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Theme: Delivering Results
Wednesday, June 3

8:30am Tour of Metra/Amtrak Operations Center — Preregistration Required
(Jody Plahm, UIC, and Greg Godfrey, Amtrak)

9:30am Tour of Metra/Amtrak Operations Center — Preregistration Required
(Jody Plahm, UIC, and Greg Godfrey, Amtrak)

11:00am - 7:00pm Registration

1:00pm - 1:30pm Student Leadership Council meeting
Tyler Dick, UIUC (Moderator)
1:00pm — 1:30pm  NURail Affiliate Member Presentation
Pasi Lautala, Michigan Tech (Moderator)
Dimitris Rizos, University of South Carolina (Moderator)

1:30pm — 3:00pm  Technical Advisory Committee discussion
Conrad Ruppert, UIUC (Moderator)

3:00pm — 3:15pm  Break

3:15pm — 4:30pm  Improving Student Placement in Rail Industry Discussion/W orkshop
David Clarke, UTK (Moderator)

4:30pm — 5:30pm  SDP breakouts/workshop
1. Vehicle - Track Interaction
Conrad Ruppert, UIUC (Moderator)
2. Safety and Risk
Rapik Saat, UIUC (Moderator)
3. Network Capacity Planning
David Clarke, UTK (Moderator)
4. Urban, Regional and HSR Passenger & Funding and Economic
Development
Stephen Schlickman, UIC (Moderator)
Joseph Sussman, MIT (Moderator)
5. Multimodal Freight Transport
Reginald Souleyrette, UK (Moderator)

5:30pm - 6:00pm SDP Wrap-up
Conrad Ruppert, UIUC (Moderator)

6:00pm Reception and Poster Session
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6:15pm

7:00pm

3-Minute Thesis Competition
Conrad Ruppert, UITUC (Moderator)
1. Sandeep Sasidharan
"Infrastructure-less Indoor Navigation System”
2. Sam Levy
"Capacity Challenges on the California High-Speed Rail Shared
Corridors"
3. Hamed Pouryousef
"Hybrid Optimization of Train Schedules (HOTS) Model"
4. Samantha Chadwick
"Predicting Derailments at Highway-Rail Grade Crossings”

Dinner and Keynote Address
Keynote Speaker:
Dr. Mitra Dutta
Vice Chancellor for Research, Distinguished Professor
Electrical and Computer Engineering Department, UIC

6:30am - 9:00am

7:00am - 7:30am

7:30am — 7:45am

7:45am — 8:30am

8:30am — 9:30am

Thursday, June 4

Registration
Breakfast

Welcoming Remarks
Ahmed Shabana, UIC, and Steve Schlickman, UIC
Christopher Barkan, NURail Center Director, UITUC

Education Showcase: NURail Graduates in Action

Placement statistics (NURail and non-NURail students)
Additional Student Testimonials

Pasi Lautala, Michigan Tech (Moderator)
Student Testimonials and Panel Discussion

Michael McHenry, UK/TTC

Brandon Van Dyk, UITUC/Vossloh

Marcella Bondie, UIC-CUPPA

Joel Carlson, MIT/Consultant

Garrett Fullerton, UTUC/CN

Ahmed Aboubakr, UIC-COE/Gamma Technologies

Research Showcase — Part 1
Conrad Ruppert, UITUC (Moderator)
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8:30am Craig Foster, UIC-COE 45
"Coupled Multibody and Finite Element Modeling for Simulating Vehicle-
Track-Substructure Interaction”

8:50am Chen-Yu Lin and Rapik Saat, UITUC 56
"Shared Rail Corridor Adjacent Track Accident Risk Analysis”

9:10am Pasi Lautala and David Nelson, Michigan Tech 68
"Exposing Undergraduate Students for Railway Research/Development"

9:30am — 9:40am Group Photo
9:40am — 10:00am  Break

10:00am — 11:30am Research Showcase — Part2
Conrad Ruppert, UITUC (Moderator)

10:00am Reginald Souleyrette, UK 78
"Rail Crossing Improvement Strategies"

10:20am Joseph Sussman, MIT 88
"Rail as a Complex Sociotechnical System"

10:40am James Labelle, UIC-CUPPA 100
"Oft Peak Delivery Project”

11:00am Asad Khattak, UTK 110
"Trespassing Crash Injury - Role of Pre-crash Behaviors"

11:30am — 12:30pm Lunch & NURail Partner Student Organization Highlights 122
Partner Student Organization Highlights
Tyler Dick, UITUC (Moderator)
NURail Student Leadership Council
Samuel Levy, MIT (Moderator)
Presentation on Student Collaboration

James O’ Shea, UIC (Moderator) 137

Teng "Alex" Wang, UK (Moderator) 140

12:30pm — 1:45pm  Outreach, Workforce Development and Tech Transfer Showcase: 145
NURail in Action

Christopher Barkan, NURail Center Director, UITUC (Moderator)
Company/Industry Testimonials and Panel Discussion

Doug Whitley, Supply Chain Innovation Network of Chicago

Robert VanderClute, Association of American Railroads

Ryan Kernes, GIC

Nikkie Johnson, Michigan DOT

Sergio "Satch" Pecori, Hanson Professional Services Inc.

Michael McLaughlin, Chicago Transit Authority



1:45pm

1:50pm
2:00pm - 2:30pm
2:00pm - 2:30pm

2:30pm - 4:00pm

Vinaya "Vinny" Sharma, Sharma & Associates
Michael Franke, Amtrak
Closing Remarks
Christopher Barkan, NURail Center Director, UITUC
General Public Adjourn
Executive Advisory Board Members — Closed Session

NUREail Principal Investigators Meeting

Executive Advisory Board with NURail Partners — Closed Session
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- Background
— Report on group activities/accomplishments

— Highlights of education activities at affiliate
institutions

— Highlights of research activities at affiliate
institutions

— Student impact
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Background

“As part of our efforts to broaden the NURail Center’s
impact, we will create a NURail Affiliates program
involving faculty from other colleges and universities.”

* Recognition as university with railway related activities
»  Networking

» Resource sharing opportunities

» Research and education collaborative opportunities

* Participation in Annual Meeting, workshops, seminars and
conferences

+ Visits to campuses,In-person meetings, teleconferences and
webinars.
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Outline

— Report on group activities/accomplishments during
the first year

Slide § NURail Cerber b

Report on Activities

Bylaws

Affiliates web page
hitp:ffwwww_nurailcenter orgfabout/affiliate-members.php

Support letter to affiliates
— Recognition, support and statement of collaboration.
— Signed by NURail EAB and Leadership

NURail affiliates meetings:
= The group met primarily via phone conferencing.

Slide @ NURail Cermber b




Report on Activities

* Process to accept/decline new membership applications

= Simple process, encourages new members to join, and facilitates the growth of
the group.

— On-line application form
hitps Adocs. google. comformsd T verD U Cip ! TIOP O Boka O X bb Gfhm PR Wa SMcw 208CA viewfonm

* Annual reporting to maintain membership

— Report activities and efforts for the current year, and plans for the following
year by June 30, Send three reminders of the report due date and suspend
rmembership if report is not submitted.

* Funding avenues for research and education activities:

— Form partnerships among affiliate members and NURail partners for any
opportunities. Share education and research resources and facilities.
Discussion to continue. ..

Slide T NURail Cerber b

Report on Activities

* Research and Education Database (under development)
= Course inventory (under development)
= Inventory of graduates / resume book (under development)

— Railway research resource inventory (specialized lab equipment, software and
capability)

- Inventory of research projects by the Universities
= Participation in Strategic Development Plans (SDP).

Slide & NURail Cermber b




Challenges

Rail industry is perceived as a low-tech industry by higher
administration at academic institutions and does not necessarily
align with the strategic plans. Consequently, there are limited
institutional resources and low awareness/interest in investing in
the development of rail programs.

* Marketing/advertising of academic programs in rail engineering
« Availability of teaching material (textbooks etc)
* Lack of coordinated/standard curriculum in railroad engineering

» Set of skills a graduate should possess to be competitive in the
pursue of employment (Differences between Rail companies
and other companies catering to the rail industry)

Slide @ NURail Cerber b
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— Highlights of education activities at affiliate
institutions

Slide 10 NURail Cermber b
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Education by Numbers

Institution Faculty Courses Empl Degrees AREMA Rsrch
Colorado State — Pueblo
North Dakota State 3 1(35-40) (nfa) in plan in plan ¥
Oregon State 2 2 (a0) 1+ - 10 Y
Penn State — Altoona 4 & (nfa) 9 BS 30 ¥
U British Columbia 1 1(g) - Y Y
U Dayton
U Kansas
U Manitoba 1 1+ I+ - ~25 Y
U Maryland 4 2 (a4) S - M Y
UMass = Amherst
U Nevada — Las Vegas 10+ 6({60+] (nfa) inplan ¥ Y
U South Carolina 4+ 770+ 14+ MS/MESPhD ~38 ¥
U Wisconsin — Madison 3 117 {40)  (nfa) - ~5 Y

Villanova University

Virginia Tech

"Continuing Bducation Courses = No cradit

NURail Cember b
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Education by Numbers

Institution Intro to Track Opera- Signals Capstone Other

RR Eng/ tions Project
Planning

Colorado 5t. Pueblo

North Dakota State Q

Oregon State O 0]

Penn State Altoona 8] O (] (] ] 0

U British Columbia 0

U Dayton

U Kansas

U Manitoba 0 0 (0]

U Maryland 0 (0]

UMass Amherst

U Nevada LV 8] O 0 (0]

U South Carolina o o 0 Q 0 Q

U Wisc. Madison 8] (0] o () (8]

Villanova University

Virginia Tech

NURail Cember b

10




Outline

— Highlights of research activities at affiliate
institutions

Slide 13 NURail Cerber b

Research

* Funding Sources
— Federal Railroad Administration
- USDOT - RITA
— State DOTs
— National Science Foundation
—~ Private Industry
— etc

Slide 14 NURail Cermber b
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NDSU Rail Projects: 2014 e

Regional railroad infrastructure needs

* Requested by Legislature; funded by NDDOT
1,210 miles of regional rail line in ND (35%)
82% of miles with rails < 100 |b/yd
$471 million to rehabilitate
Legislature appropriated $7 million

-

CE456/656 student projects
* Detailed rehabilitation plan for 18-mile line
* NPR contributed resource time/data/field work

Sl Pubed Pt Sty

NDSU Rail Projects 2015

Grade crossing traffic hazard forecasting model
» 20-year forecasts of traffic at crossings
* Enhanced hazard forecasting model
* Optimization/selection programming

ITS approach to railroad infrastructure performance evaluation
* |nertial sensing with smart phone applications

12




U Manitoba U'!;:

o MANTTORA

A Conceptual Framework for
Geographic Linking of Wheel-
Rail Interaction Data

Linking existing wheel-rail interaction [0 =
data to support proactive maintenance B vighresitisty
planning, asset management, m“" B o frebin

~ N
productivity, and safety m“_ ﬂ
Research generously supported by: -_'_ "”_m

ey W =
BT

U Manitoba m.ﬁm

o MANTTORA

Characterizing Freight Traffic Related to
Southwest Manitoba's Petroleum Sector

Providing an interactive, map-based
information system about petroleum-
related freight traffic to support
engineering design, planning, and
management decisions

Research generously supported by:

Manitoba @ () 2zzze

Irdrpructere ol TranSROTTEGa0n
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U Manitoba u'@'

o MANTTORA

Roadbed Stability in Areas of Permafrost
and Discontinuous Permafrost

Synthesizing international best

practices in the mitigation of rail  *
roadbed stability problems in - Comvertional Lk o s
moterial oggrega te

permafrost regions

Resaarch generously supparted by
Transport Canada — Surface —
Prairie and MNorthem Region

U Manitoba UH,%.TT

o MANTTORA

Atlas of Manitoba’'s Freight Rail
Network and Operations

Compiling publicly available data on
Manitoba’s freight rail operations to
create a resource for the physical
features, rail user demand, and flow
characteristics of the network

Research generously supported by:

NSERC UnIvERSITY
CRSNG o ManiToBA

A UMTIG 2014
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U Manitoba U'@;

o MANTTORA

A Repeatable Procedure to Determine a eSS

Representative Average Rail Profile

Developing a method for calculating a
representative average rail profile for a
track segment to support infrastructure
maintenance programs and planning

Research generously supported by:

I]ﬂf]é; ) nsae

RAIL MANAGEMENT
OF L Wd Bl LW

e & & & oo

Penn State - Altoona

Field Investigation & Modeling of Track Substructure
Performance under Trains Moving at Critical Speeds

sponsored by the Federal Railroad Adminisiration.

An Automated System for Rail Transit Infrastructure

Inspection

sponsored by the U.S. Department of Transportation/Research and

Innovative Technology Adrministration

Slicke 22

NURail Cernter b
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Slice 23

U of British Columbia UBC

¥

EMISSION ZERO - HYBRID ELECTRIC LOCOMOTIVE POWER
(EZ-HELP)

Innovative alternative technologies and practices to power
locomotives that will reduce (eliminate) air emissions in the rail
sec-tor, investigating:

= 1. Zero emission, all-electric power, Locomaotive systems technology that in-

cludes different on/off-board energy sources. on-board storage elements,
and hybrid power drive optimization configurations.

= 2. Systems monitoring and control, including Data management to optimize
the use of these different energy source and storage, and power drive tech-
nologies, and maximize train range and productivity.
Evaluation of different infrastructure interfaces between all-
electric locomotives and off-board to on-board electric power
transmission technologies to Dptirn ize Railway Dperatis:ms,

including double-stacked trains
NURail Cernter b

Slicke 24

SERSIT
) .

U. of Maryland

T
Tippy b

e 4

Phased Development of Transportation Facilities, Mid-
Atlantic University Transportation Center, Dec. 2012 - Aug.
2015.

Estimating the Economic Impacts of Multimodal
Transportation Improvements, Maryland State Highway
Administration, Oct. 2013 — Dec. 2015.

Efficiency and Reliability in Freight Transportation
Systems, USDOT through the National University
Transportation Center for Economic Competitiveness, Oct. 2013
— Sep. 2017.

Market Opportunity Assessment for the Eastern Shore
Short-Line Rail in Maryland, Maryland Department of
Transportation, April -Sept. 2015.

NURail Cernter b
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U of South Carolina 3

Prestressed Concrete Tie Technology: High Strength (AROLINA
Reduced Modulus HPC
Federal Railroad Administration

E wsf'for f=7
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& Wasthered & msajcal
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E
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] & o -
0 L] L] -' L]
-
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ek 25 NUiRail Ctnmr. ‘g;’
U of South Carolina E3
Railway Dynamics: Train-Track-Soil Interaction for High (BROLINA
Speed and Heavy Haul —

il Trimia, ol b Db

National Science Foundation

Slicke 28
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U of South Carolina 3
Digital Image Correlation Techniques for Railroad (BROLINA
Applications: Railroad Infrastructure Failure Identification

through Satellite Imaging
Advanced Railroad Technology Group & USC

Slide 27 m

U of Wisconsin - Madison WISCONSIN

Increasing rail freight loads with strategic injections of
polyurethane into ballast layers.

Sponsored by National Center for Freight & Infrastructure
Research and Education.

TRB NCRRP 06-01Building and Retaining Workforce Capacity
for the Railroad Industry.

Responsible for developing a Competency Model for railroad
professionals in the engineering and operations disciplines.

Slide 28 m
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Outline

— Student impact

Slide 29 NURail Cerber b

Student Impact

Institution Faculty Courses Empl Degrees AREMA Rsrch

Colorado State — Pueblo

Morth Dakota State 3 2(35-40) nfa in plan in plan

Oregon State 2 2 (a0) 1+ - ¥ (10)

Penn State — Altoona - 8 9 BS ¥(30)

U British Columbia 1 1) - ¥ Y
U Dayton

U Kansas

U Manitoba 1 1+ I+ - ¥ [~25)

U Maryland 4 2 (a4) LT - M

UMass = Amherst

U Nevada — Las Viegas 10+ 660+  ([nfa) in plan ¥(n/fa) ¥
U South Carolina 41 7 (70+) 14+ MS/MESPRD ¥ (~38)

U Wisconsin — Madison H 117 (40)  (nfa) - ¥(~5) Y
Villanova University

Virginia Tech

"Continuing Education Courses = No cradit

Slide 30 NURail Cember b
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Student Impact

+  AREMA Scholarships
= Relative low number compared to available scholarships

 Undergraduate student involvement in rail related research

+  AREMA Student Chapters
- Volunteer work
- Invited Speakers
= Fiegld Trips

Slide 31 NURail Cember b

Mational University Rail “’h

THANK YOU!

“This project was supported by the National University
Rail (NURail) Center - a US DOT RITA University
Transportation Center"

Q

UE Degarirman o Troraperiaion
Rassareh and lnncvalive Technology

Acimirisiration
uic UK
MichiganTecil U H == ROEHUMAN @ VT
Slide 32 gurs  LLLLILOLS KENTUCKY
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Workshop: Improving Student
Placement in Rail Industry

June 3, 2015, Moderated .bv:
Dave Clarke — University of Tennessee, Knoxville

David Clarke
msl INIVERSITYef
TENNESSEEUT
Tyler Dick James McKinney
HILLINOIS ROSE-HULMAN
Dimitris Rizos
e
9 L [T p—

Workshop Format

= Six groups (check your group nu mber}
* One discussion topic per workshop round
= Each topic has three questions

= 8-minute internal discussion at each table

= Reconvene: 15-minute breakdown per topic
— 2 minutes per table to report results
— Wrap-up

21




Discussion Questions

— Recruiting and Interacting with Students
* How can the industry make the most of on-campus career fairs/special events?
+ What are other recruitment approachestools/resources/activities to consider

beyond career fairs?
* What are the best channels and strategies for effective and timely

communication with candidates?
— Making Railroad Industry the Preferred Destination
* How to improve visibility before education and career choices are made?
+ What are the positives of industry and how are they (should be) promoted?
* What can the rail industry realistically do to compete for talented students with
Google, airlines, automotive manufacturers, international design-build firms etc.?

- Reta[ning the Next Generation
* How can universities help find students and direct to correct subfield in industry
(railroad, consultant, manufacturer, DOT, ete.) that fits their goals and lifestyle?
* How can we take advantage of technology to help with work-life balance and job
satisfaction while in the rail industry?
+* What makes people stay/leave their job...and what can we do to keep them?

L Muall Gonter | ¥
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National University Rﬂh

INFRASTRUCTURE-LESS INDOOR NAVIGATION SYSTEM

Sandeep Sasidharan, Ouri Wolfson, Primary grant support: NURail Center

S —— Problem Statement and Motivation
Walk siraight Sm
aned tum slightly + GPS does nol wark indoors
fight = Valyable services like navigation, indoar parking assistance,
; r""s"'-““““'“ Jocalion Dased 6IvIcas ana not feasib
5 + High deployment and mai comt of i churs bagad
% J In m, tum ledt ing
& + Leow acruracy of paputar Wi-Fi based infrastnuciure-less.
¥ Walk 10 m
BrsgNt and your wiviom
destination wil
be n Be fight
Technical Approach Key Achievements and Future Goals
* (Ganarating the digital magp from building floar plan biuepring + A fully digitizad indoor map ‘was creaied from the fioor plan of
+  Constreciing the user ingjectony by computing rotation snd an indogr parking gerege {best location)
translafion vecions fom the basic smanphane molion sensors = An android bassd smartphene application for indoor location
+  Estimating the user lacation and providing veice guidancs to the idenifization and navigation was deweloped integrating the:
deslinalion by malching e Irajectory of the wsar wilh gacmeiry of digilal map and malion sensor oulputs
fhe building Soor plan using Machine Learming bechniques. + Fuhwe goal is to enhance the accuracy of the localization

ampleying map matching and maching leaming techraques

UIC COLLEGE OF
snerevie L ENGINEERING
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CAPACITY CHALLENGES ON THE CALIFORNIA
HIGH-SPEED RAIL SHARED CORRIDORS

How Today’'s Local Decisions have Statewide Impacts
Sam Levy, Graduate Research Assistant, MIT

MIT Regional Transportation and HSR Group
Research Advisor: Professor Joseph M. Sussman

NURail Annual Meeting 2015
Three Minute Thesis Competition

Chicago, IL

June 2, 2015
. : " Eamachussty L"C UK mﬁm
PiF = 55 | [hoy s PO VR TENESEEG

Slide 1 Xl SR e ——

IMPLEMENTATION OF THE FUTURE CALIFORNIA RAIL NETWORK

CHALLENGES

*+ (CHSR is a tenant railroad on
three key sections (~100 miles)
of corridor

+ CHSR will be competing with
spatially and temporally with
commuter and freight rail

« Integration with commuter rail
is a critical component of the

CHSRA’s business plan

CONCLUSIONS - s

al e

. [

ss| &
METROLINIK. . L
- A Drl"l.lrate OpE a ri ] !-_:_'_"' e — ————————
Slide 2 TR — A LAY - — m

24




Hybrid Optimization of Train Schedules (HOTS) Model

Main Steps of HOTS Model

Initial
Timetable

-

Improved
by HOTS

Michiganiech]

Initia
Timetable
Timatabla
+ 85109

Defined
Criteria

Mex. Dwell time: 61°
Total Dwell times: 2717
Timetoble Durotion: 6h 10°

Max, Dwell time: 30°
Total Dwell times: 166"
Timetable Duration: 5h 25°

@HM Transpoetailnm Program
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Predicting Derailments at
Highway-Rail Grade Crossings

Samantha G. Chadwick, M. Rapik Saat & Christopher P. L. Barkan
Rail Transportation and Engineering Center (RailTEC)
University of lllinois at Urbana-Champaign

HRAILTEC

UNIVERSITY OF ILLINDIS AT URBANA-CHAMPAIGN

Predicting Derailments at
Highway-Rail Grade Crossings

u Large Vihicke Invalvemant
m Mo Large YVehicke walvement
100 - P{D|1) Calculator
g 80 - Enter Crossing Factors
E &0 Posted Highway Speed Limit* 35mph
s 40 Timetable Speed* 45mph
* values must be greater than 0
E 20 Grade Crossing Type Other Active
0 . 3 S Percent Truck Traffic 8(0-100)
All Incidents Incidents Resulting in
Darailrment Results
o 1 Probability of Derailment 0.000320
g :
P £
2 4w : .
S Derailment likelihood: a new way to
e quantify and rank risk at highway-rail
C grade crossings
0 50 100
% Truck Traffic on Highway
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Education Showcase — NURail Graduates in
Action

June 4, 2015, Moderated by:
Pasi Lautala, Michigan Tech

Pasi Lawtala David Clarke
'|lr|..'“N'I".'EF!.'*'~I_LT‘|'I.1’
tchicanice] IENNESSEELF
Tyler Dick Jomes MeKinney
HILLINOIS (ROSE-HULMAN

Drimitris Rizos

AT L B B TS Ly i mar
ies CIE R P masE e Do pimsi

Slide 1 NURA Cerfer h

NURail Objectives

“The NURail Center mission includes outreach to a wide
range stakeholders with the goal of developing the
railway workforce of the future”

— Education

+ Expand and improve railway engineering and transport
education in North America

+ Engaging and encouraging new faculty interest

* Inspiring student interest

Slicke 2 NURail Certer h
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NURail Courses 2012 - 2014

18

- »

14 -

12

—u
/.:cuurses Offered
-&-Courses Available On-Line

-MNew Rail Classes Developed

= N - = -

2012 2013 2014

Slide 3 NURail Center b

NURail Course Enrollment 2012 - 2014

600
500 -
400
300 -
200

100

2012 2013 2014

Slide 4 NURail Center b
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NURail Students Hired 2012 - 2014
40

35
30
25
20 =+=Internships

15 =B=Full-Time Positions

10

2012 2013 2014
* Includes only partial data through self-reporting

——
Slide § NURail Center }

National University Rail Center )

U Ic AHRED ABOUESI GT !l ?:;';r:c?fagies

University of lllinois at Chicago
Dynamic Simulation Laboratory

d Ph.D. - Mechanical Engineering (2014)

Conducted research on computational dynamics for rigid
and deformable bodies with applications in longitudinal
train dynamics, vehicle dynamics, in addition to
numerical integration and computational algorithms for
complex and large systems

J Professional experience in the field of structural
dynamics and machine condition monitoring

d Contributed with fifteen publications in top-tier journals
and conferences

1 Current : Senior Mechanical Engineer for GT

With development responsibilities in the area multibody
dynamics modeling , with applications to engine , power
train and vehicle systems and beyond

i T : LIHTYERSIT o
Slicke B it ILLINOILS I‘._I = 15 KENTUCEKY i
i ; i = UCED
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UIC AHMED ABOUBAKR  GT 5772, ..

d Involvement in Rail Activities:

» Longitudinal Train Dynamics
¥ Analysis of train longitudinal forces for long trains
+ Development of three dimensional coupler model
¥ Development of air brake system (ECP) model
¥ Development of train tractive effort, and
resistance force models
v Development of a graphical user Interface (ATTIF)
for real time applications
# Train /Track Interaction
v Development of a computation algorithms for stiff
DAE (contact problems)
v Building long train models for the analysis of
trainftrack interaction and longitudinal train
dynamics together

< Involvement in NURail Projects:
# Quantifying Rail-Highway Grade Crossing Roughness:
Accelerations and Dynamic Modeling

“Exposure to DSL / NURail not only leads me to
Slide T knowledge , but also makes me to think”  NuRail Center_ p

—

.
.....

National University Rail Cednter

MARCELLA BONDIE KEENAN
University of lllinois at Chicago

MUPP
College of Urban Planning & Policy
2014

ichiganiecoill Ll TR uic goseumay UK TENNESSEEUF

UNRERSITY , : )
wnvains 11RE TLLINOIS mit S
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MARCELLA BONDIE KEENAN

+  Community-Specific Environmental Impact Assessment of Rail
Infrastructure

* Urban Transportation Center Student of the Year
« (Chicago Consular Corps Scholarship

= American Association of University Women Career
Development Grant

"l was challenged to move out of my comfort zone -
environmental planning - and find deep connections with
other planning specialties."”

Slide @ NURail Cemfer b
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JOEL CARLSON

Massachusetts Institute of Technology
CPCS

MIT (Cambridge)

Master of Science in Transportation and
Engineering Systems, 2014

Railroad Strategy for Energy Resource
Transportation

CPCS Transcom Limited (Toronto)
Consultant, 2014-present

Ongoing work on rail/multimodal freight
feasibility studies, research projects

uic UK s
IvichiganTechiill | H = ROSEHULMAN ESSEEUY
Slide 10 T = guse  LLLINOILS KENTUCKY i




JOEL CARLSON

+ Pre-MIT:

— BSc (Civil)

— internships with CN
« MIT

— Transportation Club; f
Internship at the SNCF |||||I||||I|||

— Winner, UIC Highspeed .
Student Essay Competition : Ul |H|... i
and Best Paper, Canadian . Ay 5 |"|""
TRF Conference

exposed me to the latest trends/broader issues facing the railway
industry and its impacts on society

experience developing a systematic approach to problem solving

Slide 11 NURA Cerfer b

Wational University Rail r;h

GARRETT FULLERTON-

University of lllinois at Urbana-Champaign/
Canadian National Railway

M.S. Civil Engineering

2015
mitmes s S B gommmm UK B
Slide 12 i L'n.----'- ILLINOILS KENTUCKY EE




GARRETT FULLERTON

+  AREMA Student member since 2011- Undergrad and Graduate
School

— Treasurer for Student Chapter in 2014
— Student member of Committee 16- Railway Economics

* Project- “Transitioning to a Near-Zero Emission Line-Haul
Freight Rail System in California: Operational and Economic
Considerations”

— Papers presented at JRC, TRB, IHHA, and IAROR
— Published in the 2015 TRR
« Position with CN- Engineering Management Trainee
— Asst. Manager in projects in all engineering departments
— Will find permanent role after trainee period (4-6 months)

Slide 13 NURA Cerfer b

MNational University Rail E‘h

Mike McHenry

Transportation Technology Center, Inc. (TTCI)
Pueblo, CO
Engineering Services
Senior Engineer

University of Kentucky
BS ('11) - Civil Engineering
MS ("13) - Civil Engineering

Thesis Topic: Ballast-tie interface
pressure measurement
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Mike McHenry

RAIL ACTIVITIES AND RESEARCH
UK AREMA Student Chapter Pres.
*Undergraduate Research
*NURail supported graduate research
*Internship at TTCI - 2012
AWARDS/FUNDING
USDOT Eisenhower Graduate Fellowship
UK Wethington Graduate Fellowship
*AREMA and AARS Scholarships ('11)
CURRENT POSITION AT TTCI
*Senior Engineer
*Railway research and testing for
«5AR, Railroads, FRA, Commercial
«Currently managing tie/fastener projects
*Supporting other track research

“The railway engineering exposure, education and networking afforded to me
during school allowed me to choose an exciting and meaningful career path.
Working at TTCI puts my skills to use everyday for the railway industry.”

——--ul‘ﬂ_"\:.hx
Slick 15 NURail Center | _JI

e T

.
National Uiniversity Rail Certer &)‘

BERANDON VAN DYK
University of lllinois at Urbana-Champaign
Vossloh Fastening Systems America

Master of Science in Civil Engineering
Characterization of the Loading
Environment for Shared-Use Railway
Superstructure in North America
2014

vossioh
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BRANDON VAN DYK

Graduate Research Assistant for the FRA Tie and Fastener BAA
— Performed research on concrete ties and fastening systems
- Worked in field at TTC and attended several other field trips

— Participated in conferences and committee meetings, becoming
exposed to industry issues and meeting industry members

AREMA Student Chapter member (served as Treasurer in 2012)
Enrolled in six railway-specific courses at UIUC

Contributed to discussions/presentations related to peers’
NURail projects

Current role: Technical Engineer at VFSA

“The importance of industry exposure while attending UIUC was

immeasurable; such exposure introduced me to real-world
railway engineering concepts and my current employer.”

NURail Center __,
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KYLE BARDO

UIC / GATX Corporation

MUPP, December 2013

Thesis:

Relationship  Building  with
Freight Railroads Critical to
Support Intercity Passenger
Rail Development

5 i LINIVERSITY
metgenzan I e UIC B gowuman UK 100G,

KYLE BARDO

* Involvement in rail activities (while in university)
= Was employed at Permian Basin Railways in marketing function
= Consulted on RRIF/state rail loans and rail spur development

* Involvement in NURail projects
— Presented at JRC 2013 Conference

* Awards
— CN Rallway Fellow, George Krambles Transportation Scholarship

» Current job title

- Fleet Manager, Canada

“UIC and MuRail helped me to become a greater thinker and planner
by providing me the resources to analyze, evaluate and synthesize
topics in railroading that were tailored to my career and interests. The
faculty and staff were immensely supportive in my work and
encouraged me to take om new challenges to expand my
transportation worldview."”

Slide 2 NURail Cemter b
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SAM BECK e

BNSF

Mechanical Department
Foreman |

Argentine Yard

EFNIS &~
A ——
HALLFAY

Rose-Hulman Institute of Technology
BS - Mechanical Engineering 2014

Founding VP RHIT AREMA
AREMA Scholarship 2013 & 2014

Summer 2012 & 2013

Norfolk Southern
Mechanical Intern
Portsmouth, Ohio

Ivichigan Tecil U =D s LLL !IEI 01§ ROEHRMA KENTUCKY mﬂ'
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SAM BECK

JOB TITLE/DUTIES:
June 2014
*Yard Foreman — Management Trainee
«Argentine Yard, KS
steam of 13-15 carmen
*derailments & service interruptions
-2-state, 6-subdivsion territory
November 2014
*Mechanical Foreman |
=providing blue signal protection
*bad ordering defective cars
-go-between Mechanical & Transportation

THOUGHTS/COMMENTS:

“Awesome industry - each day is different”

“Some days are unbelievably smooth and others throw many challenges
and obstacles at you. | have to constantly be thinking on my feet”

“It is pretty interesting being 23 years old and coordinating derailment
clean-ups or handling distributed power issues on our Transcon”

NURail Center )

Slide 4
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GREG FRECH ——

BNSF
Track Geometry Car 87
Technician

EZNTS &~

HAFLHAY

Rose-Hulman Institute of Technology
BS - Civil Engineering 2014

Founding President RHIT AREMA
AREMA Scholarship 2013

Summer 2012

REU - Undergrad Research Assistant
UIUC RAILTECH
Concrete Tie Project

l-_‘ ulc
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GREG FRECH

JOB TITLE/DUTIES:
September 2014
*Track/MOW Management Trainee
*Galesburg, IL
April 2015
*Track Geometry Car 87 Technician

*Chicago to Wisconsin & Minnesota
*Great Plains, Northern Rockies
«Pacific Northwest

THOUGHTS/COMMENTS:

*| cannot stress enough the positive role AREMA and the NURail
organization played in getting me to where | am today.”

“The opportunity for growth both personally and professionally is
tremendous.”

“One of the great things about the railroads is their size. If you
don’t like your position, rather than quitting they're great about
providing chances to try another job to see if it's a better fit.”

PR e,
Slide & NURail Center |
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SAM LEVY -

Massachusetts Institute of Technology

Master of Science in
Transportation

Capacity Challenges on the
California High-Speed Rail Shared
Corridors: How Local Decisions
Have Statewide Impacts

Class of 2015
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SAM LEVY

+ Member of NURail Student Leadership Committee
» Schottler Fellowship and Two-Time AREMA Scholarship Winner

* (Graduate Research Assistant at MIT (Class of 2015); Revenue
Analytics and Planning Analyst at Hawaiian Airlines (Starting
June 2015)

“NURail has provided a great community to gain critical
feedback and advice on my research, seek help from my
peers, and grow my professional network”

Slide & NURail Cemter b
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TOLU OGUNBEKUN -

Massachusetts Institute of Technology

Master of Engineering in
Transportation

The Impact of Amtrak Performance
in the Northeast Corridor

Class of 2015

g THIVERGIT o
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TOLU OGUNBEKUN

* Graduate Research Assistant at MIT (Class of 2015);

« Senior Consultant at Steer Davies Gleave, Boston (Starting July
2015)

“NURail has expanded my knowledge on innovative research
strategies being applied to enhance the performance of
freight and passenger rail systems in the U.S.”

Slide 10 NURail Cemter b
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MAITE PENA-ALCARAZ -

Massachusetts Institute of Technology

PhD, Engineering Systems &
Policy

Analysis of Capacity Pricing and
Allocation Mechanisms in Shared
Railway Systems

Class of 2015

mipmzn MirEr YC L B comemm UK oo

Slide 11 1 CHICH o KENTUCEY

=

MAITE PENA-ALCARAZ

« Graduate Research Assistant at MIT (Class of 2015); Associate
at McKinsey Boston (Starting July 2015)

“I really appreciate NURail's support for my research and the
opportunity to connect with other people working on
capacity planning in the railway industry through NURail’s
network”

S NURail Center J
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LAUREN PLOUFF

BNSF bt
Intern ! I

g
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HFALLHAY

Rose-Hulman Institute of Technology
BS - Civil Engineering 2016

Vice President RHIT AREMA 2014-2015
President Elect RHIT AREMA 2015-2016

Summer 2015
BMNSF — INTERNSHIP
Chicago, IL

magms WIF ST 5 o, Somaea VN OHGEGES

Blida 13 L e

LAUREN PLOUFF

JOB TITLE/DUTIES:
May - August 2015
*BNSF Track Intern
*Chicago, IL
*Track construction & renovation
BNSF system travel

THOUGHTS/COMMENTS:

“AREMA, especially the conference, has helped me get an internship and
hopefully a full time job with a company | have wanted to work for since
sophomore year. AREMA has also helped me make new connections and
advance my career opportunities.”

———
Slie 14 NURail Center ___'-
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JEREMIAH PARUNAK

The University of Tennessee
Norfolk Southern Corp.

Bachelor of Science,
Civil Engineering - 2013

mipmz MirEr YC B cowwawm UK ompor.
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JEREMIAH PARUNAK

* AREMA Student Chapter, TRB Summer Rail
* Assistin HSR and RISA 2008 research
* AREMA Foundation Scholarships

* Railroad engineering drew a lot of interest from various places.
As a result, Jeremiah developed a lot of unique relationships
around campus.

“AREMA, TRB and NuRail provided me with great networking
opportunities in addition to a firm knowledge base of
railroad infrastructure that is not widely available in
academia today.”

...
Slidde 15 NURail Center | I
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IRFAN RASUL

Michigan Technological University
AECOM

MS in Civil Engineering

Thesis Title: “Evaluation of Potential
Transload Facility Locations in the
Upper Peninsula (UP) of Michigan™

2014

g THIV R
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e UIC UK
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KENTUCEY

IRFAN RASUL

» Actively participated in Railroad Engineering and Activities Club
(REAC) at MTU.

» Demonstrated how railroad can exhibit better performance than
trucks in the STEM festival to teach grade 3-4 students.

« Analyzed Commodity Flows and worked on interactive GIS rail
map/inventory for the NURaillMDOT funded project; “Upper
Peninsula Freight Rail Study”.

* Recipient of AREMA (2013) and CN Railroad (2013 and 2014)
scholarships.

» Currently working as “Track Design Engineer” for the Southwest
Light Rail Transit Project at Minneapolis (AECOM is the Project
Consultant).

“The Rail Transportation Program (RTP) at MTU provided me
with the critical exposure to the railroad industry through
networking and hands-on experience in design. This was

instrumental in obtaining my current position and provided

— me with the tools fo succeed R e
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Coupled Multibody and Finite Element
Modeling for Simulating Venhicle-Track-
Substructure Interaction

Craig Foster, Ahmed El-Ghandour, Mohammad Hosein
Motamedi, Martin Hamper
University of lllinois at Chicago

1of 21
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Rail substructure is essential for performance

Ballast, subballast, and subgrade:

» Support track structure
» Provide drainage
+ Damp track vibrations

Some potential issues

» Differential settlement, especially at
transitions

* Increased maintenance
» Passenger comfort
+ \Vibrations in nearby structures

3of 21
@ encineerinG e

Outline

Elastic soil coupling with Rail Multibody Simulation

b, ey |
.,3;: ,{’ }\Lﬁ_ Elasto-viscoplastic soil model

Ongoing work

40of 21
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Outline

Elastic soil coupling with Rail Multibody Simulation

Elasto-viscoplastic soil model

\i\ Ongoing work
5 0f 21
@ encineerinG ——

Elastic modeling of soil can simulate dynamic response of
track substructure

Coupling procedure
» Construct geometric model of track
and substructure

* Create finite element discretization
to find mass and stiffness matrices

« Extract relevant mode shapes,
modal mass and stiffness

* Use mass and stiffness values to
run multibody simulation of train

+ Reconstruct total deformation and
other quantities of interest

Run time depends on number of modes and rail nodes, not substructure geometry

Gof 21

@ encineerinG T—
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Wheel-rail contacted calculated in SAMS/ralil

* Multibody dynamics code calculates dynamic interaction or rigid
and flexible bodies coupled by algebraic constraints

= SAMS/rail includes sophisticated calculation of wheel-rail

contact pﬂiﬂtﬁ and forces
Contmet paink
Node { of the: Kade i+l of
(GEOETELTY SEEmEnt REOTHLTY the grometry (’/‘/_,,G:::T.I
Il e |
l p : 8 N i I
I I . L L] ’ ST |
Finite element ‘-‘\ﬁau-lumm
Sageant Comresponding finite Caerespanding Anite
alemnt for node / abamant for nods 1
Tol21
@ encineerinG —

Example - suspended wheelset on elastic soill

Wheelset:
Mass 1568 kg
lx 656 kgm*
i 168 kgm®
[ 656 kgm”
Ky =Kz 13,500 Mim
ke =k 25,000 N/
O =t 1000 Msim
Gy =62 0 MNs/m

03m
n3m

Substructure Geometry: .,

@ ENGINEERING m Bof21
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Example - suspended wheelset on elastic soill

Rail and substructure parameters

Rigid rail length 40 fon both sides) m Poiszan's ravo of 2 sheeper {0

Gage length L5013 m Cross-sectonal area of a shesper 4]
Faibla rail langth &5 m Seccnd moet of inartia of & soper, L,
Seiffnans of tha rail (€} 100« 107 Mim®  Sesond mement of inartia of & deapar, L,
Density of the (o) T lg'rn: Timeshenko shear coeflicient of a sleeper
Polsson's rate of the ral (=] [k ] Suffness of the ballast (Ed}
Crass=sectoral area of the rall (4) L [ m’ Diensity of che ballast (i)

Second momant of inarti of the rail, Ly e = 1077 ' Poiszan's rato of the ballast (£,)

Second mamens of inertis of the mil I, 326« 107" m* Stiffness of the sub-ballase (£}
Timoshenkn shear coeficient for the rai 034 Diensity of the sub-balast {og)

Length af a sleeper 1% m Poissan's ratio af the sub-ballast [£a)
Gap berween sleepers Qs m Suffness of the sub-grade (E)

Saiffness of & slaapar (E,) &4 107 Mim®  Densiy of the sub-grade (o)

Dinsity af 2 slesiper {0} 1750 kgl Poissan's ratio of the jik-prade (5,0
Saiffness coefficent af a pad (K 165 = 107 Mim Dlamping coefficient of the pad (G

@ encineerinG T .

s
5138107
15,7368 w 1070
18,507 « 1077
LiF:5

260 = 10F
1300

a3

00« 10°
1850

0is

00« 104
1850

a3

&6 = 10°

sof 21

Results can be visualized with help from Electronic

Visualization Laboratory

@ encineerinG T,
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Displacement of rail can be calculated

000005
£.00000 - ~ S

S EER 7

: ———
:‘E,l 400010 | \\\]}L ']r /
E 0000154 ! L il 1 {
g 0,000 { —T 1 i
E —0ij ' .'::_ o 1 i
T _poops0d— s ! nnilll -
= 1 | e | 368 20 ) 1 1 28 36
—0.00035 o, T o
—{0.00040 ' e !
26 7 28 24 30 3.1 3.z
Time, T (sac)
10 modes —, 50 modes - - -, 150 modes ... 1 250 modes — =300 modes ---
350 modes —

Many modes are necessary for accurate solution of a concentrated, moving load.

1of21
@ encineerinG T .

Results can be compared for “normal” track and

unsupported tie
Normal rail displacement and contact force between ties

-
_‘E .0 /x— g
e e T o VATAVAVAVAVAVAVAVA IR
nllnﬁ“:‘ml-lﬂ.‘. M 4 W o4 W B oM W o=
Rail displacement for unsupported tie [ ——
. ] %

‘warical Singlacemant. X ir|
it

hormal contect foroe (KM}

uuuuuuuuuu Lo |

Pesimon coordnane, & (11} e M = @ e @ @ 0 o=

Duetancs trawssd (m) 12“21
@ encineerinG T,
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Outline

Elastic soil coupling with Rail Multibody Simulation

T
' _}\Lﬁ_.. Elasto-viscoplastic soil model

Ongoing work

130f 21
@ encineerinG p—r—

Permanent deformation requires inelastic modeling

Important features for ballast, subballast and subgrade settlement:

Dilation at low pressure, compaction higher
Rate dependence

Kinematic hardening to capture Bauschinger effect in cyclic loading

Other features for improved accuracy: nonassociativity, strength
differential effect, Gompacﬁunalgiardening
Z 0

R | v
—
1 XX a3 LI, 14 of 21

L COrner region
ENGINEERING r—T— S
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We have adapted the Sandia GeoModel, a cap
palsticity model, to captures these features.

Cap hardening Rate dependence
e ‘]E _' ﬁ
hardesing %T m-hu
i
jl,:uilllx"l - A [T N N T T R R T R R
‘Shasrarsin | %)
. Bauschinger effect Strength differential
o sy s 5
al Fo e
M=
E. ‘j: wf
S S it

@ ENGINEERING 150f 21

Recent modifications have improved robustness and
efficiency

* Reparameterized yield function

» Normalized units of local residual

Both local and global residuals show quadratic convergence

w H'yg .
e & lnading siep 1
: ~ 2 -
» e £ ]
" 3
»* S W
o
w S W 3
m E
w" % Wt h
" | : , . at )
" Il (K] 2 25 ] - L5 z L5 a
lieration numbers Tteration numbers

@ ENGINEERING

52




The model can be used in large-scale finite element
problems

dy(m)
i 0.00

-0.010

-0.023

@ ENGINEERING 17of 21

Outline

j i Elastic soil coupling with Rail Multibody Simulation
Elasto-viscoplastic soil model

Ongoing work

1Bof 21
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This linear elastic model is now being applied to bridge
approaches and building vibrations

@ ENGINEERING

This viscoplastic model will be coupled to the multibody
model by a linear approximation

* Use linear stiffness to calculate displacements

+ Use the displacement to calculate full stress and plastic strain

+ Since inelastic deformation is small over a given event, rerun loads

+ Periodically update geometry to account for settlement

@ ENGINEERING m 200121
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Conclusions

* Continuum modeling of track substructure lead to more accurate
modeling of train dynamics

« Can be applied to a variety of problems related to rail geotechnics,
including building vibration and transitions

= More advanced soil modeling necessary to capture permanent
settlement (ballast fouling and degradation needs further modification)

References
[1] Motamedi, M. H., Foster, C. D., (2015), “An improved implicit numerical integration of a
non-associated, three-invariant cap plasticity model with mixed isotropic/kinematic
hardening for geomaterials”™ JJNAMG, In Press.
[2] El-Ghandour, Ahmed 1., Martin B. Hamper, and Craig D. Foster. "Coupled finite element
and multibody system dynamics modeling of a three-dimensional railroad system." JRRT
(2014): 0954409714539942.
[3] Recuero, A. M., J. L. Escalona, and A, A, Shabana. "Finite-element analysis of
unsupported sleepers using three-dimensional wheel—rail contact formulation.” JMD 225.2
(2011): 153-165.
[4] C.D. Foster, RA. Regueiro, A.F. Fossum, and R Borja. (2005), “Implicit numerical
integration of a three-invanant, isotropickinematic hardening cap plasticity model for
geomaterials” CMAME, Vol. 194, Nos. 50-52, 5109-5138,
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Hazards Associated with High-Speed Rail (HSR)
Operation Adjacent to Conventional Tracks

Chen-Yu Lin
Dr. M. Rapik Saat
Dr. Christopher P.L. Barkan

4" June 2015
NURail Annual Meeting, Chicago, IL

~
. RA .ILTE C NURail Center | P
LUNIVERSITY OF ILLIMNOIS AT URBANA-CHAMPAIGN 2

Outline

- Approaches to developing high-speed rail (HSR) and shared-use rail
corridor (SRC)

- Hazards associated with operating high-speed rail on shared-use
corriclor

- Hazard assessment

- High-risk locations

- Influencing factors

- Potential risk mitigation strategies
- Fault-tree analysis of hazards

- Ongoing work

56




Two Key Decisions in High(er)-Speed
Rail Development

= Approach to HSR

— Incremental upgrade of
existing line

— New dedicated line
» Track and right-of-way
(ROW) usage
— Shared frack
— Shared right of way

— Shared corridor

= Each has different implications
regarding speed, performance,
cost, operational, institutional,
regulatory and safety
considerations

ILLINGIS - RallTEC

Shared-Use
Rail Corridor (SRC)

« Shared track: tracks shared
between passenger and
freight or other service

Adjacent track

centers = 25'
» Shared right of way (ROW):
dedicated high-speed Shared corridor
usad ae. fracte sapara}ad High-speed rail  Freight or conventional
from freight or other service sorvico passenger rail service
tracks up to 25 ft | |
+ Shared corridor: dedicated =
high-speed passenger tracks
separated from freight or _ _ _Am
other service tracks by 25 — <~ | . | ~
200 ft * g
Adjacent track

centers >25' and = 200'

57
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Shared-Use Implementation Challenges

Safety Planning and Operation
Adjacent track accident (ATA) Host railroad negotiation
Loss of shunt problem Train scheduling
Pedestrian risk Capacity planning
Highway/rail grade crossings Train control and operations
Infrastructure and Rolling Stock Economic
Wheel-load characteristics Capital cost sharing
Track structure and components Passenger operation sustainability
Special trackwork Freight level of service preservation
Track geometry Institutional
Vehicle-track interaction (VTI) Regulatory compliance
Stations Performance incentives/penalties
Signaling systems and train Grant agreement structure
control technology Liability

Saal, M.RL, and Barkan, C.P.L. imesligating Techmical Challenges and Reseanth Needs Refated to Shared Comidors for High-Speed

Passenger and Retoad Freight Qperations: tp: fwww Tra dot gowel ib/detalsi 04575 i

ILLINGIS - RallTEC

Safety Issues of Operating High-Speed Rail (HSR) Adjacent
to Conventional Tracks

* The Federal Railroad Administration (FRA) set out to develop a
guidance document for SRC

* The document combines existing and proposed research to aid in the

proposal, design, and evaluation of planned HSR alignments

+ The document provide risk assessment capabilities for potential
hazards of HSR operations on SRC as well as potential risk mitigation

strategies




I "/ NOIS - RAITEC.

Safety Issues of Operating HSR Adjacent to Conventional Tracks

Development of the document and its final contents consider the following
issues:

— Minimum track and Right-of-Way (ROW) spacing from adjacent
railroad tracks without the use of additional protection

— Use of intrusion detection or protection devices and proper system
characteristics and installation locations

— Use of physical barriers or crash walls; what conditions warrant use
and basic design characteristics

— Other relevant considerations such as aerodynamics, effects of
grading and track heights, and protection from activities along ROW

access roads, etc

ILLINQIS - RailTEC
List of Hazards Associated with Operating HSR Adjacent to
Conventional Tracks
« Derailment on adjacent tracks
+ Shifted load on an adjacent track

» Aerodynamic interaction between trains on adjacent tracks

= Ground borne vibration and its effect on HSR track geometry

= Intrusion of maintenance of way staff and equipment working on the
adjacent track

* Obstruction hazard resulting from an adjacent track (non-derailment and
grade-crossing collisions)

« Drainage problem affecting either the HSR track or the adjacent track
+ Evacuation of passengers from frains on the adjacent track

* Hazardous materials on the adjacent track

« Fire on the adjacent track

= Electromagnetic interference between trains and wayside equipment on
adjacent tracks
e ——————




Hazard Framework

| Risk of Operating HSR A djacert to Conventional Tracks
I

I Intrusion Hazards I | MNon-Intrusion Hazards
Adjacent Track Derailment | | Shifted Load on Adiacent Tracks E Electromagnetic
: g ;i Irterference

Obstruction Hazard from | : :
Adjacent Tracks i Hazardouws M aterial

i1 | Transpartation on A djacent Tracks FHE T ARERRE Thwcks

on Adjacent Trac E i Freight Train Invokement | | Drainage Problem Affecting
i ] Infrastruc ture

! | Intrusion of Maintenance-of- | | :
Way Staff and Equipment | : ; Ground Bome Vibration

Aerodynamic Interaction
Between Trains

| AlTrainType Inv olvement

Hazard Assessment Process

* Conduct comprehensive literature review (internationally and

domestic) on identified hazards
« Conduct survey to gain input from public and private sectors
¢
* |dentify high-risk locations for individual hazard s '

« |dentify influencing factors affecting the Ij{kelihncd and consequence of

individual hazard
« |dentify potential risk mitigation strategies for individual hazard
« Prioritize hazards and conduct risk analyses

* Develop and evaluate risk mitigation strategies

Figure on the nght adapted from:
Probablistc Risk Assessment for
the Infemabonal Space Stafian (2002)
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High-Risk Locations of Hazards

Locations
Along a shared-use rail corrdor with multiple fracks
Along a shared-use rail corridor with freight train services
Locations
Deralment on adjacent tracks Along a shared-use rai corridor with multiple tracks
Shifted load on adjacent tracks Along a shared-use rad cormidor with freight train services
Aerodynamic interaction between trains | Along a shared-use rad comdor with multiple tracks, tunnels and stations where
on adjacent tracks trains operae at high speed
Ground bomne vibration and ifs effect on | Along a shared-use rad cormdor where frains operaiing at high speed especially
HSR track geometry at locations with subgrade and track infrastructure conditions susceptible to
vibrations, and at specal track locations (e g. switches and tumouts)
Intrusion of maintenance of way staff | Along a shared-use rail comdor where track maintenance activities are
and equipment working the adjacent frequentty taken place and locations with limited clearances (e.g. bridges,
tracks tunnels)

Evacuation of passengers from trains | Along a shared-use rail corridor with multiple tracks
on adjacent tracks
;N Hazardous material ransportation on | Along a shared-use rail comidor with freight frains transporting hazardous
adjacent tracks materials

Fire on adjcent tracks Along a shared-use rail corridor with freight trains transporting lammable liquids
andjor gases, and other locafions near fuel-based activifies (e.g. power

18 Derailment on adjacent fracks
v Shifted load on adjacent fracks

trains and wayside equipment on wires present
adjacent tracks

stations, gas stations)
Electromagnetic interference between | Along a shared-use rail corridor where the high-voltage overhead catenary i

Key Influencing Factors of Hazards

Hazard Key Influencing Factors
{8 Derailment on adjacent tracks Track center spacing, train speed, human factor, track geometry,
type of rail infrastructure, train control systems
F Shiffed load on adjacent tracks Track center spacing, train speed, human factor, track geometry,
frain control systems
<N Agrodynamic interaction . ; . . [ment design, wind
adjacent iracks Major common influencing factors:
y Sroundbomevinetiona - Track center spacing [
¥ Intrusion of mainienance| - 1rain speed jor
equipment working the aq
3 ovstucionnazarsresuf - |1UMan factor or, rack geometry,
tracks (non-deraiimented -  Track geometry
'8 Drainage problem affectil . . . & characteristics, frack
adjacent tracks - Train equipment design
8 Evacuation of passenge " — — =i NUMaN factor
tracks
8 Hazardous material transpartation on adjacant Track center spacing, train equipment design, hazardous materials
tracks traffic voluma
1'N Fire on adjacent tracks Track center spacing, train equipment design, human factor,
flammable product traffic velumea
bR Electromagnetic interference between trains and | Train equipment design, type of rail infrastructura, frain control
wayside equipment on adjacent tracks syslems
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(03 ________________ __syyee—
Proposed Risk Mitigation of Hazards

Hazard

1} Deradiment on adjacent fracks Proper frack center spacing, installtion of infrusion detection

systems, building physical bamiers, improved employee training

ra Shifted load on adacant iracks Proper track canter spacing, instaliztion of intrusion detaction
systens, buillding phvysical bamiars, improved employes training on
caruowm

) Aerodyna k panter &

| e Major potentlal risk mltlgatlnn strateglas
s = |- Proper track center spacing

euipmenty - |nstallation of intrusion detection
3 obsicion| - Physical barriers

mm. fnony Improved employee training |
Ea?a?;?&': - Enhanced rail equipment design Bl chairEg
Evacuation

fracks mmmmmwmplwmm
safie passenger evacuation, enhanced rail equipment design
Hazardous makenal transportation on adjacent Proper track center spacing, building physical bamers, termporal

fracks separation, enhanced rail car design o prevent hazardous material
release
Fire on adjacent tracks Proper frack center spacing, building physical bamiers. temporal
separation, enhanced rail equipment design
Blectromagnetic interference befween frains and  Improved employee fraining, bedter rail equipment design fo prevent
wayside equipment on adjacent tracks or reduce electromagnetic field effact

ILLINGIS - RallTEC

Shared-Use Rail Corridor Risk Management

* Risk management planning
+ Risk identification
* Risk assessment
- Qualitative and quantitative
« Development and evaluation of risk mitigation strategies

* Risk monitoring

Figure on the right adapbad from:
FProbahilslic Risk Assessmen for
the infemstionsd Space Station (2002)




Fault-Tree Analysis

« A deductive process to break down a top event into basic events and
all possible paths and elements for this event to occur are
systematically deduced

= A graphical representation of the various contributors of failures that
lead to the occurrence of the top event (SRC hazard)

* The probability of the top event can be calculated by calculating the
probabilities of basic events

[r—— | . 4
! s . b o
T || brm | T Spee e b T __:-.I'-a )-1"-3_%
F — 4 Tosch Carer Cistumcs I A
e N ™ e . U s $
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Fault-Tree Analysis Configuration
= Event symbols
- Basic event - Intermediate event
- Conditioning event
- Undeveloped event - External event
* Gate (Logic) Symbols

- And
- Or * Transfer Symbols
- Exclusive or Top Event
- Priority and I
i} hos o [ |
Inhibit A B
I I
-] B
C D) (E F G




Fault Tree Analysis for Adjacent Track Collision
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Fault Tree Analysis for Adjacent Track Collision
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Conclusion and Future Work

« Holistic risk assessment is able to identify the potential hazards for the
shared-use rail corridors operations, including their eminent locations,
influencing factors, and potential risk mitigation strategies

* Fault tree analysis is an essential method in both qualitative
identification and characterization and quantification of SRC hazards

+ The risk model developed can provide the industry both quantitative
result from fault-tree analysis and risk assessment procedure

* Future work includes complete fault-tree analysis on hazards and
quantitative risk model development as well as the development of an
integrated risk assessment framework

Acknowledgement

NURail Center b

National University Rail Center (NURail Center)

A Tier-1 University Transportation Center (UTC) under the US
Department of Transportation (DOT) Office of the Assistant Secretary for
Research & Technology (OST) program.

U.5. Depariment of Transporiation
Federal Railroad Administration

65




Thank you!

' Questions and comments are 1

-

Welcomed! -

www.sharedcorridors.org

Chen-Yu Lin #5k¢5
Graduate Research Assistant
Rail Transportation and Engineering Center (RailTEC) -
of lllinois at Urbana-Champaign, Urbana, IL |

Updated Fault Tree for Passenger Train Derailment

Inilial deraiimant.
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ILLINGIS - RailTEC

Updated Fault Tree for Freight Train Derailment
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MICHIGAN TECHNOLOGICAL UNIVERSITY

Undergraduate Research Projects

Pasi Lautala and David Nelson,
Michigan Technological University

NURail Annual Meeting
Chicago, IL
June 3-4, 2015
. s chossity l
mages Mirzz PC B comeen UK omipge.

Sice 1 A C KENTUCKY"

Overview

= Senior Design / Enterprise structure
= Diverse projects and students

« Center Beam Railcar Conversion

= UP Shunt

« Wayne Industries Warehouse Plan
« Ongoing and Future Projects

Slicle 2 NURall Center b
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After 2 weeks Nature of
we tend to remember... Involvement

Edgar Dale, Audic-Visual Mathods in Techmalogy Hak, Rinehert and Winston

Side 3

Senior Design / Enterprise Structure

= Senior Design
— Typically a two-semester program
— Term |: Research, design, and analysis
— Term ll: Prototype construction and validation

— Teams of 4-6 students (all seniors, but potentially from
multiple disciplines)

- Industry sponsored
+ Enterprise

— Undergraduate student-driven companies (20-100 students
working on multiple projects)

25 enterprises in various departments

— 2+ year program
Potential for multiyear projects

— Industry sponsored %
Slice 4 NURall Center
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Project Coordination

Weekly progress
meeting:

-Status updates
-RFl Responses

RFI submitted to
faculty and industry
advisors 48 hrs
prior to weekly
meeting

AN

N

Meeting minutes
and action items
circulated day after
progress meeting.

S

Project Work

Side 5

S—
NURail Center |

Recent / Current Student Projects

Project
Locomotive Sand Level Sensor
Type E Coupler Redesign

Grade Crossing Surface Perf. Evaluation

RTP Promo Video
Intelligent Grade Crossing Signal Maintainer

Centerbeam Rail Car Conversion & Box car
insulation

TEN Market Study
System to Measure the Effectiveness of a

Rail Shunt
Wayne Industries Warehouse Expansion

Side &

Majors
EE
ME, MSE, CE

CM, CE

HU, SBE
EE

ME

EE, SBE

EE

CEE

Sponsor
Union Pacific

RTP (Amsted,
BNSF, TTCI)

MDOT

RTP

Union Pacific,
Norfolk Southern
RTP (E&LS)

Tech Exp. Network

Union Pacific

Wayne Industries

Bt .
NURail Center |
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Locomotive Sand Level Sensing

« Dangerous conditions
o Wet, slippery, high risk
of falling
« Wasted man-hours

o Checking/Filling tanks
that are already full

o Can't leave yard, if
uncertain levels

« Large chance of error

o Looking in a small hole
with a flashlight

Slicle T

Solution — Ultrasonic sensor with waveguide
tube and digital readout.
* Piezoelectric Crystal, 128 kHz

« Stainless Steel Housing, range 4 inches —
10 ft

« LED Display Board
* (Can be Retrofit to Older Locomotives

» Future upgrades could talk with rail yards
and sanding towers.

» Perforated PVC waveguide

Slide B

71




Center Beam Rail Car Conversion

« Thousands of idle centerbeam
railcars stored in UP of
Michigan (at least was...)

» Demand for other types
— Frac sand..

* Objectives
— Load capacity

-

= Complexity

. Center beam railcar
— Time

— Cost Center beam railcar
. . . top angle
— Rail weight constraints

Berin:...
Stide d NURail Center |__JP

The Conversion

WML

Remeve cenles beom snd belkhead:

n ; e —
Skde 10 C-onRErAlon prosas NURail Center | P
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Prototype Design & Testing

Geometric model of
prototype

Prototype testing setup

Shide 11 NURall Center b

UP SCD SHUNT — MEASURING THE
EFFECTIVENESS OF A RAIL SHUNT

Purpose

« Test and calibrate equipment
* |Improve accuracy

+ Provide protection

* Enabling automation

Method

+ Performed using two rail clamps
connected by wire

+ Hard-wired (no resistance)

« Low-resistance (0.06 Ohms)

Problem Rail Shunt Clamp (0.06 Ohms)

* Appropriate resistance is not always achieved
« Corrosion issues
* |Inadequate clamping force / failure of shunt device

Shide 12 NURall Center b

73




Proposal

Kelvin Bridge -
Multiple point clamp
Custom electric circuit
Microcontroller

Instant feedback and status

-

Problems
» Compatibility with existing track systems
+ DC and AC signals ™
+ Frequencies o )
« Durability and Reliability Original Modified Shunt Clamp (0 Ohms)

Accuracy of device
Laboratory outcomes

= Kelvin Bridge must use specialized power sources

= Microcontroller recalibrates device before each usage

* New shunt clamp parts machined from stainless steel
and high grade plastic.

Shide 13 NURall Center b

Laboratory outcomes

« Power source works

* Results in progress

* Fine tuning and
filtering in progress

Conclusion

» Acknowledgement of good
shunt connection possible

= Existing rail shunts can be
modified

= Accuracy of calibrations

» Safety improvements

» Other future applications
for automation

Prototype circuit for testing

Shide 14 NURall Center b
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Wayne Industries Warehouse Expansion

Rail Served Warehouse on site of current Kroger facility and
strip mall

Shide 15

Shide 18 NURall Center b

75




Shde 17

* Esisting bullding is a1 capacity

* Ding toepand seel and
ST T SENAORS

= Lirited options for sdansion
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For product mobiligy

bilanks with foridifts

Akility tohandle some stesl coils
Bl accena imo tha building

Pull theaugh truck lanas
Muciimiom tarage Sapacity

P

Shide 18

witiadly handbe fintshed Alumimm

Building Design for Wayne Industries Warehouse Expansion

City of Wayne, Michigan

Kybe Gillmam, Kiple Harmilban, Mark Heinrich, Tanjs Mattanen

Sl ticn

v Mesdud building with doubie track configuration
* Wew buddingwill replace an outdated bullding with an nsufficient
loading capacity

Michiganilech

Cost Estimare

Wl Capacety

Fropmmd B itmg Livost

& g treck enkrances sod exity

* Optimiged layout for forklift mability

= Maimized serage 1o foor ipace ratic
& a-uan’ wide cverhead Bays seslabl

.E b8

Adwiii Bl Ledes, Duwdl Melsos
Wasra lngurirs Pad Bunm, Fred Schismes

iy Comtecn ferps vz, Duwel Thamon

Canclusion

Gradusl Expassion

238,000 5. 1. Bilding

17,300 5. fr of Morage ama

& box can istothe building

Drvarhead crasa can be addad toinceas efficancy
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Ongoing and Future Student Projects

Project Majors Sponsor
Redesign spike puller ME, CE, MSE BNSF
Insulation package for boxcar CM, ME, MSE  WSoR
Yard Improvements, Saginaw CE, SU, ENVE Lake State
Railway, MDOT
Wheel Contaminant Sensor MSE, CM, ME NS, UP
Dye Penetrant Rail Flaw Detector, Winter MSE, CM, ME, CN?
CE
Peshekee Yard Expansion CE, ENVE Longyear
Sion 1w NURail Canl'a: ;}

e

National University Rail Center @‘

THANK YOU!

- Center Beam Senior Capstone Design Team, E&LS
Railroad
- UP Shunt Senior Capstone Design Team, Tom
Bartlett, Union Pacific

“This project was supported by the National University
Rail (NURail) Center - a US DOT RITA University

Transportation Center"
U.S Depanment of Transpornoatian
Rasaarch and Innovative Technology
Administration
itz i == Sl LLLINOIS KENTUCKY mm%ﬂ'
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University of Kentucky
Rail Highway Crossing Research Implementation

Jerry Rose and Reg Souleyrette, Pls
Brett Malloy, Graduate Research Assistant
Kentucky Transportation Cabinet (DOT), partner agency

Norfolk Southermn, TTI, and Paducah and Louisville,
informal partners

o - assachusel ne L IMIWVERSITY
Ivichiganmechil Ll IpETr. vic B gommwey UK sy,
Technoicgy F ILLRAG ILLINOIS KENTUCKY TRV ILE
AT CHICAG -

PP O LUMIE AT LA S

History

« >200,000 crossings in the USA

= UK: 30 years of research on structural support

« Kentrack program

= Current work on evaluation, management, and guidance

Slicle 2 NURall Center b
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Evaluation

« Performance
— Maintenance
— Life
— Performance
— Disruption
Rideability

Slice 3 NURall Center b

Problems Addressed

» Track pumping
= Ballast fouling
« Track settlement

A Solution

* Asphalt underlayment

* 11 US agencies and RRs identified
» Performance of 89 problem crossings evaluated (10-30 years)
= Zero failures!

NURall Center b

Slide 4
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Management

« Guidance referenced
— AASHTO 8, e
~ AREMA =] |
~ FRA -
- FHWA
- MUTCD

Several states (lllinois, Indiana, lowa, Georgia, Michigan,
and West Virginia)

Slide 5 NURall Center b

Slice & NURall Center b
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Typical Concrete Panel Crossing Surface

Slice 7 NURall Center b

Typical Timber/Asphalt Crossing Surface

Slicle B NURall Center b
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Typical Composite Crossing Surface

Slice 8

Management Conclusion

« Technology-based design parameters and crossing
management techniques for assessing optimal engineering
solutions are now common practice for agencies responsible for
crossing management and oversight.

« Several models for guidance assessed and presented

Shide 10 NURall Center b
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Guidance

« Recommendations and guide

— Step-by-step guidance to see a project from its planning
stages through to its implementation and post-construction
management

— Pre-project administration, including economic appraisal
— Rehabilitation activities
— Post-project administration.

Shide 11 NURall Center b

Pre-project Administration

= reviewing historical maintenance cost data
= determine the optimal rehabilitation method
— using an intuitive decision-option diagram
= categorizing/separating major work and cost items
« calculating unit costs
« evaluating the cost effectiveness of various alternatives
« selecting a design =

83




Economic appraisal

Figure 1: Highway Rail Crossing Evaluation
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Shde 13
Spreadsheet Tool
- Incle:lT:nh from Scoring FEI"I.I!)I]IE . " _
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Shide 14

ELC : S

Economic Valuation Tab from Scoring Workbook

Trurk Frosgni

Tnvitlal Tab from fiwrlng Workbook

185.56 52,139,300 5238554
24B.56 514,237,550 5332108
147,31 54, 745,506 k10,662

uran o
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Rehabilitation Activities

« adjusting/improving the highway pavement approaches
= removing and replacing the crossing surface material

« removing and replacing the structural sub-layers, track, and
crossing surface
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Complete Renewal of Crossing Surface, Track Panel, and
Underlying Trackbed Support Decision-Option Diagram
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Post-project Administration

« post-installation inspection
« reinstalling drainage
« disposing of the released track material

» clearing vegetation from the immediate crossing area

-—-—"I .
Shde 18 NURall Center _)
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Bottom Line

... with this guidance, KYTC is in a better position to provide a safe,
smooth, cost-effective, economical crossing with long service life.

Nuﬁ
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National University Rail ch

HSR as a Complex
Sociotechnical System

Professor Joseph Sussman
MIT
NURail Annual Meeting, June 3,4, 2015
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Complex Sociotechnical Systems

* Complex Sociotechnical Systems (CSS)

— Complex in the sense of a high degree of
connectivity, feedback and uncertainty

— A high degree of technological complexity
— Substantial and wide-ranging social impacts

Illi I- Regions/HSR Research Group
web.mit. eduhsr-group

National mwmch

HSR and Regions

International
Megaregion

International Boundary = e

Megaregion -----

Commuting
Region

Microregion - ——
I |

Urban Transportation
Rail Station
HSR Link

I r} LA S ulc u m'
Michiganech Bl | === ME LLLINOLS ROSE-HULMAN ROy %‘m

AT CHICAGN
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National wmwmch

Motivation

*  Globalization has magnified the role of regions, restructuring social and economic
relationships into networks that span increasing distances.

= Atthe same time, greater attention is paid to urban quality, as non-vehicular
modes and compact forms of development become critical in an environmentally
conscious world.

* HSR has the potential to integrate cities into mutually supportive networks across
long distances while also supporting more sustainable forms of development.

* For H5R to become a sustainable investment, however, requires coordinated policy
efforts across levels of government and at different points in a project’s life-cycle.

e Wi == UIC “m UK
MichiganTech il | === PR iiiNos Pl

mrmwmch

Research Goal

The goal is to improve understanding of the
role that HSR could play in guiding sustainable future growth.

Image soare i .
o e g ; FOEHUMAY UK
MichiganTech il | === WE  LLLiNol RN
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National mwmc&

A Systems Perspective

To help address the complexity of HSR systems, our work:
examines ways of coupling institutional change with technological change
* addresses the importance of uncertainty as a driver of system behavior

* investigates multiple scales of both the physical environment and institutional

sphere
e Wi == 9'C gosiumm UK
Mfﬂﬂfﬂ'ﬂ'ﬂ'rﬂt.ﬂ Illll T—— g ILLINGOI KENTUCKY'
ATCHICAGD g -

National mwmc&

Discontinuous Regions

* Qur analysis concerns inter-jurisdictional relationships

* Special attention is paid to cities brought within one-hour’s travel time of a larger
metropolis by HSR services

*  Mid-distance service {<250 km) has strong spatial implications and can expand
connections to the scale of new discontinuous regions—single labor and
commercial markets that spans long distances but do not include all intermediate

areas.
s I s YIC gosnun UK

Mmmgan-fmh Illll Tachaciogy b ILLINGI KENTUCKY'
AT CHICARD | -
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Conceptual Diagram: Di tinuous Regi

_____ | Feasible commuting time from dominant city
____1 core - part of discontinuous labor and
B, commercial market

: Imterstitial space - choser but not as sccessible I‘. |
due to network effects H~.

€ 11101 Highspeednail connection
Bt

! Aql’ Municipal boundaries thal create governance
;’ T complexity
%‘ Formarly indepandant cities becomes part
= ol tha naw discontinuous region
=

| Traditional metrapolitan
area of dominant city
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National mwmh

“High-speed rail infrastructure should not be
considered the end objective, but rather the
initiation of a long process of developing actions
and strategies to enhance its effects.”

psé Maria de Urefia, "Preface,” in Territorial Implications of High Speed Rail: A Spanish Perspective, ed. José
Maria de Urefa (Farmham, Surrey ; Burlington, VT: Ashgate, 2012}, xix.

ARk ol | | | o UK
] s FOSE-HULMAN :
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National University Rail c&

Our HSR research (* denotes

completed thesis)

Northeast Corridor

— Capacity Allocation *

— Safety *

— On-time performance *

— Productivity *

— Penn Station

California *

Singapore/ Kuala Lumpur *
Comparative Study *

— Chicago/ Kankakee/ Urbana-Champaign

-

— Lisbon/ Lieria/ Coimbra
R . esaciessi UIc uK
Illil H-h-_.-d :rl._!'l LLE. INOIS m KENTUCKY nnm.g

mm#mnyémc.;h
Northeast Corridor (NEC) 101

* 457-mile Washington — Boston

* Crosses eight states
—(MA, RI, CT, NY, NJ, PA, DE, MD)
and DC
* Amtrak owns 79% (363 miles)
— MNRR 56 miles, MBTA 38 miles
* Shared-use rail corridor
—153 Amtrak including Acela
Express, Northeast Regional, other
— 2,000 commuter trains
— 70 freight trains daily
* Busiest railroad in the U.S
— ~750,000 daily riders (Amtrak and
commuters)

s i B gomsumm UK

i %..—.—.—. KENTUCKY R
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ANALYZING CAPACITY PRICING AND
ALLOCATION MECHANISMS IN
SHARED RAILWAY SYSTEMS —

Lessons for the Northeast Corridor
Maite Pena-Alcaraz, PhD, MIT

MIT Regional Transportation and H5R Group
Research Advisor: Professor Joseph M. Sussman

NURail Annual Meeting
Chicago, IL
June 3, 4 2015
W Warmactossen ulc
magmesn WiF = VS B sommem  UR e

KENTUCKY

Introduction — Viotivation

Past (up until 1988): Today (last 10-15 years):
Integrated railway Promotion of shared systems
epmpantes Infrastructure Operators

e N

Railway Company RTINS

" b e

request
access

Irreigge credits: inframindow.com, il o, Fhverfar igd. com, amercabl50.ong hamptonreads.oam

References: Drew, 2006; Gomez-lbanez, 2003
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Research Question

Performance (multiple criteria):

* infrastructure manager (cost recovery, utilization)
* train operators (timetable, access charges)

* end users (timetable, fares)

Thesis objectives

1. Identify and study representative mechanisms for capacity
pricing and allocation

2. Develop a framework to evaluate them

3. Understand and communicate trade-offs between different
mechanisms for pricing and allocating railway capacity

Research Plan & Methodology

Step 2: Develop Framework to Analyze

Step 1. Iflentiﬁ' ) Capacity Pricing and Allocation Mechanism
Mechanisms
* Price-based Train Operator (TO) Model

=
c

+ Capacity-based g i isi

P ; y a Decision: Operational decisions
(auction) -1 | | Objective: Determine TOs’ demand for

'8 || scheduling trains and their willingness to pay
g to access the infrastructure

Step 3: Analyze E Methodology: Financial Analysis

Policy Implications 3
Infrastructure Manager (IM) Model

* Northeast Decision: Final timetable and access charges
Corridor, US Objective: Determine the set of trains that

can be scheduled on existing infrastructure
Methodology: Network Optimization Model
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Northeast Corridor — Results

Today’s Bilateral Contracts
Train services: 153 intercity, 458 commuters
IM Revenues: $0.8m per day (10% recovery considering a need of 57.1m per
day from 2010-2030 for state-of-good-repair; Gardner, 2013)

Price-based Mechanism Capacity-based (auction) Mechanism
Proposed by NEC Commission, 2009 Proposed by Affuso, 2003; Perennes, 2014
Access charges: $50 per train mile Access charges: $50 per train mile
Train services: 60 intercity, 284 Train services: 118 intercity, 325

commuters commuters
TOs" profits: $0.3m per day = TOs' profits: -50.5m per day
IM revenues: $4.2m (60% recovery)

IM revenues: $6.0m (85% recovery)

Pena-Alcaraz, Sussman, Webster, Perez-Arriaga (2015)

Research Takeaways

1. Railway infrastructure shared use requires capacity
pricing and allocation mechanisms for coordination
purposes

2. The analysis of such mechanisms requires frameworks
that consider interactions between infrastructure
operations and infrastructure capacity

3. There are important trade-offs among alternative
capacity pricing and allocation mechanisms

4. The design and implementation of adequate
mechanisms help mitigate coordination problems and
preserve benefits of shared railway systems
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IMPACT OF HUB STATION
GOVERNANCE ON REGIONAL
TRANSPORTATION SYSTEMS

A case study of Penn Station, NYC
Rebecca Heywood, Graduate Research Assistant, MIT

MIT High Speed Rail and Regional Transportation Group
Professor: Joseph Sussman

i . Muomscrasty L"c uK Lita STl
MichiganTech il || [Ti===1 o L LINOIS ROSEHULMAN Pty N%ESEEH

Penn Station| institutional sphere

Cannecticut

Hew Jersey

Hew York

EOD o, cilies and villages Source: Regionsl Flan Assodalion
+ Railroads *  Civif Society
« Amtrak * Straphangers Association
+ LIRR *  Municipal Arts Society
o NJT * Transit Agencies
* MNR  MTA
+ Regional Organizations *  NYC Transit
+ Port Authority * New lersey Transit
* Regional Plan Association (non-profit)y ~ * City governments
« NYMTC »  Mayor of New York
« NJTPA *  Stote Governments
« DOTs * Governors of New York, New
* New York lersey and Connecticut
* New Jersey * Federal government
* Connecticut And the list goes on....

+ City Planning Agencies
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Research Question

* What is the magnitude of impact on the regional economy from
changes at a station level?

* How can this understanding help better reimagine the
characteristics of governing institutions and transportation

authorities?
Methodsl Nested Complexity B Penn Staton
B commuter Rail
Physical B intercity Rai
System

|nstitutional
sphere

Intercity Rail
Commuter Rail

Physical systems are embedded within,
and interact with, a complex institutional
and policy sphere and need to be jointly
optimized
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Our HSR research (* denotes

completed thesis)

Northeast Corridor

— Capacity Allocation *

— Safety *

— On-time performance *

— Productivity *

— Penn Station

California *

Singapore/ Kuala Lumpur *
Comparative Study *

— Chicago/ Kankakee/ Urbana-Champaign

-

— Lisbon/ Lieria/ Coimbra
mages Wir s Y B cosmm UK .
National Unhversity Rall cm?.-"‘)
THANK YOU!

You can find completed theses online at our group
website: web.mit.edu/hsr-group

These projects were supported in part by the National
University Rail (NURail) Center -
a US DOT University Transportation Center

N = ':"c Lol GosHLMAN UK e,

KENTUCEKY R




Partnering to Create an Off Peak Delivery
Pilot Program in Metropolitan Chicago

June 4, 2015
Jim LaBelle

The Premise

Businesses generally want
deliveries during normal
hours. Truckers need to meet
those demands. So, most truck
deliveries occur during
congested peak daytime
periods.

If more businesses would
accept deliveries in off peak
times, trucks could deliver

oods faster and at less cost.

at would reduce congestion

and cost of goods, and yield
economic and environmental bl o o e i i
benefits.

e ‘dm;"’*ﬂgﬂm
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Our Approach to the Project

» Research
Literature review
Case studies

Data analysis: Zip Code Business Patterns, Hoover's Business
Database, CMAP Congestion Maps

Draft research paper and invite critique

. Desxgmng the Pilot Project in Partnership with
Implementers

Primary Partner; Supply Chain Innovation Network of Chicago, a unit
of World Business Chicago

Chicago Department of Transportation
Chicago Loop Alliance
Chicago Metropolitan Agency for Planning
Ilinois Department of Transportation

- And many others. ..

Other Regions Have Tried OPD

New York 'mmmmﬁmmm-mmmwmm

PierPass began OffPeak. and by 2008 shifted 45% of container o off
Pt ot bt el L s e e

Barcelona mﬁﬁﬂmﬂw B EE e
London 'wﬁfﬁ&kmm“ 2012 Olympics and currently
.mmmmmmmmmmm
\ The Netherlands i «Fostered innovations in low-noise technologies and behaviors in

standards now nsed in over 50 cities with 1400 quiet deliveries a

Orlando Pilot “Hospital stem Orando Healh s curenlypilting OPD on thle i campas in

Washington D.C. Pilot  [fedvaleii i s ok e el el

et ﬁmﬁ“ﬁw
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Traffic Congestion & Delay Cost Our Region.
» Congestion costs our economy $7.6 billion annually.
v Travel in AM peak periods takes 60% longer than free flow travel.

Trucks are 6-10 percent of the region’s traffic.

Most truck traffic happens in peak times.

+ Peak period deliveries cost carriers 30-40% more.

v 70 percent* of our communities reported to CMAP that peak period
deliveries are a challenge.

* weighted by popalation

OPD Can Yield Significant Benefits to Rail and
Intermodal Businesses and Their Customers.

» Companies up and down the supply chain can benefit.

v+ Inthe Chicago region, the six class one railroads generate 15,000 daily
truck trips to and from their customers and 7,500 daily truck trips
between intermodal facilities.

v According to the 2012 Commodity Flow Survey, 25% of goods destined
for Chicago by train (measured by value) will make some portion of their
journey on a truck.

Photo coedit: Russel Seloet, woaw Tickroom, phobos 7804 opeeRon 40 s
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OPD Can Yield Significant Benefits to Carriers,
Receivers, and Travelers.

» In LA, PierPass Off Peak shifted more than 30% of traffic to off peak
times.

y The New York City pilot prq]ect concluded:

Off-hour deliveries cost carriers about 30% less — carriers save about 48
minutes in travel time and 1 to 3 hours in total service time for each
delivery tour.

Parking fines, often exceeding $1,000 per truck per month, are reduced.

Increased reliability was the main reason receivers cited for continuing
OFD.
OPD policies in Manhattan could save all highway users 3-5 minutes per
trip.

- Long ter'm OPD ﬁohmes would save between $100 and $200 million/year
in travel time and pollution reduction.

Reduced peak time congestion makes it safer for pedestrians, cyelists and
vehicles.

- Reduced travel time leads to a reduction in environmental pollutants.

s jmﬁ*m

Several Factors Affect OPD Participation.

» There is a market failure.
Most of the benefits are spread throughout the greater community.

Carriers mostly receive positive net benefits while receivers have often perceived that their
direct costs (staff, security, ete.) would exceed their benefits.

+ Businesses generally want to receive deliveries during daytime hours when
they are open.
Receiving businesses are the customers and specify delivery times,
Carriers must meet required pick-up and delivery times of shippers and receivers.

» Location and industry type can affect participation.

Businesses most receptive to off-peak deliveries are those that would likely be open anyway,
such as restaurants, bars, hotels, 24-hour supermarkets, medical facilities and many retailers.
Larger establishments, buildings with many businesses and more densely developed areas yield
greater savings in the number of truck trips and cost effective implementation, as added costs
can be shared among more costomers.

e .dmﬁ'g“““
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Unassisted off peak delivery may have more
potential for some types of businesses.

» Itinvolves providing a setting
for unassisted drop-offs.

» It may require some
investment to create a secure
area — options include:

- Delivery lockers

- Double doors

- Electronic key boxes

- Virtual cages with deliveries
entered through a hand-held
scanner

» Less ongoing staff expense can
enhance long term success.

OPD Target Locations: Selected Industries,
Companies with over 100 Employees by Zip Code

T W |
| * i

Souree: U8, Censns Borean,
Minods State Geological Survey
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OPD Target Locations: Density of Selected Industries,
Companies with Over 100 Employees by Zip Code

Souree: U5, Censns Borean,
Minois State Geological Survey

Congestion: Travel Time Reliability
L 3 IT

N Highway Reliability, 2012;
B Planning Time Index
Up o 1.44:
———— Genarnally
I i R ks

Up b 1.51:

Moderataty
| Unraabis

|-
\E 5
A

Up o 2.55:
Ssreraly

Unrediabie

o T Up te 3,35

Eaver
J__.._._ ET.'L.N-;

- L; = b g?;w han

Extramaly
Unrefiabia

- The planning time index is the ratio of
peak travel time to free fow travel time. 1t
1 { | =T y 13 & Pt af traved Hie relishiliy.

Sources: CMAF, Midwest Software
l-ﬂ"# Solutions, HERE, IDOT
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Parking Ticket Violation Hot Spots and Time Of Day

50
FT
350 4
LU

— ERprRSSWaYS
Hot'Cold $pot analysis
GiZScore

I - 256 55, Dev.
I 258 - -1.96 51 Dev.
A 96 - -1.65 54, Dev.
[ ]-165.165%d Dev.
[T 185 - 1,96 Std. D,

Menninger, College of Urban Flanning
I 106 . 2.8 Sid. Dev. andwﬂtﬁﬁ:ndtﬁ? -
ter,
- =358 S, D, Transportation : (Analysis
Frequency in Urban Areas)

Loop Off Peak Delivery Receiver Candidates
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North Michigan Avenue Area Off Peak Delivery
Receiver Candidates
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Incentives can attract participation.

Public recognition — who wouldn’t like that?

Direct monetary incentives — subject to funding

Discounted pricing by carriers — could be coordinated
Organized business support and encouragement

Discounted fees from governments or businesses

List of “Trusted Vendors” that certify quiet delivery practices

-

v v

-
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Possible models for an OPD program
Traditional Approach —

Using grant funding as a financial incentive as in the New York pilot, seek out receivers in a particular
cortidor or area to implement off peak delivery on a trial basis.

Identify one large receiver to be a demonstration %rﬂjem_. A major healthcare facility would have ideal
seale and volume, This may or may not require a financial incentive; none was needed in Orlando.

Package Approach -

Piece together an attractive package of discounts and non-monetary incentives, such as:
Public recognition through a coordinated program
Coordinated direct disconnts by carriers to receivers for off peak deliveries
Coordinated participation by receiving businesses
Discounted fees and charges from governments and supportive businesses,

One-time funding for physical improvements such as storage lockers for unstaffed OPD or
sound-reducing technologies (if funds are available).

Other financial incentives
List of “Trusted Vendors” that certify certain safe and quiet delivery practices

Any of these approaches would need coordinated administration and publicity.

i jm;;";’m

Key decisions are needed.
» Design and location(s) » Budgeting and paying for

for the pilot the program:

» Gaining participation of: Can it pay for itself?
Receiving businesses Grants needed?
Carriers Sponsorships?

» Incentives » Publicity and

» Type of OPD (staffed, communication

unstaffed or both?) » Possible supportive

» Administrative government actions

requirements

& jm;”ﬁm
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Contact Information:
Jim LaBelle, Urban Transportation Center
jlabelle@uic.edu
Sheena Fréve, Urban Transportation Center

We are grateful for the contribution of data, advice, and
information from many partner organizations, including:
Supply Chain Innovation Network of Chicago, Chicago
Metropolitan Agency for Planning, Chicago Department
of Transportation, Illinois Department of Transportation,
‘World Business Chicago, Rensselaer Polytechnic Institute,
New York City Department of Transportation, Florida
Department of Transportation, District of Columbia
Department of Transportation, and PierPass.
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NURail Center
U.5. DOT OST-R Tier 1 University Transportafion Center

Rail-Trespassing Crashes in the Past
Decade: Analyzing Injury Severity

Reporter: Asad Khattak, Ph.D.
Beaman Professor of CEE, University of Tennessee, Knoxville

THE UNIVERSITY OF

TENNESSEE

KMNOXVILLE
TESE
b e kit

Broad research issues

* Big Data—crash + inventory + social media + GPS + video...
+ Computational power

+ Analytics-MS&YV
* Pre-crash behaviors-path analysis
» Geographically weighted regressions
= Naturalistic driving & driving data analytics-GPS data
* Frequency and severity
* Rail trespassing crashes, derailments, crude oil, ...
« Countermeasures: behaviorally-based & spatially
appropriate
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Introduction

* Trespassers—individuals who commit
the act of trespassing on railway
property without the permission of the

property owner

* Railroad trespassing (other than at
designated grade crossings)

—> Crashes with trains
- Costs billions of dollars annually in
injuries and fatalities

Research objectives

* Focus on non-crossing rail-trespassing (limited in literature)
+ Take advantage of Geo-referenced data
* Research questions:

« How are rail-trespassing crashes distributed spatially in the US?

= What are the correlates of trespasser injuries?

= Do correlates vary in space?

THE UNIVERSITY OF

FENRESSEE
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Rail-trespassing crash distribution
r

Kernel DEnsity\
f[x}=;—h§.ff{%[x-ﬁ'r}}
Whaere: n = sample size

h = bandwidth parameter (kemel radius)
X, = Observed trespass crash frequancy

Modeling: Regular vs spatial (GWR) model

Ldas
: Prob (Fatal njury) i
Y=L Logit model

Y =f, + 8 ; (pre-crash action) + B , (personal attributes) + f8 ;
(location) + B , (darkness) + 3 ; (season) + ¢

B = Coefficients for variables
£ = Error term

Fixed relationship Relax the fixed relationship
. . . ﬁ1 =Z?=lﬂ1i f4
Stationary

I Non-stationary
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Global model-> Local (GWR) Model

o T VN = = Global model (regular model):
" - - + Use all samples to estimate
T ° model

= + Each sample has equal weight
+ Associations are stationary and
are location independent

Local model;

= Use sub-sample to estimate
model for each location

= Neighbours have more weight

¥ regression point * Associations can be Jocation

= data point depenedent

Selected descriptive statistics

Wariable Mean / Percent | Sid. Dev. Min | Max
Injury Severity (0-other, 1-fatal) 52.19% 0.500 0 Ll
<=16 years old 8.50% 0.247 li] 1
17-29 years obd 27.91% 0.449 ] 1
Age 30-39 years old 28_25% 0451 li] 1
A5 years oid 20.62% D442 Q 1
5584 years old T.04% 0256 i 1
>=B6 years old 3.68% 0.186 0 1
Env, attributes Darkness (0-no, 1-yes) 51.16% 0.500 1] 1
Weekend (0-no, 1-yes) 33.64% 0472 1] 1
= Summer (0-ng, 1-yes) 29.55% 0.456 0 1

ma

Winter (0-no, 1-yes) 19.10% 0.303 [i] 1
Spring ar Auturn (0-no, 1-yes) 51.34% 0.500 ] 1

Land Liaa Mix index 0418 0.280 0.000 | 0.980

Location atiribules

Railwary Yard (0-na, 1-yes) A71% 0.189 0 1
Clirribing, jurnging, stepping 8.56% 0.280 0 1
Riding, operation 5.32% 0.224 1] 1
Lying, sleeping (on or near fracks) 23.35% 0.423 o 1
Pre-crash trespasser Running, walking 3507 % 0477 li] 1
actions Crossing, crawling {over fracks) 2.44% 0.154 0 1
Sitting, standing, bending, stooping 16.60% 0.372 0 1
Diriving 5.63% 0.229 1] 1
Otfers (0, 1-yes) 3.13% 0.174 0 1
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Trespasser injury correlates: GWR results

Giobal Maodsl (drapped
Models it variitaon) Local GWLR Modl .
Venabie b sE Min MEx  Lwrcs Uprci ’é;g'
Constant 0.261° 0131 | 1832 1488 0369 0669 | TRUE |
=18 years old 0284 0100 | -1.1B8 0795 -0481 0107 | TRUE
3 17-29 years oid 0007 0060 0548 06T0 007 0130 TRUE
A tE.au:h;l}Lm 40-54 years oid 0.168 0061 | 0143 0841 0027 0363 | TRUE
L S5-64 years oid 0.250 " 0085 | 0517 1294 0075 0528 | TRUE
==[5 yaars oid Qa4 = LR 0478 084 042 0549 TRUE
Eny, atiributes Darkryess ((-no, 1-yes) =0,110* Q047 0543 0288 0985 D024] TRUE
‘Weakend (0-no, 1-yes) Dropped
Time Surmer (Base: Spring and Auluma) | -0.142% 0052 | 0812 0352 0200 amnr TRUE
\Winbar (Base: Spring and Autumn} 0.053 0060 D32 03T Da02 0148 TRUE
Location Land Lise Mix Indax Dropped
attrituibas. Ralhway Yard (0-no, 1-ves) -1.035** 0142 -4TeS 0358 -1258 0652 TRUE
Climiring, jumping, stepping -1.385 0151 -4313 0837 1811 -0850) TRUE
Fro-crash Riding, aperatian 1,085+ 0160 | -2508 0805 1541 .0584| TRUE
irespasser Lying, steaping {on ar near fracks) 0467+ G432 | 1413 2488 0407 1484 | TRUE
actions Running, walking 0,024 0.128 -1.436 1807 0562 0483 TRLE
[Barsec Otfer Crassing, crawling (over kacks) OTET 0191 | 4805 2307 1412 0481 | TRUE
actirns) Sitting, standing. banding, stooping 0170 0134 -1.384 1868 0282 0T40 TRUE/
Drining =289 0162 =3.371 0548 1828 0487 \TRUE
Sample Sie. 8704 Lotal Sample Size"": 500 \/
Log likebhood = -5642,12
Surmmary Stafistics Prab=y® = 000
] AIC = 11318.24

d-m
Arsa_nam
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Spatial interpolation: understanding
distribution of correlates

Interpolate coefficients to create
coefficient surface in space

IDW- Inverse distance weighted (IDW) interpolation

Contour coefficient map

Sample Points

*
S+ _:‘:I Sample Points
o Wi ____-.-+
= il i oo, :;‘,'_'_::F-
a _I_,-ef"” !xh nkrawn value "1
7] Ve o b Interpelated)
- ] i
. d “‘;f_
Tl .i.

Distribution of trespasser injury
coefficient estimates

Local estimates associated
with pre-crash action types

P5% level bn that reglon
(&} Diiving (on of seir ek

TENNESSEE o
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Summary: trespasser injury
coefficient estimates

Odds of fatality for different pre-crash behaviors in mega-regions of
LUSA compared with base pre-crash action

i qumptmg' Riding Lying on or Running Crossi Sitting or Other pre-crash
Regio PR n Dperation | near bracks | Walking 0 | sunding | D™ | actions (hase)
Moriheasiarm =TE% B0 - =14% -55% - =T 7% o
Gieal Lakes -45% - 5T0% 172% -55% 350% B0% 0
Northem CA and My a0 B0 B 63% -B¥% . 6% o
Southern CA, TE% 56% N “14% 45% i - 0
Piadmant Alantic -BE% B0% B 3% -8l - 95% 0
Cascadia Area 3% -E2% 82% - -EX% i - [
Mew Mexico - - 1000% 420% - 500% - 0
Gulf Goast -BD% T4% N 53% T i 82% 0
Florida -B4% T4% - 5% TG - 0% 0
Mote, *-"'means no statistical significant associations (95% level) found in such area
i | T —
&\ G O
1 ] o i |
3 b A :'." i _.-/J
[} = —

THE UNIVERSITY (@

TeNRESSHE Y

Closure

Trespassing crashes not geographically random

Correlates of trespassing fatality (given a crash):
* Pre-crash behaviors (lying/sleeping, sitting, running, riding,
driving and climbing)
Personal attributes (age)
Environmental attributes (darkness)
Time (season)
Location (yard)
Associations vary for age and pre-crash actions
Investigate further & identify countermeasures

Targeted investments in engineering solutions at
locations, ed., enforcement that vary by region

THE UNIVERED

TEhNE“‘I‘EEI
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Rail Crossings vs. Non-
crossing Crashes

Research objectives

« Differences between rail crossing and non-crossing
trespassing crashes

* Research questions:

+ How do rail-trespassing crashes differ across crossings and non-
crossings?

* How do the correlates of injury severity differ across crossings and
non-crossings?
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Crossing vs. Non-crossing (2004-2013)

8,794 (4,024 fatalities) non-crossing trespassing crashes

3,561 (1,268 fatalities) grade crossing trespassing crashes
2IJ]2

W00E
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nl\-:mn Crom Nm-:rol.l Croex Noﬂ-u'l'nl Croas

w Climbing m Driving W king m Runiialk W Crous m Sitstand m Ouhser
Trespassing crashes by pre-crash action types across crossings and non-
crossings (2004-2013)

Federal Railread Administration (FRA) railway safety information database (hitpsafetydata.fra.dat.gow

Modeling: Ordered vs. Partial proportional
odds (Gologit2) model
Ordered logit Partial prop. odds model

explo;+X ) -
ez = —"—1+[exp(¢,+xm] =12,... M-1

Some (s are
B is the the same for
same for all all values of j,
values of j. while others
Proportional odds can differ.

assumplion test

VlDlratﬁd /

X = Explanatory variables, e.g. pre-crash behavior.
a = Constant term
B = Coefficients for variables

£ = Emor term
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Selected descriptive statistics

Man-crassing Crossing
Tolal {N-123%5) {N=876d) {N=3861)
O of Waan | Win Wax
Viesiablos Mesn |S08 Dev| Mean | 5% Dev | Muoon |Sid Doy

Yiuthe {<=16 years oidf) | DOST | 0250 | 0085 | 0267 (0073 | 0260 | 1A% | a |1

sovute | Midle (17-35 yoars i) | 0488 | 0500 | 0505 | o500 [od4a | oasy | Hoes | o | 1

* A {36-64 years oid) | 0330 | 0485 | 0384 | 0488 | 0345 | 0475 | -1250% | 0 | 1

Sosices {~=85 yoars oig) | (0S4 | D245 | 0036 | 0486 | 0933 | D340 | Fv2aee | a | 1

Taamy it arkness {Bno, 1.ycs) | 0478 | 0200 | 0512 | oS00 |0.260 | odeo | 23oem | o |4

Bummer (0nc, 1yms) | D279 | D4sh | 0301 | 0488 | 0.227 | 0419 | 24Bem | 0 | 1

- o Winter (O-n, T-yeel | 0218 | 0411 | 0294 | 0410 | 0.220 | 0414 280% [BE

Hm“’f_:“”‘)" 00 | peos | ns00 | o485 | 0500 | 0553 | 0487 | 1413% | 0 | 1

e Urban (0-no 1-yes) | 0.439 | D498 | 0445 | 0407 | 0424 | D434 | 488w | 0 | 1

¥ard [Onc, 1-yes) | DO | D186 | 0037 | 0488 | 0.007 | Doez R

Climbing, Jurgirg | 0083 | 0243 | ooee | ozeo [ oooe| ooes | somes N o [

Ditving 0291 | D456 | 0408 | 0311 0743 | 0437 | sesaos {0 |1

Lying, skeeping oes | oave | 0233 | o4za |oooe | oo || sesrm [fo |1

Trespagsing pra-crash Running waling | 395 | 0455 | 0351 | 0477 |01%6| 03s3 || sse0% (o [ 4

actiang Crossing, crawing | 0020 | 0141 | 0.24 0184 | 0.090 | 0100 58 5% o1
Sitting, slanding, berding,

= 0133 | 0338 | oes | o2 |0081| 0220 | sees J a |

Other actions 0.0 | ooer o174 Leseal oada | Neamaewd | o [

Minar injury flevel 1) | 0180 | o3z 047 | gase” | fse | Ogar | tof00% | o | 1

Injtiry Seuersimury fleved 2| | 033 | 047 | 0331 | dath [oms| odpe | sme [0 [

Feled (lavel 3) 0474 o5z | psob |03se| odre | mmm | o |4

"% Diff of mean” refers to (Cressing mean — Nen-crassing mea

Partial prop. odds model

Pooled medsl Saparals model
Tatal MNon-crossing Crassing
iy vl 1 Injury level 2| Injury vl d—| ey level 2 Tnjury level 1 njury lowel 2
Variahles B Nogodds| @ |Lop oddsl odds| [ T Thﬁ
Youths (<=18 yeams oid) | 0.435° | -35% | -0812* | -aoey |5er | -aavw | oser | ey | .am |85
me‘“ Miclin(17-38 ynars cid) | 0.382° | 3% | -DES1* | 45% 0487 | 3wt | 0481 | 9% [10387 | -33% | 008 | 5%
ABUILIE-E4 years ok) | 0306° | -2h% | 008" | -51% [WpAUT | 33% | 0807 | wee F 0084 | 0% | 0815 | 56t
Temporal stuibutes | D o iyes) | ogee | - | omes | - | -deas | - | -00es A07 | 2% | 046 ?
Soascral [0nc, Tyest | 0048 - | oods | - | ooed [—DL ok - - | o.o84
:mw;m:.;m Wikar {0-h, 1-yea) 0038 . 0036 | - [ooss | . |03 | - 0085 . z .
: urban if-pa, 1-yea) 0.008 . 0008 | - [ 00014 | 0007 T - 0022 . -0.0E2 -
yard (0-ne, 1-yes} D526 | A1% | 4090 | 64 |9 5% | -oear 0538 | - | Dex: | -
Climbing. Jumping 0282 - |-aomE | et |Beea | - |33t | meeN e | - | oera | -
Driving 0476 | 3H% | -DeEr | Ga% 0550 | 0% | -1.22 | 6% |\ 00t - | BOT0 fe -
Treapassirg pre- Lying, slsaping 1265 | 234y | oToe | jod [ 10830 | io0% | ouace | ad%e |[adaa0 | a0s0n | 2485 [0
cragh Actions (base: | Running, waking D53 | 135% | 0280 | % M050T | & | 00M | - §1584° | 387% | 1.584° | 357%
cihr action) Crogsing, crawiing DI0" | 100% | -DS7e | 3% |WQ4ed | - |ogar 13507 | Jp6% | 1.350° | Jme
Sitiing, etanding, banding. | o egqe | jpeng | pame | 435 nhr,‘_ B | oo re1+ | 114% | et n?
Soaping i Bk
e Crash yoar Abaorad Aparted Anparbed Abaorad AbEMd—|_aweribea
Constam ot 1 311 [ omie [ o5 | ev% [ 17400 [ 475% | o | omw [ o77ee [ 1w [ndoe | o
Samgpis size 12355 BT 3581
Prsuda A2 nr6A 1 D.0%54 00561
Log Likeliood al A19ITATE BI00.346 3685 5855
Prob=Chise <0001" <0007 =,0001"
Likeihood ratio test H2.367, =<0.0001*

*Abmarbed coafficients of crash years are shown in Figure [next page).
““rmeans no statistical significant assodations (95% bevel) were found.
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Partial prop. odds model

0Odds of fatality

Trends in odds of fatality in rail trespassing crashes (relative
to base 2004 year) by time series (2004-2013)

FERESSEE Y

Closure

» Crossing and non-crossing trespassing different (as
expected)
» Correlates include:

+ Grade crossings: age, environmental attributes (darkness),
pre-crash behaviors

* Non-crossings: age, location (yard) and pre-crash
behaviors
- Associations vary across grade crossings and non-
crossings, especially for pre-crash actions

» More fluctuations for crossing crashes; non-
crossings more stable (10 years)
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Thank You / Questions?
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NURail Student Groups:

presented by:

Tyler Dick — UIUC, Sam Levy — MIT
James O’Shea - UIC, Alex Wang - UK

June 4" 2015

! NURall Contar |

NURail
Student Groups

= |ncrease campus awareness of
industry opportunities

= Qutreach to K-12 students and
underrepresented groups

= Bring together the next generation
of railroad industry professionals

b B
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Visits to Rail
Facilities & Projects

= Student coordination sheds
light upon and promotes the
hidden world of railroading

= Experiential learning
= Course concepts = “real world”
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Inaugural AREMA
Student Quiz Bowl

2014 Annual Conference
All-NURail Final!
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Student collaborators today...
...industry collaborators tomorrow!

HBi

. \ :
|I T =
@&%mm“mﬁ“ —_— HNTB ELECTRO MOTIVE
T

Building Professional Networks
at the Student Level

= Win-Win-Win!
— Research team synergy
— Enriched educational experience
— Stronger future industry leaders

= NURail Student
Leadership Council

= Student Research Collaboration
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Sam Levy (acting vice-chair)
Massachusetts Institute of Technology

NUall Contar |

Objectives

* Improve communication and coordination
across campuses

® Facilitate student input to the development of
NURail research, education, workforce
development and outreach activities

= Help promote NURail activities

* Help recruit future NURail students and build
academic & professional networks

2 MuRall Conter | _JI¥
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Structure

2 Representatives per NURail University
— 1 year commitment if possible- three years max

Led by Chair and Vice-Chair
By-Laws drafted, scheduled to be passed 7/15

Monthly phone calls with in-person meetings

at major rail conferences (NURail, AREMA,
TRB, JRC).

SLC Activities

This Year

* LinkedIn Group for current students and alumni (search for
“NURail” on LinkedIn)

» NURail Professor Video Series
* Website SWOT Analysis

* Meetups at Conferences
— JRC Karaoke Night, last night

Goals for next year

* Transition to new leadership

* Complete video series, SWOT Analysis, student database

* More formalized student event at TRB or AREMA Conference

i MuRall Conter | _JI¥
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Closing Thoughts

More involvement need from first year
masters students

Grow interaction between students and
NURail leadership

Use AREMA student chapters to grow
Exchange program/other ideas?

Lo Muall Gonter | ¥

Large Angle Of Attack Wheel Climb:
A NURail Student Collaboration

James O’Shea - University of Illinois - Chicago

- MuRall Conter | _JI¥
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Large Angle of Attack Wheel Climb

* What is a wheelset angle of attack?
Direction of Travel ———3»

*  Why does it cause derailment potential?

a.‘r ---------------- _ * |s this a problem worth investigation?

*  Why is this still a problem?

Multibody Systarm Kinetic & Kinamatic Analysis Simpiifiad Sani-;n.nalﬂic Modsi
= Major Findings

+ Large angle of attack wheel climb is a significantly kinematic process

* Under sufficient force, wheel climb can occur without friction

=  Derailment can occur without prediction by "conservative” criteria

* The derailment initiation configuration can be determined for a given angle of attack

1o ——
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Collaboration:
Analysis of Train/Track Interaction Forces (ATTIF)

r e — -

=L

[sSREESEE S EREREE . ]
= ATTIF is a free-to-use, specialized code used to model and simulate the dynamics of
long trains — developed at UIC

= ATTIF makes use of a specialized non-linear formulation that allows for the fast

simulation of large and detailed models —
w NLall Genter }

Collaboration:
Analysis of Train/Track Interaction Forces (ATTIF)

i —— —

gy

| e | T e P = = —— [Eer— ——ai

« Maodification by UIC to facilitate UK's use for investigation and publication

* Choosing a NURail partner university gave UK the benefit of free software as well as in-
depth assistance and support that would not likely be available from other sources

L MuRall Conter | _JI¥
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Quantifying Rail-Highway Grade Crossing Roughness:
A NURail Student Collaboration

UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO

Uk

KENTUCKY

Teng (Alex) Wang, Reginald Souleyrette & Daniel Lau
- University of Kentucky,
Ahmed Aboubakr - University of lllinois at Chicago

Ly Muall Gonter | ¥

HATIONAL RAILRDGD SYSTEM
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‘% Tests with Spaed Close to 35 mph

4
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Tests with Various Speeds
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NURail Center b

B

In KY alone, 2300 public crossings

=

Different vehicles perform differently

NURail Center b
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e

Vehicle attributes | |Speed| |Vehicle path profile

N ! &

Acceleration Simulator A

‘ Accelerations

MR,
NURail Center | I

UK

KENTUCKY
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UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO

UIC

UNIVERSITY

OF ILLINOIS

AT CHICAGO
i
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Towbol Mt st NURail Center |
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CE or ME?
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These projects are supported by the National University Rail (NURail) Center,
a USDOT OST-R Tier 1 University Transportation Center.

————— -7-'!."“%3__"' .
m

U.5. Department of Transporiation -
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LARGE ANGLE OF ATTACK WHEEL CLIMB
&
NURAIL COLLABORATION

Presenter: James J. O’'Shea, University of lllinois at Chicago (UIC)

NURail Annual Meeting
University of lllinois at Chicago (UIC)

June 3-4, 2015
= YIC oo sommem UK e,
e guse  LELLILOL KENTUCKY' B

Slide 1

Large Angle of Attack Wheel Climb

What is a wheelset angle of attack?

e
[ 3

* Why does it cause derailment potential?

Is this a problem worth investigation?

]
]
i
i
[]
i
i
i
I
|
]
(]

Why is this still a problem?

H
] .
H

Slide 2 NURail Cermber b
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Large Angle of Attack Wheel Climb

Multibody Systam Eimplified Semi-Analytic Modeal Kinatic & Kinematic Analysis

+ Major Findings
* Large angle of attack wheel climb is a significantly kinematic process
* Under sufficient force, wheel climb can occur without friction
+ Derailment can occur without prediction by “conservative” criteria
= The derailment initiation configuration can be determined for a given angle of
attack

Slide 3 NURail Cember b

Collaboration: Analysis of Train/Track Interaction Forces (ATTIF)

e L e ]

+ ATTIF is a free-to-use, specialized code used to model and simulate the
dynamics of long trains — developed at UIC

* ATTIF makes use of a specialized non-linear formulation that allows for the fast

simulation of large and detailed models
Slide 4 NURail Cernter b
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Collaboration: Analysis of Train/Track Interaction Forces (ATTIF)

- A B B e

«  Modification by UIC to facilitate UK's use for investigation and publication

+ Choosing a NURail partner university gave UK the benefit of free software as
well as in-depth assistance and support that would not likely be available from

other sources
NURail Center b

Slide 5

mmmmﬁ

THANK YOU!

NURail Annual Meeting
University of lllinois at Chicago (UIC)
June 3-4, 2015

i UIC UK
l Laad B i IRRERETY T §
“.m e i 2= Jik% LLLINOIS RORARIN ok
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Quantifying Rail-Highway Grade Crossing Roughness
A NURail Collaboration

Teng (Alex) Wang, Reginald Souleyrette & Daniel Lau
University of Kentucky, Lexington, KY
Ahmed Aboubakr
University of lllinois at Chicago, Chicago, IL

UK uic

| NURail Center oo
KENTUCKY AT CHICAGO

_ HATIONAL RAILRDAD SYSTEM
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. Tests with Spaed Close to 35 mph
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Vehicle attributes

Speed

Vehicle path profile

\

!

/

Acceleration Simulator A

‘ Accelerations
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NURail Center

Will be 3 "2 years old on July 1,

so we did a little research on what it’s

like to be 3 %
i Massachusoiis u‘c LIMIVERSIT Yo
Wichiganicciil | T = | LLLB“OEWW . mr\q l[(J[ 5 TENNESSEEWP

We are very happy to be here...
but still trying to figure a few things out!
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We like transportation

We especially like trains!

Facateold i 4o [
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We like learning new things

We like jJumping into the DEEP END!
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We are a collegial group!

We found some resources for Lydia to use
managing (or at least coping) with us!
Characteristics
of Three .
(and a half) ’
Year Old
Behaviour.......

¥

B

...and how xfaw can cope with !
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NURail in Action

» Past the crawling & toddler stage, walking and even
running in a few cases

* NURail performance metrics and trends
+ Students
* Research Publications
+ Technology Transfer
+ Collaboration
+ Panel discussion

s L INIVERSITY
i YC B oomumem UK iy

Technorors #h‘%uuhols KENTK

Students Participating in NURail-Supported
Research Projects: 2012 - 2014

80
60
a
40
=+=Graduate
-=-Undergraduate
20
D |
2012 2013 2014

Slide 10 NURail Conter b
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Graduate Students Supported by NURail:

2012 - 2014
40
30 |
20
“+MS
“=PhrD
10
D !
2012 2013 2014

Slide 11 NURail Conter b

NURail Graduate Student Degrees Awarded:
2012 - 2014
20

15 7
10 ¢
“+=MS
“=FhD
5 /

0 f -

2012 2013 2014

Slide 12 NURail Conter b
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NURail Publications 2012 - 2014

140
=+Conference Presentations

120 “#-Conference Proceedings Papers
Journal Articles

100

80

40

20

2012 2013 2014

...
Slide 13 NURail Ceriter |

NURail Student Attendance at
Rail Conferences: 2012 - 2014
300

250
200
150

100

2012 2013 2014

T ———"
Slide 14 NURail Corster |
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NURail Technology Transfer Activities
2012 - 2014

100

2012 2013 2014

Slide 15 NURail Conter b

NURail Collaborations With Other
Organizations: 2012 - 2014

40

30

20

10

2012 2013 2014

Slide 1§ NURail Conter b
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NURail in Action

« Invited representatives from private and public sector
partners of NURail members

» Asked them to briefly discuss their interactions with NURail
+ Interaction types include:

— Research affecting practice, policy and standards
development

— Technology transfer activities
— STEM education and minority community support
— Employment of NURail graduates

Slide 17 NURail Conter b
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NURail in Action Panel

+ Doug Whitley, Supply Chain Innovation Network of Chicago
* Robert VanderClute, Association of American Railroads

* Ryan Kernes, GIC

* Nikkie Johnson, Michigan DOT

= Sergio “Satch” Pecori, Hanson Professional Services Inc.

* Michael McLaughlin, Chicago Transit Authority

* Vinaya “Vinny" Sharma, Sharma & Associates

sty I e YIC B qommuwm UK i,

LMRERETY 1
il 1 LEie o) B B KENTUCKY
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SUPPLY CHAIN INNOVATION NETWORK OF CHICAGO (SINC)
University of lllinois at Chicago - Urban Transportation Center

* SINC - freight CEOs — rail, truck, logistics, intermodal

+ SINC & UTC - partnering to research and
design an Off Peak Delivery (OPD) Pilot Project

n
» This is a model for connecting academic S I m C

research with implementing organizations e S
for maximum impact

* Research began Fall 2014; now in design phase; hoping to launch
pilot OPD project in Fall 2015

= Benefits of OPD will spread throughout the supply chain — faster
deliveries, less congestion, reduced costs, improved economy,
healthier environment

+ Thanks to NURail for supporting this great partnership

e uUIiC - “K_ L INIVERSIT Yol
vichiganicciill L T e o LLL 1N o1 s TR [ENNESGEERF

ASSOCIATION OF AMERICAN RAILROADS
University of lllinois at Urbana-Champaign

« Research
+ Conducted 2012 - 2015

= Risk analysis of railroad tank car
transportation of alcohol, N.O.S.
and petroleum crude oil

= Rail industry used research to develop mnsensus and
recommendations for safer tank car designs recently
adopted as regulations by US DOT

* Ongoing research on unit-train and tank car safety

“NURail-supported research provided timely, =~ ASSOCIATION

data-driven information that helped the industry Of AMERICAN

make fact-based policy decisions”

w T e VIC B commum UK 50y,

'3‘"'&,:5 LEie o) B B FENTUCKY
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mﬁmmmﬂﬂch
GIC

University of lllinois at Urbana-Champaign

*= Research -

+ Conducted 2012 - 2013 @' Ill &

+ Analysis of mechanics and failure modes of
concrete crossties and fastening systems

* Rail industry used research to support
improvements to AREMA Manual regarding
component loading and design framework

— GIC implemented innovative design features
based on several outcomes of ongoing
research on concrete crossties and fasteners

“UIUC research is impacting the way the industry
discusses and collaborates to solve concrete
crosstie and fastener challenges”
st I s YIC B comnmm UK 50000,

o PRE LLLINOIS SRR

National University Rail ch

MICHIGAN DEPARTMENT OF TRANSPORTATION
Michigan Technological University

= Research / Planning EMDOI‘

» 2012-2014 & on-going Michigan Depariment of Transportation

* Rural Freight Rail & Multimodal Transportation
Improvements / Michigan Rail Conference

* Adding data into our systems and using research to inform
MDQOT's outreach efforts

= Currently planning 3™ annual conference

“The NURail collaboration with MTU
brings theory into practice.”

com e UIC (] UK s
Iichiganicciil | T —t ,LLIMISW...W..._ A . TENNESSEEDI

T s KENTUCKY
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HANSON PROFESSIONAL SERVICES
University of lllinois at Urbana-Champaign
Michigan Technological University

* Education and QOutreach
« Conducted 2014 - 2015
= “Grow Your Own” Initiative

+ Qutreach to minority community
encouraging student interest in
STEM education and careers

* Ongoing activities

“Our goal with NURail is to use their resources to help educate
minority youth in our communities and help our company look
more like the communities we work in"

g 1) 3 IC B oommmem UK g

Tachnology l:fl"tlllﬁ:lls 1 L |- I N KENTUCKY

wmmmﬂﬂch

CHICAGO TRANSIT AUTHORITY
University of lllinois-Chicago - CUPPA

* Recruitment and employment of alumni
* CTA has employed many CUPPA/UTC grads

* Many have or currently worked in the CTA's
Planning Department handling service planning,
strategic planning, or schedule planning.

* Future plans / Recommendations for improvements
* Recommend focus on Transportation Curriculum

“The CTA has had great success with UIC grads because the trans-
portation classes combined with many internship opportunities
prepares UIC grads for the rigors of working at the CTA.”

wmm passscnusens (WG n “K LNV ERSITYol
ichiganicciil | T M 1LLiNoO Swwm ol TENNESSEE WP
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SHARMA & ASSOCIATES
University of lllinois-Chicago - Engineering

* Recruitment
« 2011 onward
» Recruitment and hiring of engineering graduates

= Analysis of rail vehicles for railroads, rolling stock
and component manufacturers and the FRA

= Supporting summer interns, recruitment of rail engineering graduates
possible sponsorship of graduate student research

“We are excited that there are now universities teaching rail
transportation engineering and have knowledge of the topic "

s passscnisens WG n “K LRIV ERSITYol
vchiganiccill U (T g Lo o s TR L  TENNESSEEDF

NURail in Action Discussion Questions:
Research

* What do you think are the greatest threats to rail
transport in North America?

+ What are the most important technical challenges facing
your organization that might benefit from research?

+ What are the most important business challenges?

* What are the most important rail or transportation policy
questions?

+ How might NURail contribute in solving these?

+ What do academic researchers need to understand
before embarking on a rail research initiative?

Slide 2§ NURail Conter b
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Slide 27

NURail in Action Discussion Questions:
Technology Transfer

What are the most important areas that academia offers
in support of rail operation or development?

Besides research what can NURail do to facilitiate
implementation of new technology to advance rail
transport?

How could NURail strengthen the link between basic
academic research and applied research and
demonstration projects with full industry support?

Where should NURail showcase research results and
developed technology to have the greatest impact on
practice?

NURail in Action Discussion Questions:
Workforce Development

Can you identify how NURail graduates "separate” from
other candidates as they enter rail workforce?

What could NURail do that would further improve its
students’ preparedness?

Where are greatest shortages in terms of attracting
qualified applicants?

What are biggest challenges in attracting women/
minority candidates?

« How might NURail support your organization’s outreach

Slide 28

and workforce development programs?
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NURail in Action Discussion Questions

* What do think NURail's most important accomplishments
have been to date?

* Can you discuss an example of one tangible way to
improve the coordination between industry and NURail?

* What was your primary motivation in collaborating with
NURail and how did you become aware of the potential
opportunity?

* Do you see collaboration with NURail as a way to add
value to your organization or as part of your service to
industry and if so how and why?

Slide 28 NURail Conter b

On behalf of the NURail consortium
members, THANK YOU!

NURail Center
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