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Project Overview

» PHASE 1.
* Industry Survey
* Interviews and Site Visits
« Document scope of the problem

» PHASE 2:
 Develop FE models of fastening systems
« Validate models with laboratory work
* Replicate failures in the laboratory

» PHASE 3:
» Perform parametric analysis with FE model
* Investigate design parameters
« Recommend improvements
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Traditional Fastening System
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Premium Fastening Systems

» Fasten the rail securely to a timber (or
composite) crosstie using an elastic
fastener, a tie plate, and spikes

» Multiple varieties:
* Clip: e-clip, safelok, fastclip, etc.
« Plate: rolled, cast, Victor, etc.
o Spikes: cut spikes, screw spikes,
lag screws, etc.

Sources: Pandrol, Lewis Nut and Bolt RailTEC at lllinois | 7



Premium Fastening System Examples
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Wide-Gage Deraillments
due to Broken Spikes: Fabyan, AB .

» CN Railway; January 2012
» Pandrol rolled plate with e-clips and lag screws

Source: Transportation Safety Board of Canada RalTEC at lllinois | 10



Wide-Gage Deraillments
due to Broken Spikes: Vandergrift, PA .

» Norfolk Southern; 2014
» Victor plate with e-clip and cut spikes
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Derailment Investigation Findings

Broken cut spikes Cut spikes broken within crosstie

Right photo: Brad Kerchof, NS RailTEC at lllinois | 12



Wide-Gage Deraillments
due to Broken Spikes: Mosier, OR .

» Union Pacific; June 2016
» Cast plate with McKay clips and lag screws

Sources: US Coast Guard, FRA, Friends of the Gorge RailTEC at lllinois | 13
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Industry Survey

» Objective: Collect information

about the scope of the broken spike .RAILTEC

problem and data to fOCUS the UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

fUtu re p h ases Of th e p rOJ eCt Broken Railroad Spike Survey
> 11 q u e Stl O n S This survey is designed to help railroad infrastructure
researchers at RailTEC at the University of Illinois collect data
! H H about challenges several railroads have faced with broken
° 6 mUItIple-ChOICe queStlonS (fractured) spikes in timber crossties. See example images

below.

* 5 short-answer questions
» 22 Responses from:

Example images

ANSAS
&

For questions or comments, please contact Tom Roadcap,

2 Graduate Research Assistant. at roadcap2/@illinois edu.
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High-Level Results

» All railroads:
 |dentified tight curves and new ties as major problem areas
o Saw rapid gage deterioration and inspection challenges as key concerns

» Most railroads:
o Saw broken spikes partially or primarily in premium systems
 Tended to see spike breakage as a more serious problem
« Did not identify a strong seasonal correlation with spike breakage

« Showed varying levels of knowledge about spike breakage within
company

» One railroad:
« Does not have many premium fasteners installed on the system
e Saw the problem as a relatively small one
« Has wintertime GRMS testing to locate broken spikes
« Has long-standing experience with the issue

RailTEC at lllinois | 16



Industry Survey Responses

Has your railroad experienced any
problems with broken spikes?
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Industry Survey Responses

Has locating and addressing broken spikes been a
relatively small, moderate, or large problem compared
to other track-related problems?
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Number of Responses: 18 RailTEC at lllinois | 18



Industry Survey Responses

Has locating and addressing broken spikes been a
relatively small, moderate, or large problem compared to
other track-related problems?

[One railroad well-acquainted with problem removed here]
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Industry Survey Responses

Where do broken spike failures typically occur
on your railroad? (Choose all that apply)
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Industry Survey Responses

Of all broken spikes found on your railroad, how many
would you estimate are in premium fastening systems?
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Industry Survey Responses

How does you railroad locate broken spike zones?

» Walking inspections:
e Looking for tie plate movement
o Tapping each spike individually
» Geometry car reports

e Experienced personnel can identify the
gage signature of broken spikes
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Industry Survey Responses D

Why Is this an important issue?

» Inspecting for broken spikes can be challenging
« Broken spikes typically do not look visibly different
* Plate movement is not visible under snow cover in wintertime
« Walking inspections to tap spikes are time and labor intensive

» Gage deteriorates very rapidly once breakage begins
« GRMS inspection less frequent than deterioration time
« Rapid gage deterioration may surprise inexperienced personnel

» See Appendix for selected quotes from the short response
portion of the Industry Survey

“On several heavy tonnage, steep grade territories, broken spikes are the
problem that represents the greatest risk to the safety of train operations.”

RailTEC at lllinois | 23
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Hypotheses Overview

» Longitudinal Loading Hypothesis

» Rail Uplift Effect Hypothesis

» New Ties Stiffness Hypothesis

» New Ties Gauging Effect Hypothesis

» Effect of Lateral Loads in Curves and Special Trackwork

RailTEC at lllinois | 25



Longitudinal Loading Hypothesis
Hypothesis Setup

»

»

Rail Anchor VS No Rail Anchor

RailTEC at lllinois | 26



Longitudinal Loading Hypothesis

» Longitudinal forces travel from rail to crosstie either through rail
anchors or fastener and spikes.

» When no rail anchor is present, extra loading on the spikes
Increases their stress state.

®
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Rail Uplift Hypothesis
Hypothesis Setup

RailTEC at lllinois | 28



Rail Uplift Hypothesis

» With reduced or no railseat frictional resistance, most or all of the
lateral and longitudinal load is taken by the spikes.
* Frozen moisture in the railseat may also play a role in the friction loss.

RailTEC at lllinois | 29



Additional Hypotheses:
Compounding Factors

» New Ties:
* New ties are stiffer, allowing the spikes less freedom
to move and thus inducing greater bending stress.

» Further, good ties are required to take more of the
load compared with older worn ties.

« Gauging to standard gauge instead of prevailing
gauge when installing new ties could create track
irregularities that would lead to higher lateral impact
loads.

» Curves and Special Trackwork:

» Curves and special trackwork experience higher
lateral loads compared with tangent track, and are
also more likely to have premium fastening systems
in place

» These hypotheses do not explain spike
breakage itself, only why breakage is more
common in the above areas

RailTEC at lllinois | 30
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Summary

» Industry Survey has given important background information on
the spike breakage problem, for example:
» Rail anchors reduce breakage in premium systems
* Spike breakage occurs more commonly on new ties
« Curves and special trackwork often see more breakage

» Hypotheses have been proposed which fit the data we have from
the industry:
 The mechanism of longitudinal force transfer is key (anchors/uplift)
o Stiffness of new ties leads to greater spike breakage there
* Higher lateral forces are compounding the problem

» Further data collection and field visits in Phase | will help us
improve and draw up new hypotheses

» Phase Il — Lab experiments will be designed based on these
hypotheses
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APPENDIX: Survey Response Quotes

Locating Broken Spikes

ws  “Spikes might not fall out of the tie plates and require tapping to
T determine if they are broken”

“When walking, the inspector must look for a false flange on the
low rail... outward shove of the plates on the high side, and a
very good tell-tale sign has been the rotation of the spike head.

“Broken Lags or Broken Spikes are only found by walking
inspections. Geometry Car inspections may point to a location
that there could be some concern but you will have to walk to

find the issues.”

N “They are found by looking at the most recent new tie gang
s locations and tapping the top of the spikes and listening or using
- I}l asmall light weight spike puller and prying upward. A STAR car
with a spit axle should also be able to find them or at least point
at weak strength locations...”

RailTEC at lllinois | 35



APPENDIX: Survey Response Quotes

Locations where spikes often break

“Locations where there are very good ties sprinkled
In with poor ties requiring the good tie to absorb all
loads.”

“[On my territory], our most problematic curves for
broken spikes are over
8 degrees on steep grade (1.3%-2.3%).”

“Usually see in curves greater
than 3 degrees.”

“Many broken screw lags around
turnouts/diamonds.”

“Frog plate spikes and point and stock rail plates.”

RailTEC at lllinois | 36



APPENDIX: Survey Response Quotes |

Importance of the broken spike problem

“It's a high risk issue that is difficult to see especially in snow covered
conditions. We've seen more issues over the past few years with
longer, heavier trains operating with dynamic braking. ”

“I think what makes this such a serious problem is how quickly the
deteriorated condition escalates. In Victor plates, broken spikes go
from being nearly impossible to detect to FRA defective condition
guicker than any gage-widening trends that I've ever seen.”

“On several heavy tonnage, steep grade territories, broken spikes are
the problem that represents the greatest risk to the safety of train
operations.”

RailTEC at lllinois | 37
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