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Under Tie Pads (UTPs)

► UTPs are resilient components installed on the crosstie bottom
• Typically made of polyurethane, rubber,  EVA, etc.
• Sized to fit approximately 1” to the inside of crosstie’s footprint

► Most commonly used on ballasted deck bridges and at special trackwork 
in North America 

► More regularly used in European countries and specified as a standard 
component on concrete crossties by the Austrian Railways

Photo: Railway Gazette
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Under Tie Pad Benefits
► Reduction of stresses in the tie-ballast interface 

• Increased contact surface area and number of load bearing ties
• Can result in decreased ballast degradation and tie bottom 

abrasion
• Added resiliency may also helps mitigating transition zone 

issues
► Control ground-borne vibrations
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UIUC Research Project Background

► Literature review of research/testing related to under ballast mats 
(UBMs) and under tie pads started in the fall of 2015

► UBM properties testing (e.g. bedding modulus) began in early 
2016 based on standard recommendations stemming from 
literature review
• Study of influencing factors to the determination of bedding modulus :

- Sample conditioning and elastic recovery
- Test support conditions

• Investigation of fatigue test procedures and performance
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Mission and Objective

► Develop recommendations for testing UTPs for use in North 
American railroad environment
• Outline new test procedures and support condition apparatus

► Quantify optimal characteristics for UTPs
• Investigate how material characteristics effect 

UTP performance
- Thickness
- Hardness
- Material type

► Performance criteria
• Stress mitigation
• Resistance to fatigue
• Ballast migration/track stability
• Cost
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Hypothetical UTP Characteristics Chart
Effect of Material and Thickness on Stress
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Laboratory Equipment Details

► Location: Research and 
Innovation Laboratory (RAIL) 
at Schnabel, UIUC
• Pulsating Load Testing 

Machine (PLTM): frame 
owned by Progress Rail 

► Loading: Servo hydraulic 
actuator apples vertical load

► Instrumentation: MBTSS 
used to quantify pressures   

► Support Condition: 
Geometric ballast plate on 
concrete block
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Experiment Setup

► Geometric ballast plate:
• 12” x 12” steel plate 

designed to replicate 
ballast contact surface

• Standard apparatus for 
UTP testing according to 
the EN16730:2016

► Test procedures adapted 
from EN16730
• Loads changed for N.A. 

conditions
► An MBTSS was placed 

between the load and the 
UTP sample being tested

Load

Sample
GBP

MBTSS
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Quantifying Pressure with MBTSS

► MBTSS are used to measure pressures between two objects
► Sensors consist of matrix of conductive ink that measures change 

in resistance when pressure is applied
► Components:

• Sensor
• Data acquisition handle
• I-Scan software
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MBTSS Sensor Protection
► BoPET used to protect against puncture
► PTFE used to protect against shear

MBTSS Sensor PTFE BoPET

► BoPET and PTFE yield higher pressures and lower contact areas 
than previous tests with rubber protection

► Rubber distributes pressures
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Materials Matrix

► Material samples selected to compare: 
• Material—neoprene and polyurethane
• Hardness—40A,  60A, 70A
• Thickness—1/64”, 1/8”, 1/4”, and 3/8”

40A 60A 70A 40A 60A 70A
1/64" - x x - - -
1/8" x x x - x x
1/4" x x x - x x
3/8" x x x - x x

Material Type and Hardness
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Optimization Plot

► Samples 1/8” or thicker reduce pressures below thresholds for 
ballast particle crushing and localized crushing of concrete

► 1/64” samples exceed threshold for ballast particle crushing
► Increased hardness generally correlates to higher pressures
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Qualitative Assessment with MBTSS

► Scale indicates relative severity of pressure results from MBTSS
• Deep red indicates high pressure
• Black corresponds to area of no loading
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Pressure Distribution by Thickness
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► Thickness has large influence on pressure distribution
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Pressure Distribution by Thickness
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Pressure Distribution by Hardness
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► Hardness has moderate influence on pressure distribution
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Pressure Distribution by Material
Neoprene Polyurethane
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► Material type has minimal influence on pressure distribution
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Conclusions

► Thickness has largest impact on 
pressure distribution

• Samples 1/8” or thicker reduced 
pressures well under threshold 
for ballast particle crushing

• 1/64” samples exceeded 
threshold for ballast particle 
crushing

► Decrease in hardness correlated 
to decreased maximum 
pressures

► Neoprene and polyurethane 
yielded similar pressure 
distribution results
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Future Work

► Further testing of materials

• Expand scope of testing for other UTP materials

► Environmental effects on UTPs 

• Utilize thermal chamber to test UTPs under 
various temperatures over life cycle

• Study effects of freeze/thaw on UTPs

► UTP testing recommendations for AREMA C30

• Study GBP performance against real ballast

• Refine methodology for UTP fatigue testing

► Ballast migration from UTP installation

• Test effects of UTPs on ballast movement

• Recommend materials for UTP products to limit 
ballast migration
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