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        The railroad ballast initial compaction phase occurs immediately after the construction or maintenance of a track is finished. The ballast particles are densified into a more compact state after certain load repetitions. With increases in heavy haul trains, the heavy loads imposed on the track significantly change the ballast behavior. In order to investigate the ballast particle movement in different track conditions, this paper presents a series of ballast box tests. Three types of tests were conducted as follows: one with an unstabilized track section, one with a track section geogrid-stabilized at a depth of 30 cm, and another one with a track section geogrid-stabilized at a depth of 40 cm. The track section consists of two half-crossties, a rail, ballast, subballast, and subgrade. Four wireless devices, “SmartRocks,” were installed underneath the rail seat and underneath the shoulder at a depth of 30 cm and 40 cm, respectively, to monitor the ballast particle movement under cyclic loading. The ballast behavior in different sections is compared and discussed in this paper.

    

        
    
        
        
            Keywords:

                    ballast,
                    railroad,
                    track stabilization,
                    geogrid,
                    SmartRock,
                    particle movement
        



 
    


        

        


References


    
        1. 
Selig
, E. T.
 and Waters
, J. M.
, Track Geotechnology and Substructure Management
, Thomas Telford
, London
, 1994
.Google Scholar
Crossref
Search ADS
 
 




2. 
Indraratna
, B.
, Ionescu
, D.
, and Christie
, H. D.
, “Shear Behavior of Railway Ballast Based on Large-Scale Triaxial Tests
,” J. Geotech. Geoenviron. Eng
., Vol. 124
, No. 5
, 1998
, pp. 39–49.



3. 
Lim
, W. L.
 and McDowell
, G. R.
, “Discrete Element Modelling of Railway Ballast
,” Granul. Matter
, Vol. 7
, No. 1
, 2005
, pp. 19–29.



4. 
Powrie
, W.
, Yang
, L. A.
, and Clayton
, C. I.
, “Stress Changes in the Ground below Ballasted Railway Track during Train Passage
,” J. Rail Rapid Transit
, Vol. 221
, No. 2
, 2007
, pp. 247–261.



5. 
Tutumluer
, E.
, Huanng
, H.
, Hashash
, Y. M. A.
, and Ghaboussi
, J.
, “Discrete Element Modeling of Railroad Ballast Settlement
,” Proceedings of the 2007 AREMA Annual Conference
, Chicago, IL
, September 9–12, Arema
, Chicago, IL
, 2007
, pp. 1–20.



6. 
McDowell
, G. R.
, Lim
, W. L.
, Collop
, A. C.
, Armitage
, R.
, and Thom
, N. H.
, “Comparison of Ballast Index Tests for Railway Trackbeds
,” Proc. Inst. Civil Eng-Geotech E
., Vol. 157
, No. 3
, 2004
, pp. 151–161.



7. 
McDowell
, G. R.
 and Li
, H.
, “Discrete Element Modelling of Scaled Railway Ballast under Triaxial Conditions
,” Granul. Matter
, Vol. 18
, No. 3
, 2016
, p. 66.



8. 
Indraratna
, B.
, Ngo
, N. T.
, and Rujikiatkamjorn
, C.
, “Behavior of Geogrid Reinforced Ballast under Various Levels of Fouling
,” Geotext. Geomembranes
, Vol. 29
, No. 3
, 2011
, pp. 313–322.



9. 
Indraratna
, B.
, Hussaini
, S. K. K.
, and Vinod
, J. S.
, “On the Shear Behaviour of Ballast-Geosynthetic Interfaces
,” Geotechnical Test. J.
, Vol. 35
, No. 2
, 2012
, pp. 1–8.



10. 
Tutumluer
, E.
, Huang
, H.
, and Bian
, X.
, “Geogrid-Aggregate Interlock Mechanism Investigated through Aggregate Imaging-Based Discrete Element Modeling Approach
,” Int. J. Geomech.
, Vol. 12
, No. 4
, 2012
, pp. 391–398.



11. 
Ngo
, N. T.
, Indraratna
, B.
, and Rujikiatkamjorn
, C.
, “Modelling Geogrid Reinforced Railway Ballast Using the Discrete Element Method
,” Trans. Geotech.
, Vol. 8
, 2016
, pp. 86–102.



12. 
Morgan
, J. R.
, “The Response of Granular Materials to Repeated Loading
,” Proceedings of the Third Conference, Australian Road Research Board
, ARRB
, Sydney, Australia
, 1966
, pp. 1178–1192.



13. 
Knuston
, R. M.
, “Factors Influencing the Repeated Load Behavior of Railway Ballast
,” Ph.D. dissertation, University of Illinois at Urbana-Champaign
, Champaign, IL, 1976
.



14. 
Stewart
, H. E.
, “The Prediction of Track Performance under Dynamic Traffic Loading
,” Ph.D. dissertation, University of Massachusetts
, Amherst, MA, 1982
.



15. 
Ngo
, N. T.
, Indraratna
, B.
, and Rujikiatkamjorn
, C.
, “DEM Simulation of the Behaviour of Geogrid Stabilised Ballast Fouled with Coal
,” Comput. Geotech.
, Vol. 55
, 2014
, pp. 224–231.



16. 
Liu
, S.
, Qiu
, T.
, and Huang
, H.
, “Laboratory Development and Testing of ‘SmartRock’ for Railroad Ballast Using Discrete Element Modeling
,” Proceedings of the 2015 Joint Rail Conference
, San Jose, CA
, March 23–26, ASME
, 2015
, p. V001T01A019.



17. 
AREMA Manual for Railway Engineering
, Vol. 1
, American Railway Engineering and Maintenance-of-Way Association
, Washington, DC
, 2015
.



18. 
ASTM D1188-07, Standard Test Method for Bulk Specific Gravity and Density of Compacted Bituminous Mixtures Using Coated Samples
, ASTM International
, West Conshohocken, PA
, 2015
, www.astm.org



19. 
Brown
, S. F.
, Thom
, N. H.
, and Kwan
, J.
, “Optimising the Geogrid Reinforcement of Rail Track Ballast
,” Railway Foundations, Proceedings of RailFound 06
, University of Birmingham
, Birmingham, UK
, September 11–13, 2006
, pp. 346–354.



20. 
McDowell
, G. R.
, Harireche
, O.
, Konietsky
, H.
, Brown
, S. F.
, and Thom
, N. H.
, “Discrete Element Modeling of Geogrid-Reinforced Aggregates
,” Proc. Inst. Civil Eng-Geotech E
., Vol. 159
, 2006
, pp. 35–48.



21. 
Liu.
, S.
, Huang
, H.
, Qiu
, T.
, and Kwon
, J.
, “Comparative Evaluation of Particle Movement in a Ballast Track Structure Stabilized with Biaxial and Multiaxial Geogrids
,” Transp. Res. Record
, Vol. 2607
, 2017
, pp. 15–23.



22. 
Liu
, S.
, Huang
, H.
, Qiu
, T.
, and Kwon
, J.
, “Effect of Geogrid on Railroad Ballast Studied by SmartRock
,” Transportation Research Board 95th Annual Meeting, Washington, DC
, January 10–14, 2016
, pp. 1–14.



23. 
Liu
, S.
, Huang
, H.
, Qiu
, T.
, and Gao
, L.
, “Comparison of Laboratory Testing Using SmartRock and Discrete Element Modeling of Ballast Particle Movement
,” J. Mater. Civ. Eng.
, Vol. 29
, No. 3
, 2017
, 



24. 
Indraratna
, B.
 and Salim
, W.
, “Deformation and Degradation Mechanics of Recycled Ballast Stabilised with Geosynthetics
,” Soils Found
., Vol. 43
, No. 4
, 2003
, pp. 35–46.



25. 
Navaratnarajah
, S. K.
 and Indraratna
, B.
, “Use of Rubber Mats to Improve the Deformation and Degradation Behavior of Rail Ballast under Cyclic Loading
,” J. Geotech. Geoenviron.
, Vol. 143
, No. 6
, 2017
, 



26. 
Lobo-Guerrero
, S.
 and Vallejo
, L. E.
, “Discrete Element Method Analysis of Railtrack Ballast Degradation during Cyclic Loading
,” Granul. Matter
, Vol. 8
, Nos. 3–4
, 2006
, pp. 195–204.



27. 
Lackenby
, J.
, Indraratna
, B.
, McDowell
, G. R.
, and Christie
, D.
, “Effect of Confining Pressure on Ballast Degradation and Deformation under Cyclic Triaxial Loading
,” Géotechnique
, Vol. 57
, No. 6
, 2007
, pp. 527–536.



28. 
Stark
, T. D.
, Wilk
, S. T.
, Rose
, J. R.
, and Moorhead
, W.
, “Effect of Hand Tamping on Transition Zone Behavior
,” Proceedings of the 2015 Annual AREMA Annual Conference
, Minneapolis, MN
, October 4–7, AREMA
, Minneapolis, MN
, 2015
, pp. 1–16.



29. 
Watts
, K.
, and Jenner
, C.
, “Large-Scale Laboratory Assessment of Geogrids to Reinforce Granular Working Platforms
,” Proceedings of EuroGeo4: Fourth European Geosynthetics Conference
, Edinburgh, UK
, September 7–10, 2008
, Dixon
 N.
 , Ed., International Geosynthetics Society
, Jupiter, FL
, 2008
.



30. 
Qian
, Y.
, Mishra
, D.
, Tutumluer
, E.
, and Kwon
, J.
, “Comparative Evaluation of Different Aperture Geogrids for Ballast Reinforcement through Triaxial Testing and Discrete Element Modeling
,” Proceedings of Geosynthetics 2013
, Long Beach, CA
, April 1–4, Elsevier
, Long Beach, CA
, 2013
, pp. 1–4.



31. 
Lekarp
, F.
, Isacsson
, U.
, and Dawson
, A.
, “State of the Art, II: Permanent Strain Response of Unbound Aggregates
,” J. Transp. Eng.–ASCE
, Vol. 126
, No. 1
, 2000
, pp. 76–83.



32. 
Barksdale
, R. D.
 and Itani
, S. Y.
, “Influence of Aggregate Shape on Base Behavior
,” Transp. Res. Record
, Vol. 1227
, 1989
, pp. 173–182.



33. 
Kolisoja
, P.
, “Resilient Deformation Characteristic of Granular Materials
,” Ph.D. dissertation, Tampere University of Technology
, Tampere, Finland, 1997
.





    


        

    
        This content is only available via PDF.
            

    


        
        
        
    






 
    


            

        

                
                    You do not currently have access to this chapter.
                



    
            
            
                Sign In

            

        

    
        

    

        
            
                

            

        


        
        

    
        
    
        


                

                
                    Sign In Or Register For Account
                
        

            

 
    


                    

                        Sign in via your Institution
                    




        

    

 
    



    
 
    






    




    
         
    

  
    






    
    
        
    

    

    
        
    

    

    
        
    

    

    
            
        Email alerts

        
                    
                        New eBook Alert
                    

                                    
                

                Close Modal
            

        

    

 
    


    



 
    

    
        
    

    

    
            
        Related Chapters


        
                
                    Man-Portable Real-Time Ballast Inspection Device Using Ground-Penetrating Radar
    Railroad Ballast Testing and Properties


                

                
                    Evaluation of Ballast Particle Movement Using SmartRocks for Track Transitions
    Railroad Ballast Testing and Properties


                

                
                    Sampling, Reconstituting, and Gradation Testing of Railroad Ballast
    Railroad Ballast Testing and Properties


                

                
                    Review of Size and Loading Conditions for Large-Scale Triaxial Testing
    Railroad Ballast Testing and Properties


                

        

    

 
    


    



 
    

    
        
    

    

    
            
        Related Articles


        
                
                    Using Time Domain Reflectometry to Determine Depth of Fouling and Fouling Type in Railway Track Substructure
    Geotech. Test. J. (January,2019)


                

                
                    Application of Optical-Fiber Bragg Grating Sensors in Monitoring the Rail Track Deformations
    Geotech. Test. J. (July,2015)


                

                
                    Railroad Ballast Density Measurement
    Geotech. Test. J. (March,1978)


                

        

    

 
    


    



 
    

    
        
    

    

    
            
        Related Proceedings Papers


        
                
                    Effect of Coal Fouling on Railroad Ballast Under Direct Shear Loading Conditions
    JRC2020


                

                
                    New Locomotives & Technologies: Reducing Operating & Market Failures Through Aggressive Use of Reliability Growth Testing (RGT)
    JRC2021


                

                
                    A Novel and Reliable Track Condition Prediction Model for Condition Based Track Maintenance
    JRC2013


                

        

    

 
    


    



 
    


    



 
    


    



 
    


    







    
         
    






            

        
    

    
    

    
        




    
        
    

    


    



 
    








    
        
    

    


    



 
    







    
            
        
    
        
            
                
            
    


    
            	
                    ASTM Journals
                
	
                    ASTM Digital Library
                
	
                    ASTM.ORG
                
	
                    Rights and Permissions
                


        
    



        

    

 
    





        
    
        



    
    





ASME Journals

	About ASME Journals
	Information for Authors
	Submit a Paper
	Call for Papers
	Title History





ASME Conference Proceedings

	About ASME Conference Publications and Proceedings
	Conference Proceedings Author Guidelines








ASME eBooks

	About ASME eBooks
	ASME Press Advisory & Oversight Committee
	Book Proposal Guidelines





Resources

	Contact Us
	Authors
	Librarians
	Frequently Asked Questions
	Publication Permissions & Reprints
	ASME Membership


Opportunities

	Faculty Positions










	
    
    
    
    





	ASME Community
	Facebook
	Twitter
	LinkedIn















	
	
	
	
	
	
	
	
	






	Accessibility
	Privacy Statement
	Terms of Use
	Get Adobe Acrobat Reader




Copyright © 2024 The American Society of Mechanical Engineers






 
    




        





    
        



    
    





 
    







    
        
    

    


    



 
    





    





    
    


    
        
    

    Close Modal




    
        

    

    Close Modal





    
            
                This Feature Is Available To Subscribers Only

                Sign In or Create an Account

            



        Close Modal
    




    Close Modal
    
        

    



 
    


    







    
    
























    


    
  


    

        
    
    


    
        
    
        This site uses cookies. By continuing to use our website, you are agreeing to our privacy policy.
    

    
        Accept
    

            

    
    

 
    



    

    
        
    

    


    



 
    



    




        
    

