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Executive Summary

As followup to a workshop on Engineered Composite Ties sponsored by the American Railway
Engineering and Maintenance-of-Way Association (AREMA), the Federal Railroad
Administration (FRA), and the Transportation Technology Center, Inc. (TTCI), in Pueblo, CO,
conducted a series of tests addressing material performance issues. The workshop’s primary
objective was to identify performance concerns and potential areas of research by using input
from Class I railroad representatives. Class I railroads have installed plastic/composite ties in
their tracks for several years for evaluation purposes with respect to both performance and
economy. A panel of Class I railroad engineers attending the workshop noted tie cracking and
fractures during handling, installation, and service as priority areas of concern.

Selecting a laboratory test to screen the performance of plastic/composite ties before their use in
service may depend on specific material characteristics or proprietary differences between ties.
Overall, most bending tests of half-length and full-length tie samples that were provided for
testing suggest the biggest differences were noted when tests were conducted with cold materials
(-25°F). During these controlled temperatures, overall stiffness increased significantly more than
tests conducted at ambient and elevated temperatures. The addition of holes (from cut spikes
(CSs) or screw spikes (SSs)) did not significantly change performance results.

The laboratory test procedures followed by TTCI were not able to re-create cracks in the tie
samples. For this reason, the influence of pre-existing cracks could not be evaluated as
originally planned. Numerous attempts to produce cracks by improperly installing fasteners did
not produce failures as reported from railroad field sites. This suggests that a full understanding
of what causes crack initiation upon fastener insertion does not yet exist. Therefore, additional
effort is needed to develop a procedure that can screen ties prone to cracking during the fastener
installation process.

When SS fastening systems were installed and the SSs were purposely overdriven (“overdriven”
meaning using an undersized predrill to see if it was the cause in the failed attempt to produce
cracks), the result increased rail seat (RS) bending stiffness, except at elevated temperatures.
The combination of a plate held down with overdriven SSs appeared to reinforce the tie in
bending, suggesting that ties should be tested with no fastener system to ensure that results are
not influenced by improperly installed plates. Elevated temperatures tended to reduce bending
stiffness even when the fastening systems were installed on the ties.

Most results for tie bending stiffness varied the same by manufacturer regardless of whether the
test was conducted for RS positive (RSP), RS negative (RSN), or full-length center bending.

The largest difference in performance between manufacturers was shown during impact tests, all
of which were conducted with ties at -25°F. All ties survived 10 repeated impacts of

50,000 pounds (Ib) of force with the fastening system installed on the ties (and impact load
applied to the tie plate); however, two of the three tie types failed the impact tests when the load
was applied directly to the RS area of the ties. This suggests that the fastening system offers a
significant attenuation and reduction of impact load applied to the tie.



1. Introduction

As followup to a workshop on Engineered Composite Ties sponsored by AREMA and FRA,
during April 29-30, 2004, TTCI conducted a series of tests addressing material performance
issues. The workshop’s primary objective was to identify performance concerns and potential
areas of research by using input from Class | railroad representatives. Class I railroads have
installed plastic/composite ties in their tracks for several years for evaluation purposes. A panel
of Class I railroad engineers attending the workshop noted tie cracking and fractures during
handling, installation, and service as priority areas of concern.

Concerns voiced by the panel of Class | railroad engineers at the workshop and TTCI’s
experience suggest that some performance characteristics of plastic/composite ties need further
evaluation to allow laboratory-based screening of ties before selection and installation. To
address these concerns, FRA has sponsored a series of laboratory evaluations to identify
improved specifications for selecting plastic/composite ties to ensure long-term safety when
installed in track.



2.

Objectives and Findings

Many issues related to plastic/composite tie performance were raised at the Engineered
Composite Ties workshop. AREMA Committee 30 used the workshop results to propose future
updates to Chapter 30, Part 5, of the AREMA Railway Engineering Manual. Questions
regarding major issues with plastic/composite tie performance addressed at the workshop and
that were evaluated in this FRA-sponsored project include the following:

Do the stress risers created by the SS threads as they cut into the plastic/composite tie
material weaken the RS area?

Does the reduction of cross-sectional area (approximately 10 percent), caused by
predrilling for SSs, reduce the bending strength of the RS area with the fastening system
(four SSs and tie plate) in place?

Does a plastic/composite tie that is cracked as a result of SS installation provide less
bending strength in the RS area with the fastening system (four SSs and tie plate) in
place?

What is the bending strength in the RS area with the SSs and tie plate removed when
cracks are present and without cracks?

Because of the wide range of tie plate hole patterns, some railroads prefer to install CSs
without first predrilling a pilot hole. What effect does the wedging force created when
CSs are pressed into the plastic/composite ties have on weakening the RS area?

In a simulated center-bound tie condition (three-point bending), how much center-
bending load will result in 1-inch track gage widening? When the load is released, will
the tie be permanently deformed?

The load environment under heavy axle load (HAL) traffic can be quite severe. How do
plastic/composite ties perform under simulated impact forces?

What is the effect of ambient temperature on:

- Modulus of elasticity (MOE)?

- Modulus of rupture (MOR)?

- Permanent deformation after bending at the tie center?



3. Approach

Plastic/composite ties from three different manufacturers are beginning to see more widespread
use in Class | railroad applications. Examples of these ties were selected to obtain performance
data on designs with known performance history. These same three tie types have also been in
service successfully under 39-ton HAL traffic on the High Tonnage Loop (HTL) at the Facility
for Accelerated Service Testing (FAST) for at least 400 million gross tons (MGT); a few of the
initial plastic/composite ties installed in the HTL have seen 1,000 MGT.

Since the initiation of this test program, two of the three manufacturers have ceased producing
plastic/composite ties. Through cooperative efforts from Association of American Railroads
(AAR) member railroads (along with purchases from excess stock), TTCI was able to obtain
25 new, unused, and properly stored tie samples from three designs. All tie designs tested met
the following criteria:

e Tie samples passed all existing, current AREMA Chapter 30 requirements for
plastic/composite ties.

e A minimum of 10 tie samples had survived in revenue service or at FAST, demonstrating
that they can survive under freight railroad operating conditions.

The FRA Contract Officer Technical Representative approved tie designs selected for testing.



4. Methodology

The Test Implementation Plan generated for this project focused on three areas of interest:

1. RS Bending

- Inthe RS area with each fastening system (CSs, SSs, and their corresponding tie
plates) in place—no cracks in the tie

- Inthe RS area with SS system in place when cracks are present in the tie

- Inthe RS area with the SSs removed—vacant holes—no cracks in the tie
- Inthe RS area with the SSs removed—vacant holes with cracks in the tie
- Calculated MOR

- Compared with a plastic/composite tie, virgin RS area—never predrilled, never
fastened

- Compared with an oak tie with SSs and tie plate in place

2. RS Impact Loading
- Inthe RS area with SS system in place with no cracks in the tie
- Inthe RS area with SS system in place when cracks are present in the tie
— Inthe RS area with the SSs removed—vacant holes—no cracks in the tie
- Inthe RS area with the SSs removed—vacant holes with cracks in the tie
— Accessed RS condition

3. Tie Center Bending

- At the center of the tie—MOE, MOR, and permanent deformation at 1-inch gage
widening

— Compared with published MOE and MOR test results

The tests were performed to produce three-point positive and three-point negative bending
moments by using a Material Testing System (MTS) machine. Vertical deflection at the neutral
axis, center of each span, was measured using a string potentiometer. A load cell on the MTS
machine was used to measure the applied loads.

The tests were repeated using CSs and SSs at tie-center temperatures of -25°F (+ 5), 80°F
(ambient) (+ 5) and at 120°F (= 5). The low-temperature requirement was achieved by storing
the test tie samples in a cold storage room at Transportation Technology Center (TTC), in
Pueblo, CO. Heat lamps were used to raise the test tie samples to the high-temperature
requirement. A thermocouple was embedded near the center of the test tie samples at the neutral
axis to monitor temperature.

All load and deflection data was collected using TTCI’s electronic data acquisition system. Each
sample tie was used for one test only.



5. Ties Evaluated

Most current plastic composite ties use high-density polyethylene (HDPE) as the primary
manufacturing component. Other materials are added to the basic tie mix for several reasons—
one of which is to act as reinforcing material to improve specific physical properties. Ties made
from 100-percent HDPE would be too flexible to hold gage under load or meet the AREMA
minimum-bending modulus. Each manufacturer has its own proprietary mix of ingredients and
production process. Ties from three manufacturers used in this study have the following generic
descriptions:

e Type A: Two different thermoplastics are mixed in this formula. Polystyrene plastic is
added to HDPE as reinforcement.

e Type B: HDPE with crystalline mineral fillers added to increase compression strength
and abrasion resistance. Reinforcing fibers are added to increase bending modulus.

e Type C: Glass fibers are added to HDPE to increase bending modulus and abrasion
resistance.

e Type D: Wood (0ak) is used as a control.



6.

Test Matrix

The Appendix shows a matrix of all ties tested. Each test summary section shows details of the
setup. The following provides an overview of the tests.

6.1

RS Tests—Bending

The RS tests were performed on half-length tie samples as follows:

6.2

CSs: 14-inch tie plate with five CSs—two diagonally opposed anchor spikes, two gage-
side rail spikes, and one field-side rail spike—no pilot holes.

The CSd test tie samples were loaded in the center of a 28-inch span.

SSs: 16-inch tie plate with four standard 15/16-inch SSs—11/16-inch diameter by
5-inch-deep pilot holes.

Cracked RS tests: RS cracks were intended for 21 ties by inserting SSs into small-
diameter pilot holes. Although this occurs in TTCIs field tests, laboratory simulations
produced no cracks in ties.

The SSd test tie samples were loaded in the center of a 30-inch span.

The RSs were loaded to a maximum 20-kilopound (kip) vertical load or failure at a rate
of 5 kip per minute (min).

Positive moment loads were applied directly onto the tie plates. Negative moment loads
were applied to a 5% x 9 x 1-inch-thick rubber support (50 durometer, A scale) on the
bottom of the test tie sample directly under the RS. In both cases, a 2 x 9 x 1-inch-thick
rubber support (50 durometer, A scale) was used at each reaction point.

RS Tests—Impact Loading

The RS tests were performed on half-length tie samples as follows:

Fastening system: 16-inch tie plate with four standard 15/16-inch SSs, 11/16-inch
diameter by 5-inch deep pilot holes, and two e-clip rail fasteners.

Cracked RS tests: RS cracks were intended to be created in six ties by inserting SSs into
small-diameter pilot holes. Although this created cracks in TTCI’s field tests, the
laboratory simulations did not produce cracks.

The SSd test tie samples were loaded in the center of a 30-inch span.

An impact load, to simulate those caused by wheel flats and special trackwork, was
applied to a short rail section fastened to the tie sample.

A pretest trial was performed to verify that the impact pulse and duration (delta time) is
within the range seen in track.

Each test configuration was subjected to 10 impacts.



6.3

Center Bending Tests

The center bending tests were performed on full-length ties as follows:

MOE and Permanent Deformation:

The test ties were loaded at the center of a 60-inch span using a 5% x 9 x 1-inch-thick
rubber support. A 2 x 9 x 1-inch-thick rubber support (50 durometer, A scale) was
used at each reaction point.

The vertical load was applied at a crosshead speed of 1 in/min until the tie-center
deflection measured at the neutral axis reached 2.5 in.

The 2.5-inch tie-center deflection was held for 30 min at ambient temperature and
then unloaded.

Residual tie-center deflection were measured once the load is released and again after
24 hours.

MOE was calculated as tangent modulus (from 0 to 400 pounds per square inch (psi))
per American Society for Testing and Materials (ASTM) Standards test method
D6109.

MOR:

The test ties were loaded at the center of a 60-inch span.

The vertical load was applied at a crosshead speed of 1 in/min to a maximum tie-
center deflection of 5 in or failure.

MOR was calculated as per ASTM test method D6109.



7. Results

Sections 7.1 through 7.12 summarize results from testing each configuration. Tie samples from
all three tie manufacturers were evaluated at the three specified temperatures for each
configuration. As much as feasible, tie temperatures during all tests were controlled to £5°F:

e Low (-25°F)

e Ambient (80°F)

e Elevated (120°F)
Test fixture layout and tie size/support are changed for each configuration as specified in the test

plan. A sketch showing the overall layout, load path, and support conditions is shown for each
configuration.

Data was collected for load and deflection, recorded, and summarized for posttest analysis. The
data shown is the summary and end-of-test, data for load/deflection and converted to stiffness
values. Temperatures represent the average for all tie samples tested.

7.1 RS Stiffness: Half-Length Tie Samples, No Fastener System Attached

The RS stiffness test was conducted to evaluate the bending strength of the RS area of an
unmodified, bare, half-length tie sample. As no fasteners or holes were attached or drilled, this is
an evaluation of the tie’s pure material/shape strength characteristics.

A total of nine tests were conducted. Figure 1 shows the test setup.

Load

Hydraulic Ram

Urethane Pad
1-Inch Thick
5 Y5-Inches Wide

% % 9-Inches Long
=t | ]

'”If B e = jjff};: Half-Length
e - S 1 =T 1 _—Tie Sample
= E e without a
! Tie Plate

|

Base

N

/ 3744_01in

Figure 1. Test Setup for RS Stiffness Testing. Supports Are 30 in Apart

Examination of Figure 2 shows that the bending stiffness of all the ties tested increased as the
temperature was lowered from 120 to -25°F. The material and configuration used in the Type C
design produced greater stiffness values than the other two tie types.
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Figure 2. RS Bending Stiffness, No Fastening System or Drilled Holes

As this test only evaluates bending stiffness of the tie material, it does not show the effect
(increase or decrease) on bending stiffness that may result from the addition of holes, tie plates,
or fasteners. Other tests, as outlined in Sections 7.2 through 7.9, repeat these basic evaluations
of RS bending but with the addition of various fastening systems.

No ties failed or broke during these RSP tests.

7.2 RSP: Half-Length Tie Samples with Holes Predrilled for SS Plates, No
Fastener System Attached

The RSP bending test was conducted to evaluate the effect of drilling a set of holes into the ties
to hold a SS tie plate on the bending strength of the RS area of a half-length tie sample. This
series used a total of six tie samples, two from each of the three manufacturers. None of the ties
had a specific side identified as the top or bottom of the tie; therefore, TTCI arbitrarily selected
the top of the tie for the purpose of installing the fastening system.

One set of three ties used four holes drilled to the specified size (11/16-inch diameter), whereas
the second set of three ties used overdriven SSs into undersized (7/16-inch diameter) holes.

Overdriven SSs were used to simulate ties with pre-existing cracks. The intent, based on the test
plan, was to create ties that had holes with cracks because of improper installation procedures.
To obtain such cracks in a repeatable fashion, 5-inch-deep undersized holes of 7/16 in with a

5/8 x 1-inch deep counter bore were first drilled in a pattern to hold a SS tie plate (four holes);
SSs were then force driven into the holes in an attempt to create cracks initiating from and
around the hole. The counter bore was needed to allow the SS to start. Such cracks have been
noted in field installations of plastic/composite ties when improper (too small) holes were drilled
for SSs. Although TTCI evaluated a number of hole patterns and sizes during pretest trials, none
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of them produced visible cracking on the tie samples tested. This suggests that other factors may
have been encountered at some field installations where such cracks occurred with some
regularity.

For purposes of this project, ties intended to be tested with cracks in the hole area are identified
as overdriven rather than precracked because no visible cracks were produced.

It was assumed that ties with cracked/overdriven SSs would be most susceptible to increased
failure when brittle, thus susceptible to failure at lower temperatures. For this comparison, ties
with pre-drilled and overdriven SSs were limited to tie samples tested at -25°F.

Figure 1 shows that the test setup used for these tests was the same but with ties with predrilled
holes. Figure 3 shows the test results. As a reminder, these tie samples had no fastening system
or plate installed during the tests and contained pilot holes only.

100,000

80,000
60,000+

40,000
20,000
0

Stiffness (Ib/in)

New Overdriven

| O Type A(18,33) W Type C (84,99) @ Type B (51, 66) |

Figure 3. RSP, Holes Only (New) and Holes from Overdriven SSs, -25°F, No Fastener

Figure 3 shows that the addition of holes for SSs had little effect when compared with ties with
no holes (Figure 2), as values produced by standard holes (new) were slightly higher than the
baseline test results.

Comparing the test results for standard holes and holes created by overdriven SSs shows that,
with the exception of the Type C tie, the holes created by overdriven SSs produced about the
same or slightly higher stiffness values.

Within expected repeatability, no differences among ties without holes, ties drilled with standard
holes, or ties with holes created by overdriven SSs were noted.

7.3 RSP: Half-Length Tie Samples with SS Fastening System Plate Installed

The RSP bending test was conducted to evaluate the effect of a SS fastening system fully
attached to the RS area with four SSs on the bending strength of the RS area of a half-length tie
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sample. SS holes of proper size were predrilled, and SSs were firmly driven into the ties using
pneumatic air drivers.

This series of tests, when compared with the basic results presented in Section 7.1, show the
effect of a SS fastening system properly attached to the RS on RSP stiffness. Figure 4 shows the
test fixture setup used for this test. Figure 5 shows the test results. For this test sequence, the
performance of a standard oak tie with the same SS fastening system attached is shown for
reference.

Cold, Hot, Ambient, All Cut Spikes Half-Length Ties Used 28-Inch Spacing
Cold, Hot, Ambient, All Screw Spikes Used 30-Inch Spacing

<— 28- or 30-Inch Spacing—>
Load

Tie :

Hydraulic Ram Half-Length Tie

- Sample with a
Tie ¢ // Tie Plate
Plate
\ 1

m
\__’/,’——/—’T\_/

o

Urethane Pads
1-Inch Thick
2-Inches Wide
9-Inches Long

M —Pedestals —2—

sase S S ST

Figure 4. RSP, Half-Length Tie Test Fixture Setup for SSs Tie Plate System Fitted to the RS
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60,000
40,000

Stiffness (Ib/in)

20,000

0 -
-25 83 119

Tie Temperature °F

O Type A (12, 11, 10) W Type C (78, 77, 76) [ Type B (45, 44, 43) [0 Oak (33)

Figure 5. RSP Results from Evaluating a SS System on All New Ties
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When compared with the data in Figure 2, results suggest a similar trend between elevated and
low temperatures for all ties. Both the Type A and Type B ties exhibited a reduction in stiffness
at ambient temperature (compared with elevated temperatures) with the SS fastening system
attached. With no fastening system, this trend was noticeable only with the Type C tie.

When overall bending stiffness values are compared, the addition of the SS fastening system
increased stiffness, especially in the tests conducted at low temperature. This increase in
bending stiffness as a result of the installation of the fastening system was not consistently
obtained at other temperature conditions, suggesting the actual force and seating of the tie plate
may not have been uniform in all cases.

Overall, the addition of a SS fastening system fully attached to the RS increased the stiffness at
-25°F, whereas for other temperatures some tie samples exhibited a reduction in stiffness.

7.4 RSP: Half-Length Tie Samples, with Overdriven SS Fastener System
Attached

The RSP bending test was conducted to evaluate the effect of a SS fastening system fully
attached to the RS area with four overdriven SSs on the bending strength of the RS area of a
half-length tie sample. Undersized holes were predrilled, and SSs were firmly driven into the
ties using pneumatic air drivers.

These series of tests, when compared with the results presented in Section 7.3, show the effect of
a SS fastening system improperly attached to the RS on RSP bending stiffness.

The test fixture setup used for this test was the same as shown in Figure 4. Figure 6 shows the
results obtained in this series of tests.

100,000

80,000

60,000

40,000

Stiffness (Ib/in)

20,000 ]

0 _
-25 83 119
Tie Temperature °F

O Type A (27, 26, 25) B Type C (93, 92, 91) O Type B (60, 59, 58)

Figure 6. RSP Stiffness Using an Overdriven SS Fastening System Attached

The test results demonstrate that the application of the fastening system using overdriven SSs
increased the bending stiffness of the ties in all cases compared with the same setup without
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overdriven SSs (Figure 5). The largest increase was noted in the low temperature test, whereas
elevated temperature testing indicated the least increase in bending stiffness.

7.5 RSP: Half-Length Tie Samples with CS Fastener System Attached

This RSP bending test was conducted to evaluate the effect of a standard CS/tie plate system.
This system was fully attached to the RS area with four CSs driven without predrilling the tie on
the bending strength of the RS area of a half-length tie sample. Although some railroads and
manufacturers specify that CSs should be driven only in predrilled holes, many field installations
are conducted without the benefit of predrilling the ties. For this reason, and to establish a worst-
case condition, CS fasteners were evaluated without predrilling the ties.

The test fixture setup used for this test was the same as shown in Figure 5. Figure 7 shows the
results obtained in this series of tests.

100,000
80,000
=
S 60,000
?
g 40,000
@ 20,000 _—
0 - -
-25 83 119
Tie Temperature °F
O Type A (6,5,45) W Type C(72,71,70) O Type B (39, 38, 37)

Figure 7. RSP Stiffness Using Standard CSs/Tie Plate System with No Predrilling of Holes
on New Ties

The test results demonstrate that the standard CS fastening system does not increase the bending
stiffness of the ties to the same degree as the SS fastening system (Figure 5).

Data in Figures 2 and 7 suggests that the addition of a standard CS fastening system has little
effect on the bending stiffness of the ties.
7.6 RSN: Half-Length Tie Samples with CS Fastener System Attached

The RSN bending test is similar to that of the RSP bending test; however, the tie and fastening
system is inverted in the loading fixture. Load is applied to the bottom of the tie, reversing the
bending pattern. Figure 8 shows the load fixture and setup used for all negative bending tests.
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Cold, Hot, Ambient, All Cut Spikes Half-Length Ties Used 28-Inch Spacing
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Figure 8. RSN Bending Load Fixture and Setup

The RSN bending test was conducted to determine whether the application of reverse loading
with the holes/fastening system attached to the ties leads to premature breakage or reduced
stiffness.

Figure 9 shows the results for the ties equipped with a CS fastening system.

(Thousands)

Tie Stiffness (Ib/in)

1 ol
83 117

Temperature °F

‘ OType A B TypeC O Type B ‘

Figure 9. RSN Bending Test Results, All New Ties, CS Fastening System

Results of RSN bending tests, when compared with those obtained in the RSP bending tests
(Section 7.5), show mixed effects. At the low temperature, only the Type A tie exhibited any
reduced stiffness (slight) under negative bending, whereas at ambient temperature, it was
substantially higher. The Type B tie exhibited greater stiffness under positive bending at room
and elevated temperatures.

15



7.7 RSN: Half-Length Tie Samples with SS Fastener System Attached

RSN bending tests were also conducted using a SS fastening system. Two versions of SS
attachments were evaluated. The normal application is with SSs firmly driven using standard
predrilled holes and SSs overdriven into smaller-than-specified holes. Figures 10 and 11 show
data from these tests.
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Figure 10. RSN Bending Results, All New Ties, SS Fastening System
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Figure 11. RSN Bending Results, All Ties, Overdriven SS Fastening System

Figure 10 (which also includes oak tie performance), when compared with the positive bending
test results (Figure 5), suggests that Type C ties exhibit the same stiffness regardless of
temperature under negative bending, whereas the other two tie types have increased stiffness
with decreasing temperature as in all other tests.

In most instances, the stiffness of the ties when equipped with a SS fastening system was
generally lower in positive bending than negative bending mode.
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Overdriving the SSs (Section 7.4) had the effect of reducing stiffness at elevated temperature,
less of an influence at ambient temperature, and mixed results at the low temperature.
7.8 RSN Tests by Tie Type

The RSN bending test results varied considerably by tie manufacturer. Figures 12—14 show the
test results for each tie separately.
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Figure 12. RSN Results, All Fastening Systems, for Type A Only
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Figure 13. RSN Results, All Fastening Systems, for Type B Only
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Figure 14. RSN Results, All Fastening Systems, for Type C Only

Figures 12-14 suggest the following:

e All tie types show increased negative bending stiffness with decreased temperatures.

e None of the plastic/composite ties shows as high a stiffness as the oak tie at ambient
temperature.

e With one exception, Type B at the low temperature, oak exhibits the highest stiffness for
all temperature ranges.

e CSs are generally associated with the lowest stiffness for any given temperature
(exceptions are Type C and possibly Type B at the low temperature).

e The influence of overdriven SSs is mixed.

7.9 Impact Tests: RSP, Half-Length Tie Samples

The tie bending tests are quasi-static in nature, with the load applied relatively slowly as it is
incrementally increased to the test target value. High-impact wheel loads are occasionally
encountered in the operating railroad environment. To simulate the higher than average load
experienced under those conditions, impact loading tests were conducted.

Figure 15 shows the loading fixture used to conduct the impact tests. The load was applied using
a hydraulic ram, which applied a 50,000-pound impact load for 0.6 seconds.
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Figure 15. Impact Loading Test Fixture and Configuration

The load applied was based on current and future AAR interchange condemning criteria for
high-impact wheels. The current interchange limit of 90,000 Ib will gradually be reduced to
78,000 Ib. If a typical 110-ton car (286,000-pound gross load) is used, the resulting wheel load
is 36,000 Ib. Applying a dynamic factor of 2, the resulting impact force on the top running
surface of the rail is 72,000 Ib.

A worst-case condition was considered when 65 percent of the vertical load applied at the top of
rail head is transmitted to the base and tie (with the remaining split to adjacent ties). For the

planned condemning limit for high-impact wheels (78,000 Ib), this results in an impact load into
the tie plate of 50,700 Ib, which is likely to be seen only for the most severe high-impact wheels.

One test series was conducted with ties having normal sized holes with and without a SS
fastening system installed on the tie. A second series of tests was conducted with undersized
holes, again with and without SS fastening systems installed on the tie.

Figures 16 through 24 summarize the test results by tie type and for various fastening system
configurations.
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Figure 16. RSP, Type A—Standard SS Plate, Fully Applied with Normal Holes, No Plate,
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Figure 17. RSP, Type A—SS Plate Overdriven, Fully Applied with Overdriven Holes
Only, No Plate
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All ties were tested at -25°F. In each case, new half-length tie sections were used for each series
of 10 impacts. The tie was positioned in the test fixture; then, 10 repeated impacts of 50,000 Ib
each were applied while measuring the deflection of the tie. The stiffness value for each impact
is shown for run numbers 1 through 10. All ties survived 10 impacts when the SS system was
applied, as shown in blue. The no fastener/pilot hole bars represent the 10 impacts when no
fastening system was installed on the tie.

The Type A tie survived 10 impacts when both normally installed and overdriven SS systems were
firmly bolted to the tie. Figure 18 shows the results for tests conducted with drilled holes only.
The Type A tie failed after five impacts with holes produced by overdriving the SSs into smaller-
than-specified holes. The average of all impact stiffness values with the fastening system attached
to the tie was higher than the average value obtained with no fastening system attached to the tie,
and the average stiffness with fastening systems having overdriven SSs was less than that with
normally applied fastening systems.

90,000
80,000 —
70,000 —
60,000 —

50,000 é ]
40,000 ]
30,000 [ 1| 11
20,0007 | 1 | [
10,000 | [ | [

Tie Stiffness (Ib/in)

Run Number

\ 0SS  [INo Fastener/Pilot Hole

Figure 18. RSP, Impact Type A—Overdriven, Standard SS Plate Fully Applied and with
Normal Holes, No Plate

Type C ties survived 10 impacts under all configurations tested, with and without plates and with
normal and overdriven SSs holes. The average stiffness measured without plates was less than
when a plate was fastened, and little difference existed in stiffness between overdriven and
normal-driven conditions. Figure 19 shows tests conducted with RSP impact for the Type C tie
overdriven SS plate.
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Figure 19. RSP, Impact Type C—SS Fastening System Fully Applied with Overdriven
Holes Only, No Tie Plate

Results from the Type B tie indicate that the ties failed after one impact when no fastening
system was attached to the tie, with normally formed predrilled holes, and with holes formed by
overdriving the SSs into smaller-than-specified holes. The average impact stiffness for
overdriven fasteners was less than that with normally driven; however, 1 of the 10 tests indicated
a much higher stiffness than the others. Figures 20 and 21 show RSP impact test results for the
Type B ties with overdriven holes only, no plate.
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Figure 20. RSP, New Type B—Standard SS Plate Fully Applied with Normal Holes,
No Plate
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Figure 21. RSP, Type B—SS Plate Overdriven Fully Applied with Overdriven Holes Only,
No Plate
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7.10 Overall Impact Testing Results

Impact test results indicate that no ties failed when the fastening system was firmly attached to
the ties, but two of the three tie types failed before 10 impacts when no fastening system was
attached.

This suggests that ties in the field with loose or worn fastening systems may become more
susceptible to fracture from exposure to impact loads.
7.11 Full-Length Tie Center Bending—MOE

For this test series, full-length tie samples were supported, as Figure 22 shows, and tested with
no fastening systems or predrilled holes.
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Figure 22. Tie Test Center Bending Load Fixture Setup

Ties were loaded to produce 1-inch center deflection per minute until a center deflection of 2.5 in
was obtained. The load was then held for 30 min, after which, the tie was unloaded. The center
deflection was then measured, the tie was stored for 24 hours (in the case of cold ties, the ties
were stored in the cold room), and the center deflection was remeasured. Table 1 summarizes
the data from the center bending tests.
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Table 1. Summary of Load/Deflection Results—Center Bending

E:iSIS/ Loading Deflection Temperature
Pre- Post- Delta Core Skin
) After
Pass g Ui Min. Max. | Delta | Post- 24- Pre- Post- | Pre- | Post-
No. Type
Hours

Fail 21 T,;pegvA -15 25449 25464 3.422 | 5.202 1.78 178 Failed -31 -31 19 24
Pass 20 New 17 18520 18503 0.226 | 2.814 | 2.588 | 2.121 | 1.693 72

Type A

New

Pass 19 -10 12485 12495 0 2.5 2.535 | 2.185 117

Type A
Fail 54 T,;peng -20 24846 24866 3.085 | 4.418 | 1.333 1.78 Failed -25 -28 13 17
Fail 53 | _New - 13.684 | 13.689 | 0.07 | 2.009 | 1.939 Failed | 80

a Type B | 0.005 : : : : : aie
Pass | 52 Ty:gVB 2 11203 | 11201 | 0.024 | 2.608 | 2.584 | 2.69 | 2.252 | 121
Fail 87 Typi\eNC -27 42404 42431 3.539 | 4.886 | 1.347 | 1.347 | Failed -28 -30 20 24
. New .

Fail 86 -10 26362 26372 0.437 | 1.922 | 1.485 Failed 79

Type C

. New .

Fail 85 -20 18608 18628 0.38 2411 | 2.031 Failed 122

Type C

Table 1 shows that most ties failed (fractured) before a 2.5-inch center deflection could be
obtained.

7.12 Full-Length Tie Center Bending—MOR

The test setup used to conduct the full-length tie center bending test to determine MOR was
similar to that of MOE, with the exception of the loading that was applied at a rate to produce a
1-inch center deflection per minute to a maximum of 5 in or failure (tie rupture). These tests
were also conducted with no fastening system or predrilled holes in any tie. Table 2 shows the
results obtained in this series of tests.
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Table 2. MOR Test Results

Pass/Fail Loading Deflection Temperature
T\IL:)“ Tie Type Min. Max. Delta Min. Max. Delta Core Skin
Pass 24 New -47 22534 22581 3.463 5.008 1.545 -32 -29 13 23
Type A
. New
Fail 23 -18 18732 18750 0.285 3.72 3.435 81
Type A
New
Pass 22 -13 16281 16294 0.274 5.348 5.074 121
Type A
Pass 57 New -27 19279 19306 2.157 3.214 1.057 -29 -30 27 18
Type B
New
Pass 56 -13 14379 14392 0.121 2.412 2.291 80
Type B
. New
Fail 55 -15 10534 10549 0.087 3.028 2.941 121
Type B
New
Pass 90 Type C -44 42329 42373 3.657 5.272 1.615 -29 -31 13 -23
. New
Fail 89 -13 24057 24070 0.364 2.147 1.783 79
Type C
. New
Fail 88 -13 21308 21321 0.484 3.933 3.449 120
Type C

Only the Type A tie, when tested at 121°F, did not fail before a 5-inch center deflection was
reached. Most ties failed before reaching a 3-inch center deflection. Ties tested at the low

temperature failed well before a 2-inch center deflection was reached, which was similar to that
achieved in the previous MOE tests.

With the formula suggested by AREMA Committee 30 for bending stress, the stress (S) at
fracture (rupture) was computed using S = 0.204 P, where P is the load in pounds. Table 3
shows summarized MOR test results.

Table 3. MOR Summarized Results

Test Run | Tie Type Temperature MOR
°F (psi)
24 Type A -32 4,607
23 Type A 81 3,825
22 Type A 121 *
57 Type B -29 3,938
56 Type B 80 2,936
55 Type B 121 2,152
90 Type C 129 8,644
89 Type C 79 4,910
88 Type C 120 4,350

** Note: Type A tie at the elevated temperature did not fracture. Testing stopped at 5.074 inches of center
deflection with a load at 16,294 Ib.
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8. Addendum to Test Matrix

After assessing results from over 130 tests (all of which were single tests on individual tie
samples), reviewers raised a concern regarding variability within materials and statistical
significance of the data. To stay within the budget limitation of the statement of work, which
directed the test plan, only the numbers of tests called for in the statement of work were
conducted. This resulted in one tie sample per test for each variation of temperature and tie
plate/fastening system. These results, from 130 variations, have been evaluated and reported as
per the deliverable requirements.

During the tie acquisition process, extra tie samples were obtained as a contingency in case of
damage during testing; thus, an opportunity to conduct additional testing on the remaining tie
sample existed. A critical review of test results indicated some variations that did not follow
expected trends. From this list of questionable results and the inventory of available half-length
tie samples, a matrix for testing remaining tie samples within the remaining budget was prepared.
To conduct the additional tests, approval was received to address the questionable results and to
improve overall statistical soundness of some key data.

Specifically, additional tests were conducted to:
e Determine variability in RS bending for several nearly identical tie samples from the
same manufacturer or two half-lengths of the same tie.

e Determine variability of repeated tests on the same tie sample.

e Confirm the influence, if any, of CS tie plates in their ability to increase bending
stiffness.

e Confirm the influence, if any, of SS tie plates to increase bending stiffness.

8.1 Overview of Additional Testing for Repeatability

Average bending stiffness of multiple tie samples was determined using the remaining tie
samples as follows:

e Tie-only (half-length tie, no holes or fasteners) tie samples from all three manufacturers
were evaluated to determine RS stiffness. These RS stiffness tests were performed on
new ties and are shown as RS/New.

e After RS stiffness testing, these same tie samples had tie plates attached with CSs and
RSP bending tests conducted. Figures 23 and 24 show the data plots as RSP/Used/CS.

e Sufficient, new (untested) ties from Type C were available for RSP testing and were
prepared with tie plates attached with CSs. Figures 23 and 24 show these results as
RSP/New/CS.

e Sufficient, new (untested) ties from Type B were available for RSP testing and were
prepared with SSs and tie plates. Figures 23 and 24 show these results as RSP/New/SS.
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Figure 23 shows the results of RS bending. Figure 24 shows the corresponding standard
deviation for these results.
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Figure 23. RS Bending Test Results, Average Stiffness for All Tests Conducted May 2007
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Figure 24. Standard Deviation of Bending Test Results Shown in Figure 23
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Results of RS area bending tests performed on ties with and without fastening systems
(Figure 23) suggest the following:

e CS Fasteners: Results show that the addition of tie plates with CSs resulted in a very
slight reduction of measured stiffness (approximately 10 percent) for Type A and Type B
ties. The same stiffness tests conducted on the Type C material show that the addition of
tie plates with CSs on used and new ties resulted in a significant lower stiffness compared
with a bare tie (approximately a 22-percent reduction).

Therefore, although conventional wisdom suggests the addition of a tie plate should stiffen the
RS area, results of these multiple tests suggest that this was not the case. For the ties evaluated,
the addition of tie plates with cuts spikes actually lowered the measured stiffness.

e SS Fasteners: Results conducted on the Type B ties, where sufficient tie samples were
available to conduct multiple tests, show an increase in stiffness compared to bare ties
(approximately a 19-percent increased stiffness). In addition, ties with SSs produced
higher stiffness than ties with CSs from that same manufacturer (approximately a
40-percent increase).

e Variability: The standard deviation (Figure 24) for the Type A and Type B test results
was relatively low compared with the results for Type C ties, which exhibited a much
higher variation. This suggests a higher variation in material properties from tie to tie
with Type C ties. The number of repeated runs for each test configuration was still
relatively low (approximately five) because of the limited tie samples available. Results
suggest that more testing of multiple tie samples from a range of ties in each batch is
needed to ensure that viable values are being obtained.

8.2 Results Separated by Tie Manufacturer
Figures 25, 26, and 27 show the results by manufacturer (Type A, Type B, and Type C,
respectively).
8.2.1 Type A Tie Samples Results
Figure 25, results for Type A, includes the following notes:
e The first entry pair, shown as 06 and marked as tie samples 2 and 5, is the result from the
original matrix (conducted December 2006). The second entry pair marked 07 is

the result from testing conducted in May 2007 on the same tie samples tested in
December 2006.

e All other entries (P1-A and P1-B through P3-B/4) were tested in May 2007.
- P1, P2, P3, and P4 indicate a number of full-length ties for inventory control.

- P1-A and P1-B indicate the two half-length tie samples from the same tie (P1). The
same marking procedure holds for P2-A, P2-B, P3-A, and P3-B.

- Four example tests on tie samples P3-B are as follows: first, P3-B1; second, P3-B2;
third, P3-B3; and fourth, P3-B4.
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Tie sample P1-B shows no data for a test conducted for RSP/Used/CS. This tie sample
was tested first new for RS, but during the spiking operation in preparation for RSP
testing, however, the tie fractured. No RSP was performed.

Stiffness (Ib/in)

Type A Ties
70,000
60,000
50,000
40,000
30,000 B ] —
20,000 ££ {2 g
10,000 i P §
SIL RL NS NikE: RIS RD N
06 07 P1-A P1-B P2-A P2-B P3-A P3-B P3-B/2 P3-B/3 P3-B/4
Tie Sample
O RS B RSP/Used/CS

Figure 25. Results from Single and Multiple Tests Conducted on Type A Tie Samples

Results for the Type A tie samples indicate and suggest the following:

Tie samples 2 and 5 exhibited very large (250 percent) increases in stiffness from the
December 2006 to May 2007 tests. It is not certain at this time if aging (from outside
storage of this tie sample), any potential differences in test setup, or differences in the
temperature between December 2006 and May 2007 tests could explain this large
discrepancy between results.

Four multiple repeated tests conducted at the same time (P3-B to P3-B/4) produced
virtually identical results. No degradation or change in stiffness was noted over four
repeated tests.

This suggests that the test results are repeatable within a given tie sample.
The May 2007 test results suggest little variation between the different ties tested.
The addition of CSs had little effect on stiffness when compared with a bare tie.

Tie sample P1-B was the only tie sample that cracked during spiking operations for
testing conducted in December 2006 and May 2007.
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8.2.2 Type B Tie Samples Results

Figure 26, results for Type B, includes the following notes:

The first entry pair, shown as 06 and marked as tie samples 35 and 38, are the results
from the original matrix (conducted December 2006); the second entry pair marked 07
are the results from testing conducted in May 2007 on the same tie samples tested in
December 2006.

All other tie sample entries (T1-A to T5-A) were tested in May 2007.

Tie samples marked T1-A and T1-B are two half-length tie segments from the same full-
length tie (tie sample T1). The full-length ties T2, T3, and T4, where A and B are from
the same tie, are also tie segments from the same full-length tie.

— The half-length tie samples T1-A to T3-B were first tested bare; a CS was then
applied and tested.

- Three half-length tie samples T4 and T5 from new full-length ties were tested only
with SSd plates.

Entries T3-A, T3-A/2, and T3-A/3 were repeated RS tests on the same tie sample.

No data are shown for tie sample T2-A. Tie sample T2-A fractured during RS tests at
approximately 18,500-pound load and 0.8-inch deflection.

The figure does not show a tie sample that fractured during the preparation process
during spiking while it was being prepared for an RSP/New/CS test. This tie sample was
being prepared to compare with used tie CS tests.

Type B Ties

40,000
35,000 — i
30,000
25,000
20,000
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5,000

Oig T T T T T T T

06 07 T1-A T1-B T2-A T2-B T3-A T3- T3- T3-B T4-A T4-B T5-A
A2 A3

Stiffness (Ib/in)

Not tested for RS / cracked at spiking for RSP.

Sample 35
Sample 35

Tie Sample

£ RS B RSP/Used/CS [O0RSP/New/SS

Figure 26. Results from Single and Multiple Tests Conducted on Type B Tie Samples
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Results for the Type B tie samples indicate and suggest the following:

8.2.3

Potential differences in test setup or differences in ambient temperature between testing
in December 2006 may have influenced the change in stiffness for the same tie sample
tested in May 2007.

- Bare tie sample 35 exhibited a stiffness decrease of 20 percent between results from
December 2006 to May 2007.

- The tie sample with a CSd plate (tie sample 38) exhibited an increase in stiffness of
approximately 25 percent between results from December 2006 to May 2007.

Three multiple, repeated tests conducted at the same time (tie sample T3-A to T-3A/3)
produced virtually identical results. No degradation or change in stiffness was noted on
the same tie sample for three repeated tests.

The addition of tie plates held by CSs reduced the stiffness by a small amount in three of
the four tie samples tested.

The addition of tie plates held by SSs generally increased stiffness by a small amount
over that of bare ties (tie samples T4-A to T5-A).

The tie sample that failed during RS testing (tie sample T2-A) had a lower measured
stiffness value (23,125 Ib/in)) at the point of failure than the average value for the other
ties tested that did not break.

Type C Tie Samples Results

Figure 27, results for Type C, include the following notes:

The first entry pair, shown as 06 and marked as tie samples 68 and 71, is the result from
the original matrix (conducted December 2006). The second entry pair marked 07 is
the result from testing conducted in May 2007 on the same tie samples tested in
December 2006.

All other tie sample entries (U1-A to U6-A) were tested in May 2007.

Tie samples marked U1-A, U1-B, U2-A, U2-B to U6-A, and U6-B were the two half-
length tie segments from the same full-length tie. Two test tie samples were obtained
from each of the six following full-length ties: U1, U2, U3, U4, U5, and U6.

- One of each of the six new half-length tie samples was RS tested—no plates
(RS results marked as Ux-A).

- From this group, five of the six ties then had a tie plate with CSs applied and retested
for RSP bending (RSP/Used/CS results marked as Ux-A).

- Five of the remaining six untested half-length tie samples had a tie plate with CSs
applied and tested for RSP bending (RSP/New/CS marked as Ux-B).

- For each full-length tie, two identical half-length tie samples were generated. An RS
test was performed on one half-length tie sample from each tie. After the test’s
completion, a tie plate with CSs was installed on each one of these tie samples, and a
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RSP bending test was performed. The other untested half-length tie sample of this
group of ties was only tested after the installation of the tie plate with CSs.

- RS testing was repeated three times on tie sample U6-A. Repetitions are noted as U6-
A, U6-A/2, and U6-A/3.

Type C Ties
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Tie Sample
I RS W RSP/Used/CS [JRSP/New/CS

Figure 27. Results from Single and Multiple Tests Conducted on Type C Tie Samples
Results for the Type C tie samples indicate and suggest the following:

e Potential differences in test setup or differences in ambient temperature between
December 2006 and May 2007 tests may have influenced the change in stiffness for the
same tie sample tested in December 2006 and May 2007. The large increase in results
with the tie plate attached (tie sample 71) may be an anomaly from the December 2006
tests.

- Tie sample 68 (RS) exhibited a 21-percent decrease in stiffness.
- Tie sample 71 (used tie sample with tie plate/CS) exhibited a 660-percent increase.

e Repeated RS on the half-length tie samples of U6 produced similar results between
measurements.

e Other RS (tie only) results between different half-length tie samples exhibited a wide
range of values (32,000-52,000 Ib/in). Two of the six half-length tie samples produced
significantly lower stiffness values than the others.

e The addition of tie plates held by CSs generally reduced the stiffness on four of the five
ties tested, with the exception of tie sample U5-A, which indicated no change.
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e The addition of plates held with CSs on new, previously untested ties, when compared
with the bare tie tests from the other half-length of the same tie, generally reduced
stiffness with one exception—tie sample U5-B, which indicated no change. The trend of
higher or lower stiffness, when compared with each pair of half-length tie samples, was
generally the same for both halves of the same tie. This suggests that individual tie
stiffness varied considerably from tie to tie but was uniform within a tie.

8.3 Summary of Observations: Effects from Tie Aging and Retesting after
Outside Storage
All tie samples tested in December 2006 were subsequently stored outside. The retesting of
limited tie samples, for the most part, did not exhibit the same stiffness as the original tests. The
six tie samples selected for repeated evaluations results show the following:
e Three ties exhibited a significant increase in stiffness during the second test type.
e One tie exhibited a slight increase in stiffness during the second test type.

e Two ties exhibited a slight decrease in stiffness during the second test type.
Reasons for such variations may include:

e Change in tie performance because of weathering from outside storage.

e Variable test fixture setup and conduct—although the same equipment, process, and
operator was used for the tests performed in December 2006 and May 2007.

e Variation in internal temperature of ties stored before the test.

e Seating or other changes in fastener system hold-down performance.

Field data from FAST and revenue service is generally from monitoring gage widening
performance and not RS bending. To date, although plastic ties being monitored in track have
exhibited some change in gage restraint with time, these changes do not approach the differences
in RS bending noted in the laboratory tests repeated between December 2006 and May 2007.
Most plastic tie failures are related to cracking and breakage after some time in track; thus, RS
bending tests over time may be a means of assessing such changes in strength.

8.4 Testing Procedures

Multiple consecutive tests on the same tie sample usually produced nearly identical results. With
the exception of one manufacturer, bare tie RS stiffness tests produced similar results for all
runs. This suggests that the test procedure was reasonably repeatable.
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8.5 Tie Samples Required to Obtain Statistically Sound Average

One manufacturer’s ties exhibited a higher range of results than the two others. This suggests
that production variations produced a wider range of tie stiffness for this batch of ties. For ties
exhibiting low standard deviation, the testing of five ties appears to provide a sufficiently low
variability needed to determine average strength, whereas those that show a large standard
deviation after testing five tie samples will require additional samples to be obtained and tested.
The number of ties will depend on expected production variability, source material control, and
variations from storage.

Ties with tie plates/CSs exhibited more variation between tests than bare tie or ties with
SSs/plates.
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9.

Discussion of Results and Recommendations

The following experiment design limitations must be taken into consideration when assessing the
results obtained in this test program:

Data were based on one tie sample and one test per variable—this limitation was
recognized from the beginning. Budget constraints did not enable test design that would
give a high degree of confidence. The experimental test matrix was developed to show
trends with the results suggesting future experimental focus.

Fastener systems were manually installed.
Variability between fastener plates was not accounted for in the experiment design.

Variability between CSs was not accounted for in the experiment design.

The following observations can be made based on the test results:

The tests performed at low temperatures produced the most consistent results.
For the tie seat bending tests, low temperatures produced the highest tie stiffness values.

For the tie seat bending tests, elevated temperatures produced the lowest tie stiffness
values.

For the tie impact tests, low temperatures produced the most tie failures.

For the modulus tests, low temperatures produced the most tie failures.

For the most part, the above results are consistent with prior expectations.

9.1

Items to Consider for Further Testing

Data and results should be shared with AREMA Committee 30 for use in upgrading
laboratory screening tests of plastic/composite ties.

The research team should determine which laboratory tests are most likely to identify
poor performing ties. A comparison of known field failures or inadequate performance
with laboratory results should be conducted to determine whether a correlation with early
failure of a tie and laboratory test results exists.

The experiment design needs to incorporate repeatability and reproducibility.

Other areas to investigate to improve the statistical robustness of results include the following:

Experiment design should be modified to include testing more than one tie sample per
test variable to generate statistically valid test results.

Tie samples that produce unexpected test results should be further evaluated to determine
the cause of the unexpected behavior. This could include conducting nondestructive and
destructive testing to better characterize the tie.
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e Repeat tests with existing tie samples should be conducted while mixing previously
assigned temperatures (e.g., if tie sample previously was tested at the low temperature).
The tests should also be repeated using the elevated temperature to document variation in
tie bending stiffness and impact resistance as a result of changes in tie temperature.

e Researchers should obtain additional tie samples and repeat tests using the revised
experiment design to produce statistically valid results.

9.2 Recommendations for Future Testing

The major objective of the added tests was to use remaining tie samples to investigate statistical
repeatability/variability in the results reported from the evaluation of 130 single tie samples.
Results show that variability is dependent on several sources:

e Some manufacturers’ products exhibited higher variation than others.
e Weathering, storing, or aging appeared to alter stiffness of some ties.

e At least five test tie samples are needed to ensure that a viable average is obtained.

Additional testing is needed to address the potential influence of weathering and tonnage on
bending strength. Changes due to aging can come from exposure to weathering or storage, as
well as combined weathering and in-track loads. This will require for selected tie samples to be
removed from track (after exposure to tonnage) and from tie samples stored outside. Results
must be compared with baseline data from the same batch of ties tested before installation. A
matrix of tests covering ties to be measured before installation and after specified intervals of
tonnage and weathering cycles would need to be developed.

As several tie samples from each manufacturer were tested multiple times during May 2007,
which generally indicated much lower variation than in comparing the December 2006 to
May 2007 tests, it is suggested that future evaluations consider the following:

e Conduct each bending test several times to ensure that data results are repeatable.

e Conduct tests from several tie samples from the same batch.

e Consider testing without fastening systems to evaluate material and manufacturing
consistency.

It is suggested that additional RS (bare tie) tests should be repeated with a larger number of tie
samples from a variety of manufacturers to obtain a better value for nominal stiffness and
standard deviation. This information will be useful in determining a minimum number of tie
samples needed to benchmark new designs and material makeup, as well as establishing
minimum and maximum recommended values.
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Appendix A. Test Matrix and Codes

Bending Strength and Impact Tests on Plastic/Composite Ties

Test Matrix
Number .
Test Tie Type Test of Test F_astener T::ri;c)céig:ﬁ;e
Number Ties (Pilot Hole) +5°F)
Required (
1 Type A New RS 1/2 None 120
2 Type A New RS 1/2 None 70 (Ambient)
3 Type A New RS 1/2 None -25
4 Type A New RSP 1/2 CS (No Pilot Hole) 120
5 Type A New RSP 1/2 CS (No Pilot Hole) | 70 (Ambient)
6 Type A New RSP 1/2 CS (No Pilot Hole) -25
7 Type A New RSN 1/2 CS (No Pilot Hole) 120
8 Type A New RSN 1/2 CS (No Pilot Hole) | 70 (Ambient)
9 Type A New RSN 1/2 CS (No Pilot Hole) -25
10 Type A New RSP 1/2 SSs (11/16" x 5") 120
11 Type A New RSP 1/2 SSs (11/16" x 5™) | 70 (Ambient)
12 Type A New RSP 1/2 SSs (11/16" x 5") -25
13 Type A New RSN 1/2 SSs (11/16" x 5") 120
14 Type A New RSN 1/2 SSs (11/16" x 5") | 70 (Ambient)
15 Type A New RSN 1/2 SSs (11/16" x 5") -25
16 Type A New RSP—Impact 1/2 SSs (11/16" x 5™) -25
No Fasteners
17 Type A New RSP—Impact 1/2 (11/16" x 5" -25
Pilot Hole)
No Fasteners
18 Type A New RSP 1/2 (11/16" x 5" -25
Pilot Hole)
Center—Bending
19 Type A New (MOE & 1 N/A 120
Deformation)
Center—Bending
20 Type A New (MOE & 1 N/A 70 (Ambient)
Deformation)
Center—Bending
21 Type A New (MOE & 1 N/A -25
Deformation)
22 Type A New Center—Bending 1 N/A 120

(MOR)
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Number

Tie-Center
Nl;rristfer Tie Type Test Otr-il;?t (plzi?;:ﬂg{e) Temfe:ratu re
Required (£5°F)
23 Type A New Cente(liVI—OB;)ndlng 1 N/A 70 (Ambient)
24 Type A New Ce”te(mBFf)”d'”g 1 N/A 25
25 Type A Cracked RSP 1/2 SSs 120
26 Type A Cracked RSP 1/2 SSs 70 (Ambient)
27 Type A Cracked RSP 1/2 SSs -25
28 Type A Cracked RSN 1/2 SSs 120
29 Type A Cracked RSN 1/2 SSs 70 (Ambient)
30 Type A Cracked RSN 1/2 SSs -25
31 Type A Cracked RSP—Impact 1/2 SSs -25
32 Type A Cracked RSP—Impact 1/2 No Fasteners -25
33 Type A Cracked RSP 1/2 No Fasteners -25
34 Type B New RS 1/2 None 120
35 Type B New RS 1/2 None 70 (Ambient)
36 Type B New RS 1/2 None -25
37 Type B New RSP 1/2 CS (No Pilot Hole) 120
38 Type B New RSP 1/2 CS (No Pilot Hole) | 70 (Ambient)
39 Type B New RSP 1/2 CS (No Pilot Hole) -25
40 Type B New RSN 1/2 CS (No Pilot Hole) 120
41 Type B New RSN 1/2 CS (No Pilot Hole) | 70 (Ambient)
42 Type B New RSN 1/2 CS (No Pilot Hole) -25
43 Type B New RSP 1/2 SSs (11/16" x 5") 120
44 Type B New RSP 1/2 SSs (11/16" x5 | 70 (Ambient)
45 Type B New RSP 1/2 SSs (11/16" x 5") -25
46 Type B New RSN 1/2 SSs (11/16" x 5") 120
47 Type B New RSN 1/2 SSs (11/16" x 5™) | 70 (Ambient)
48 Type B New RSN 1/2 SSs (11/16" x 5") -25
49 Type B New RSP—Impact 1/2 SSs (11/16" x 5") -25
No Fasteners
50 Type B New RSP—Impact 1/2 (11/16" x 5" -25
Pilot Hole)
No Fasteners
51 Type B New RSP 1/2 (11/16" x 5" -25
Pilot Hole)
Center—Bending
52 Type B New (MOE & 1 N/A 120

Deformation)
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Number

Tie-Center
Test . of Test Fastener
Number Tie Type Test Ties (Pilot Hole) | 1emperature
. (£5°F)
Required
Center—Bending
53 Type B New (MOE & 1 N/A 70 (Ambient)
Deformation)
Center—Bending
54 Type B New (MOE & 1 N/A -25
Deformation)
Center—Bending
55 Type B New (MOR) 1 N/A 120
Center—Bending .
56 Type B New (MOR) 1 N/A 70 (Ambient)
Center—Bending
57 Type B New (MOR) 1 N/A -25
58 Type B Cracked RSP 1/2 SSs 120
59 Type B Cracked RSP 1/2 SSs 70 (Ambient)
60 Type B Cracked RSP 1/2 SSs -25
61 Type B Cracked RSN 1/2 SSs 120
62 Type B Cracked RSN 1/2 SSs 70 (Ambient)
63 Type B Cracked RSN 1/2 SSs -25
64 Type B Cracked RSP—Impact 1/2 SSs -25
65 Type B Cracked RSP—Impact 1/2 No Fasteners -25
66 Type B Cracked RSP 1/2 No Fasteners -25
67 Type A New RS 1/2 None 120
68 Type A New RS 1/2 None 70 (Ambient)
69 Type A New RS 1/2 None -25
70 Type A New RSP 1/2 CS (No Pilot Hole) 120
71 Type A New RSP 1/2 CS (No Pilot Hole) | 70 (Ambient)
72 Type A New RSP 1/2 CS (No Pilot Hole) -25
73 Type A New RSN 1/2 CS (No Pilot Hole) 120
74 Type A New RSN 1/2 CS (No Pilot Hole) | 70 (Ambient)
75 Type A New RSN 1/2 CS (No Pilot Hole) -25
76 Type A New RSP 1/2 SSs (11/16" x 5") 120
77 Type A New RSP 1/2 SSs (11/16" x 5™) 70 (Ambient)
78 Type A New RSP 1/2 SSs (11/16" x 5™) -25
79 Type A New RSN 1/2 SSs (11/16" x 5") 120
80 Type A New RSN 1/2 SSs (11/16" x 5™) | 70 (Ambient)
81 Type A New RSN 1/2 SSs (11/16" x 5") -25
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Number

Tie-Center
Nl;rristfer Tie Type Test Otr-il;?t (plzi?;:ﬂg{e) Temfe:ratu re
Required (£5°F)
82 Type A New RSP—Impact 1/2 SSs (11/16" x 5™) -25
No Fasteners
83 Type A New RSP—Impact 1/2 (11/16" x 5" -25
Pilot Hole)
No Fasteners
84 Type A New RSP 1/2 (11/16" x 5" -25
Pilot Hole)
Center—Bending
85 Type A New (MOE & 1 NA 120
Deformation)
Center—Bending
86 Type A New (MOE & 1 N/A 70 (Ambient)
Deformation)
Center—Bending
87 Type A New (MOE & 1 N/A -25
Deformation)
88 Type A New Ce”te(';w_oBFf)”d'”g 1 N/A 120
89 Type A New Ce”te(rM_oBFf)”d'”g 1 N/A 70 (Ambient)
90 Type A New Ce”te(:w_oBFf)”d'”g 1 N/A 25
91 Type A Cracked RSP 1/2 SSs 120
92 Type A Cracked RSP 1/2 SSs 70 (Ambient)
93 Type A Cracked RSP 1/2 SSs -25
94 Type A Cracked RSN 1/2 SSs 120
95 Type A Cracked RSN 1/2 SSs 70 (Ambient)
96 Type A Cracked RSN 1/2 SSs -25
97 Type A Cracked RSP—Impact 1/2 SSs -25
98 Type A Cracked RSP—Impact 1/2 No Fasteners -25
99 Type A Cracked RSP 1/2 No Fasteners -25
100 Type D New RS 1/2 None 120
101 Type D New RS 1/2 None 70 (Ambient)
102 Type D New RS 1/2 None -25
103 Type D New RSP 1/2 CS (No Pilot Hole) 120
104 Type D New RSP 1/2 CS (No Pilot Hole) | 70 (Ambient)
105 Type D New RSP 1/2 CS (No Pilot Hole) -25
106 Type D New RSN 1/2 CS (No Pilot Hole) 120
107 Type D New RSN 1/2 CS (No Pilot Hole) | 70 (Ambient)
108 Type D New RSN 1/2 CS (No Pilot Hole) -25
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Number

Tie-Center
Test . of Test Fastener
Number Tie Type Test Ties (Pilot Hole) Te”(’fgf,i‘;“re
Required -
109 Type D New RSP 1/2 SSs (11/16" x 5") 120
110 Type D New RSP 1/2 SSs (11/16" x 5 70 (Ambient)
111 Type D New RSP 1/2 SSs (11/16" x 5") -25
112 Type D New RSN 1/2 SSs (11/16" x 5") 120
113 Type D New RSN 1/2 SSs (11/16" x 5™) | 70 (Ambient)
114 Type D New RSN 1/2 SSs (11/16" x 5") -25
115 Type D New RSP—Impact 1/2 SSs (11/16" x 5™) -25
No Fasteners
116 Type D New RSP—Impact 1/2 (11/16" x 5" -25
Pilot Hole)
No Fasteners
117 Type D New RSP 1/2 (11/16™ x 5" -25
Pilot Hole)
Center—Bending
118 Type D New (MOE & 1 N/A 120
Deformation)
Center—Bending
119 Type D New (MOE & 1 N/A 70 (Ambient)
Deformation)
Center—Bending
120 Type D New (MOE & 1 N/A -25
Deformation)
Center—Bending
121 Type D New (MOR) 1 N/A 120
Center—Bending .
122 Type D New (MOR) 1 N/A 70 (Ambient)
Center—Bending
123 Type D New (MOR) 1 N/A -25
124 Type D Cracked RSP 1/2 SSs 120
125 Type D Cracked RSP 1/2 SSs 70 (Ambient)
126 Type D Cracked RSP 1/2 SSs -25
127 Type D Cracked RSN 1/2 SSs 120
128 Type D Cracked RSN 1/2 SSs 70 (Ambient)
129 Type D Cracked RSN 1/2 SSs -25
130 Type D Cracked RSP—Impact 1/2 SSs -25
131 Type D Cracked RSP—Impact 1/2 No Fasteners -25
132 Type D Cracked RSP 1/2 No Fasteners -25
133 New Oak (Control) RSP 1/2 SSs (11/16™ x 5™) 70 (Ambient)
134 New Oak (Control) RSN 1/2 SSs (11/16" x 5™) 70 (Ambient)
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Number

Tie-Center
Test . of Test Fastener
Number Tie Type Test Ties (Pilot Hole) Te”(’fgf,i‘;“re
Required -
Center—Bending
135 (Nceﬁnoirk. son) (Published MOE N/A N/A 70 (Ambient)
P & MOR)
136 New Oak (Control) RSP 1/2 SSs (11/16" x 5 70 (Ambient)
137 New Oak (Control) RSN 1/2 SSs (11/16" x 5™ 70 (Ambient)
Center—Bending
138 New Oak (Published MOE N/A N/A 70 (Ambient)

(Comparison)

& MOR)
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Abbreviations and Acronyms

AAR
AREMA
ASTM
CS
FAST
FRA
HAL
HDPE
HTL
MGT
MOE
MOR
MTS
PSI
RS
RSP
RSN

S

SS
TTC
TTCI

Association of American Railroads
American Railway Engineering and Maintenance of Way Association
American Society for Testing and Materials
cut spike

Facility for Accelerated Service Testing
Federal Railroad Administration

heavy axle load

high density polyethylene

High Tonnage Loop

million gross tons

modulus of elasticity

modulus of rupture

Material Testing System

pounds per square inch

rail seat

rail seat positive

rail seat negative

stress

screw spike

Transportation Technology Center (the site)
Transportation Technology Center, Inc. (the company)
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