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Objectives and Approach

* Objectives:

— Determine rail displacements under ralil transit loading conditions
using field data

— Evaluate performance of fastening system: combine field data,
developed models and technical specifications of the fastening
system provided by manufacturer to asses its level of usage

 Approach:

Field Data Collection

Processing of Collected Data

Analysis of Field Results

Comparison with Analytical and Finite Element Models

a b~ DN PE

Evaluation of Fastening System Behavior in Terms of Rail
Restraining
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Generic Field Instrumentation Map

1 2 3 4 5 6

‘ ‘ « Metrics to quantify:

— Crosstie bending strain
| | (crosstie moment design)

| . — Rail displacements
(fastening system design)

— Vertical and lateral input loads

(crosstie and fastening system

‘ ‘ design, and load environment
characterization)

— Crosstie temperature gradient
Crosstie Bending Strain

Vertical and Lateral Load (Wheel Loads)
Rail Displacement (Base Vertical, Base Lateral)
Rail Displacement (Base Vertical)



Data Collection Overview

Ralil Restraint noononn
e Desired data: |:|

— Relative vertical and lateral displacement of
rail base with respect to crosstie

guoooond

 Results:
— Capture displacement and rotation of rail under each wheel
— Analyze load and speed effect on rail displacement

— Curve sites allow more meaningful study compare results
for high and low rall L ‘

— Have a better understanding of
train dynamics
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Instrumentation Insight
Portable Displacement Measurement Device (PDI\/ID) o

» Linear potentiometers fixed to
manufactured rapidly-deployable brackets
that affix non-permanently to crosstie

« Novotechnik TS-0025 potentiometers

* 6 potentiometers per rail on rail base: |
horizontal, vertical field and vertical gauge

« Stroke length: 1.1811 + 0.000079 in (30 £ 0.002 mm)

« Manual data collection, small dataset

Potentiometers

Mounting
Bracket



Partner Agencies




Light Rail Curve Data

Trains in Dataset: 36
18, 19, 20 November 2015
and 17 March 2016 (Curve Site)
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MetroLink Curve Location

Belleville, IL
Track speed: 45 MPH Memoria] foc:
Pital

~80 trains per day (Red Line) Station

Google earth

900 feet west of Memorial Hospital Station
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m Curve Geometry

St. Louis MetroLink Curve Site
e Characteristics:

— Curve: 6°00°
(955 ft. (291 m) radius)

— Superelevation:
5.251n. (133 mm)

— Balance speed:
35.4 mph (57 km/h)

« Fastening system: Pandrol Fastclip FC

 Measured speeds

— From 15 mph (25 km/h) |
to 46 mph (74 km/h) e = Superelevation

* High and low rail instrumented
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MetroLink Light Rail Vehicles (LRVS)
Siemens SD-400 & SD-460

« 2-vehicle (12 axle) trainsets

« Static loads provided by MetroLink engineering staff
e Middle truck unpowered
 AWO (Unloaded) wheel weights at delivery (kips, one car):

« Normal Trainset Configuration:

A B B

1 7 A R il i |
L e o e L

12 34 >S6 78

<4 Direction of movement
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m Results
St. Louis MetroLink Curve Site

« The following results were obtained:

— Horizontal and vertical displacements were
analyzed for high and low rail considering
displacement due to wheel loads

— Rall displacement by axle for 12-axle light ralil
rolling stock
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Presentation of Results by Axle

« Each MetroLink train consists of a two-car set, so
each 6 axles is a ‘repeat’ of the equipment (order

aside)
* The following graphs can be compressed by stacking

‘repeat’ axles

AR I AR

A
4 9
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Rail Displacements by Axle
St. Louis MetroLink Curve Site
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Representation of Curve Results

Displacement

iy

» Leading Axle Displacements
Trailing Axle Displacements



Light Rail Tangent Data

Trains in Dataset: 6
8 March 2016 (Tangent Site)
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MetroLink Tangent Location

Washington A 4
Park Station 3 'y
2 miles =

East St. Louis, IL

, | & A y. )
Track speed: 55 MPH %, o~
g R ook N
~154 trains/day (Red & Blue lines) %@ Q”"’o ‘s

0.86 miles west of Fairview Heights Station \(;'”"3"’ D
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m Track Geometry

St. Louis MetroLink Tangent Site
Tangent site

Fastening System: Pandrol Fastclip FC

Measured speeds

— From 26 mph (42 km/h) to 52 mph (84 km/h)
One rall instrumented Tangent




m Rail Displacement

St. Louis MetroLink Tangent Site
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Results Summary

Maximum Displacement . : Cur_ve Site :

(in*1073) Light qul Heavy Rgll Commut.er Frelght_
Max. Min. Max. Min. Max. Min. Max. Min.

Horizontal 86 -1.7 304 -35 --- --- 38.0 --

Low Rail Vertical Gauge 10.3 -4.6 27.6 -24.6 ---
Vertical Field 4.2 -11.1 -35 -51.2 ---

Horizontal 11.3 -3.0 222 -0.2 --- - 290 ---

High Rail Vertical Gauge 7.7 -5.8 295 -20.1 ---
Vertical Field 3.9 -7.8 -0.4 -30.7 ---

. : Tangent Site

Mammu;ri]n?llzg!)acement Light Rgil Heavy R_ail Commut_er Freight.
Max. Min. Max. Min. Max. Min. Max. Min.

Horizontal 22 -05 - - 215 -

Rail A Vertical Gauge 16 -42 ---
Vertical Field 1.6 -3.7 ---

« Minor displacements under light rail transit revenue service

(track equipment not accounted)

e Other rall transit systems to be analyzed to fill in the table
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Conclusions

« Horizontal displacement consistently to the field side,
resulting in gauge opening

« Larger displacements were found at the curve site
* For curve site:
— Gauge side alternates positive and negative values

— Leading axles caused the largest displacements in the
system

— Rotation of the rail found to be towards field side
* For tangent site:
— Rotation of rail almost negligible

— Minor lateral displacements due to rocking of LRV
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Future Work

« Compare obtained results with working range of
fastening system to assess performance

« Expand understanding of speed and load effect on
displacements

* Repeat work for different rail transit loading conditions

« Compare with analytical models, Finite Element
models, and laboratory experimentation

« Study the effect and contribution of each element of
the fastening system to the overall behavior
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Box Plot Background

Box plots are great to:

Visualize outliers

Compare variability of different cases
Check for symmetry

Check for normality

Upper inner fence
(Q3+1.5xIQR)
Outlier ——, o /

[~ Max
Q3 (75" (within
Percentile) fences)
Median
T~ _ |0R
Q1 (25 Min
Percentile) (within
_1_.— fences)

i

Lower inner fence

(Q1-1.5xIQR)
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St. Louis MetroLink — Curve Location

Vertical Load (kN)
? 40 60 80
----- Low Rail
- —High Rail
----- AWO Metrolink
- - AW3 MetrolLink
o S
. AWO
10 20

Vertical Load (kips)
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St. Louis MetroLink — Curve Location

m Vertical Rail Loads

Vertical Load (kN)
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m Vertical Rail Loads

St. Louis MetroLink — Curve Location
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m Vertical Rail Loads

St. Louis MetroLink — Curve Location
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m L ateral Rail Loads

St. Louis MetroLink — Curve Location
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Lateral/Vertical (L/V) Ratios

St. Louis MetroLink — Curve Location
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m Vertical Rail Loads

St. Louis MetroLink — Tangent Location

Vertical Load (kN)
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m Vertical Rail Loads

St. Louis MetroLink — Tangent Location

Vertical Load (kN)
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m Vertical Rail Loads

St. Louis MetroLink — Tangent Location

Vertical Load (kN)
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m Vertical Rail Loads

St. Louis MetroLink — Tangent Location
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m L ateral Rail Loads

St. Louis MetroLink — Tangent Location

Lateral Load (kN)
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