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                    Abstract
The assessment of evacuation characteristics by using an evacuation model is highly important to improve the evacuation safety of buildings. Thus, recently, the radiation repulsive force model was developed for improving the reliability of the simulation results by considering the interaction between fire and evacuation. However, additional experimental study is required for improving the practicality of the radiation repulsive force model, because the threshold value of radiative heat flux is arbitrarily specified and the individual of the evacuees are ignored in the radiation repulsive force model. Therefore, we performed an experimental study for improving the practicality of the interaction between evacuees and fire. Also, the distributions of the threshold value of radiative heat flux and the individuals of the evacuees are applied on the radiation repulsive force. Then, the modified radiation repulsive force is added on Helbing’s social force model, and modified social force model is named as BR (Bae and Ryou)-radiation model. Evacuation characteristics of the BRradiation model are compared with the social force model and existing radiation repulsive force model. As a result of analysis, it is identified that the reliability and practicality of the simulation results estimated by BR-radiation model are more improved than the existing models.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Mathematical Modeling of the Interaction Between Evacuees and Fire Through Radiation
                                        
                                    

                                    
                                        Article
                                        
                                         27 June 2015
                                    

                                

                                Sungryong Bae & Hong Sun Ryou

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Stair Evacuation Simulation Based on Cellular Automata Model Considering Social Forces
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2015
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Evacuation Model in Large Complex Buildings
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	S. Bae, G. H. Ko, C. W. Lee and H. S. Ryou, A networkbased smoke control program with consideration of energy transfer in ultra-high-rise buildings, CAU_ESCAP, Building Simulation, 6 (2) (2013) 173–182.
Article 
    
                    Google Scholar 
                

	R. L. P. Custer and B. Meacham, Introduction to performance based fire safety, Society of Fire Protection Engineers, Boston, MA (1997).

                    Google Scholar 
                

	S. Bae and H. S. Ryou, Development of a smoke effect model for representing the psychological pressure from the smoke, Safety Science, 77 (2015) 57–65.
Article 
    
                    Google Scholar 
                

	S. Gwynne, E. R. Galea, M. Owen and P. J. Lawrence, A review of the methodologies used in the computer simulation of evacuation from the built environment, Building and Environment, 34 (6) (1999) 741–749.
Article 
    
                    Google Scholar 
                

	E. D. Kuligowski, R. D. Peacock and B. Hoskins, A review of building evacuation models, Technical Note 1471, US Department of Commerce, National Institute of Standards and Technology, US (2005).

                    Google Scholar 
                

	E. Ronchi, D. Alvear, N. Berloco, J. Capote, P. Colonna and A. Cuesta, Human behaviour in road tunnel fires: Comparison between egress models (FDS+ Evac, STEPS, Pathfinder), Conference INTERFLAM. 2010, Nottingham, UK, 5-7 July (2010) 837–848.

                    Google Scholar 
                

	R. M. Tavares, Evacuation processes versus evacuation models: “Quo Vadimus”?, Fire Technology, 45 (4) (2009) 419–430.
Article 
    
                    Google Scholar 
                

	H. Frantzich, D. Nilsson and O. Eriksson, Evaluation and Validation of Evacuation Programs, Report 3143, Department of Fire Safety Engineering and Systems Safety, Lund University, Sweden (2007).

                    Google Scholar 
                

	E. R. Galea, A General Approach to Validating Evacuation Models with an Application to EXODUS, J. of Fire Sciences, 16 (6) (1998) 414–436.
Article 
    
                    Google Scholar 
                

	D. Helbing, I. Farkas and T. Vicsek, Simulating dynamical features of escape panic, Nature, 407 (6803) (2000) 487–490.
Article 
    
                    Google Scholar 
                

	V. J. Blue and J. L. Adler, Emergent Fundamental Pedestrian Flows from Cellular Automata Microsimulation, Transportation Research Record, J. of the Transportation Research Board, 1644 (1) (1998) 29–36.
Article 
    
                    Google Scholar 
                

	J. Dijkstra, H. J. Timmermans and A. Jessurun, A Multiagent Cellular Automata System for Visualising Simulated Pedestrian Activity, 4th International Conference on Cellular Automata for Research and Industry, Germany (2000) 29–36.

                    Google Scholar 
                

	M. Muramatsu and T. Nagatani, Jamming Transition in Two-dimensional Pedestrian Traffic, Physica A: Statistical Mechanics and its Applications, 275 (1) (2000) 281–291.
Article 
    MATH 
    
                    Google Scholar 
                

	T. Jin, Visibility through Fire Smoke, J. of Fire and Flammability, 9 (1978) 135–155.

                    Google Scholar 
                

	T. Jin, Visibility and Human Behavior in Fire Smoke, The SFPE Handbook of Fire Protection Engineering, 3rd Edition, Society of Fire Protection Engineers: Bethesda, MD (2002).

                    Google Scholar 
                

	H. Frantzich and D. Nilsson, Utrymning Genom Tät Rök: Beteende och Förflyttning, LUTVDG/TVBB—3126—SE (2003).

                    Google Scholar 
                

	K. Fridolf, K. Andrée, D. Nilsson and H. Frantzich, The impact of smoke on walking speed, Fire and Materials, 38 (7) (2014) 744–759.
Article 
    
                    Google Scholar 
                

	D. A. Purser, Toxicity Assessment of Combustion Products, SFPE Handbook of Fire Protection Engineering, 2nd Ed., National Fire Protection Association, Quincy, MA (1995).

                    Google Scholar 
                

	S. Bae and H. S. Ryou, A mathematical modeling of the evacuee’s psychological stress from the fire, Fire Technology (2015) (Accepted).

                    Google Scholar 
                

	S. Bae and H. S. Ryou, Development of a smoke effect model for representing the psychological pressure from the smoke, Safety Science, 77 (2015) 57–65.
Article 
    
                    Google Scholar 
                

	S. Bae, J. H. Choi and H. S. Ryou, A modified fire effect model on evacuation by considering the psychological anxiety caused by the fire, Transportation Research Procedia, 2 (2014) 801–806.
Article 
    
                    Google Scholar 
                

	T. Korhonen and S. Hostikka, FDS+Evac-Technical Reference + User’s Guide, VTT Technical Research Centre of Finland, PO Box, 1000 (2007).

	G. B. Bonan, Ecological climatology L: Concepts and applications, Cambridge University Press, UK (2008).
Book 
    
                    Google Scholar 
                

	S. N. Ahmed, Physics and Engineering of Radiation Detection, Academic Press (2007).

                    Google Scholar 
                

	N. L. Johnson, S. Kotz and N. Balakrishnan, Lognormal distributions, In Continuous Univariate Distributions, 2nd Edition, Wiley Interscience, New York, US (1) (1994).
MATH 
    
                    Google Scholar 
                

	A. M. Mood, F. A. Graybill and D. C. Boes, Introduction to the theory of statistics, 3rd Ed., McGraw-Hill, New York, US (1974).
MATH 
    
                    Google Scholar 
                

	R. C. Browning, E. A. Baker, J. A. Herron and R. Kram, Effects of obesity and sex on the energetic cost and preferred speed of walking, J. of Applied Physiology, 100 (2) (2006) 390–398.
Article 
    
                    Google Scholar 
                

	R. V. Levine and A. Norenzayan, The pace of life in 31 countries, J. of Cross-Cultural Psychology, 30 (2) (1999) 178–205.
Article 
    
                    Google Scholar 
                

	B. J. Mohler, W. B. Thompson, S. H. Creem-Regehr, H. L. Pick Jr. and W. H. Warren Jr., Visual flow influences gait transition speed and preferred walking speed, Experimental Brain Research, 181 (2) (2007) 221–228.
Article 
    
                    Google Scholar 
                

	M. A. Mcdowell and C. L. Ogden, Anthropometric reference data for children and adults: United States, 2003-2006, National Center for Health Statistics, US (2008).

                    Google Scholar 
                

	National Centre for Social Research, Welsh Health Survey, UK Data Archive, Colchester, Essex, UK (2009), http://dx.doi.org/10.5255/UKDA-SN-6589-2.

	J. G. Quintiere, Principles of Fire Behavior, Delmar Publishers, US (1998).

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Mechanical Engineering, Chung-Ang University, Seoul, 06974, Korea
Sungryong Bae & Hong Sun Ryou

	Department of Fire Protection Engineering, Pukyong National University, Busan, 48513, Korea
Jun-Ho Choi

	Department of Psychology, Kyungpook National University, Daegu, 41566, Korea
Chobok Kim

	School of Architecture and Architectural Engineering, Kyungpook National University, Daegu, 41566, Korea
Won-hwa Hong


Authors	Sungryong BaeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jun-Ho ChoiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chobok KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Won-hwa HongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hong Sun RyouView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hong Sun Ryou.


Additional information
Recommended by Associate Editor Youngsuk Nam

                                Sungryong Bae, Ph.D., is a Researcher in the Department of Mechanical Engineering, Chung-Ang University, Seoul, Korea. His research interests include evacuation dynamics, fire dynamics and smoke movement in fire situation.

                                Hong Sun Ryou is a Professor of Mechanical Engineering at Chung-Ang University, Seoul, Korea. His research interests include fluid dynamics, fire dynamics, evacuation and pedestrian dynamics and bio-medical engineering.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Bae, S., Choi, JH., Kim, C. et al. Development of new evacuation model (BR-radiation model) through an experiment.
                    J Mech Sci Technol 30, 3379–3391 (2016). https://doi.org/10.1007/s12206-016-0647-y
Download citation
	Received: 30 October 2015

	Revised: 20 February 2016

	Accepted: 21 March 2016

	Published: 08 September 2016

	Issue Date: July 2016

	DOI: https://doi.org/10.1007/s12206-016-0647-y


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
	BR-radiation model
	Evacuation model
	Radiative heat flux








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.200.190.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    