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Background

« 25 million concrete crossties are in use on North American heavy
haul freight railroads

e Industry trends:
— Many variations in fastening system design and performance

— Fastening system components are failing earlier than their
design life

— Increasing heavy axle loads (HAL) and traffic volumes
— Shared infrastructure with both HAL and high speed rail (HSR)
* Industry need:

— Fastening systems that economically withstand increasingly
demanding loading conditions

« Minimizing maintenance procedures allows for increased
operating efficiency and capacity
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Purpose of Lateral Force Measurement
* Quantify lateral loading conditions to aid in the
mechanistic design of fastening systems

« Understand demands on fastening system components
under loading conditions known to generate failures

« Galin understanding of the lateral load path by:

— Quantifying forces and stresses acting on the
Insulator and shoulder

— Quantifying the distribution of lateral forces in
fastening system

 e.g. Bearing on shoulder, frictional resistance from
rail pad assembly or clip, etc.

— Understanding the causes of variation on lateral load
distribution among adjacent crossties



Defining the Lateral Load Path
als olo

Vert. load

Lat. Load
‘r Bearing forces

“9” Frictional forces



Lateral Force Measurement Methodology

« Lateral Load Evaluation Device (LLED)
— Original shoulder face is removed

— Insert designed as a beam and optimized to replace
removed section and maintains original geometry

— Measures bending strain of beam under 4-point bending

« Measuring bending strain is a proven technique




——————————————————————————————————
Laboratory Proof of Concept

« Instrumented shoulder face insert tested on Pulsating
Load Testing Machine (PLTM) at UIUC

« Lateral load: 1,800 Ibf (8 kN) to 18,000 Ibf (80 kN)
« Varied L/V ratio from 0.1 to 0.5

* Dynamic loading at 3 Hz

* Representative loading conditions

— Sharp curvature

— Demanding conditions

AmstedRail
e ¢
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Preliminary Laboratory Conclusions

* Percentage of lateral load transferred into shoulder
depends on stiffness at insulator-shoulder interface

» Lower coefficients of friction between concrete crosstie
and rail pad result in increased lateral load through post

« Successful laboratory testing results make LLED a
viable way to measure lateral load in the field

Laboratory Installation Field Installation



Field Experimentation




Lateral Load Path Analysis Slide 11

Map of Instrumentation Technologies
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Lateral Load Evaluation Device (LLED)



Tangent Track
Track Loading Vehicle (TLV)
V =40 kip (177.9 kN)
L = Variable
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Effects of Lateral Fastening
System Stiffness
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Lateral Load Restraint
Distribution within Fastening System



| ateral Load Restraint
Tangent Track, TLV
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Lateral Load Restraint
Curved Track (High Rail), Passenger and Freight Runs
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Lateral Load Restraint
Curved Track (Low Rail), Passenger and Freight Runs
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Preliminary Field Conclusions

« Lateral loads appear to be primarily distributed
among three crossties

— Vertical load is distributed to five or more crossties
based on previous research conducted at UIUC

« Lateral stiffness of the fastening system plays an important
role in transferring the lateral load into the shoulder

« Asthe L/V ratio increases:
— Lateral bearing restraint forces increase

— Lateral frictional restraint forces decrease
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Future work

* Measurement of lateral load on revenue service track
* Further laboratory testing

— Continued tests on PLTM

— Full-scale track loading system (under construction)

— Component experiments to better understand the
thresholds of plastic damage

* Investigation of alternative component materials

« Application of measurement technology on different
fastening systems
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