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CEE 412 – High Speed Rail Engineering 
--- COURSE SYLLABUS – FALL 2025 --- 

1. SESSIONS: 
Lectures - (3 & 4 credit students): Tue & Thu 11:00 AM – 12:20 PM, (2015 CEE Building)  
Project Team Meetings - (4 credit students): Time & Location TBD 

2. COURSE REQUIREMENTS: CEE 310 or permission of instructor 

3. INSTRUCTORS: 
Prof. James Shi  
Visiting Professor  
Rail Transportation and Engineering Center (RailTEC) 
Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign 
3214 Newmark Civil Engineering Laboratory, Urbana, IL 61801 
+886-970-353-234 (cell) |   jamesshi@illinois.edu or a0970353234@gmail.com  
Office Hours: By Appointment  

Mr. Conrad Ruppert, Jr. (https://railtec.illinois.edu/member/conrad-ruppert-jr/) 
Adjunct Lecturer 
Rail Transportation and Engineering Center (RailTEC) 
Department of Civil and Environmental Engineering, University of Illinois at Urbana-Champaign 
1245A Newmark Civil Engineering Laboratory, Urbana, IL 61801 
617-797-8538 (cell) | ruppertc@illinois.edu 
Office Hours: By Appointment  

4. TEACHING ASSISTANT: 
Mr. Derek Campbell 
Newmark Civil Engineering Lab (Room NCEL B118) 
205 N. Mathews Avenue, Urbana, IL 61801 
Office Hours: TBD or By Appointment 
479-430-8854 (cell) | derekgc@illinois.edu  

5. COURSE WEBSITES: A Canvas site is set up for this course where course materials will be posted. 
Additional online collaboration tools may be used and will be announced in class. 

6. COURSE DESCRIPTION: High-Speed Rail (HSR) passenger transportation systems have been or are 
being developed in dozens of countries around the world. Although the basic elements of the 
technology resemble conventional rail transport, there are numerous specialized engineering design 
differences, including the infrastructure, track system, motive power, rolling stock, traffic control, 
power distribution system, traffic control, and station design. Recent plans for developing HSR in 
North America mean that engineers must understand these engineering elements and the planning, 
economics, construction, operation, maintenance, management, and other principles of HSR systems 
to develop them successfully. 
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7. COURSE OBJECTIVES: 

 Provide students with an introduction to the development, engineering, design and construction 
of a high-speed rail (HSR) passenger transport system with particular emphasis on the unique 
engineering elements of HSR technology.  Students learn about the features of the HSR system 
and its subsystems including: core systems (trains, power, signal, communication and control), 
track systems and civil infrastructure (earthwork, bridges, viaducts and tunnels). The course also 
covers basic design and construction of HSR stations and rolling stock maintenance facilities. 

 Complement other rail courses at the University of Illinois at Urbana-Champaign that principally 
focus on conventional freight rail transportation engineering. 

 Extend the specialized expertise of students into the High-Speed Rail field in preparation for future 
careers or academic research. 

8. PRINCIPAL TOPICS TO BE COVERED: The course is designed to present the concepts listed above 
through a number of learning modules which will include: 
 Introduction and Overview of High-Speed Rail (HSR) Systems 

- Development of High Speed Rail Systems 
- History - Definition and Current Systems 
- Future of HSR & Future Transportation Needs 
- Challenges to the Visions for HSR in America  

 The Core System: 
- High Speed Trainsets – Types, Train Body, Bogie & Braking Systems                                                                                        
- Power System- Propulsion & feeding systems 
- Signaling Fundamentals and Automatic Train Control Systems 
- Controlling & Communication- HSR Operation Control  Centers & Communication Systems                                                                                                                                                                                             

 The Future of High-Speed Ground Transport 
 High Speed Rail Stations – Design requirements, types & case study 
 Design and Construction of High Speed Rail Maintenance Depots 
 High Speed Rail Track Systems – Ballasted Track, Slab Track, and Turnouts 
 High Speed Rail Civil Works – Bridge & Viaducts Tunnels, Earthworks & Embankments  
 Track Safety Standards & Inspections for High-Speed Rail 
 Vehicle-Track Interaction & Derailment Risk Mitigation 

9. TEXTBOOK: There is no assigned textbook for the course. Selected readings from a variety of sources 
will be provided for each lecture module. 
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10. PERFORMANCE METRICS & CREDITS: 
 

 

11. HOMEWORK ASSIGNMENTS:  
All students will be required to complete homework assignments.  The homework assignments consist 
of problems and case studies designed to illustrate the application of concepts introduced in class to 
high-speed rail engineering design decisions.  Assignments are intended to aid students in learning 
the course material in addition to evaluating their understanding. Unless otherwise stated, homework 
will be submitted two class periods after it is assigned. Late homework will result in half credit. Late 
homework will not be accepted once the assignment has been graded and returned. 

12. TEAM PROJECTS:  
Students enrolling for 4 credit hours must complete an independent term project related to a central 
theme.  The independent term project is then integrated into a complete final team report on this 
central theme. Completion of the final team report requires weekly group meetings to provide 
progress updates and discuss issues related to the independent term projects. The weekly meetings 
are also used to coordinate, organize and prepare the final team report.  The final team report 
consists of the chapters completed by each individual team member and is submitted at the end of 
the semester for grading.  The independent term project is worth 40% of the final grade.  Grades for 
the independent term project assessed on the basis of the quality and originality of the research, 
analysis and design in the chapter contributed by the student (25%); how well the student integrates 
their research into a seamless final team report (5%); presentation of the final report to the class (5%) 
and how effectively the student participates in the weekly team meetings (5%). 

13. FINAL EXAM & QUIZZES:  
The purpose of the quizzes and exams are to assist students in learning the course material; assist 
students in learning to avoid mistakes; and to evaluate the quality of each student’s learning. The 
taxonomy of the questions in exams can be categorized as “remember” (50%), “understand” (25%), 
and “apply” (25%). There will be comprehensive, closed book – closed notes Final Exams.  Exams will 
cover materials presented in the lectures, readings, and assignments Exam details and dates will be 
announced in the class as dates are finalized. 
 

14. LECTURE NOTES & SUPPLEMENTAL MATERIALS: Lecture materials and other supplemental course 
materials will be posted to Canvas.   
 

15. CEE HONOR CODE: 
To foster and promote integrity among students, the CEE Honor Code was developed with input from 
several CEE undergraduate organizations, the CEE Graduate Student Advisory Committee, and the 
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CEE Graduate Affairs Committee.  You (the student) commit to honor the code each time you sign an 
exam, and implicitly whenever you sign homework or other class assignments. 
 
The CEE Honor Code pledge is the following: 
 
I pledge to uphold the highest levels of professional and personal integrity in all of my actions, 
including 1) never assisting or receiving unfair assistance during exams, 2) never assisting or receiving 
assistance on class assignments beyond that specified by an instructor, and 3) always fully 
contributing to group activities that are part of a course activity.   
 
This course will follow Articles 1-401 through 1-406 of the Student Code (beginning at 
http://studentcode.illinois.edu/article1_part4_1-401.html). This rule defines infractions of academic 
integrity, which include but are not limited to cheating, fabrication, and plagiarism.  You are 
responsible for following these guidelines.  If you have any questions about whether something would 
be an infraction, please consult with the instructor before proceeding. 

16. ACCOMODATIONS:  If you require special accommodations, you should notify the instructor as soon 
as possible. In particular, you should contact the instructor if a disability might interfere with the 
successful completion of a course requirement.  All accommodations will follow the procedures as 
stated in Article 1-110 of the Student Code (http://studentcode.illinois.edu/article1_part1_1-
110.html). 
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