models from subduction interface earthquakes recorded in the hill zone of the Valley of Mexico. Soil Dyn Earthq Eng 144:106676. https://doi.org/10.1016/j.soildyn.2021.106676
Article 
    
                    Google Scholar 
                

	López-Castañeda AS, Reinoso E (2022) Significant duration predictive models developed from strong-motion data of thrust-faulting earthquakes recorded in Mexico City. Earthq Eng Struct Dyn 51:129–152. https://doi.org/10.1002/eqe.3559
Article 
    
                    Google Scholar 
                

	Montalvo-Arrieta JC, Reinoso E, Sánchez-Sesma FJ (2003) Observations of strong motion at hill sites in Mexico City from recent earthquakes. Geofísica Int 42:205
Article 
    
                    Google Scholar 
                

	Ordaz M, Singh SK (1992) Source spectra and spectral attenuation of seismic waves from Mexican earthquakes, and evidence of amplification in the hill zone fo Mexico City. Bull Earthq Eng 82:24–43. https://doi.org/10.1785/BSSA0820010024
Article 
    
                    Google Scholar 
                

	Pinheiro JC, Bates DM (2000) Mixed-effects models in S and S-Plus. Springer-Verlag, New York, New York
Book 
    
                    Google Scholar 
                

	Pujades LG, Vargas-Alzate YF, Barbat AH, González-Drigo JR (2015) Parametric model for capacity curves. Bull Earthq Eng 13:1347–1376. https://doi.org/10.1007/s10518-014-9670-5
Article 
    
                    Google Scholar 
                

	Raghunandan M, Liel AB (2013) Effect of ground motion duration on earthquake-induced structural collapse. Struct Saf 41:119–133. https://doi.org/10.1016/j.strusafe.2012.12.002
Article 
    
                    Google Scholar 
                

	Rauch AF, Martin JR (2000) EPOLLS model for predicting average displacements on lateral spreads. J Geotech Geoenviron Eng 126:361–371. https://doi.org/10.1061/(ASCE)1090-0241(2000)126:4(360)
Article 
    
                    Google Scholar 
                

	Reinoso E (2007) Riesgo sísmico en la Ciudad de México. In: La Acad. Ing. México. http://www.ai.org.mx/ai/archivos/coloquios/2/RiesgosismicodelaCiudaddeMexico.pdf. Accessed 2 Jul 2019

	Ruiz-García J (2010) On the influence of strong-ground motion duration on residual displacement demands. Earthq Struct 1:327–344. https://doi.org/10.12989/eas.2010.1.4.327
Article 
    
                    Google Scholar 
                

	Salmon MW, Short SA, Kennedy RP (1992) Strong motion duration and earthquake magnitude relationships. Livermore, California

	Secretaría de Obras y Servicios de la Ciudad de México (SOS-CDMX) (2020) Normas Técnicas Complementarias (NTC-CDMX). Mexico City

	Seed HB, Idriss IM (1971) Simplified procedure for evaluating soil liquefaction potential. J Soil Mech Found Div 97:1249–1273
Article 
    
                    Google Scholar 
                

	Sing SK, Mena E, Castro R (1988) some aspects of source characteristics of the 19 September 1985 Michoacan earthquake and ground motion amplification in and near Mexico City from strong motion data. Bull Seismol Soc Am 78:451–477. https://doi.org/10.1785/BSSA0780020451
Article 
    
                    Google Scholar 
                

	Singh SK, Ordaz M (1993) On the origin of long coda observed in the lake-bed strong-motion records of Mexico City. Bull Seismol Soc Am 83:1298–1306

                    Google Scholar 
                

	Singh SK, Ordaz M, Pérez-Campos X, Iglesias A (2015) Intraslab versus interplate earthquakes as recorded in Mexico City: implications for seismic hazard. Earthq Spectra 31:795–812. https://doi.org/10.1193/110612EQS324M
Article 
    
                    Google Scholar 
                

	Singhal A, Kiremidjian AS (1996) Method for probabilistic evaluation of seismic structural damage. J Struct Eng 122:1459–1467
Article 
    
                    Google Scholar 
                

	Trifunac MD, Brady AG (1975) A study on the duration of strong earthquake ground motion. Bull Seismol Soc Am 65:581–626

                    Google Scholar 
                

	Vamvatsikos D, Cornell A (2002) Incremental dynamic analysis. Earthq Eng Struct Dyn 31:491–514. https://doi.org/10.1002/eqe.141
Article 
    
                    Google Scholar 
                

	Wang X, Xue B, Xu B, Pang R (2021) Role of strong motion duration on seismic responses of high concrete faced rockfill dams. Structures 32:1092–1102. https://doi.org/10.1016/j.istruc.2021.03.092
Article 
    
                    Google Scholar 
                


Download references




Funding
The first author, Alhelí S. López-Castañeda, acknowledges the support from the National Council for Science and Technology (CONACYT, acronym in Spanish), which consists of financial support received during her doctoral studies at the UNAM Graduate Program in Engineering.


Author information
Authors and Affiliations
	Coordinación de Ingeniería Sismológica, Instituto de Ingeniería, Universidad Nacional Autónoma de México, 04510, Coyoacán, Ciudad de Mexico, México
Alhelí S. López-Castañeda & Eduardo Reinoso

	Coordinación de Ingeniería Estructural, Instituto de Ingeniería, Universidad Nacional Autónoma de México, 04510, Coyoacán, Ciudad de Mexico, México
J. Osvaldo Martín del Campo


Authors	Alhelí S. López-CastañedaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eduardo ReinosoView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. Osvaldo Martín del CampoView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
All authors contributed to the study’s conception and design. Material preparation, as well as data collection and analysis, were performed by the first and third authors. The second author contributed to the conceptualization of the aims of this study and the validation of the results. The first draft of the manuscript was written by the first author, whereas all authors commented on previous versions of the manuscript. All authors read and approved the final manuscript.
Corresponding author
Correspondence to
                Alhelí S. López-Castañeda.


Ethics declarations

              
              
                Conflict of interest

                The authors disclose that they do not hold any financial and personal relationships with other people or organizations that could inappropriately bias their work.

              
              
                Ethical approval

                The submitted manuscript is original and has not been submitted to more than one journal for simultaneous consideration.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
       



Cite this article
López-Castañeda, A.S., Reinoso, E. & Martín del Campo, J.O. Influence of site-specific strong-motion duration on structural performance.
                    Bull Earthquake Eng 20, 7047–7075 (2022). https://doi.org/10.1007/s10518-022-01499-5
Download citation
	Received: 25 June 2021

	Accepted: 14 August 2022

	Published: 29 August 2022

	Issue Date: October 2022

	DOI: https://doi.org/10.1007/s10518-022-01499-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Strong-motion duration
	Interplate earthquakes
	Synthetic accelerograms
	Incremental dynamic analysis
	Hysteretic energy
	Fragility curves








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.174.17.123
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    