Plastic-Composite Railroad Cross Tie Installation at Fort Campbell, KY

Background

Wood has been the traditional material used for railroad (RR) cross ties during the 150-plus years of railroading in the United States.  Trains now carry up to 39 tons (35,400 kg) per axle versus 36 tons (32,650 kg) just a few years ago.  In many cases this increased loading has accelerated the wear of wood ties.  The resulting decrease in the service life of wood ties as well as growing environmental concerns about the use of creosote as a wood preservative have prompted industry interest in alternative RR cross tie materials.

Trains are an important part of Army operations, especially to move large amounts of materials and heavy equipment in times of mobilization.  Cross tie failures in the Army’s roughly 2,000 miles of track typically occur due to environmental deterioration rather than wear from accumulated traffic.  Of course, periods of critical need are not the times to have track failures due to cross tie deterioration.   

Origins of the Plastic Ties Technologies

In the early 1990s several manufacturers in the United States had the idea to produce RR ties made from recycled waste plastics.  However, it was quickly learned that it takes more than just a cross tie-sized block of plastic to provide proper track performance.  By the mid-1990s at least two independent groups were developing engineered plastic composite RR ties using recycled high-density polyethylene (HDPE) and incorporating reinforcement elements into the recycled-plastic matrix for property enhancements.  Despite its mechanical property limitations, HDPE offers both performance and environmental advantages for use as RR cross ties.  Insects and other organisms can attack wood ties and shorten their service life, particularly in warm, moist soils.  To fight insect attack and rot, wood ties must be chemically treated, usually with creosote.  HDPE does not require such treatment because it is inherently resistant to insects and rot.  Given that approximately 15 million cross ties are replaced each year by U.S. railroads (including tens of thousands replaced on military installations), and considering the volume of plastic used to make each tie, it has been projected that considerable amounts of waste plastic could be diverted from landfills and put to beneficial use if plastic ties could achieve any significant market penetration.  Plastic ties can also be intermixed with wood ties making them useful for maintenance applications.

Installation of Plastic Composite Ties at Fort Campbell, KY

To demonstrate the use of these products as sustainable materials, 104 plastic composite cross ties, representing three different manufacturers, were installed in track at Fort Campbell, KY, during April 2004.  A private contractor installed the plastic ties as part of their track maintenance activities at Fort Campbell.  Replacement creosote-treated wood ties were also installed during this same time.  Installation of the plastic ties was almost identical to installing standard wood ties except that the plastic ties require pre-drilling for the cut spike fasteners.  Such pre-drilling is optional in normal installation of wood ties using cut spike fasteners.  The ties were installed using standard track tools and equipment in several locations replacing deteriorated wood ties.  Figure 1 shows track maintenance equipment being used to insert a plastic tie under the track.  Figure 2 shows one of the rotted out wood ties that was replaced with a plastic tie.  Figure 3 shows a crew spiking the newly placed plastic ties and Figure 4 shows a finished installation.  Periodic inspections will be made to compare performance of the new plastic ties to the newly installed wood ties.  The installed plastic composite ties have a projected [image: image1.wmf] 

50-plus year, virtually maintenance-free, life expectancy.  

     Figure 1.  Inserting a plastic composite tie in track at Fort Campbell, KY.

Other Field Testing and Installations

Plastic composite ties have been in laboratory and field track testing for the last eight years at the Association of American Railroads’ (AAR) Transportation Technology Center, Inc. (TTCI) , in Pueblo, CO.  Plastic ties installed in TTCI’s Facility for Accelerated Service Testing (FAST) have now accumulated over 700 million gross tons (MGT) of traffic with no system failures.  The Union Pacific, Burlington Northern Santa Fe, and CSX Railroads have each installed thousands of plastic ties in their mainline track.  The Union Pacific Railroad recently placed an 
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                  Figure 2.  Deteriorated wood tie being replaced.

order for 1.25 million plastic composite cross ties to be delivered and installed over the next five years.  In December 1998, the U.S. Naval Surface Warfare Center (NSWC) in Crane, IN, installed a set of 64 recycled-plastic composite ties in a #10 turnout.  Since being placed in service, no component failures or major service problems have occurred.  A second plastic tie turnout was installed at NSWC in June 2002 using plastic ties from a different manufacturer.  
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      Figure 3.  Spiking newly placed plastic composite ties.
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     Figure 4.  Newly installed plastic composite ties at Fort Campbell, KY.
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Performance Specifications

In 2000, a Subcommittee on Engineered Composite Ties was established under the American Railway Engineering and Maintenance-of-Way Association (AREMA) Committee 30 on Cross Ties to develop recommended engineering standards and practice for the use of these new cross tie materials.  These standards were first published in Chapter 30, Ties, Part 5, Engineered Composite Ties, in the 2003 Edition of the AREMA Manual for Railway Engineering.  The standards represent a minimum performance specification for the use of plastic composite ties in heavy-axle-load rail service.  The following table lists some of the recommended minimum performance requirements from the AREMA Manual for plastic composite cross ties.

Table:  Some Physical and Mechanical Properties for Plastic Composite RR Cross Ties

	Modulus of Elasticity – MOE, psi (MPa)
	Modulus of Rupture – MOR, psi (MPa)
	Rail Seat Compression, psi (MPa)
	Single Tie Lateral Push, lbf (kN)
	Spike/Screw Pullout, lbf (kN)
	Max. Coefficient of Thermal Expansion, in/in/oF (cm/cm/oC)

	170,000

(1,170)
	2,000

(13.8)
	900

(6.2)
	2,000 – 4,000

(8.9 – 17.8)
	1,900/5,000

(8.5/22.2)
	7.5X10-5
(1.35X10-4)


Summary of Benefits

Current purchase costs of the new plastic composite ties are on the order of double what a creosote-treated wood tie runs.  While this can be a barrier for use, the performance advantages of the plastic ties need to be considered in the final product selection.  The benefits of using recycled-plastic composite cross ties are as follows:

· Inherently resistant to rot and insects without the need for hazardous chemical treatments

· Offer long-life in wet or aggressive soils

· Can be installed using standard wood tie installation equipment and procedures

· With modified surface patterns, can offer increased lateral stability

· May be intermixed with wood ties for maintenance applications

· Can make beneficial use of significant amounts of waste plastics

ERDC POC

For additional information on the specification and use of plastic composite cross ties, contact:

Richard Lampo

Materials Engineer

U.S. Army ERDC/CERL

P.O. Box 9005

Champaign, IL 61826-9005

(217) 373-6765

(800) 872-2375, ext. 6765

richard.g.lampo@erdc.usace.army.mil
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