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1.0 GENERAL

1.1 INTRODUCTION
111 Purpose

The LRT Design Guideline manual is prepared to provide information and direction to the City
of Edmonton staff, consultants, and contractors who are involved in the design of Edmonton’s
LRT system. It outlines standards governing the designs of various elements on Edmonton’s
LRT System. In addition, project-specific drawings standards, CADD standards, Design
Briefing Reports and a Quality Assurance / Quality Control Manual must be prepared, and
adhered to during the engineering and construction phases of LRT projects.

In addition to the forgoing, other specific guideline and standards documents have been
prepared to guide the design activities and the preparation of contract documents and are
referenced throughout this manual. Requests for these documents should be directed to the
Project Office.

The last update to the Design Guidelines was completed in 2009, referred to as the 2009
edition. This update reflects design issues and variances that were addressed during the
design phase of the NLRT extension to NAIT.

Designs should be conceived within an atmosphere of fiscal responsibility. Designs should be
guided in maintaining low operating costs, minimizing capital costs (i.e.: design, construction,
mitigation, aesthetics...), and minimizing public and community disruption. These
requirements must be balanced with the need to ensure public safety and access,
environmental impacts, system reliability, and maintenance requirements.

1.1.2 Scope

This chapter provides general background on past LRT development in Edmonton, outlining
the collaborative approach to be taken on LRT plan development. It also presents the general
design philosophy and principles that guide the planning, design, and construction of the LRT
System. In addition, it provides an overview of the commissioning process associated with
making a newly constructed segment operational, and details of project closeout document
requirements (plan of record drawings and operating and maintenance manuals).

In addition to this chapter there are eighteen (18) specific design component chapters as
follows:

Vehicles

Clearances and Right-of-Way
Alignment

Trackwork

Traction Power

Signal System

Communications

Structures

Stations and Ancillary Facilities
Electrical Systems

Mechanical Systems

Corrosion and Stray Current Control
Impact Mitigation, Aesthetics and ROW Control
Accessibility
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Safety and Security
Utilities

Streets Design
Parkades

Where appropriate, each chapter is supported by figures, diagrams, and tables at the end of
each chapter. In some instances, applicable reference documentation will form an appendix
to the chapter. Each chapter is to be as comprehensive and complete as possible.
Notwithstanding the forgoing, due to the complexity of the topics, specific referencing to other
chapters or other related reference documents still occurs throughout a chapter.

It is the intent of the City to also develop design guidelines for LRT Shop and Yard facilities for
inclusion in this document at a later date.

113 Procedures and Application

The material contained in the following chapters provides a uniform basis to direct the
Consultant’'s design. The intent, however, is not to restrict Consultant from exploring new
ideas, concepts and the application of new technologies. Also, through the design process,
some refinement is to be expected. The guidelines do not substitute for sound engineering
judgment and practice.

The Consultant is responsible for identifying any proposed departures from the guidelines
stated within this manual. A Design Guideline Variance Request must be provided by the
Consultant to explain, and justify, any deviation from these guidelines and secure all the
necessary approvals. Any proposed changes must first be reviewed by the Project Manager
and have the written approval of the City of Edmonton prior to use in design.

1.1.3.1  Mandatory vs. Non-Mandatory

These Guidelines include both mandatory requirements and guidance or non-mandatory
recommendations. Application of the guidelines is to be based on the use of the following
terminology:

“‘must” — denotes a mandatory requirement.
“should” — denotes a recommended, but non-mandatory requirement, whose application
depend upon analysis and particular circumstances.

e “may” — denotes an optional requirement.

1.1.3.2 Codes and Standards

It is the intent of the City of Edmonton Transportation Services Department, Edmonton Transit
System, and the Infrastructure Services Department that all work be performed in compliance
with all current local, provincial, and/or federal codes and standards. Where expressed
differences between the various codes and standards occur, compliance with the highest
standard must be adhered to, unless otherwise directed by the local *authority having
jurisdiction.

*Note: Authority having Jurisdiction (AHJ). A safety codes officer in the building discipline exercising
authority pursuant to designation of powers and powers and terms of employment in accordance with

Section 28 of the Safety Codes Act. The individual certified as a safety codes officer is given designated
powers by the Safety Codes Council.

All applicable codes and standards are listed in each chapter.
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1.1.3.3  Facility Development Review

It is a legal requirement that all facility designs be approved by the City of Edmonton,
Planning and Development Department.

The formal approval procedure by the Planning and Development involves two stages:

« Development Permit application and approval, which is usually coordinated through the
City’s representative.

« Approval of the detailed design and the issuance of a building permit. The contract
documents generally stipulate that the Contractor is for applying for and obtaining the
building permit.

It is recommended that an informal process also be followed. This should take the form of on-
going consultation with the Planning and Development — Safety Code Section, Plan
Examiners during the detailed design phase to deal with issues as they arise during the
design development. The objective of the informal process is to ensure that the issuance of
the building permit is more or less a formality and should minimize the requirement for
changes during and after the facility contract award. An appropriate number of drawings and
specifications will be provided by the PMO.

1.1.4 Abbreviations, Acronyms

The following abbreviations and acronyms appear throughout these Guidelines. Other
abbreviations or acronyms that are used will be stated in their respective chapters.

ABC Alberta Building Code

ASHRAE American Society of Heating, Refrigeration and Air Conditioning
Engineers

*APTA American Public Transportation Association

IS Infrastructure Services

CADD Computer Aided Design & Drafting

City City of Edmonton (the Owner)

DBM Bridge Dudley B. Menzies Bridge

ETS Edmonton Transit System (a branch of the City Transportation
Services Department and operator of the LRT system)

LEED Leadership in Energy and Environmental Design

LRT Light Rail Transit

LRT D&C LRT Design and Construction (a branch of the Transportation

Services Department - the City’s designated representative during
the design and construction of LRT extension projects)

LRV Light Rail Vehicle (sometimes referred to as “car”)
NBC National Building Code of Canada
OoO&M Operating and Maintenance

POR Plan of Record

PO Project Office

PM Project Management

QA/QC Quality Assurance / Quality Control
ROW Right-of-Way

SD Siemens Duewag

SC Specialist Consultant

SUP Shared Use Paths

TOR Top of Rail

VMS Variable Message System
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Note: *APTA was created in 1974 with the merging of the American Transit Association (ATA) and the
Institute for Rapid Transit (IRT). In January 2000, the name of the organization was changed to
American Public Transportation, still retaining the same acronym APTA.

1.1.5 Project Management

For any new LRT project extension there are numerous project management and project
delivery strategies that could be employed, depending upon the size, timelines, desired
contractual relationships, and staffing requirements. It is the City’s objective to provide a
effective project organizational structure that uses Project Management best practices based
on the Project Management Body of Knowledge and City of Edmonton policies and
guidelines

The LRT Project Office is accountable to the City through the LRT D & C acting on behalf of
ETS, as the operator of the LRT system.

1.1.6 Sustainable Building Policy

In June of 2007 City Council adopted Sustainable Building Policy #C532 — Leadership in
Energy and Environmental Design (LEED Silver) which states as follows:

“The City of Edmonton is committed to environmental, economic and social
Stewardship of City owned buildings and facilities and continues to demonstrate
environmental leadership in the community. Effective January 1, 2008, all City-
owned buildings and major renovations will be designed and constructed to
meet LEED *Silver Standard as a minimum, and be formally LEED certified”.

Note: LEED provides a complete framework for assessing building performance and meeting
sustainability goals. Based on well-founded scientific standards, LEED emphasizes state of the art
strategies for sustainable site development, water savings, energy efficiency, materials selection and
indoor environmental quality. The LEED Green Building Rating SystemT'\’I is a voluntary, consensus-
based national standard for developing high-performance, sustainable buildings.

In LEED, for new construction and major renovations for commercial buildings, there are 69 possible
points and buildings can qualify for four levels of certification. Silver is the second level of certification
(33-38 points). It should be noted however that LRT Stations are not considered to be buildings under
the LEED Policy. However, the overall LRT project should strive to meet sustainability goals using best
practices.

11.7 Background

At the time of publication of this 2011 Edition of the Design Guidelines Edmonton’s LRT
system totaled 21 km of double track and provides access between Clareview (139 Avenue
and 43 Street) and Century Park at 111 Street just north of 23 Avenue.

On the north side the surface portion of the alignment is 7.8 km in length and predominately
runs in the CN ROW from Clareview toward the City’s downtown core. From 95 Street
underground alignment, (including the DBM Bridge), is 4.7 km long and travels under the
downtown area, across the river on the DBM Bridge to the underground University Station.

The section south of the University Station is comprised of 390 m of tunnel, 120 m of portal
and 200 m of surface alignment (including station approaches) coming back to grade at
Health Sciences Station just north of 83 Avenue on the west side of 114 Street.

South of Health Sciences the line (8.1 km in length) is predominately at-grade to Century
Park. Grade separations with roadways are provided at Belgravia Road (underpass), with the
southbound lanes of 111 Street south of 61 Avenue (underpass) and an overpass of
Whitemud Drive on 111 Street.
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Fifteen stations along the 21 km route provide access for LRT patrons to the LRT trains. The
system operates with a fleet of 94 LRV’s and has an average weekday rider-ship of 74,000
patrons.

1.2 GENERAL DESIGN PHILOSOPHY

1.2.1 Public Involvement

The implementation of LRT impacts a broad range of stakeholders. For this reason, public
involvement has been recognized as a major and critical component of LRT expansion. The
public involvement effort is led by the City in conjunction with the Project Team. In accordance
with City Policy C513 a Public Involvement Plan must be created and implemented for the
planning and design phases of all LRT extension projects. During construction, the focus
shifts to public communications, and a specific public involvement plan is not required.

The overall goal of public involvement is to ensure an exchange of information between
affected residential, institutional and corporate communities, and the project team. Public
involvement will serve to facilitate appropriate, ongoing dialogue between many diverse
internal and external stakeholders during the planning and design process.

This process will enable the project team to effectively integrate the public involvement
process in the project framework and to respond to the three major challenges:

+ Involving the appropriate people, in the appropriate way, at the appropriate time.

¢ Sustaining broad-based and balanced community commitment to a long-term project.

« Ensuring that the stakeholder involvement process is responsive to emerging situations
and issues, and enables new voices to be heard.

1.2.2 Land Use

Incorporation of LRT into residential areas requires initiative by the Consultant Team to
mitigate stakeholder concerns, while maintaining the integrity of pre-established urban
themes, traffic (vehicular and pedestrian) movement, and land use bylaws. Some stakeholder
concerns typically include, but not limited to; noise, vibration, safety, appearance of LRT
elements (tracks, retaining walls, gates, catenary...), access, social/business impacts,
construction, and temporary and future traffic circulation.

Revisions may be required to Neighborhood Area Structure Plans to incorporate proposed
LRT extensions. This will be initiated by the City.

Through the planning and design process, Consultants must:

« Ensure the overall safety of passengers, operators, pedestrians, vehicular traffic, and
general public is maintained.

+ Utilize low maintenance landscaping to reduce long-term costs, while providing an
enduring landscape.

« Identify and reflect the character of the community it moves through.

« Minimize the need to replace or relocate existing buildings and structures.

« Maintain, facilitate, and/or enhance pedestrian and vehicular movement within the
community.

« Utilize landscaping and structures design in mitigation of noise, appearance, safety, and
community integration, to provide a system that is both attractive and visually pleasing to
the general public.

+« Development must be fiscally responsible in an effort to minimize impacts while
maximizing the value received in a fiscally responsible manner.

« Land use and landscape development must incorporate each unique community’s issues
as determined through the stakeholder involvement process.
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In response to the development of the overall principles outlines in Section 1.2.1 seven major
landscaping design principles were formulated and will be incorporated into the landscaping
development of the LRT corridor and its components. These are; (1) safety, (2) maintenance,
(3) neighborhood integration and impact mitigation, (4) buffering, (5) aesthetics, (6) fiscal
responsibility, and (7) stakeholder involvement..

1.2.3 Aesthetics/Arts Program

City Policy C458C, outlines the guidelines by which public art is to be included in the project
budget and the means by which it is to be incorporated. It states in part.”

“The City of Edmonton will dedicate 1% of the qualifying construction budget to cover the
costs of implementing City Policy C458C.”

In part, the purpose of the policy is to “Improve the livability and attractiveness of Edmonton:
increase public awareness and appreciation of the arts; stimulate the growth of the arts and
arts-related business, use public are to help meet urban design objectives of municipal
developments; and to encourage public art in private developments through example.”

1.2.4 Accessibility

Barrier-free design will be undertaken for all sites and as determined by the stakeholder
involvement process. The design must utilize the following documents or resources to ensure
a barrier-free design:

Barrier-Free Design Guide - Barrier-Free Design Advisory Committee of the Safety
Codes Council and Alberta Municipal Affairs.

Universal Design for Barrier - Free Park Development, City Community Services,
Policy C463 — Accessibility, City Corporate Guide.

City of Edmonton Advisory Board on Services for Persons with Disabilities.

Refer to Chapter 15 — Accessibility for further details. Specific accessibility issues are also
noted with the various chapters as deemed appropriate.

1.2.5 Safety and Security
1.2.5.1 Design and Operations

Safety and security in LRT facilities and along the corridor and adjacent communities is a
major concern. High visibility of all areas is required for both a feeling of public safety and to
ensure adequate operational site lines are maintained.

All Consultants must incorporate the criteria stated in the following documents to ensure a
safer corridor is developed for vehicular, pedestrian, bicyclists, and LRT users:

Crime Prevention Through Environmental Design (CPTED)

City of Edmonton Design and Construction Standards

Design Guide for a Safer City, City Planning and Development Department.
LRT Safety and Security Guidelines (Refer to Chapter 16, Safety and Security)

Formal Road Satety Audits should be considered during the design phase to address the
safety of all system users, including riders, pedestrians, and motorists along the LRT right-of-
way..

1.2.5.2  Security During Construction Phase
Theft and vandalism of construction materials/equipment stored on-site or even after

installation and prior to LRT operations is a growing problem and is a major concern to the
City of Edmonton.
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Consultants should incorporate in their designs practical and cost effective theft prevention
measures. They should ensure that the security provisions of construction specifications are
stringent. Regular and frequent inspections of Contractors laydown/work areas must be
carried out to ensure that stored materials and equipment are properly secured.

1.2.6 Operation and Maintenance

LRT facilities represent a major investment and are difficult to change or modify once built.
The objective in the facility design is to provide a long functional life (75 to 100 years plus)
with a minimum of maintenance requirements. Consideration must be given to minimizing
service disruption and inconvenience to the transit patron during maintenance procedures,
renovations or new construction tie-ins. The Consultant must consider the following principles
during the design development phase of his work:

1.2.6.1 Maintenance

« The use of conservative design procedures.

e The use of materials and products especially designed or suited for heavy usage is
required.

« As a general rule, simple, standard, off-the shelf high quality components are preferred to
complex or elaborate building components that are prone to higher incidence of failure
and require more maintenance.

e« The design of the facility will be such as to make any maintenance procedures as
convenient as possible to carry out.

« Use materials and equipment that are waterproof and able to withstand water penetration.

« Provide utility services at the station exterior to accommodate the maintenance of
landscaped areas.

« Minimize or eliminate bird roosting areas in outdoor stations

1.2.6.2 Personnel and Equipment Access

+« As access to portions of underground structures is difficult or impossible, it is a major
consideration in the design. Safe and convenient access must be provided to all facility
areas except the roofs of at grade facilities.

« Easy access must be provided where required to easily perform maintenance procedures
including the servicing of lighting installations.

« Lifting hooks and access platforms must be provided to assist in the removal of heavy
items of equipment, e.g. pumps, motors, filters, etc.

« The facility design must take into account that emergency crews and fire fighting crews
have good access to all areas. Due consideration is to be made to escape modes and
emergency access routes.

« Easy access to all portions of the LRT ROW should be provided, where practicable.

« Tie-off points on roofs and high structures to provide fall-protection measures for O & M
crews.

1.2.6.3 Vandalism

« Facility design must incorporate measures to resist the attempts of wanton destruction
and violent vandalism.

« The Consultant must maximize the use of vandal resistant materials and equipment,
particularly in vulnerable public areas.

« Eliminate blind spots and hidden areas as much as possible.

« All structural ledges in public areas must be sufficiently sloped to discourage loitering and
vandalism.

Final Issue July 2011 1.8



CITY OF EDMONTON — LRT DESIGN GUIDELINES
GENERAL

1.2.6.4  Flexibility

¢ The design of LRT structures should be able to accommodate possible future extensions,
facility upgrades, equipment, and new uses (i.e. kiosks) that may be added to the system.

« Underground station design should be able to accommodate connections to future
adjacent development.

¢ LRT tunnels should make provision for future turnouts.

« Service rooms should be sized to handle all necessary equipment plus an allowance for
the possibility of future equipment being added.

« Sufficient capacity should be provided to handle additional electrical loads.

« The design will allow for alternate access in the event of closure of escalators, elevators,
entrances etc. for station maintenance or upgrades

« Accommodate snow removal and storage adjacent to LRT facilities and ROW.

The degree of flexibility to be incorporated will be at the discretion of the ETS.

1.2.6.5 Combustibility

« Due to restrictive locations of underground stations, extreme care and consideration
should be taken in the selection of materials and finishes.
¢« Combustible elements within the facility are to be minimized.

1.2.6.6 Collaboration

« Comprehensive and continual consultation is required with ETS during the design
construction and commissioning phases of the project.

« Comprehensive consultation is required with the Advisory Board for Persons with
Disabilities during the design and commissioning phases of the project

« City Departments or agencies involved in the maintenance of LRT facilities must be
involved in design development reviews and the commissioning phase of the project. In
addition they are to be provided with POR plans and O & M documentation.

1.3 LOCAL CLIMATIC CONDITIONS

The City of Edmonton, the capital city of Alberta, is located about 3 hrs driving time east of the
Rocky Mountains in central Alberta. It is situated 671 m above sea level at 53° 34’ north
latitude and 113° 35’ west longitude (at the City Center Airport).

Edmonton has four distinct seasons and can experience a wide variation in temperature. Its
warmest temperatures are normally experienced in July with daily means of 17.5° C with a
record high temperature being achieved of 34.5° C on August 5, 1998. Average yearly rainfall
is 365.7mm. The daily mean minimum temperature in January is -16°C degrees with a record
low temperature of -48.3°C occurring Dec 28, 1938. Average yearly snowfall is 123.5mm.

The temperatures used for design purposes for Edmonton are to be in accordance with
current ASHRAE and ABC standards.

The summer average relative humidity is 60% and the winter average humidity is 75%.
Frequently throughout the year 100% relative humidity may be achieved. Minimums of 15%
to 20% may also be experienced.

Winds average 12 km/hr over the course of the year, however the highest wind velocity
recorded on a 10 minute mean basis is 101 km/hr. Wind gusts up to 130 km/hr may be
experienced. In 1987 the eastern edge of Edmonton experienced a Category F4 tornado with
major loss of life and property damage.

Generally air pollution levels are low. Alberta Environment should be consulted to determine
if vehicle, equipment or weather sensitive infrastructure components have the potential of
being damaged by abnormally high levels.

Note: Climatic conditions should be verified by accessing www.weatheroffice.ec.gc.ca/canada-e
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1.4 VALUE ENGINEERING/RISK MANAGEMENT

ETS encourages design consultants to develop proven design alternatives to improve
construction, operation and maintenance of the LRT system facilities. Alternative designs
should be developed and evaluated taking into consideration the following criteria:

Performance — proven materials

Cost and schedule savings during construction
Operating efficiency

System safety

Ease of maintenance

Low maintenance

From time to time the PMO may require, with the assistance of the Consultant that a risk
analysis assessment be carried out on certain problematic aspects of the LRT extension
project.

1.5 SAFETY MANAGEMENT AUDIT PROGRAM

The purpose of the APTA developed and sponsored Safety Management Audit program is
two-fold:

« To provide public transit properties such as ETS with transit industry-wide formats for
developing a LRT System Safety Program Plan and

« To provide formal evaluations on how well those System Safety Programs have been
met.

The goal of the program is to guide the transit property and the Consultant through a series of
safety management processes that will strengthen and validate the quality of the transit
agency’s safety practices and create an even safer environment for users all those whom are
in direct and indirect contact with the LRT system.

Such an audit was conducted by APTA on ETS in 2007. In addition to other audit findings
APTA recommended that ETS consider the following enhancements:

e To increase their awareness of existing Rail Transit Standards, ETS’s (Vehicle
Maintenance, Operations, Facilities, Right-of-Way and Communications Maintenance)
should review applicable standards and recommended practices and document how they
conform or exceed those minimum standards.

e LRT should consider establishing an independent accountability of the Quality Assurance
function within the organization to support the development and oversight of
organizational-wide quality control practices. This function becomes more critical as the
organization continues its service expansion.

e Some locations along the system right-of-way have been identified as not having
sufficient clearance for personnel when trains are moving at those locations. No clearance
zones protection training has been conducted to make personnel aware of the hazard in
those areas. It is recommended that LRT take added safety awareness measures and
clearly mark the affected areas in the field as no clearance zones.

e ETS should establish at least, a notation or Cover Page for its existing As-built drawings
to designate the appropriate reference documents that have changed the original
configuration.

o LRT is encouraged to complete its track standards development that will ultimately
provide clear guidelines on how LRT track is maintained. This document will also be
beneficial to its track training program.

e |t is recommended that ETS establish a frequency of review for the existing Standard
Operating Procedures (SOP).

e |t is recommended that ETS continue their progress toward the conversion of as-built
drawings to an electronic medium.
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1.6 COMMISSIONING AND TESTING
1.6.1 General

A Commissioning Plan and Program will be developed for all extensions to the LRT system,
including any major renovations to existing stations and related facilities.

Commissioning begins at the start of the project and correlates with the construction
schedule. The commissioning program is designed to be flexible and responsive to each
project and the user's needs. The commissioning agent also acts as an educator, as not all
contractors, consultants, and building owners are fully familiar with the specific commissioning
process and demands placed upon them to completely commission a building or a system.

The program philosophy incorporates the systematic static and dynamic testing of each
system and its interrelated and interacting components. The testing activities are carried out
within the framework of a clearly defined commissioning program. Participants are informed
of their respective role and responsibilities. Each activity is performed until each system is
proven capable of operating at an optimum condition. Specified contractor tests are to be
witnessed by the Consultant. In addition, independent operational tests are to be conducted.

The commissioning routines involve an overlap of activities between the Consultant's and
Contractors performing services under various contracts. This overlapping of activities
creates a situation which requires a single source, one party, responsibility. A commissioning
team, which will include representatives from the Consultant, LRT D&C, and ETS, will be
established to monitor the activities carried out within the program structure and to deal with
potentially problematic issues as they arise.

The commissioning program also includes City of Edmonton maintenance personnel (both
ETS and Infrastructure Services Building Maintenance) when called upon. Involvement of the
maintenance personnel and future building occupants in the commissioning, as part of the
process and through training seminars, results in fewer problems, faster turnover, assured
knowledge transfer, and a higher level of confidence in operating the systems.

The Commissioning Program does not limit or relieve the Consultant or Contractor of any
specified contractual responsibilities or duties.

1.6.2 Activation

Start-up and activation work must be performed by an independent agency (referred to as the
Activation Agent) approved by ETS.

The building mechanical system must be checked in both static and dynamic modes to
ensure compliance with the design intent and the mechanical contract documents.

The Activation Agent:

+ Reports directly to the Mechanical Consultant.
« Must complete his work prior to substantial completion being issued by the Contractor.

1.6.3 Overhead Catenary System Certification

Prior to the energization of the overhead catenary system, *Megger testing must be
undertaken to identify leakage conditions and ensure the electrical integrity of the system.

*Note: The traction power consultant must specify the test procedure.

A single LRV must be utilized to test the overhead contact wire system at test speeds
designated by the Consultant. Initial test runs are to be conducted at slow speeds and
successive test runs are to be performed with incremental increases in speed, at the
discretion of the Consultant. The system must be fully tested at the maximum LRV operating
speed.
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The LRV must be equipped with camera equipment for monitoring the pantograph dynamic
position relative to the stagger of the contact wire.

The operation of the system must be monitored after commissioning until the Consultant is
satisfied that no deficiencies exist and no remedial actions are required.

1.7 STANDARD RECORD DOCUMENTS

As the Owner, the City requires detailed information on the constructed LRT facility for a
variety of purposes. This information, referred to as Standard Record Documents, is
generally comprised of the following:

Plan of Record Drawings

Operation and Maintenance Manuals
Shop Drawings

Guarantees / Warranties

Project Closeout Records and Reports

The format, content and level of detail provided must be consistent with that provided for
existing LRT facilities.

1.71 Plan of Record Drawings General Requirements

The responsible Contractor must accurately and neatly record any deviations from the
contract documents (red lining) caused by site conditions and/or other authorized changes.
The Contractor will provide a record of these changes to the Consultant on a regular basis.
The Consultant is then responsible for ensuring that all changes that are made to contract
components during construction are recorded on a set of drawings referred to as the “Plan of
Record” drawings.

The POR drawings are a major deliverable item from the design/construction phase of the
work, and are required to be produced before the work performed under the terms of the
contract is accepted. They are provided to the Project Office and is presented in general
terms in the following table:

Drawing Medium Format Distribution
Mylar A1 -One set only in permanent ink Project Office
Electronic (CD) A1 pdfs; autocad; *mircostation; | 1 — Project Office
reference files 1-LRT D&C
*As per direction from Project Offfice *Varies — ETS
Paper A1 bond 2sets—LRT D& C

*Varies — ETS (varies according
to number of facilities in project)

2sets-LRTD&C

1 set — Project Office

*Varies — ETS (For SLRT 22
sets were required)

11 X 17

Table 1.1
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Notes:

1. CADD Manual updates to provide POR format and distribution prior to preliminary engineering on
any extension project. *Variable distribution requirements to be verified by Project Office.

2. 11 x 17 *prints bound in a binder designated Plan of Record Drawings. The spine and front of the
binder will contain the same information as described in Section 1.6.2.3 for the O & M Manuals.

3. There are instances whereby the POR (i.e. schematics) may be incorporated into the O & M
manuals.

4. At the direction of LRT D&C additional sets of drawings and CD’s for certain contracts may be
required for institutional stakeholder groups.

5. POR drawings in electronic and paper format are to be submitted to ETS no later than 60 days after
completion of construction.

1.7.2 Operation and Maintenance Manuals General Requirements

1.7.2.1 Purpose

Under the direction of the responsible Consultant, separate O & M Manuals are to be
prepared by the Contractor. These manuals provide City LRT maintenance staff with written
instructions and related documentation regarding the operation of, and the maintenance
procedures associated with, each system and related piece of equipment that has been
supplied and installed as per the requirements of the contract.

The O & M manuals are an integral part of the design and construction phase of the
production of the contract documents. They are to be considered as a priority item in the
commissioning and final acceptance of the work.

1.7.2.2 Copies/Sets/Distribution

The Contractor, through the Consultant, will provide a minimum of *six (6) bound paper copies
and CD (in PDF and Microsoft Word format) of the O & M manuals for each discipline as
described below.

*Note: Some disciplines may require the production of more than six copies to be determined by the
Project Office.

Distribution will generally be as follows:

Master copy plus one (1) Spare - ETS at D.L. MacDonald Maintenance Yard

One (1) set - Infrastructure Services, Building Maintenance at Westwood Yard

One (1) set - Buildings and Landscape Services Branch of Infrastructure Services at
Century Place

One (1) set - LRT D&C at Century Place

One (1) set - Consultant

1.7.2.3  Submission Timeline Requirements

¢ Draft — Submitted by Contractor at 90% construction completion stage for format review
(one draft copy).

« Final Edition O & M Manuals - Submitted to ETS no later than substantial completion of
the contract as they are required for staff maintenance training (all copies)

Final Issue July 2011 1.13



CITY OF EDMONTON — LRT DESIGN GUIDELINES
GENERAL

1.7.2.4  Formatting Requirements
Each set of manuals will be identified by discipline as follows:

Volume 1 — Architectural / Structural
Volume 2 — Trackwork

Volume 3 - Signals

Volume 4 — Traction Power

Volume 5 — Mechanical

Volume 6 — Electrical

Volume 7 -- Controls

Note: If more than one binder is required for one discipline it will have an alpha designation such as A,
B, C etc. Refer to Appendix |, Standard Record Documents Additional Requirements.

A Consultant with a contract package with limited mechanical, electrical, and HVAC
components may produce a combined O & M Manual. The Consultant must first have written
approval from the Project Office to produce a combined document.

Six (6) 215 x 280 mm capacity extension type expanding spine catalogue binders, for each
volume must be provided. They are to be bound in heavyweight dark blue fabricord (Ontario
Buckham, OBV-460) debossed hot stamped in white lettering on front and spine. Each copy
will be permanently numbered 1 to 6. Binders should be of sufficient capacity to hold system
data while in the closed position (not expanded - maximum width 75 mm).

The number of volumes can be increased and renumbered as necessary.

1.7.2.5 Manual Cover and Spine Layout
The information to be provided on the binder cover and spine is listed below.

- Operation and Maintenance Manual

- Project Name

- Work Package Descriptor and Contract Number

- Volume Number / Discipline

- Month & Year (Substantial Completion Certificate is issued)

- Name of Owner (The City of Edmonton) Cover only
- Name of Project Manager Cover only
- Name of Consultant Cover only
- Name of General (Prime) Contractor Cover only
- SetXof6 Spine only

Figure 1.1 is an illustration of the required layout.

The Contractor, prior to ordering the binders, through the Consultant to the Project Office
must submit a drawing of the proposed graphics layout for each O & M Manual by discipline
for approval. This is to ensure the proposed layout of the manual cover meets the format of
existing LRT O & M manuals.

1.7.2.6  Manual Content and Layout

The O & M manual should be generally organized as follows but may vary depending on the
scope of the work, the phase of the work and the location of the work. The following
information provides guidance but does not represent a strict adherence to the format
presented. The Consultant is to use good judgment, and in consultation with the Project
Office, draft an approved and suitable outline of acceptable content for the manual:
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Tabs

Tabbed laminated Mylar plastic dividers must be used to separate each section. Each will be
color coded according to section description as follows:

e Large Tabs

White — Table of Contents and Introduction

Grey — Consultant(s), Contractor(s), Supplier Lists

Red — Safety in Maintenance

Light Green — Contractor Warranty/Guarantee Certificates complete with a list of warranty
start and completion dates. Light Orange —System Group Description (See each System
Group below for descriptors)

« Small Tabs
Smaller tabs with various colors as noted below are used to divide each System Group
into various sections.

Layout
Title Page (white)

Contains the same information as embossed on the front cover of the binder. Page is
inserted into a clear plastic cover.

Table of Contents (white tab)

Indicates the information contained in the manual by System Group and Section. Each
volume will have its own table of contents.

Introduction (to the manual) (white tab)

Provides a written description of the layout of the manual, its intended use, its purpose and
instructions on how to use the manual.

Scheduled Maintenance Summary Chart

Warranty/Scheduled Maintenance/Breakdown Maintenance Log Sheets:
Sample Maintenance Sheet

Blank Maintenance Sheet

List of Drawings

List of Specifications

Equipment Schedules

Consultant, Contractor, Supplier Lists (grey tab)

The full identification requirements for the consultants, contractors, suppliers are:

- Legal company name

- Full address and postal code

- Telephone number including area code
- Facsimile number

- Email address of designated contact

Safety in Maintenance (Red)

This section of the manual is intended to provide a basic overview of safety and first aid
procedures, as well as to stress certain basics when developing an in-house safety program.
It is in no way intended to be contrary to occupational health and safety regulations, or
internal safety procedures.
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Contractor Guarantee/Warranty Certificates (Green)

Both a "sample" and a "blank" warranty/breakdown maintenance/scheduled maintenance log
sheet are to be included in this section with instructions on how to complete the forms.

System Group Section
The following is the standard layout for each System Group Section:
General Requirements for Division Numbers 2 through 17:

The System Group items that are listed under each Division are generally representative of
those that are found in most contracts. The Consultant, in conjunction with the Contractor,
will make the final determination of the work items to be included along with the tab section
numbering system. Using Division 16 Electrical as an example, the System Group would be
1.0 Power and Distribution, 2.0 Lighting, 3.0 Life Protection, etc.

Further to the example of Electrical would be the Sections under the System Group ‘Power
and Distribution’ of 1.1 Incoming Electrical Power Services, 1.2 Secondary Power Distribution,
etc.

Within each of the Sections would be the four chapter tabs:

e Dark Orange— Description of the Section (system), its basic operation and summary of its
intended function.

e Blue — Components (Manufacturers product data, schedules, directories, schematics,
maintenance items or bulletins)
Yellow — Shop Drawings
Green — Test Results

List of Divisions

Division 2 — Sitework

Demolition
Excavation

Backfill

Site Grading

Paving and Surfacing
Landscaping

Survey — as built
*Trackwork

*Note: Will generally require a separate O&M manual.

Division 3 — Concrete

Expansion Joints
Concrete floor finishes
Restoration and cleaning
Special finishes

Division 4 — Masonry

Concrete Masonry
Expansion Joints
Restoration and cleaning

Division 5 — Metals

Metal Fabrications
Expansion Control Joints
Sole plates
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Bearings
Ornamental Metal

Division 6 — Wood and Plastic

Millwork
Laminated plastic
Architectural Woodwork

Division 7 — Thermal and Moisture Protection

Waterproofing — membrane & fluid
Membrane roofing

Roof accessories — skylights & hatches
Bituminous damp proofing

Built-up single membrane roofing
Metal flashing and trim

vented soffit panels

Sealants

Division 8 — Doors and Windows

Metal (Steel) doors and frames
Wood and plastic doors

Door opening assemblies
Special doors

Entrances

Aluminum entrance doors
Metal windows

Hardware — include keying system
Curtain wall

Coiling grills

Rolling shutters - metal

Division 9 — Finishes

Gypsum Board — vinyl clad
Ceramic Tile

Quarry Tile

Tile

Terrazzo

Resilient flooring

Special treatment

Painting

Wall covering

Division 10 — Specialties

Compartments and cubicles

Louvres and vents

Grills and screens

Access flooring

Lockers

Fire extinguishers

Partitions

Storage and shelving

Metal toilet partitions and washroom accessories
Roof Scuttle

Final Issue July 2011



CITY OF EDMONTON — LRT DESIGN GUIDELINES
GENERAL

Division 11 — Equipment

Maintenance equipment
Mercantile equipment

Industrial and process equipment
Shelving

Cabinets

Division 12 — Furnishings

Manufactured cabinets and casework

Division 13 — Special Construction

Sound, vibration control

Industrial and process control system

Transportation instrumentation rail control instrumentation
Fire suppression and supervisory system

Division 14 — Conveying Systems

Elevators
Escalators
Hoists and cranes

Division 15 — Mechanical

Basic material and methods
Noise, vibration

Special piping

Plumbing systems
Plumbing fixtures and trim
Fire protection

Power or heat generation
Refrigeration

Liquid heat transfer

Air distribution

Controls and instrumentation

Refer to Appendix 1 Standard Record Documents Additional Requirements, 1.0 Mechanical

Division 16 — Electrical

Power and Distribution
- Incoming Electrical Power Services
- Secondary Power Distribution System
- Transformers
- Panelboards and Power Distribution Centre’s (PDC)
- Emergency Power System
- UPS
- Motor Controls
- Receptacle Systems
- Grounding and Bonding System
- Heat Tracing System
- Vaults and Pullboxes
- Miscellaneous Equipment

Lighting Systems

- Interior Lighting
- Exterior Lighting
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- Lighting Controls
- Emergency Lighting

Life Safety Systems
- Fire Alarm System
Low Tension Systems

- Signals System (LRT, Traffic and Crossing)
- Fiber Optic Network

- Telephone Network

- CCTV

- Public Address

- Variable Messaging

- Ticket and Fare Validation

- Miscellaneous Systems

Refer to Appendix | Standard Record Documents Additional Requirements, 2. Division 16
Electrical

*Division 17 — BMS Controls

*Note: Will generally require a separate O&M Manual.

The following topics are to be covered in the BMS division of the Manual and will be tabbed in
accordance with the following major sections:

- Design Intent

- Description of System

- System Start-Up

- Operation of the System

- Maintenance Requirements

Design Intent

This section outlines the design intent and provides a system overview that describes the
relationships between the hardware, operating system, control software and other control
components.

Description of System

This section will provide a detailed description of all system components, hardware, parts, and
software. It should be presented in accordance with the following tabbed subsections:

e« The Communication network (computer) and LAN provided.

Provide a general Description of the network and communication system addressing the
following:

- Is the network a stand-a-lone or is it connected through the Internet?
- How is the network accessed? Is it via a modem or some other medium?
- Are there application or file servers?

The following documentation should also be provided:

- Network topology / layout drawing

- Network physical layout drawing

- Network configuration including: protocols used, IP addresses, gateways, routing
tables etc.
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« Hardware
Provide a general description and specifications. Also include the following:

- Complete listing of all equipment (Communication and LAN) identifying the
manufacturer, model number, Users manual(s).

- Electrical schematics and layout drawings.

- Field instrumentation and sensor characteristics.

- Valve and damper schedule.

« Software

Describe programming and testing including a detailed and accurate description of each
software module including the following:

- Calling requirements,

- Data exchange requirements,

- Data file requirements and other information necessary to enable proper
integration, loading, testing and program execution.

The following items are to be specifically included:

- Logic diagrams and equivalent documentation in hard copy enabling the logical
step-by-step analysis for the program listings.

- Database structure and interface with running programs.

- Procedures for data base creation.

- Procedures for user software writing and implementation.

- Description of implementation of the applications software, including interface
with calling and called programs.

- Description of the algorithms for the application software.

- Program cross-references.

- Subroutine lists.

- Report generator data format, output format and content.

- Alarm messages and format.

System Start-Up

Provide listing of initial conditions for all system set-points, alarm limits, control loop
parameters and calibration information for sensors used.

Operation of the System

In addition to the programming and testing description in the software sub-section above, a
complete description of the individual building control application system and software is to be
provided.

Maintenance Requirements

This section will contain the following:

« A description of the maintenance procedures for all equipment and systems (as defined in
the controls specification)

+« A schedule for recommended planned and preventative maintenance work items and
intervals.

« Alist of resources to call upon for maintenance and servicing of equipment which includes
name, address, and phone numbers for supplier and service contact for each piece of
equipment.

« All of the approved shop drawings.

« A complete set of record drawings.
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1.7.2.7 Systems and Equipment General Information Requirements

The following information must be provided for each system and each major piece of
equipment:

« Index of information in that section in order of appearance;

« Description of system, components and technical data. Include interfaces, sequences,
operational characteristic changes for seasonal operation.

Maintenance and operating instructions;

Recommended spare parts list;

Schematics, single line, and wiring diagrams;

Service representatives — name, address, and telephone number, and facsimile number;
Suppliers for replacement parts — name, address, and telephone numbers, and facsimile
number;

Test results: witness testing, commissioning, test results;

Certification, guarantee, warranty. Each manual will have a summary list of all applicable
warranties and expiry dates;

Troubleshooting data;

Preventative maintenance program complete with suggested check list sheets;

Test data of degreasing and flushing of piping;

Hydrostatic or air tests performance;

Equipment alignment certificates;

Balancing data for air and water systems;

Valve tag list; and

Inspection approval certificates for all types of systems: elevators, escalators, plumbing,
and piping, hot air and ventilating, electrical supervisory controls.

1.7.3 Other Documentation Requirements

1.7.3.1  Shop Drawings

Shop drawings are to be clear and legible and be stamped by the engineer indicating that
they have been reviewed. All shop drawings are to be included in the O & M manuals in the
relevant sections.

1.7.3.2 Warrantees/Guarantees

A comprehensive overview of the warrantees and guarantees are to be prepared by the
Consultant and provided along with the original and specified copies. All documentation is to
be placed in the appropriate section of the O & Manuals.

1.7.3.3  Fire Protection Manual

The fire protection manual describes the fire protection systems utilized in the underground
portions of the Edmonton LRT System. Any future underground additions such as grade
separations, tunnels, underground stations and portals will require that the manual be
updated. The City will assign the responsibility for this task.

1.7.3.4 Close-out Records and Reports
Additional project closeout documentation that is required includes the following:

Dated construction photos

Substantial Completion Certificate

Final Acceptance Certificate

Construction Completion Certificate

Project Completion Report for each major work package.
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The details of the forgoing are outlined in the Project Control Manual and applicable contracts.
The Consultant will determine the number of copies that are required and the timing of
delivery.
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CHAPTER 1 APPENDIX | - STANDARD RECORD DOCUMENTS ADDITIONAL REQUIREMENTS

1.

DIVISION 15 - MECHANICAL

Plan of Record drawings must identify location of fire dampers, major control lines, access
doors, tagged valves and actual room names or numbers.

In general, the Mechanical O&M manual has three volumes as follows:

Volume 2A — Mechanical Operations

This volume is organized as follows:

Introduction

Is in accordance with Section 1.7.2 the general requirements.
Table of Contents

Is in accordance with Section 1.7.2 the general requirements.
Consultants, Contractors and Suppliers

Is in accordance with Section 1.7.2 the general requirements.
Mechanical Systems

List of Mechanical Drawings

Description of Systems

Provide a complete and accurate description of the installed systems as follows:

- A detailed system description and a description of components comprising that
system.

- An explanation of how the mechanical components interface with electrical
components to complete the system.

- Location of thermostats, controllers, or operating switches used.

- Summer or winter operating variances.

- Controller operating set points and control application programs.

Operating Division

An accurate and detailed description of the operation of major components must be
provided as follows:

- Information on how to energize components.

- The exact locations of switches and controls.

- The way in which components interface with other components.

- The operation of controls including the operational sequence.

- The operational changes for summer or winter operation, and how to accomplish the
changeover.

- The complete operating sequence, and safeguards to check if equipment goes off
line.

Volume 2B — Mechanical Maintenance

This volume is organized as follows:

Introduction
In accordance with general requirements.
Table of Contents

In accordance with general requirements.

Final Issue July 2011 A11



CITY OF EDMONTON - LRT DESIGN GUIDELINES
CHAPTER 1 APPENDIX | - STANDARD RECORD DOCUMENTS ADDITIONAL REQUIREMENTS

Contractors and Suppliers
Is in accordance with Section 1.7.2 of general requirements.
Equipment

In accordance with Section 1.7.2 of general requirements. In addition include the
following:

- An outline of the procedures for purchasing parts and equipment.
- The recommended spare parts list.

Certification
A copy of the following is to be included in this section:

- Test data on hydrostatic or air tests performed on piping systems.

- Equipment alignment certificates.

- Balancing data for air systems.

- Valve tag identification and pipe color code.

- Inspection approval certificates for the plumbing system, heating and ventilation
systems, and fire protection systems.

- Equipment guarantees and warranty.

Shop Drawings and Maintenance Bulletins

Materials received in compliance with the contractual requirements for “Shop Drawings” is
placed in this section.

Preventative Maintenance

It is the Consultant’s responsibility to coordinate the requirements for the extension of the
ETS “computerized maintenance program” to include all new equipment. The following
detailed information must be documented:

- Maintenance and lubrication schedules for major components. Schedules to outline
daily, weekly, monthly, semi-annual and yearly checks and tasks.

- Provide a detailed description of the tasks required for servicing typical equipment
such as bearings, drives, motors and filters. This information will be compiled for
typical equipment separate from the shop drawings.

Volume 2C - Start-Up and Activation

This volume will be organized in accordance with the general requirements.

In addition, the manual will include the following:

2,

« System schematics for each system in the facility.

» Check sheets for systems and systems components.

« Final test reports for each system.

 Detailed step by step procedures for each system start-up.

DIVISION 16 - ELECTRICAL

In general, Division 16 is organized as follows:

Title Page

Is in accordance with Section 1.7.2 General Requirements.
Table of Contents

Is in accordance with Section 1.7.2 General Requirements.

Introduction
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Is in accordance with Section 1.7.2 General Requirements.
This section to also include the following:

Scheduled Maintenance Summary Chart

Warranty/Scheduled Maintenance/Breakdown Maintenance Log Sheets:
Sample Maintenance Sheet

Blank Maintenance Sheet

List of Electrical Drawings

List of Electrical Specifications

Equipment Color Coding Schedule

The plan of record drawings to reflect the as-built electrical equipment and wiring for the
ROW. The record drawings are to show chainages of all ROW electrical devices
including vaults, pullboxes, PDC, signals equipment, traffic signals equipment, track
power devices, grounding and bonding connections, telephones and ROW lighting.

The plan of record drawings to reflect the as-built electrical equipment and wiring for the
TPSS, platforms and Transit Centre’s. The record drawings must show locations and
wiring of all power, lighting, control, communication and fire protection systems.

¢ Consultants, Contractors and Suppliers
Is in accordance with Section 1.7.2 General Requirements.
Also include products supplied by Electrical Suppliers.

o Safety in Maintenance
This section to include the following:

General Safety Suggestions

General Accident Prevention Suggestions
Electrical Safety Suggestions

Record Keeping and Safety

s Contractor Guarantee/Warranty Certificates (Green)
Is in accordance with Section 1.7.2 General Requirements.

Both a "sample" and a "blank" warranty/breakdown maintenance/scheduled maintenance
log sheet are to be included in this section with instructions on how to complete the forms.

e Systems

Division 16 is to be divided into System Groups. Each System Group is divided into
Sections (in accordance general requirements) and each Section is divided into chapters.

Each chapter to contain the following:

Description of the System

Provide an accurate and detailed description of the operation of major components
including, but not limited to the following:

- A brief explanation and description of the components comprising that system.
Explain the relationships of the system to LRT operations.

- Information on how to energize the components

- The operation of controls including the operational sequences

- An explanation of how electrical components interface with other electrical
mechanical components.
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- The location of distribution equipment, disconnect switches, magnetic motor starters,
manual motor starters, lighting controls, fire alarm system components and other
related equipment.

- References to related and appropriate drawings and specifications.

Components

- Manufacturer’s product data, schedules, directories, schematics and bulletins.

- Manufacturers suggested preventative maintenance tasks for all electrical equipment
supplied. These PM tasks are listed separately for each period (day, month, bi-
yearly, yearly) and are then cross-referenced to a check list outlining task, period and
corrective action taken.

Shop Drawings

- Materials/documentation received in compliance with the contractual requirements for
shop drawings.
- Shop drawings to have the review stamp of both the Contractor and the Consultant.

Test Results
A copy of each of the following is to be included in this section:

- Test data and start-up reports for all systems for both factory and field testing
- Local inspection from the Authority Having Jurisdiction reports

- Manufacturer warranties and guarantees

- Contractor warranty and Construction Completion Certificate

All submissions to be complete, organized, clear, legible, dated and signed.
¢ Recommended Chapter Topics

1.0 Power and Distribution

1.1 Incoming Electrical Power Services
s Utility Feeders
s Utility Equipment including transformer(s)
e Utility Easements
e Short Circuit, Arc Flash Analysis and Co-ordination Study

1.2 Secondary Power Distribution System

e Main distribution Switchgear
e Utility metering
e Customer Metering

1.3 Transformers

s Dry Type Transformers
s Tap Adjustment Data
s Connection Details

1.4 Panelboards and Power Distribution Centre’'s (PDC)

347/600 V Distribution Centres
Metering

120/208 V Distribution Centres

Molded Case Feeder Breakers
347/600 V and 120/208 V Panelboards
Ground Fault Breakers

Transient Voltage Surge Suppressers

Final Issue July 2011 A1.4



CITY OF EDMONTON — LRT DESIGN GUIDELINES

CHAPTER 1 APPENDIX | — STANDARD RECORD DOCUMENTS ADDITIONAL REQUIREMENTS

1.5

1.6

1.7

1.8

1.9

1.12

Emergency Power System

Emergency Generator
Transfer Switches
Controls

Sequence of Operation

UPS

UPS Bypass
UPS Unit
Batteries

UPS protection

Motor Controls

Manual Motor Protection Switches
Disconnect Switches

Motor Control Centres

Magnetic Starters

Overcurrent Protection

Single Phase Protection
Adjustable Overloads

Fire Alarm System Interface

Receptacle Systems

Standard Receptacles

Emergency Receptacles

Ground Fault Interrupter Receptacles
Car Heater Receptacles

Grounding and Bonding System

Utility Grounding

System Grounding

Station Bonding

ROW Bonding

Catenary Pole Bonding/Grounding

Heat Tracing System

Enclosure for Temperature Controller
Temperature Controller

Rain Water Leader Heat Tracing

Sanitary Sewer and Drainage Heat Tracing

Vaults and Pullboxes

Communication Vault
ROW Power Pullboxes
ROW Catenary Pullboxes
ROW Signals Pullboxes

Miscellaneous Equipment

e Cable Tray

2.0 Lighting Systems

2.1

Interior Lighting
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* Incandescent and LED lighting
s  Fluorescent
s High Intensity Discharge (HID) Luminaires

2.2 Exterior Lighting

« LED Lighting
e Fluorescent
¢ High Intensity Discharge Luminaires

2.3 Lighting Controls

Line Voltage Switch

Low Voltage Switch
Occupancy Sensor Control
Photocells

¢ BMS Control of Lighting

2.4 Emergency Lighting

e LED Exit Lights
e Battery Packs

3.0 Life Safety Systems

3.1 Overview of Fire Alarm System

Main Control Panel
Initiating Devices
Signalling Devices
Control Device
Annunciators

Ancillary Devices
Battery Backup
Devices

Sequence of Operation
Interface with Other Systems
Block Diagrams

Riser Diagram
Schematic Diagrams

4.0 Low Tension Systems

4.1 Signals System (LRT, Traffic and Crossing)

e LRT Signals and Wayside Devices
LRT Traffic Signals
s Pedestrian and Traffic Crossing Controller and Crossing Arms

4.2 Fiber Optic Network

LRT Operations Fiber System

IT Operations Fiber System

Patch Panels and Racks

Fiber Connectors, Connections and Splices
Fiber Optical Drivers, Omnilynx and Interfaces

4.3 Telephone Network
e Backbone Cabling
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¢ ROW Telephones
s  Emergency Phones

e  Elevator Phones

e  Washroom Access Phones
e Information Phones

e  Public Pay Phones

4.4 CCTV

e Platform Cameras

e Transit Centre Cameras

¢ ROW Cameras

e CCTVand BMS

e Matrix Switches

¢ Video Transmission (Ethernet/IP)
¢ Digital Video Recorders (DVR’s)

4.5 Public Address

e  Station and Platform Components
e  Sequence of Operation

4.6 Variable Messaging System (VMS)

e VMS System
¢ VMS Signs and Locations

4.7 Ticket and Fare Validation
e  Operation and Wiring Requirements
4.8 Miscellaneous Systems

. Reserved for Future

3. TRACTION POWER

3.1 Traction Power Substations

In addition to the requirements outlined in Section 1.7.1 one set of Plan of Record drawings
must be left at the substation.

The O&M manuals will provide the following in addition to the standard requirements.

Note: The following was taken from Sections 2.4 and 2.5 of the Traction Power Substations Electrical
Standards and Design Guidelines Manual. They were modified to provide additional requirements only.

o Electrical Systems

Provides a detailed description of the equipment installed and a list of all supplies
including a list of the drawings used, along with a brief description of each drawing.

Detailed procedures are outlined for all systems and related equipment covering the
following:

- Equipment manufacturer’s scheduled maintenance sheets and check lists.
Scheduled maintenance sheets shall include detailed daily, monthly and yearly
scheduled maintenance requirements.

- Maintenance safety suggestions and procedures.

- Final shop drawings including schematics and wiring diagrams.
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3.2

- List of all major trades, subtrades and suppliers including names of equipment
supplied and by whom, addresses, phone numbers, facsimile numbers and contact
persons.

- All data necessary to compile a complete comprehensive Preventative Maintenance
program. Data gathered shall be neatly hand-written on forms.

- Spare/replacement parts lists for all of the above. Copies of the electrical contractor’s
data collection sheets available during tendering period when requested.

- Testresults as outlined in other sections of this standard.

Certification and Testing

Contains certification information and copies of all tests performed on the equipment
installed indicating acceptance of the installation including the Final Inspection Certificate
from the authority having jurisdiction (EPCOR Inspection Services).

Shop Drawings and Maintenance Manuals

This section contains detailed information on all equipment and materials used within the
Substation Room under separate sub sections as outlined in the Table of Contents.

Traction Power Overhead Catenary System

Note: The following was taken from OCS Engineering Standards Manual and modified to provide
additional requirements only.

4.

O&M Manuals for New Installations

The Consultant must prepare operations and maintenance procedures for new designs
and installations that require special maintenance tasks or procedures that are not
already contained in the LRT overhead system O&M Manual. Such information is to be
added as an addendum to the existing operations and maintenance manual. The
Consultant may be required to revise and update the operations and maintenance manual
at the direction of ETS or their designated representative.

If new standard designs or construction methods are developed, the associated
operations and maintenance procedures for the new standards are to be developed and
added to the ETS LRT operations and maintenance standards manual.

Certification and Testing
(Refer to Section 1.6.3)

SIGNALS

All Plan of Record drawings related to the field installation of signal equipment must include
the dimensioned position of all buried and embedded conduit runs.

All LRT signal system O&M manuals must include the following additional requirements*:

Note: Source is the Engineering Standards Manual for signals (Omnia).

An index of information that is included in the manual.

Description of system, components and technical data including interfaces, sequences,
and operational characteristics.

Maintenance and operating instructions

Recommended spare parts list.

Schematics, single-line and wiring diagrams.

Contact information for service representatives including name, address, telephone
number, fax number and email addresses.

Contact information for replacement parts suppliers, including name, address, telephone
number, fax number, and email address.
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All documented testing results.

Certification, guarantee and warranty information.

Troubleshooting procedures.

Preventative maintenance procedures complete with suggested check list sheets.
Any applicable inspection approval certificates.

Manuals and other descriptive material are maintained that will enable LRT personnel to
maintain all LRT signal system equipment. This documentation must include descriptions,
specifications, theory of operation, and other electrical, electronic, and mechanical hardware
data.

Instructions must be included for preventative maintenance procedures that include
examinations, tests, adjustments, and periodic cleaning. All manuals must provide guidelines
for isolating the causes of hardware malfunctions and for correction or replacement of the
faulty equipment.

Diagnostic program users manual must be included with complete instructions on the loading
and operation of all hardware diagnostic programs. The text must include guides for locating
faults, symptoms, possible causes of trouble, and suggested remedial action.

e Software Documentation

Whenever software is required for the LRT signal system, documentation maintained, or
provided by a third party, must include an inventory of all software programs used. The
inventory shall include the name of each program and indication of whether the software
is to be standard, modified, or custom. This requirement is to extend to all supporting
software elements including operating systems, compilers, software development utilities,
software diagnostic programs, network managers, and windows managers.

If the software application requires a database be maintained, sufficient database user
documentation shall be included, or provided by a third party, they will enable the City of
Edmonton to enable the updating or regeneration of the database when inputs are
changed and added, and as programs are modified and new programs are added. If a
database management system or a database access routine is involved, the appropriate
user documentation shall be supplied including:

- Software code management

- Programming language compilers and assemblers
- Network communications management

- Processor configuration

- System performance monitoring and tuning
- System restart and diagnostic procedures

- System generation and management

- Database generation and management

- Display generation and management

- Report generation and management

- Diagnostic programs and procedures

- Software utilities

Any System Administrator documentation maintained for the Edmonton LRT signal
system must describe procedures to be followed as a result of computer system restarts
and failures. This documentation must have sufficient information to guide the System
Administrator through starting and configuring any affected system, initiating diagnostics,
and interpreting diagnostic and error output.

e Software Source Code

For any custom software produced for the Edmonton LRT signal system, ETS requires an
electronic copy of all source code or requires a copy of the source code be held in
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escrow. All relevant contact information for the company holding the code in escrow must
be provided to ETS.
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LRT Design Guidelines 2009 EDITION
www.edmonton.ca
Transportation
ETS LRT Projects
LRT Design Guidelines

City of Edmonton Design and Construction Standards (City Design Standards)
www.edmonton.ca
Infrastructure and Planning
Servicing Agreements
Design and Construction Standards for the City of Edmonton

City of Edmonton Road and Walkway Lighting Manual
www.edmonton.ca
Transportation
Traffic Operations
Street Lighting
2) The City of Edmonton Road and Walkway Lighting Manual
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Chapter 2 - Revision Tracking Form
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€dm3nfon Senvices O Chapter 2 oI S
LRT DESIGN & CONSTRUCTION BRANCH 2011 EDITION - Revisions Tracking Form
Section Reference Revision General Description Issue Date
2.3.1 Item 2 Updated - SD160 fleet size increased significantly to 57 LRV’s July 2011
2 paragr. Maijor text deletion to reflect that the LRV’s have already been
added to fleet.
3 paragr. Text addition — LRV’s can run in 5 car consists. Running will
commence in 2012.
4" paragr. Deleted
2.3.3.1 1 paragr. Maijor text deletion to reflect that the LRV’s have already been
added to fleet.
241 Bullet list Added VMB vehicle
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21 INTRODUCTION

For the most part, information contained in this chapter is specific to the U2 and SD160 light
rail vehicles and other auxiliary equipment currently being operated by, or soon to go into
operation with, Edmonton Transit.

Where new vehicles and equipment are acquired in the future, this equipment will meet all
requirements related to the operational and physical limitations of the existing stations, right-
of-way infrastructure, and maintenance areas.

This chapter is divided into several sections:

e Section 2.2 lists rail environment design considerations in terms of both industry
standards and ETS generated documents.

s Section 2.3 provides a description of the U2 and SD160 vehicles and highlights their
major characteristics.

e Section 2.4 lists rail borne auxiliary equipment used at ETS and the heaviest loadings of
this equipment.

Chapter 3, Clearances and Right-of-Way, provides the criteria for the development of
Edmonton’s Design Vehicle and the clearances that are required for the fixed infrastructure to
allow unimpeded passage along the trackway.

Due to the ongoing acquisition of new vehicles and equipment, and modifications to the
existing vehicles and equipment, Design Consultants must verify with ETS that this guideline
reflects the current status of the fleet.

2.2 RAIL STANDARDS AND OTHER DESIGN CONSIDERATIONS

221 Flammability, Smoke, and Toxicity Considerations
ETS's flammability, smoke and toxicity specification is described in ETS-LRV-GTI-0002.

The U2 vehicles (1978-1983) were designed to German standards including VDE (Verband
Deutscher Electrotechniker), BOSTRAB and VOV (Verband Offentlicher Verkehrsbetrieb) for
fire safety.

The SD160 vehicles are designed to meet the flammability, smoke and toxicity requirements
specified in ETS-LRV-GTI-0002.

2.2.2 Environmental Considerations

When not in use the LRVs are normally stored inside Building A at the D.L. MacDonald Yards.
Building A is a six (6) track indoor storage facility originally housing thirty-six (36) light rail
vehicles. An extension to this building which accommodates a further thirty (30) vehicles was
recently completed.

While the LRVs are normally stored inside, the temperature range of the local operational
environment require that all equipment to be incorporated into rail vehicles be fully operational
over a temperature range of +40°C to -40°C and over a relative humidity range of 15% to
100%.
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2.2.3 Shock and Vibration Considerations

While the LRVs have been designed to minimize noise and vibration emissions, and ongoing
maintenance is intended to help in controlling noise and vibration from the rail wheel interface.
All equipment to be mounted on U2 or SD160 LRVs must be compliant with IEC 61373.

224 Electromagnetic Interference Considerations

Electromagnetic interference (EMI) can be produced by a variety of sources within the ETS
ROW and LRV system.

The overhead catenary wires supply LRV consists with short duration DC current well into the
kiloampere range. This current tends to generate magnetic fields around the catenary wiring
and track negative current return paths.

EMI occurs when the current flow is momentarily broken as the LRV’s pantograph crosses an
insulated section on the overhead catenary wire. This break in the current flow causes radio
frequency (RF) noise to be radiated by the catenary. Similar high frequency EMI arcing may
also occur when there is severe icing on the overhead wire in the winter.

The U2 LRVs generate electric fields with high frequency switching transients as the
camshafts and other equipment make and break electrical contacts within the LRV. The
SD160 LRVs contain IGBT based power electronic inverters that switch large currents at high
frequencies. This switching action is a source of electromagnetic interference. The SD160
LRVs also contain a variety of other low power electronic devices that can act as sources of
EMI.

All of these sources have the potential of affecting sensitive electronic equipment located in
facilities immediately adjacent to the LRT ROW.

No specific electromagnetic emission data was available from Siemens for the U2 LRVs.
However, a 2007 study by Turner Engineering Corporation was undertaken to assess the
impact of the Edmonton U2 LRV on sensitive electronic equipment including MRIs within the
University of Alberta area. The study concluded that the U2 vehicles will not generate
sufficiently high levels of EMI interference to adversely affect the operation of the equipment
located in the University area. The complete study is contained within ETS document
ETS-LRV-VEN-0009.

225 Track Design Considerations

The mechanical considerations of the U2 and SD160 LRVs limit the curves and gradients of
the track structure in the following ways. These limiting values are included below to explain
some of the values provided in Chapter 4 Track Alignment.

Track Feature Limiting Value

Minimum Curve Radius — Yard 25 m (Empty Vehicle)

Minimum Curve Radius — Mainline | 35 m (Loaded Vehicle)

Minimum Vertical Curve Radius 500 m

*Minimum Reverse Curve 25 m with 10 m tangent section between curves
Maximum Operating Grade 6%

Absolute Maximum Grade 6.7% (Limit of disc brakes for an AW4 loaded U2 LRV)

Note: Refer to Chapter 4 Track Alignment, Section 4.2.2.1
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2.3 LIGHT RAIL VEHICLES
2.3.1 General

ETS operates two separate fleets of light rail vehicles.

1. The U2 fleet consists of thirty-seven (37) vehicles purchased in four sets of cars (RTE1 -
RTE4) between 1978 and 1983. The U2 vehicles are propelled by DC traction drive
technology. On average each of these vehicles has traveled more than 1.7 million
kilometers on the ETS track system. This fleet of vehicles will be refurbished beginning in
2008. The refurbishment will not change the operational characteristics of the vehicles
themselves, but is being done to update the interior and exterior of the vehicles, replace
components that are becoming difficult to source, and extend the service life of this fleet
for another fifteen (15) years.

2. Fifty-seven (57) SD160 light rail vehicles, manufactured by Siemens STS in Sacramento,
California have been added to the fleet. These vehicles generate tractive effort using
variable voltage variable frequency drives supplying power to three-phase induction
motors.

Due to the significant technology gap between them, these two vehicles are incompatible in
terms of running in mixed U2/SD160 train consist for the purpose of revenue activities. In an
emergency it will be possible for vehicles from one fleet to mechanically couple with and
“dead-tow” vehicles from the other fleet. This type of coupling will not be used during normal
operation of the vehicles.

The U2 and SD160 cars are both high floor vehicles suitable only for high platform loading of
passengers. They are six-axle double-ended articulated cars resting on two powered bogies
and one non-powered bogie. They are both capable of operation in consists of up to five (5)
cars in length. Upgrades to the system infrastructure, including station platforms, will allow the
running of five (5) car trains in 2012.

The vehicle car bodies are of a lightweight welded steel design. LAHT steel side sheets have
been welded to a frame type super structure. This car body shell has been coated with body
filler and sanded to create a smooth ripple free surface prior to painting. The cab ends are
manufactured of reinforced fiberglass, which have been attached to the steel shell of the car
body.

2.3.2 U2 Light Rail Vehicle
2.3.2.1 Vehicle Type

The U2 vehicle used by ETS was jointly designed and manufactured by Siemens and
Duewag in Germany. Duewag was responsible for the structural and mechanical portions of
the vehicle design while Siemens designed the light rail vehicles electrical equipment and
systems.

Under the original contract the Edmonton U2 vehicles were designated as RTE and delivered
in three series; RTE1 (14 cars), RTE2 (3 cars) and RTE3/4 (8/12 cars).

2.3.2.2 Vehicle Dimensions

Refer to Figure 2.1 for the U2 vehicle governing dimensions and general characteristics.
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2.3.2.3 Vehicle Capacity and Weight at a given Passenger Loading

Passenger weight loading was calculated using 68 kg per passenger. This resulted in the
following loadings for the U2 Fleet:

Passenger Loading
Loading | Mass of loaded U2 | Passengers Passenger Distribution
Onboard
AWO 34,900 kg Empty none
AWA1 39,184 kg 63 passengers fully seated load + driver
fully seated load + driver + 4
AW2 45,780 kg 160 passengers standees/m?
fully seated load + driver + 6
AW3 49,112 kg 209 passengers standees/m?
258 passengers fully seated load + driver + 8
AW4 52,444 kg (crush load) standees/m*

Figure 2.1 also shows the distribution of the AW4 load to each bogie.

2.3.2.4 Door Control

The U2 LRV has four double bifolding doors per side for a total of eight doors per car. The
bifold panels in each doorway are electrically driven and controlled by electro-magnetic locks.

With the bifold doors open, the doorway width is 1340 mm and the doorway height is 1920
mm. This opening is divided by a vertical center stanchion containing the door push button
switch and an optical obstruction sensor.

The doors are unlocked and the side selected by the Motorman through panel switches in the
active cab. Once unlocked and selected, the doors can be opened individually by passengers
using the stanchion mounted pushbutton switches located in each doorway. A driver's access
door feature allows the Motorman to only select and release the doors immediately adjacent
to the active driver’s cab.

2.3.2.5 Accessibility Features

Each U2 LRV is equipped with two automated access ramps in the “A” carbody. When the
handicapped access pushbutton is pressed, the ramp lowers and aligns itself with the edge of
the station platform using two optical sensors. The ramp will return to the up position prior to
the door closing on the next door close cycle. An extension on the outside edge of the ramp
helps to reduce the horizontal gap between the station platform and vehicle.

A curved yellow stanchion replaces the stainless steel straight stanchion at each ramp access
door. This curved stanchion facilitates the moving of mobility devices in and out of the LRV.
The passenger seats situated between the ramp access doors and the articulation joint have
been arranged longitudinally to provide additional space for mobility devices to maneuver.

The ramp operation adds approximately eleven (11) seconds to the door open, door close
cycle.

2.3.2.6 Emergency Features

The U2 LRVs are equipped with two-way radios for the motormen, passenger intercoms,
emergency lighting, and fire extinguishers for emergency use. The doors can be manually
opened in an emergency that involves loss of LRV power.
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2.3.2.7 Environmental Considerations

The U2 LRVs are designed to operate in the environmental conditions prevalent in the
Edmonton area.

2.3.2.8 Noise Levels
The following *reports detail the noise levels generated by a typical U2 light rail vehicle.

*Note: Reports are available upon request to ETS — LRT Division

Document Title Reference Number
U2 Static Interior Noise Test Procedure ETS-LRV-STP-0029
U2 Static Exterior Noise Test Procedure ETS-LRV-STP-0030

U2 Dynamic Interior Noise Test Procedure ETS-LRV-STP-0031

U2 Dynamic Exterior Noise Test Procedure | ETS-LRV-STP-0032

2.3.2.9 Electrical

Power Collection

Vehicle power is collected from the overhead catenary system by a pantograph mounted
close to the articulation section on the roof of the “A” car of the LRV. A surge arrestor is
mounted close to the pantograph to protect against over voltages and lightning strikes.

The overhead catenary supply is protected against short circuits and overloads occurring on
the light rail vehicle by a vehicle-mounted 2-pole automatic circuit breaker.

Operating Voltages and Current Draw

The U2 LRV will operate at a nominal line voltage of 600 VDC (+20% to —30%). The
maximum current draw for each LRV motor is adjusted to 420 amps while accelerating.
There are two motors per LRV for a total current draw of 840 amps during acceleration.

Auxiliary Power Supply

A DC/AC rotary converter with a capacity of 4.5 kVA provides the voltage supply for the
controls, lighting and other auxiliary equipment. The converter operates at 600 VDC and
provides outputs of 120 VAC/100 Hz (1.6 kVA) and 22.5 VAC/100 Hz (2.9 kVA). The 22.5
VAC is rectified and used to supply the 24 VDC circuits.

All the rotary converters in the thirty-seven (37) car U2 fleet are being removed between 2008
and 2011 and replaced with power electronic based auxiliary converters supplied by
Transtechnik. These converters will operate from the 600 VDC supply and provide the
following outputs; 3-phase 220 VAC/100 Hz (1 kVA), 3-phase 220 VAC/50 Hz or 176 VAC/40
Hz (switchable) (4 kVA), 3-phase 19.6 VAC/100 Hz (.5 kVA), and a 27.9 VDC (2.7 kW) low
voltage power supply and battery charging circuit for the 24 VDC battery.

Automatic Controls

The LRV is equipped with an automatic train control device to prevent collisions and unsafe
operating speeds. If the vehicle passes a red wayside signal, the automatic train control will
apply a forced brake stop. This braking mode is unrecoverable until the vehicle comes to a
complete stop.

Each vehicle is equipped with a dead-man switch. The operator must activate the dead-man
device to operate the train. If it's not activated, a forced stop will be imposed on the train.
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2.3.2.10 Vehicle Performance Characteristics

Motors

Each of the two powered bogies on the LRV has one DC compensated series wound traction
motor. The one-hour rating of each traction motor is 150 KW, 280 A, 600 V, 1200 RPM with
90% excitation.

Speed/Propulsion

i) Speed Characteristics

Maximum design speed = 80 km/h
Maximum operating speed = 70 km/h

ii) Acceleration

The average acceleration rate between standstill and reaching the motor's natural
characteristic curve is 1.32 m/s® up to the AW2 weight. Acceleration is load compensated up
to AW2.

i) Jerk Limits

Changes in acceleration or deceleration will be limited to a fixed rate of change referred to as
jerk limit of 1.34 m/ s°.

Emergency brake applications are not jerk limited.

Braking

The U2 LRV has three braking systems.

¢ Dynamic Braking System

The dynamic braking system is the principle braking force. This dynamic braking
dissipates the inertial energy of the traction motors as electrical current through vehicle
mounted resistors to slow the LRV.

e Disc Brake System

Each bogie has an electrically released/spring applied disc brake system that is used to
bring the car to a final stop. These disc brakes are applied after dynamic braking has
reduced the LRV speed to 5 to 7 km/h.

e Track Brake System

Each bogie is equipped with two track brakes that are used in emergency conditions.
These track brakes are electromagnetic brakes that contact the rail when energized.

There are three braking rates used on the LRV. They are:

Normal service brake rate 1.3 m/s’
Driving Interlock brake rate 1.7 m/s®
Emergency brake rate 2.7 m/s?

Braking rates are load compensated up to AW2. At weights above AW2, the braking rate is
reduced proportional to the weight of the vehicle.

In the event that dynamic braking fails to achieve an acceptable deceleration rate the disc
brakes will activate, followed by the track brakes, once the car has slowed sufficiently.
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2.3.2.11 Suspension

The primary suspension is comprised of 8 rubber chevrons, whereas the secondary
suspension is 4 double coil springs with lateral and vertical shock absorbers.

The maximum suspension vertical deflection at AW4 loading is 38 mm. There is no horizontal
movement.

233 SD160 Light Rail Vehicle

2.3.3.1  Vehicle Type and Manufacturer

The SD160 manufactured by Siemens STS in Sacramento California is based upon a
modified Denver CO SD160. Many of the details provided here are performance
specifications. Consultants are responsible for contacting ETS to ensure the accuracy of all
data in regards to the SD160.

2.3.3.2 Vehicle Dimensions
Refer to Figure 2.2 for the SD160 governing vehicle dimensions and general characteristics.

2.3.3.3  Vehicle Capacity and Weight at a given Passenger Loading

Passenger weight loading has been calculated using 71 kg per passenger. This resulted in
the following loadings for the SD160 Fleet:

Loading | Mass of loaded | p222ttdTt oecind
SD160 Passenger Distribution
Onboard
AWO 41,500 Empty none
AWA1 45,760 kg 60 passengers fully seated load + driver
fully seated load + driver + 4
AW2 51,866 kg 146 passengers standees/m?
fully seated load + driver + 6
AW3 54,919 kg 189 passengers standees/m?
232 passengers fully seated load + driver + 8
AW4 57,972 kg (crush load) standees/m*

Figure 2.2 also shows the distribution of the AW4 load to each bogie.

2.3.3.4  Visual Passenger Information System

The SD160 LRV’s incorporate a number of LED signs to provide information to passengers.
Each LRV will have a front, a rear, and two side mounted destination signs providing
information to passengers outside the vehicle. In addition, there will be four internal LED signs
that will provide further text based information to passengers already on the vehicle.

2.3.3.5 Closed Circuit Television System

The SD160 has a suite of cameras monitoring and recording activity both in the vehicle’s
passenger compartment, and the external areas to the front and rear of the vehicle.
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2.3.3.5 Door Control

The SD160 LRV has four (4) double doors per side for a total of eight (8) doors per car.
These doors are a plug style design by IFE. Door width is 1200 mm, door height is 1880 mm.
The doors are bank selected by vehicle side by the Motorman. Once selected, the doors can
be opened by the passengers using buttons mounted on the doors themselves. With the
doors opened it can be seen that the four crew doors have stanchions to facilitate entry from
track level, while the remainder of the SD160 doorways have nothing to inhibit passenger
movement in and out of the vehicle.

2.3.3.6  Accessibility Features

The two doorways in the “A” carbody located near the articulation area of the SD160, will be
equipped with automated access ramps and associated control devices to facilitate entry and
exit of passengers using mobility aids. Each access ramp will cover the full width of the
doorway.

The seats nearest the articulation joint have also been arranged longitudinally to provide
additional space for mobility devices to maneuver.

2.3.3.7 Emergency Features

The SD160 LRVs are equipped with two-way radios, cameras, passenger intercoms,
emergency lighting, and fire extinguishers for emergency use. In addition, in an emergency,
the doors can be opened manually.

2.3.3.8  Environmental Considerations

The SD160 LRVs have been designed to operate in the environmental conditions prevalent in
the Edmonton area. They will normally be stored inside when they are not in use.

2.3.3.8 Noise Levels

While the noise levels generated by the SD160 LRVs will be determined at the time of
commissioning, the vehicle is being designed such that the interior noise levels of the vehicle
will not exceed 72 dBA under normal operating conditions. The noise generated by the LRV
operating at speeds of up to 80 km/h will not exceed 78 dBA.

2.3.3.10 Electrical

Operating Voltages and Current Draw

The SD160 will operate on the ETS track system at a nominal line voltage of 600V DC (+20%
to —30%).

Power Collection

Power to the vehicle is collected by a pantograph mounted on the roof of the A carbody close
to the articulation section.

Auxiliary Power Supply

A static inverter will provide auxiliary power supply for miscellaneous electrical equipment.
Low-voltage power will be supplied as part of the AC auxiliary power source. The design of
the low-voltage power supply will be integrated with that of the AC auxiliary power source to
minimize weight and to maximize performance.

The low voltage power will be supplied at a nominal voltage of 24 VDC. The low-voltage DC
power supply will maintain the battery charge and supply all the equipment using this power

with a constant voltage.
Final Issue July 2011 2.8



CITY OF EDMONTON — LRT DESIGN GUIDELINES
2.0 VEHICLES

Automatic Controls

The SD160 LRV is equipped with an automatic train control device. If the vehicle passes a
red wayside signal, the automatic train control will apply a forced brake stop. The brake is
unrecoverable until the vehicle comes to a complete stop.

Each vehicle has a deadman feature. The Motorman must continually depress the deadman
device to operate the train. If it's not depressed, a forced stop will be imposed on the train.

2.3.3.11 Vehicle Performance Characteristics

Motors

The propulsion system will be a dual redundant system to ensure maximum reliability. It will
incorporate under-frame mounted, variable voltage, variable frequency drives to control two
(2), three-phase induction motors on each of the two powered bogies.

Speed/Propulsion

i) Speed Characteristics

Maximum design speed = 80 km/h
Maximum operating speed = 70 km/h

ii) Acceleration

The average acceleration rate will be 1.32 m/s? up to the AW3 weight. Acceleration is load
compensated up to AW3.

i) Jerk Limits

Changes in acceleration or deceleration will be limited to a fixed rate of change referred to as
jerk limit of 1.3 m/ s2.

Braking

The SD160 LRV has three braking systems.

e Dynamic Braking System

Controlled dynamic braking will be continuously available from maximum vehicle speed
down to a speed of 5 km/h or less. This dynamic braking will be regenerative or rheostatic
depending on the receptivity of the overhead catenary system. The regenerative brake
control algorithm must return the maximum practicable amount of electric power to the
catenary until the overhead catenary system reaches a maximum voltage.

e Friction Brake System

The friction braking system will be an electronically controlled, electric-hydraulic system,
functioning as the ultimate braking system on the light rail vehicle and acting as a backup
to dynamic braking during normal service braking and as the primary braking system
during emergency stops and while parked.

e Track Brake System

The track brake system is used in emergency conditions. Each bogie will have two
electromagnetic track brakes that contact the rail when energized.

There are three braking rates used on the LRV. They are:

Normal service brake rate 1.34 m/s®
Driving Interlock brake rate 1.7 m/s?

Final Issue July 2011 29



CITY OF EDMONTON — LRT DESIGN GUIDELINES
2.0 VEHICLES

Emergency brake rate 2.65 m/s?

Braking rates are load compensated up to AW3. At weights above AW3, the braking rate is
reduced proportional to the weight of the vehicle.

2.3.3.12 Suspension

Primary suspension will be by means of chevron or elastomeric springs. In addition, each
truck bolster must be supported by a secondary suspension system consisting of coil springs.

2.3.4 Design Vehicle

Refer to Figure 2.3 for the governing dimensions and general characteristics of the Design
Vehicle.

The LRV loading that must be used as the basis for design is shown in this figure. The LRV
design loading takes into account a variety of loading conditions and configurations.

Refer to Chapter 3 Clearances and Right-of-Way for details of the factors taken into
consideration in the development of the Design Vehicle and its related dynamic envelope.

24 AUXILIARY EQUIPMENT
241 Equipment Description

ETS operates a number of rail-borne and road-to-rail auxiliary equipment that supports the
ongoing maintenance of the LRT system as follows:

Work Locomotive

Side Dump cars

Spot Ballast car

Low Railer

Ballast Regulator

Tamper/Liner

Snow Blowers

VMB (catenary inspection vehicle)

Notwithstanding the operational aspects of this equipment on the LRT track system, it is the
LRV performance characteristics that govern the design of the LRT system.

ETS has developed operating strategies for all auxiliary equipment that does not meet LRV
performance characteristics.

2.4.2 Work Train Characteristics
2421 Loadings

The Work Train consists of the locomotive, three side-dump cars and one spot-ballast car. It
provides the basis for design of the supporting structural elements. Figure 2.4, Work Train
General Characteristics provides the weight/design loading, dimensions, and configuration for
this equipment.

2422 Design and Operating Speed

The maximum design speed of the Work Train on mainline is 40 km/h. The maximum
operating speed is limited by the operating characteristics of a specific piece of equipment
within the work train consist.
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2.5 STATIC AND DYNAMIC ENVELOPE CONSIDERATIONS

The definition and derivations of the terms static, dynamic and design envelope and related
clearance requirements for all on-track equipment are presented in Chapter 3 Clearances and
Right-of-Way.

Final Issue July 2011 2.1






CITY OF EDMONTON

LRT DESIGN GUIDELINES

0S¢l 3OS

NOILVAI13 3dIS

CHAPTER 2
VEHICLES

SINNOL S3INNOL S3INNOL
Z'8l ad’ 76l
a (8¥vo—-v) 4 (¥vo—9) a
7188 0zLL
0081
—eY Yey— Y ) — 0 YR O ] —(oY  Hey—— Y o)
® \ 1/ e | @
mgzﬂﬂﬂ =y =l=—= EEM ,mg_;: e e 1]
$S0EZ AQ0g9 40 HIONIT
$8Z+Z 'SYF1N0I ¥IA0 HIONIT
0G<Z:l JTVOS
NOILVAT13 INO¥A
90T N —

2 RNe
()] (@]
Ww SepL 13ONVD MOVYL ® =
AIVIL VA W G¢ 'SNIAVY IAINT WNINININ © =

Jy/wy 08 :0334S NOISIA WNWIXYW W
Ad08 40 HLAIM | 069¢
SHOJHIN HLIM HLAIM * 01l8¢
009:L 3VOS

(S3S0d¥Nd N9ISIA ¥04) SAY¥T G 40 SISISNOD NIVYL

FIGURE 2.1

U2
GENERAL CHARACTERISTICS

REVISION

DATE







CITY OF EDMONTON

LRT DESIGN GUIDELINES

0G¢-L

3OS

NOILVAT13 3dIS

SINNOL
¥'ce

4

SINNOL
el

(4v0—Vv) f (4vo-9)

SINNOL

v'ee

A

|

I

I mﬂmmﬂw I I ﬂWMVNWH\

C8¢6

0cLL
0081
I I =

CHAPTER 2
VEHICLES

OO\

Hi -]t

O]

Sl -

S

—7

ww 6oy |
MOVML QUVA W G¢
ay/wy 08

-39NVO MOVl
SNIAYY 3AIND WNWINIA

-d33dS NOIS3d WNWIXVYA

L

009-1

o

sl

O

0

il i

OO

<

¥09¢¢ ‘AdOd 40 HLONIT

E RO

CC8YC SYITdNOD ¥3IAO HLONIT

0S¢Z-L ‘31IVOS
NOILVAZT3 LNO¥
sl #g [l
N2 W J i

AdOg 40 HLAIM
SVIIANVO HLIM HLAIM

(S3S0d¥Nd N9ISAA ¥04) SAY¥T G 40 SISISNOD NIVYL

it

FIGURE 2.2

SD160
GENERAL CHARACTERISTICS

Revision

=

Date







CITY OF EDMONTON

LRT DESIGN GUIDELINES

0G¢-1 -31vOS

A1 d3d ONIQVOT NOIS3A ONIMOHS NOILVAFIT 3dIS

S3INNOL
L'¢c

A

SINNOL
7'Gl

d

S3INNOL
L'¢c

4

|

T

¢8¢e6

Umk kw I

0cLL
0081
S ———

10 || QOO 0ds

sl

immmli]

QOO

CHAPTER 2
VEHICLES

/\ui’

Y09¢¢ ‘A008 40 HLIONI1
¢C¢8Y ¢ SdI1dNOD J3A0 HLIONI

05Z:L 3I0S
NOILVAT13 1INOd4
¥ol < [l
& i
~ |© |
.
N e ¥
WW Seyl  39NV9 MOwHL = m
MOVYL QUVA W G SNIAVY 3AYND WNWININ =
44/wy 08 :033dS NOISIA WNIWIXYA

009-1

31VOS

AdOd 40 HLdIM

SVYINVYD HLIM HLAIM'® +10¢

FIGURE 2.3
DESIGN  VEHICLE

GENERAL CHARACTERISTICS

Revision

Date







CITY OF EDMONTON

LRT DESIGN GUIDELINES

00¢-1 -31VOS

ONIAVO1 NOIS3A NIVIL MHOM ONIMOHS NOILVAF 1 3dIS

LeLl

CHAPTER 2
VEHICLES

144t

w) wn wn (V9]
L L L L)
mZ ~NZ SE o=z
— O N O w O n O
M N N = N

$$58 N TAL 1GZh LGZH 0128 ¥/0% 95¢Y

0081
[e==3) o C—o 00O C—o 0O O O

i i LT 1]

0LOZ#
gvO 1SV1Ivg 10dS 4Yv0 dWNa 30IS gvD dWNa 3dIS ¥vD dWNa 3aIs JAILONOD0T

444"

0GLL1L

00¢:1-31VOS

L¥SL

0L0Z# 3JAILONOOOT 40 NOILVAITI LINO¥A

AOVIL ddgvA W G SNIAVY IAINO WNNININ
u/wxi 0F :Q33dS NOISIA WNWIXVYW

3674
2305

1029

006¢

oSyl

=

340

FIGURE 2.4

WORK  TRAIN
GENERAL CHARACTERISTICS

REVISION

DATE







[Chapter 3 - Revision Tracking Form]

Monton vz
SERVICES

LRT DESIGN & CONSTRUCTION BRANCH

LRT DESIGN GUIDELINES
Chapter 3 ETS...
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Section Reference Revision General Description Issue Date
Table of Figures Two new figures added. Several existing figures had to be July 2011
Contents renumbered
3.2.3 Definition Semi- SLRT extension example given is now an operating section of

Exclusive Use the LRT system.
3.2.1 Definition Shared |Multi-use trail (MUT) is now referred to as “Shared Use Path”.
Use
3.34.2 1 paragr. Figure numbers have changed. Two of the figures are new.
3.34.3 1 paragr. Reference to Figure 3.1B is added to the text.
3.344 Tunnels-Catwalk | Minor text revision — added the “Design Vehicle dynamic
envelope”
3.4 Figure list Fig, 3.18B (new) is added to the list.
3.5.1 Summary Table Category 2E — updated to refer to “Shared Use Path” (formerly
MUT).
3.5.3.2 2 paragr. Added reference to Figure 3.18B.
3.6.3 1% paragr. City Department name change to “Sustainable Development”
(formerly Asset Mgt and Public Works).
Figures Updated Fig. 3.2 - SD 160 outline removed; 3° angle removed
Fig. 3.8 now 3.8A
Fig. 3.18 now 3.18A
Figures New Fig. 3.8B and Fig. 3.18B
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3.0 CLEARANCES AND RIGHT-OF-WAY

3.1 INTRODUCTION

This chapter provides guidelines and criteria for Clearances and Right-of-Way. Definitions
and terminology for both topics are presented at the outset. These definitions and terms will
be used consistently throughout these LRT Design Guidelines.

Section 3.3, along with the accompanying figures, sets out the minimum acceptable
dimensions required to assure that proper clearances are provided between ontrack vehicles
and adjacent trackway elements, structures or obstructions.

The clearance figures are supplemented with a number of general cross-sectional figures that
illustrate the majority of the major LRT related elements and components that have to be
accommodated within the LRT right-of-way.

The chapter concludes with a description of the factors that should be considered by the
Consultant when defining the LRT right-of-way limits.

3.2 DEFINITIONS AND TERMINOLOGY
3.21 Clearance Related

The below listed clearance related definitions are generally utilized by most North American
Light Rail Transit properties and are provided for the Consultant’s reference only.

LRV Static Envelope is the actual cross sectional dimensions of the vehicle used by the
Light Rail Transit operating agency.

The static envelope generally forms the basis in determining the clearance requirements for
the station platform edge.

LRV Dynamic Envelope is the maximum space occupied by a LRV under dynamic
conditions taking into account car movements on level tangent track.

It represents the extreme LRV body displacement in any combination of rotational, lateral and
vertical movements.

LRV Dynamic Outline (Plan View) is defined by the truck spacing and the vehicle overhang.
It is the basis for determining the curvature effects on clearance to the catwalk in tunnels.

Design Vehicle Static Envelope is a composite envelope that takes the LRV and rail-borne
auxiliary equipment cross sectional dimensions into consideration. It defines the static
envelope that accommodates all on-track vehicles used by the transit agency.

Design Vehicle Dynamic Envelope is the maximum space occupied by the design vehicle
under dynamic conditions taking into account vehicle movements on a level tangent track.

Design Vehicle Dynamic Envelope includes all the worst-case scenarios having a direct
influence on the movement of the design vehicle under dynamic condition.

Design Vehicle Dynamic Outline (Plan View) is defined by the truck spacing and vehicle
overhang. It is required for determining the curvature effects on clearances for all mainline
infrastructure except for the catwalk in tunnels.

Curvature Effects is limited to the vehicle body overhangs induced by a specific curve radius
and is considered independently of other effects on the dynamic envelope.
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Superelevation Effects is limited to the vehicle lean induced by a specific difference in
elevations between two rails of a track and is considered independently of other effects on the
dynamic envelope.

Trackwork Installation and Maintenance Tolerances define the allowable deviations of the
installed track from the design track centreline and the allowable tolerances for maintenance.

Structural Clearances are the minimum horizontal and vertical clearance requirements for
different trackway elements. The structural clearance requirements for different trackway
elements may vary significantly.

The trackway element consultant is responsible for determining the structural clearances in
accordance with the LRT Design Guidelines.

Design Vehicle Running Clearance Envelope is defined as the space occupied by the
Design Vehicle Dynamic Envelope plus additional dynamic clearance requirements, as
applicable, for curvature, superelevation, structural clearances and the effects of wayside
factors including allowable manufacturing and maintenance tolerances.

The definitions / terminology in the following sections, 3.2.2 and 3.2.3, are commonly used on
the Edmonton LRT System.

3.2.2 Walkway Related

Walkway is a narrow pathway at track level within the LRT ROW or underground structure
that provides for the safe movement of LRT passengers or service personnel. It is defined by
horizontal and vertical limits.

Refuge Zone is an area of restricted length and width within the LRT ROW, stations (all
types) or underground structures that provides a safe area for service personnel or LRT
passengers when the LRT train passes by. It is defined by horizontal and vertical limits.

Catwalk is a structural element attached to the side or cast on top of a concrete duct bank of
a tunnel or underground structure. The height of the catwalk is closely matched to the height
of the LRV floor. It provides a safe area for service personnel during the normal system
operation and a safe evacuation pathway for LRV passengers during an emergency situation.
The catwalk structure is defined by horizontal and vertical limits.

3.23 Right-of-Way Related

Corridor describes, in general terms, the path of the LRT right-of-way takes through an urban
area.

Trackway, also referred to as the track structure, represents all the fixed physical
components that directly supports and guides the LRV. They include all the trackwork
components and supporting structure upon which the track rests.

Wayside is the area along the tracks that houses LRT related system components and
equipment such as: signals, catenary masts etc.

Right-of-Way (ROW) is the area within which the LRT trackway and all its related system
elements and facilities are placed. It is defined by a legal boundary or limits referred to as the
LRT “ROW Limit”.

Mainline describes the trackway within the ROW that is dedicated to LRT revenue
(passenger carrying) operations.

Open is a term used to describe the cross-sectional form of the trackway structure where
there is little or no restriction placed on the ROW width. Vertical restrictions are infrequent.
Normally ditch drainage is provided. This condition can apply to mainline or yard track.
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At-grade is the condition where the elevation of the trackway is essentially at the same
elevation as the adjacent ground topography.

Exclusive Use is an operating environment whereby the LRT alignment has exclusive and
unimpeded use of the ROW. It is not shared with any other mode. The trackway is grade
separated or separated / protected by a fence or barrier.

The only portions of Edmonton’s LRT system that falls within this category are the
underground tunnels from downtown to the University and the grade-separated bridge
crossing in river valley.

Semi-exclusive Use is an operating environment whereby the LRT alignment is located in a
separate ROW where motorists, pedestrians and bicyclists cross at designated controlled
crossings only.

The SLRT extension south of Health Sciences Station to Century Park Station is an example
of this type of operating environment.

Shared Use is the operating environment where the LRT alignment is shared with other
modes such as:

o Roadway — the roadway is located beside and parallel to the LRT alignment or the LRT
alignment is located within the road median.

¢ Railway — the railway is generally located beside and parallel to the LRT alignment.

¢ Walkway/Bikeway (also referred to as a shared use path) — located beside and parallel to
the LRT alignment.

Frequent at-grade roadway and pedestrian crossings are evident that may require active or
passive control measures.

An example of this operating environment is the northeast LRT corridor from Clareview
Station to 95 Street.

Mixed Use is the operating environment whereby the LRT alignment is integrated with
vehicular, pedestrian and bicycle traffic. There are no barriers or buffers providing a
separation with the LRT alignment.

Edmonton currently does not have an example of this operating environment.

3.3 CLEARANCES

The ability to ensure the safe passage of LRV’s within the LRT ROW is of utmost concern to
ETS. The provision of adequate clearances will be rigorously monitored during both the
design and construction phase of the LRT project.

All designs must meet or exceed the minimum clearance criteria contained herein.
Clearances greater than those shown should be provided whenever this can be achieved
without adversely influencing the cost of the facility under consideration.

Horizontal clearance dimensions are always measured in a horizontal plane irrespective of
any superelevation in the track. They are to apply along a line projected perpendicular to the
reference track centreline.

Vertical clearances are all measured in a vertical plane to the reference track centreline
elevations.

Section 3.2 provides a number of industry-wide clearance related definitions and terms for the
Consultant’s reference. The following section provides additional terminology and the
methodology for determining the vehicle minimum running clearance requirements to be
applied on the Edmonton LRT System.
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3.3.1 Edmonton’s LRV

The U2 and SD160 LRV’s are described in Chapter 2, Vehicles. The static envelopes for the
vehicles are shown in Figures 3.1A and 3.1B.

Note: The criteria presented in these Guidelines is primarily based on the U2 LRV. The design
consultants for the trackway, stations and other structural elements must check the minimum clearances
based on the SD160 LRV and identify any conflicts that will require resolution early in the design
process.

3.3.2 Edmonton’s Design Vehicle

The design vehicle is comprised of the maximum possible dimensions taken from the U2 and
SD160 LRV’s and all auxiliary equipment as described in Chapter 2 used on the Edmonton
LRT System. These physical dimensions include:

Vehicle width

Vehicle length

Vehicle height

Vehicle wheel base

Vehicle front and rear ends overhang the wheel base

All LRT auxiliary equipment conforms to the Design Vehicle Dynamic Envelope (refer to
Section 3.3.2.2). However, in some cases the allowable dynamic movement of the vehicle
within the clearance envelope is limited due to the larger static dimensions of the auxiliary
equipment. This lack of dynamic room within the dynamic envelope is mitigated by the low
operating speed of this equipment.

Consideration must also be given to the clearance requirements of the auxiliary equipment at
station platforms and around other structures and installations that intrude into the Design
Vehicle Dynamic Envelope. In some cases portions of auxiliary equipment will project over the
station platform. The trackway consultant is advised to review the auxiliary equipment static
dimensions when locating gates, barriers, catwalks, walkways and other infrastructure
elements inside the design vehicle dynamic envelope especially adjacent to station platforms.

The determination of minimum vehicle running clearance must consider the influence of track
alignment geometry, track superelevation, trackway element installation tolerances and the
specific structural clearance requirements for different trackway elements. For exceptional
cases refer to Section 3.3.4.3 and 3.3.4.4.

3.3.2.1  Design Vehicle Static Envelope (DVSE)

The Design Vehicle Static Envelope is a composite static envelope that takes the both LRV’s
and all the auxiliary on-track vehicles into consideration when stationary. The DVSE forms
the basis for the design vehicle dynamic envelope as described below.

3.3.2.2 Design Vehicle Dynamic Envelope (DVDE)

The DVDE represents the extreme car body movement that can occur under the influence of
design vehicle characteristics on level, tangent track.

Design Vehicle Dynamic Envelope = Design Vehicle Static Envelope + Dynamic Movement

The DVDE (refer to Figure 3.2) is the basis for determining the minimum dynamic clearance
requirements on a level tangent track for all trackway elements within the system except for
the following areas:

e The U2 LRV static envelope (refer to Figure 3.1A) is used for determining the minimum
clearance between LRV floor height and the station platform edge (refer to Section
3.3.4.3).

e Atthe tunnel catwalk (refer to Section 3.3.4.4).
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The DVDE must be used to determine the superelevation effect.

3.3.3 Minimum Vehicle Running Clearance Envelope (VRCE)

As described above the DVDE is developed strictly on the basis of design vehicle dynamic
movement on level, tangent track. The minimum vehicle running clearance requirements to
permanent fixtures or structures along the entire length of trackway must also take the
following factors into consideration:

Curvature Effects (CE)

Superelevation Effects (SE)

Trackwork Installation and Maintenance Tolerances (TT)
Structural Clearances (SC)

3.3.3.1  Curvature Effects (CE)

The amount of mid-vehicle in-swing and end-of-vehicle out-swing depend primarily on the
vehicle truck spacing, the vehicle end overhang from the truck and the horizontal curve
radius. Additional clearance must be allowed to accommodate the effect due to curvature.

The amount of In-swing and out-swing can be can be calculated using the formulae shown on
Figure 3.3. The table on that figure shows the calculated values for a curve radius R =180 m
for both LRV’s, the Design Vehicle and the rail borne LRT maintenance vehicles.

Figure 3.4 is a table of calculated values for curves ranging from 25 m to 1500 m. Pages 1 to
3 lists the in-swing / out-swing values for the Design Vehicle. Pages 4 to 7 lists the values for
the U2 LRV and is provided as information only. Similar tables could be developed for the
SD160 and the LRT track maintenance vehicles however they are not included in this edition
of the Guidelines. In any event, the Design Vehicle data governs.

Out-swing is based on a worst-case scenario by ignoring the rounded or tapered ends of the
design vehicle.

The additional curvature clearance through the turnout must also be considered and
calculated based on the turnout curve radius.

3.3.3.2  Superelevation Effects (SE)

Superelevation introduces a rotation of the vehicle centerline with respect to the vertical axis
through the track centerline. Thus an additional clearance requirement due to superelevation
must be considered.

For any given location along the spiral transition zone, the linear superelevation run off from
the circular curve to tangent must be considered in determining additional clearance
requirement due the effect of tilting. Figure 3.5 illustrates this condition and provides a
formula for calculating the displacement. Figure 3.6 is a table of calculated values for a range
of superelevation dimensions.

3.3.3.3  Trackwork Installation and Maintenance Tolerances (TT)
The following are the tolerance limits for these conditions:

e Trackwork installation tolerance of +/- 6 mm vertically and laterally
* Gauge maintenance tolerance of +/- 3 mm laterally

3.3.3.4  Structural Clearances (SC)

Structure clearances and construction tolerances to different structures may vary and are
discussed specifically in the following sections.

The following criteria are to be used as general guidelines for the minimum vehicle running
clearance to adjacent obstructions or vehicle:
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¢ Minimum running clearance of 50 mm to non-structural members such as wayside signal
equipment, signs, etc
Minimum running clearance of 50 mm to an emergency walkway or catwalk
Minimum running clearance of 150 mm along aerial deck parapet, wall, and all structural
members and permanent fixtures

¢ Minimum running clearance of 150 mm to adjacent vehicles

The minimum vehicle running clearance envelope represents the space in which no physical
parts of the system other the design vehicle itself, must be placed, constructed or protruded.
The VRCE can be calculated by the following formula:

VRCE=DVDE+SE+CE+TT +SC

Where, VRCE = Vehicle Running Clearance Envelope
DVDE = Design Vehicle Dynamic Envelope
SE = Superelevation Effect
CE = Curvature Effect
TT = Trackwork Installation and Maintenance Tolerances
SC = Structural Clearances to Trackway Elements

This clearance envelope is referenced from the centreline of track at the plane of the running
rails.

The structural consultant must also consider the structural installation tolerance of +/- 50 mm
in addition to allowances for chorded construction for tunnel walls, large precast aerial
structure sections and catwalk.

3.34 Application of Clearance Criteria

The application of the clearance criteria for the majority of the standard cross-sectional
configurations is provided in this section.

3.3.4.1 At-grade Mainline Open ROW

The primary elements that must be considered for the vehicle running clearance envelope are
the wayside signal equipment and catenary masts along the ROW. Refer to Figure 3.7 for
open track clearance requirements on a level tangent track and the minimum mast clearance
criteria as described below:

The normal minimum distance from centreline of track to face of mast on tangent track is
2070 mm, based on 4500 mm track spacing.

Where balance weights are located between tracks, the masts must be offset to ensure that
the weights are centered between tracks. In this case the minimum distance to the weights,
including an allowance for the weight swing, must be 2040 mm.

3.3.4.2 At-grade Mainline Shared Use ROW

Figures 3.8A, 3.8B, 3.18A and 3.18B illustrate typical cross-sections for the shared use
operating configurations. The Consultant must ensure that none of the following elements are
located within the Dynamic Vehicle running clearance envelope:

Roadway curb line

Landscape features

Street Design:

- Pedestrian and road crossings
- Pedestrian refuge space

- Gates

- Signs

- Railings
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- Fences
- Signal Support Poles
- Poles

e Other:
- Multi-purpose trail
- Sound barriers
- Railway
- Transit Centre Circulation Roadways, etc.
- Property line

In cases where LRT tracks are located in a ROW shared with an operating railway authority
(i.e. portion of Edmonton’s Northeast LRT Corridor) all clearance requirements of the railway
authority must be accommodated in the design of the LRT facilities to be constructed or
modified. The trackway consultant is responsible for obtaining and complying with the
Authority’s clearance requirements.

3.3.4.3 Station Platform Clearances

Station platforms, including access to the LRV, are designed to be wheelchair accessible.
The platform clearance distances were established from the static dimensions of the two
LRV’s presently in service (refer to Figure 3.1A and Figure 3.1B). To ensure that the gap
distance between the platform edge and the LRT static envelope and the platform height
above the top of rail are acceptable, The following criteria must be met:

Horizontal Clearances (refer to Figure 3.9)

The clearance distance from centreline of track to edge of the platform is 1405 + 6 mm
The minimum clearance from centreline of track to a platform end wall or any obstruction
on and above the platform level is 1700 mm.

e The minimum clearance from edge of platform to structures located on the platform such
as stairways, escalators, equipment, etc., is 1700 mm. The desirable width of clear space
is 2500 mm. (Refer to Chapter 10, Stations and Ancillary Facilities, Section 10.4.1.3).

e The platform should be cantilevered from supports to provide a continuous 900 mm clear
set-back beneath the outside edge of the platform. This set-back provides a refuge area
for persons who may fall from the platform and be trapped by the train. This set-back may
be encroached upon by intermittent supports or facilities in special circumstances but first
must be approved by ETS.

Vertical Clearances (refer to Figure 3.9)

s The elevation at the edge of platform finish surface above top of rail must not exceed
890+5 /-15 mm. This revised elevation is required to allow the SD160 doors (which open
outwards) to open under a crush load condition.

s In circumstances where the catwalk is connected to the station platform, the platform
should be transitioned to match the top of catwalk in a maximum 1:16 slope.

e The vertical clearances are governed by the requirements of the LRT overhead catenary
system (refer to Section 3.3.5).

3.34.4 Tunnels

The underground portion of the Edmonton LRT System has been constructed using two
different tunneling methodologies, Tunnel Boring Machines (TBM) and the Sequential
Excavation Method (SEM) (refer to Chapter 9, Structures). The shape of each tunnel differs.
Clearance requirements for each are shown in Figures 3.10 and 3.11.
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Additional Clearances

The minimum running clearance requirements for bored tunnels must provide additional
clearance due to curvature and superelevation. On curved track with superelevation, the
bored tunnel centreline does not coincide with the track centreline. A vertical and horizontal
shift of the tunnel alignment will occur relative to the track centerline. The shift in tunnel
alignment can be determined in the formulae given in Figure 3.5.

Catwalk and Utility Fixtures on Tunnel Wall

The minimum running clearance requirements in the bored tunnel must also consider the
presence of a catwalk, utility fixtures and the operating requirements of the overhead catenary
system.

In a bored tunnel, the minimum running clearance to the concrete topping of the catwalk is
determined by both the Design Vehicle dynamic envelope (refer to Figure 3.2) and the
curvature effects of both the Design Vehicle dynamic envelope and the LRV dynamic outline
(refer to the table in Figure 3.4).

The concrete duct bank (under the catwalk) is considered to be a permanent structure. The
minimum running clearance must be determined in accordance with the DVDE (refer to
Figures 3.10 and 3.11).

3.3.4.5 Box Structure

The minimum running clearance requirements are based on the DVDE and the same basic
guidelines as outlined in Section 3.3.2. A typical single box structure is illustrated in Figure
3.12.

3.3.4.6  Overpass / Bridge Structure

The minimum running clearance requirements are based on the DVDE and the same
guidelines as outlined in Section 3.3.2. For typical running clearance on elevated structures,
refer to Figure 3.13.

3.3.4.7 Retaining Structures

Retaining structures may be required in the open cut and fill sections where the width of the
ROW is restricted and/or is dictated by the topographic conditions. The guidelines for
determining the minimum vehicle running clearance as outlined in Section 3.3.2 will apply.

Figures 3.14 and 3.15 indicate the typical cross-sections for retained cut and fill sections
respectively. Where required the design of the retaining walls can be a determining factor in
setting the final LRT ROW limit.

3.3.5 Minimum Vertical (Overhead) Clearance

As stated previously, the minimum vertical clearance distance is governed by the overhead
catenary clearance requirements (refer to Chapter 6, Traction Power, Sections 6.5.3.4 and
6.5.3.7). For open ROW conditions the desirable minimum contact wire height above TOR is
4800 mm. In confined conditions (i.e. tunnels etc.) the absolute minimum distance is 4200
mm from TOR to the underside of the contact wire support structure (refer to Figure 3.16).

The space above the LRV and beneath the tunnel or underground structure ceiling is intended
for overhead catenary related installations. If non-catenary related equipment (pipes, ducts
etc.) is required to be installed in this area they must first be approved by ETS. To minimize
the crossing distance, they should be installed at right angles to the track and on the ceiling
(refer to Figure 3.17).
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3.3.6 Special Clearance Situations

3.3.6.1 Under-car Clearances

Signal and trackwork equipment mounted on ties or track slab along the trackway, can intrude
into the undercar clearance envelope of the design vehicle. The maximum allowable intrusion
is 50 mm above the TOR.

3.3.6.2 Temporary Clearance Situations for Construction

Temporary clearance requirements for construction will be assessed on an individual basis.
The Contractor is responsible for the submission of the appropriate drawings for approval by
ETS.

3.3.6.3 Equipment and Pedestrian Safety

Where the LRT is constructed below or adjacent to structures that are accessible by
pedestrians, a minimum clearance of 3 m must be provided between the catenary wires and
any accessible areas. Its purpose is twofold: to protect the catenary wires and LRT trains
from damage caused by pedestrians; and to provide protection to people from injury due to
accidental contact with the energized catenary wire. This protection can be achieved through
the installation of screens or fences beside or above the catenary wire.

Protective devices proposed for installation should be coordinated with the Catenary Designer
to ensure that the required minimum clearance is attained and the protective device is
acceptable. The Designer should refer to Chapter 6 Traction Power, Section 6.5.6.4 and
Figures 6.5 and 6.6 for additional related information.

3.4 TYPICAL SECTIONS COMBINED MAJOR TRACKWAY ELEMENTS

In addition to the figures showing clearance requirements a number of other typical cross-
sectional figures are also included in this chapter for the Consultant’s ease of reference. The
figures identify the majority of the overhead, surface and underground systems components
and elements (including clearance requirements) that are generally located within or adjacent
to the LRT ROW.

They are:

Figure 3.18A - Typical Section Combined Major Trackway Elements Shared Use
ROW

Figure 3.18B - Typical Section Embedded Mainline Trackway Elements Shared Use
ROW

Figure 3.19 - Typical Section Combined Major Trackway Elements TBM Tunnel

Figure 3.20 - Typical Section Combined Major Trackway Elements Underground

Single Box
Figure 3.21 - Typical Section Combined Major Trackway Elements Elevated
Structure
Figure 3.22 - Typical Section Combined Major Trackway Elements Portal/Retained
Cut
Figure 3.23 - Typical Section Combined Major Trackway Elements Type Il Station
3.5 DETERMINATION OF ROW LIMITS

3.51 General

This section provides the guidelines to be used by Transportation Planners and Design
Consultants for defining the limits of the mainline LRT ROW planned in existing and new
outlying development areas of the City. All LRT ROW widths must incorporate the
components / elements outlined in the following Section 3.5.2.
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The following table provides a summary of the minimum and preferred ROW widths for a
typical LRT surface running configurations. It is recommended that LRT ROW limits be
established to accommodate preferred ROW widths wherever possible. The preferred widths
provide the Designer with some flexibility in accommodating *unforeseen circumstances that
may arise during the alignment design and construction phases. Designing to the minimum
(while accommodating the clearance criteria and elements described in Section 3.5.2) does
not provide any flexibility for accommodating *unforeseen ROW issues.

Note: Unforeseen circumstances can include, but is not limited to the following: topography variations;
ground conditions dictate that the design of the base of the ballast curb be wider than typical; pedestrian
gates/fencing placement is non-typical; decision made at design phase to locate one of ductbanks
outside of trackway; service vehicle access to trackway or to ductbanks outside and inside trackway
may not follow the typical design approach.

There will be LRT alignment design configurations whereby LRT elements and components
must be located to the side of the LRT trackway. In these instances the centerline of
trackway is offset from the centerline of the ROW on a number of the typical ROW cross-
sections listed in the Summary Table and Appendix 1. The Trackway/ROW Planner/Designer
must confirm the component location/requirements and related ROW width with ETS before
finalizing the preliminary LRT ROW and the related establishment of the limits of the adjacent
subdivision plans.

Details of the derivation of minimum and preferred ROW width requirements are provided in
Appendix .

Note: Figures have not been developed for all of the cross-section configurations listed in the tables. If
included in the Guidelines they are referenced.

Summary Table
Minimum and Preferred ROW Widths for a Sample of Typical LRT Mainline Level
Tangent Trackway Cross Section Configurations

Typical Trackway Cross Section Minimum Preferred
ROW (mm) ROW (mm)

1 TRACKWAY OPEN AREA

1A Basic Trackway with Ditches (refer to Figure 3.7) 18,215 19,715
1B Basic Trackway with Subdrains (refer to Figure 3.7) 11,500 12,500
1C Basic Curbed Trackway (refer to Figure 3.8) 12,700 19,700
1D Trackway at Crossover with Subdrains
i) With switch blowers on one side 13,025
ii) With service vehicle layby on switch blower side 15,500
iii) Provide 1000 mm offset to ROW limit for 1Dii) 16,000
1E Trackway Configuration 1C with MUT on one side 17,100 18,100
1F Type 3 Station with 9 m Platform and Curbed Trackway 20,310 21,610

Longitudinal distance required to transition ROW to basic
trackway width is (50+100+20+50 = 220 m)

1G Trackway Configuration 1B at Pocket Track 22,810 23,810
2 TRACKWAY BESIDE ARTERIAL OR COLLECTOR ROAD

2A Basic Trackway with Subdrains 12,000 15,800
2B Basic Trackway with Subdrains at Track Crossover 13,025 15,800
2C Basic Curbed Trackway 12,050 16,050
2D Basic Curbed Trackway at Track Crossover 12,275 15,050
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2E Basic Curbed Trackway with Noise Wall and Shared Use | 18,495 18,995
Path -one side
2F Type 3 Station with 9 m Platform, Curbed Trackway and | 26,755 27,255
Noise Wall and MUT on one side
2G Basic Curbed Trackway at Pocket Track 22,260 23,160
3 TRACKWAY IN MEDIAN OF 4 — Lane ARTERIAL ROAD
3Ai) Curbed Trkwy. No Left Turns at Intersections 12,700
Aii) Curbed Trkwy. All Ped Crossings Allowed (refer to Fig. | - 24,025
18.2)
Aiii) Curbed Trkwy. Ped Crossings one Side Only Allowed | - 22,625
(refer to Fig. 18.3)
Aiv) Curbed Trkwy. No Ped Crossings Allowed (refer to Fig. | - 21,220
18.4)
3B LRT Station with 9 m Platform Ped Crossing one Side Only 30,020
Allowed (refer to Fig. 18.5)
3C LRT Station with 9 m Platform No Ped Crossings Allowed | - 28,530
(refer to Fig. 18.6)
3D Curbed Trackway at Pocket Track (subject to Ped Crossing | - TBD
condition 3B or 3C)
4 TRACKWAY BESIDE OPERATING RAILWAY
Provide a min. of 6000 mm offset from centre of R/R track to | TBD TBD

centerline of closest LRT track.

Note: Horizontal curves, cut or fill condition will increase ROW requirement. Typically ROW width will
be established when Trackway vertical and horizontal alignment preliminary design is finalized.

The limits of the permanent ROW will be vertical or horizontal planes and must be defined
using simple curves and tangents only. *Spiral curves are not to be used. Chords may be

used under special conditions with the prior approval of ETS.

Note: Refer to Alberta Land Surveyors Manual of Standard Practise regarding Railway Surveys

Normally for surface running conditions the upper or lower limit of ROW is not defined. If an
upper and lower limit is required (e.g. LRT running in tunnel under private property) it should

be described by the elevations of horizontal planes.

3.5.2 LRT Elements and Components

Basic - Level Tangent Track

Trackway and trackbed support structures
Clearance requirements (refer to Section 3.3)

Ductbanks and Vaults
Catenary masts and related support structures
Track crossovers

Pedestrian swing gates

Centre and side loading station platform configurations
LRT related utilities

Pocket Tracks for LRV storage
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Wayside equipment such as switch machines and switch blowers
Signal Equipment such as signal cabinets, crossing arm and control cabinets

Drainage facilities such as ditches, retention ponds, underground drainage pipes

Building structures required for station access, standalone traction power substations
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LRT related landscaping

MUT and related landscaping (if adjacent to LRT trackway)

LRT operational and maintenance requirements such as track maintenance access,
service vehicle parking

Additional Requirements — Due to track geometry

e Curvature and superelevation effect on trains (refer to Section 3.3.3)
e Fill and cut embankment side-slopes
e Fill and cut embankment retaining structures

Other Influencing Factors

Noise Barrier Walls / Screen Fencing

Pedestrian grade separation structure (above and below grade)
Transit Centres constructed adjacent to an LRT Station

Special construction techniques

3.5.3 Typical Cross Section Configurations

Only several of the configurations provided in this section are referenced in the Summary and
Appendix | Tables.

3.5.3.1  At-grade Mainline Level Tangent Track (Open)

For the exclusive use ROW condition (with subdrains) the preferred horizontal distance from
the centreline of the nearest track to the limit of the ROW is 6250 mm. Due to the open
configuration of the cross-section the walkway / refuge zone on the outside of the tracks is not
required.

Additional width is required in areas where track switches and switch blowers are required
and ductbanks are located outside the trackway.

If a ditch drainage system is to be used substantial additional width is required due to the
ditch geometry.

Refer to the Summary Table, Appendix | and Figure 3.7 for minimum and preferred LRT ROW
width requirements.

3.5.3.2 At-grade Level Tangent Track (Shared Use)

Where the LRT is to be constructed in a roadway with a wide median, it may be possible to
incorporate the trackway or other related facilities such as stations etc. into the roadway ROW
width without the acquisition of additional land.

Refer to Summary Table, Appendix |, Figure 3.8, Combined Figure 3.18A and Figure 3.18B
and Chapter 18, Streets Design figures for minimum and preferred width requirements for
typical cross-sections.

3.5.3.3 Elevated Guideway Structure

The horizontal limit is defined by the width of the elevated guide way plus an absolute
minimum allowance of 500 mm (1000 mm is preferred) outside of the structure. There may
be instances where an upper limit may also have to be defined.

Refer to Figure 3.13 and Figure 3.21 which show the minimum width for a basic guideway
cross-section based on the clearance requirements only. The ROW limit is subject to the
provision of the applicable components /elements listed in Section 3.5.1. The limit must also
include the width required for the guideway parapet.
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3.5.3.4 Mainline Level Tangent Track Partially or Fully Depressed

The lateral limit of the ROW is defined by the width of the track bed, the degree of side-slope
and rounding allowances. The minimum allowable side-slope is 3:1. If the side-slope is to be
grassed (requires on-going maintenance) a flatter slope of 3.5:1 must be provided.

For retained cuts an absolute minimum of 350 mm must be provided from the outside edge of
the retaining wall footing to the LRTROW limit. An additional allowance may be required for
pile or anchoring devices.

The ROW limit is subject to the provision of the applicable components / elements listed in
Section 3.5.2. The limit must also include the width of the retaining wall footing. Refer to
Figures 3.14 and Figure 3.22 for typical cross-section configurations.

Where property acquisition costs or existing development is a major constraint stand-a-lone
retaining wall construction and / or in combination with side-slopes may have to be
implemented.

3.5.3.5 Mainline Level Tangent Track Fill Embankment

As per the cross-section described in the previous section, the ROW is determined by the
width of the track bed, the degree of side-slope, rounding allowances and drainage ditch width
(if required). The minimum allowable side-slope is 3:1. If the side-slope is to be grassed
(requires on-going maintenance) a flatter 3%2:1 slope must be provided..

For retained fills an absolute minimum of 350 mm must be provided from the outside edge of
the retaining wall footings to the ROW property line. Additional allowances may be required
for pile or anchoring devices.

Refer to Clearance Figure 3.15 for a typical cross-section configuration. The ROW limit is
subject to the provision of the elements listed in Section 3.5.2 including the width required for
the retaining wall footing.

As per the guideline in the previous section, where property acquisition costs or existing
development is a major constraint stand-a-lone retaining wall construction or in combination
with side-slopes may have to be implemented.

3.5.3.6  Surface Stations

The basic ROW width required for at-grade stations includes: the trackway, the platform
width, service areas and roof support walls or ballast curb/parapet walls, and catenary masts
located outside of the tracks (centre loading configuration). Additional items that may impact
the width are station access, fare collection and connecting corridors, passageways,
landscaping requirements.

For a station with a 9 m platform the absolute minimum distance from the centre of the
platform to the ROW limit is 10155 mm. Refer to Figure 3.23 for the typical minimum and
preferred ROW width for a Type Il station.

3.5.3.7 Underground

The width of the station with a centre loading platform configuration will generally define the
minimum lateral limit for the ROW. Related considerations are the structural support system,
construction methodology, tunnels, access configurations etc.

In Edmonton, the majority of the underground tunnels and stations are situated under existing
streets with the property limits generally defined by the width of the street ROW.

If the underground section is not under a street but under privately owned property an
easement would be negotiated with the lateral, upper and lower limits defined.
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3.6 RIGHT-OF-WAY ACQUISITION

The ROW is the total of all property interests and uses required to construct, operate, protect
and maintain the LRT system. Some ROW requirements are temporary and subject to
revision while others are permanent. Permanent requirements are dictated by the physical
space occupied the LRT components as described previously and the long term operating
needs.

This section describes the classification of rights-of-way and the various factors that must be
considered in establishing the ROW limit.

3.6.1 Classification of Right-of-Way for Acquisition Purposes
3.6.1.1  Full Ownership (fee simple)

Full ownership of the property extends radially from the center of the earth outward through
specified lateral limits on the surface of the earth and upward.

The objective of the City is to purchase at reasonable market value the property that is
required to construct the LRT project. The City will then have full control over the property
once the title is transferred to them from the previous owner.

3.6.1.2 Easement

An easement is a non-possessing interest held by one party in the land owned by another
party whereby the first party is allowed the partial use of the land for a specified purpose.

There are various types of easements as follows:

¢ Permanent surface easement with defined lateral limits. If required, upper and lower
limits may also be described.

e Permanent underground easement. It encompasses the total LRT facility located below
the surface of the ground. In addition to lateral limits, upper and lower limits are also
described.

e Permanent aerial easement. This type of easement completely encompasses the aerial
portion of the LRT facility. Lower, lateral, and if required upper limits are described.

s Construction Easement. It is established to allow a Contractor the use of a specified
portion of private property for construction purposes. It is temporary in nature with a pre-
determined duration for occupancy.

o Utility Easement. This is an easement that is required for the installation of LRT related
utilities. They are to be treated as right-of-way. They must be in accordance with the
utility agency regulations.

3.6.2 ROW Acquisition Plans

ROW plans are used as the basis for the acquisition of privately owned property that is
needed to implement the LRT project. The ROW limits must be established early in the
preliminary design phase in order that it can be acquired within the timeframe indicated in
Section 3.6.3.

The CADD Guidelines establishes the functional layout, content and format of the ROW
acquisition plans.

Registration of the final surveyed ROW and permanent easement plans is required after all of
the property has been acquired.
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3.6.3 Responsibility for ROW Acquisition

The Corporate Properties Branch of the Sustainable Development Department is responsible
for the acquisition of property for City capital construction projects including LRT extensions.
In general, the Branch should be formally requested to commence negotiations to acquire
property in accordance with the following minimum timelines:

¢ Residential — one year prior to the start of construction.
e Businesses — two years prior to the start of construction.

APPENDIX |

Worksheet for Minimum and Preferred ROW Widths for a Sample of Typical LRT Mainline
Level Tangent Trackway Cross Section Configurations.
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CAR
A ¢ DESIGN VEHICLE

B o OUTLINE

A B | C [W/2] R [INSWING[OUTSWING| INSWING | OUTSWING
VEHICLE /EQUIPMENT a* Ao ** |CLEARANCE|CLEARANCE
(mm) | (mm) [(mm) [(mm)| (m) | (mm) | (mm) (mm) (mm)
SD160 (TOP) 7942[4082]3860] 1551] 180 | 41 132 1592 1683
SD160 (CAMERA) 6986 | 3126 |3860(1730| 180 | 41 93 1771 1823
SD160 (FLOOR) 7942|4082 (3860|1464 | 180 | 41 132 1505 1596
U2 (TOP) 7667 | 3807 | 38601563 | 180 | 41 120 1604 1683
U2 (FLOOR) 7667|3807 3860|1459 180 | 41 120 1500 1579
WORK TRAIN #2010 3771|1593 21781575 180 | 13 26 1588 1601
BALLAST REGULATOR 4417]3157]1260[1509] 180 | 4 49 1513 1558
HOPPER CAR 6122|1855 |4267[1219] 180 | 51 53 1270 1272
LOW RAILER 6376 | 23883988 1331] 180 | 44 68 1375 1399
VMB 1608 C 6500 | 2500 | 4000(1493] 180 | 45 72 1449 1565
DESIGN VEHICLE
(2009 Edition) 7942|4082 |3860(1730| 180 | 41 132 1771 1862
WHERE,

©=Sn"(C/R)
A B + C, extreme end of vehicle/equipment
FORMULAE: to mid distance between wheel base

B = vehicle overhang from wheel base
*—|INSWING CALCULATION to the front end or rear end of vehicle
A =R (1 - Cos 0) C = half the distance between wheel base

W = dynamic width of vehicle/equipment
**—QUTSWING CALCULATION R = radius of curve (in mm)
A — _A 2 2\1/2 _ IC = inswing clearance

o= ((R W /2 )R R w/2 0C = outside clearance
FIGURE 3.3 CHAPTER 3
CURVATURE EFFECTS CLEARANCES AND ROW

06—JUL—11| ADDED VMB 1608 C DESIGN VEHICLE
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Curvature Effects (CE)

Inswing | Outswing | Inswing [ Outswing
Vehicle/Equipment A B (o *W/2 R A A Clearance | Clearance
(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
Design Vehicle 7942 | 4082 | 3860 | 1730 25 300 868 2030 2598
7942 | 4082 | 3860 | 1730 30 249 737 1979 2467
7942 | 4082 | 3860 | 1730 35 214 640 1944 2370
7942 | 4082 | 3860 | 1730 40 187 566 1917 2296
7942 | 4082 | 3860 | 1730 45 166 507 1896 2237
7942 | 4082 | 3860 | 1730 50 149 459 1879 2189
7942 | 4082 | 3860 | 1730 55 136 419 1866 2149
7942 | 4082 | 3860 | 1730 60 124 386 1854 2116
7942 | 4082 | 3860 | 1730 65 115 357 1845 2087
7942 | 4082 | 3860 | 1730 70 107 332 1837 2062
7942 | 4082 | 3860 | 1730 75 99 311 1829 2041
7942 | 4082 | 3860 | 1730 80 93 292 1823 2022
7942 | 4082 | 3860 | 1730 85 88 276 1818 2006
7942 | 4082 | 3860 | 1730 90 83 261 1813 1991
7942 | 4082 | 3860 | 1730 95 78 247 1808 1977
7942 | 4082 | 3860 | 1730 | 100 75 235 1805 1965
7942 | 4082 | 3860 | 1730 | 110 68 214 1798 1944
7942 | 4082 | 3860 | 1730 120 62 197 1792 1927
7942 | 4082 | 3860 | 1730 | 130 57 182 1787 1912
7942 | 4082 | 3860 | 1730 | 140 53 169 1783 1899
7942 | 4082 | 3860 | 1730 | 150 50 158 1780 1888
7942 | 4082 | 3860 | 1730 160 47 148 1777 1878
7942 | 4082 | 3860 | 1730 | 170 44 140 1774 1870
7942 | 4082 | 3860 | 1730 180 41 132 1771 1862
7942 | 4082 | 3860 | 1730 | 190 39 125 1769 1855
7942 | 4082 | 3860 | 1730 | 200 37 119 1767 1849
7942 | 4082 | 3860 | 1730 | 210 35 113 1765 1843
7942 | 4082 | 3860 | 1730 | 220 34 108 1764 1838
7942 | 4082 | 3860 | 1730 | 230 32 104 1762 1834
7942 | 4082 | 3860 | 1730 | 240 31 99 1761 1829
7942 | 4082 | 3860 | 1730 | 250 30 95 1760 1825
7942 | 4082 | 3860 | 1730 | 260 29 92 1759 1822
7942 | 4082 | 3860 | 1730 | 270 28 88 1758 1818
7942 | 4082 | 3860 | 1730 | 280 27 85 1757 1815
7942 | 4082 | 3860 | 1730 | 290 26 82 1756 1812
7942 | 4082 | 3860 | 1730 | 300 25 80 1755 1810

* W - refers to the dynamic width of design vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance
(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
Design Vehicle 7942 | 4082 | 3860 | 1730 310 24 77 1754 1807
7942 | 4082 | 3860 | 1730 | 310 24 77 1754 1807
7942 | 4082 | 3860 [ 1730 | 320 23 75 1753 1805
7942 | 4082 | 3860 | 1730 | 330 23 72 1753 1802
7942 | 4082 | 3860 [ 1730 | 340 22 70 1752 1800
7942 | 4082 | 3860 | 1730 | 350 21 68 1751 1798
7942 | 4082 | 3860 [ 1730 | 360 21 66 1751 1796
7942 | 4082 | 3860 | 1730 | 370 20 65 1750 1795
7942 | 4082 | 3860 [ 1730 | 380 20 63 1750 1793
7942 | 4082 | 3860 | 1730 | 390 19 61 1749 1791
7942 | 4082 [ 3860 [ 1730 [ 400 19 60 1749 1790
7942 | 4082 | 3860 | 1730 | 410 18 58 1748 1788
7942 | 4082 | 3860 | 1730 420 18 57 1748 1787
7942 | 4082 | 3860 | 1730 | 430 17 56 1747 1786
7942 | 4082 | 3860 | 1730 440 17 54 1747 1784
7942 | 4082 | 3860 | 1730 | 450 17 53 1747 1783
7942 | 4082 | 3860 [ 1730 | 460 16 52 1746 1782
7942 | 4082 | 3860 | 1730 | 470 16 51 1746 1781
7942 | 4082 | 3860 [ 1730 | 480 16 50 1746 1780
7942 | 4082 | 3860 | 1730 | 490 15 49 1745 1779
7942 | 4082 [ 3860 [ 1730 [ 500 15 48 1745 1778
7942 | 4082 | 3860 | 1730 | 510 15 47 1745 1777
7942 | 4082 | 3860 | 1730 520 14 46 1744 1776
7942 | 4082 | 3860 | 1730 | 530 14 45 1744 1775
7942 | 4082 | 3860 | 1730 540 14 44 1744 1774
7942 | 4082 | 3860 | 1730 | 550 14 44 1744 1774
7942 | 4082 | 3860 [ 1730 | 560 13 43 1743 1773
7942 | 4082 | 3860 | 1730 | 570 13 42 1743 1772
7942 | 4082 | 3860 [ 1730 | 580 13 41 1743 1771
7942 | 4082 | 3860 | 1730 | 590 13 41 1743 1771
7942 | 4082 | 3860 | 1730 600 12 40 1742 1770
7942 | 4082 | 3860 | 1730 | 610 12 39 1742 1769
7942 | 4082 | 3860 | 1730 | 620 12 39 1742 1769
7942 | 4082 | 3860 [ 1730 | 630 12 38 1742 1768
7942 | 4082 | 3860 | 1730 | 640 12 38 1742 1768
7942 | 4082 | 3860 | 1730 | 650 11 37 1741 1767
7942 | 4082 | 3860 | 1730 | 660 11 36 1741 1766
7942 | 4082 | 3860 | 1730 | 670 11 36 1741 1766
7942 | 4082 | 3860 [ 1730 | 680 11 35 1741 1765
7942 | 4082 | 3860 | 1730 | 690 11 35 1741 1765
7942 | 4082 | 3860 | 1730 700 11 34 1741 1764

* W - refers to the dynamic width of design vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance
(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
Design Vehicle 7942 | 4082 | 3860 | 1730 710 10 34 1740 1764
7942 | 4082 | 3860 | 1730 | 720 10 33 1740 1763
7942 | 4082 | 3860 [ 1730 | 730 10 33 1740 1763
7942 | 4082 | 3860 | 1730 | 740 10 32 1740 1762
7942 | 4082 | 3860 [ 1730 | 750 10 32 1740 1762
7942 | 4082 | 3860 | 1730 | 760 10 32 1740 1762
7942 | 4082 | 3860 | 1730 770 10 31 1740 1761
7942 | 4082 | 3860 | 1730 | 780 10 31 1740 1761
7942 | 4082 | 3860 [ 1730 | 790 9 30 1739 1760
7942 | 4082 | 3860 | 1730 | 800 9 30 1739 1760
7942 | 4082 | 3860 [ 1730 | 810 9 30 1739 1760
7942 | 4082 | 3860 | 1730 | 820 9 29 1739 1759
7942 | 4082 | 3860 [ 1730 | 830 9 29 1739 1759
7942 | 4082 | 3860 | 1730 | 840 9 29 1739 1759
7942 | 4082 | 3860 [ 1730 | 850 9 28 1739 1758
7942 | 4082 | 3860 | 1730 | 860 9 28 1739 1758
7942 | 4082 | 3860 [ 1730 | 870 9 28 1739 1758
7942 | 4082 | 3860 | 1730 | 880 8 27 1738 1757
7942 | 4082 | 3860 [ 1730 | 890 8 27 1738 1757
7942 | 4082 | 3860 | 1730 | 900 8 27 1738 1757
7942 | 4082 | 3860 [ 1730 | 910 8 26 1738 1756
7942 | 4082 | 3860 | 1730 | 920 8 26 1738 1756
7942 | 4082 | 3860 [ 1730 | 930 8 26 1738 1756
7942 | 4082 | 3860 | 1730 | 940 8 26 1738 1756
7942 | 4082 | 3860 [ 1730 | 950 8 25 1738 1755
7942 | 4082 | 3860 | 1730 | 960 8 25 1738 1755
7942 | 4082 | 3860 [ 1730 | 970 8 25 1738 1755
7942 | 4082 | 3860 | 1730 | 980 8 25 1738 1755
7942 | 4082 | 3860 [ 1730 | 990 8 24 1738 1754
7942 | 4082 | 3860 | 1730 | 1000 7 24 1737 1754
7942 | 4082 | 3860 | 1730 | 1050 7 23 1737 1753
7942 | 4082 | 3860 | 1730 | 1100 7 22 1737 1752
7942 | 4082 | 3860 | 1730 | 1150 6 21 1736 1751
7942 | 4082 | 3860 [ 1730 [ 1200 6 20 1736 1750
7942 | 4082 | 3860 | 1730 | 1250 6 19 1736 1749
7942 | 4082 | 3860 | 1730 | 1300 6 18 1736 1748
7942 | 4082 | 3860 | 1730 | 1350 6 18 1736 1748
7942 | 4082 | 3860 | 1730 | 1400 5 17 1735 1747
7942 | 4082 | 3860 | 1730 | 1450 5 17 1735 1747
7942 | 4082 | 3860 | 1730 | 1500 5 16 1735 1746

* W - refers to the dynamic width of design vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance

(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
u2 7667 | 3807 | 3860 | 1459 25 300 801 1759 2260
At Floor Level 7667 | 3807 | 3860 | 1459 30 249 679 1708 2138
7667 | 3807 | 3860 | 1459 35 214 589 1673 2048
7667 | 3807 | 3860 | 1459 40 187 519 1646 1978
7667 | 3807 | 3860 | 1459 45 166 465 1625 1924
7667 | 3807 | 3860 | 1459 50 149 420 1608 1879
7667 | 3807 | 3860 | 1459 55 136 384 1595 1843
7667 | 3807 | 3860 | 1459 60 124 353 1583 1812
7667 | 3807 | 3860 | 1459 65 115 327 1574 1786
7667 | 3807 | 3860 | 1459 70 107 304 1566 1763
7667 | 3807 | 3860 | 1459 75 99 285 1558 1744
7667 | 3807 | 3860 | 1459 80 93 267 1552 1726
7667 | 3807 | 3860 | 1459 85 88 252 1547 1711
7667 | 3807 | 3860 | 1459 90 83 238 1542 1697
7667 | 3807 | 3860 | 1459 95 78 226 1537 1685
7667 | 3807 | 3860 | 1459 [ 100 75 215 1534 1674
7667 | 3807 | 3860 [ 1459 [ 110 68 196 1527 1655
7667 | 3807 | 3860 | 1459 | 120 62 180 1521 1639
7667 | 3807 | 3860 [ 1459 [ 130 57 166 1516 1625
7667 | 3807 | 3860 | 1459 | 140 53 154 1512 1613
7667 | 3807 | 3860 [ 1459 [ 150 50 144 1509 1603
7667 | 3807 | 3860 | 1459 | 160 47 135 1506 1594
7667 | 3807 | 3860 [ 1459 [ 170 44 128 1503 1587
7667 | 3807 | 3860 | 1459 | 180 41 121 1500 1580
7667 | 3807 | 3860 [ 1459 [ 190 39 114 1498 1573
7667 | 3807 | 3860 | 1459 [ 200 37 109 1496 1568
7667 | 3807 | 3860 [ 1459 | 210 35 103 1494 1562
7667 | 3807 | 3860 | 1459 | 220 34 99 1493 1558
7667 | 3807 | 3860 | 1459 | 230 32 95 1491 1554
7667 | 3807 | 3860 | 1459 | 240 31 91 1490 1550
7667 | 3807 | 3860 | 1459 | 250 30 87 1489 1546
7667 | 3807 | 3860 | 1459 | 260 29 84 1488 1543
7667 | 3807 | 3860 | 1459 | 270 28 81 1487 1540
7667 | 3807 | 3860 | 1459 | 280 27 78 1486 1537
7667 | 3807 | 3860 [ 1459 | 290 26 75 1485 1534
7667 | 3807 | 3860 | 1459 | 300 25 73 1484 1532

* W - refers to the dynamic width of U2 vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance

(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
u2 7667 | 3807 | 3860 [ 1459 | 310 24 70 1483 1529
At Floor Level 7667 | 3807 | 3860 | 1459 | 310 24 70 1483 1529
7667 | 3807 | 3860 | 1459 | 320 23 68 1482 1527
7667 | 3807 | 3860 | 1459 | 330 23 66 1482 1525
7667 | 3807 | 3860 | 1459 | 340 22 64 1481 1523
7667 | 3807 | 3860 | 1459 | 350 21 62 1480 1521
7667 | 3807 | 3860 | 1459 | 360 21 61 1480 1520
7667 | 3807 | 3860 | 1459 | 370 20 59 1479 1518
7667 | 3807 | 3860 | 1459 | 380 20 57 1479 1516
7667 | 3807 | 3860 | 1459 | 390 19 56 1478 1515
7667 | 3807 [ 3860 [ 1459 [ 400 19 55 1478 1514
7667 | 3807 | 3860 | 1459 | 410 18 53 1477 1512
7667 | 3807 | 3860 | 1459 | 420 18 52 1477 1511
7667 | 3807 | 3860 | 1459 | 430 17 51 1476 1510
7667 | 3807 | 3860 | 1459 | 440 17 50 1476 1509
7667 | 3807 | 3860 | 1459 | 450 17 49 1476 1508
7667 | 3807 | 3860 | 1459 | 460 16 47 1475 1506
7667 | 3807 | 3860 | 1459 | 470 16 46 1475 1505
7667 | 3807 | 3860 | 1459 | 480 16 46 1475 1505
7667 | 3807 | 3860 | 1459 | 490 15 45 1474 1504
7667 | 3807 [ 3860 [ 1459 [ 500 15 44 1474 1503
7667 | 3807 | 3860 | 1459 | 510 15 43 1474 1502
7667 | 3807 | 3860 | 1459 | 520 14 42 1473 1501
7667 | 3807 | 3860 | 1459 | 530 14 41 1473 1500
7667 | 3807 | 3860 | 1459 | 540 14 40 1473 1499
7667 | 3807 | 3860 | 1459 | 550 14 40 1473 1499
7667 | 3807 | 3860 | 1459 | 560 13 39 1472 1498
7667 | 3807 | 3860 | 1459 | 570 13 38 1472 1497
7667 | 3807 | 3860 | 1459 | 580 13 38 1472 1497
7667 | 3807 | 3860 [ 1459 | 590 13 37 1472 1496
7667 | 3807 | 3860 | 1459 | 600 12 36 1471 1495
7667 | 3807 | 3860 [ 1459 | 610 12 36 1471 1495
7667 | 3807 | 3860 | 1459 | 620 12 35 1471 1494
7667 | 3807 | 3860 | 1459 | 630 12 35 1471 1494
7667 | 3807 | 3860 | 1459 | 640 12 34 1471 1493
7667 | 3807 | 3860 | 1459 | 650 11 34 1470 1493
7667 | 3807 | 3860 [ 1459 | 660 11 33 1470 1492
7667 | 3807 | 3860 | 1459 | 670 11 33 1470 1492
7667 | 3807 | 3860 | 1459 | 680 11 32 1470 1491
7667 | 3807 | 3860 | 1459 | 690 11 32 1470 1491
7667 | 3807 [ 3860 [ 1459 [ 700 11 31 1470 1490

* W - refers to the dynamic width of U2 vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance

(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
u2 7667 | 3807 | 3860 | 1459 [ 710 10 31 1469 1490
At Floor Level 7667 | 3807 | 3860 | 1459 | 720 10 30 1469 1489
7667 | 3807 | 3860 [ 1459 | 730 10 30 1469 1489
7667 | 3807 | 3860 | 1459 | 740 10 30 1469 1489
7667 | 3807 | 3860 | 1459 | 750 10 29 1469 1488
7667 | 3807 | 3860 | 1459 | 760 10 29 1469 1488
7667 | 3807 | 3860 | 1459 | 770 10 28 1469 1487
7667 | 3807 | 3860 | 1459 | 780 10 28 1469 1487
7667 | 3807 | 3860 [ 1459 [ 790 9 28 1468 1487
7667 | 3807 | 3860 | 1459 | 800 9 27 1468 1486
7667 | 3807 | 3860 [ 1459 | 810 9 27 1468 1486
7667 | 3807 | 3860 | 1459 | 820 9 27 1468 1486
7667 | 3807 | 3860 [ 1459 | 830 9 26 1468 1485
7667 | 3807 | 3860 | 1459 | 840 9 26 1468 1485
7667 | 3807 | 3860 | 1459 | 850 9 26 1468 1485
7667 | 3807 | 3860 | 1459 | 860 9 25 1468 1484
7667 | 3807 | 3860 | 1459 | 870 9 25 1468 1484
7667 | 3807 | 3860 | 1459 | 880 8 25 1467 1484
7667 | 3807 | 3860 [ 1459 | 890 8 25 1467 1484
7667 | 3807 | 3860 | 1459 [ 900 8 24 1467 1483
7667 | 3807 | 3860 [ 1459 [ 910 8 24 1467 1483
7667 | 3807 | 3860 | 1459 | 920 8 24 1467 1483
7667 | 3807 | 3860 [ 1459 | 930 8 24 1467 1483
7667 | 3807 | 3860 | 1459 | 940 8 23 1467 1482
7667 | 3807 | 3860 [ 1459 [ 950 8 23 1467 1482
7667 | 3807 | 3860 | 1459 | 960 8 23 1467 1482
7667 | 3807 | 3860 [ 1459 [ 970 8 23 1467 1482
7667 | 3807 | 3860 | 1459 | 980 8 22 1467 1481
7667 | 3807 [ 3860 [ 1459 [ 990 8 22 1467 1481
7667 | 3807 | 3860 | 1459 | 1000 7 22 1466 1481
7667 | 3807 | 3860 | 1459 | 1050 7 21 1466 1480
7667 | 3807 | 3860 [ 1459 [ 1100 7 20 1466 1479
7667 | 3807 | 3860 | 1459 | 1150 6 19 1465 1478
7667 | 3807 | 3860 | 1459 | 1200 6 18 1465 1477
7667 | 3807 [ 3860 | 1459 | 1250 6 18 1465 1477
7667 | 3807 | 3860 | 1459 | 1300 6 17 1465 1476
7667 | 3807 [ 3860 | 1459 | 1350 6 16 1465 1475
7667 | 3807 | 3860 | 1459 | 1400 5 16 1464 1475
7667 | 3807 | 3860 | 1459 | 1450 5 15 1464 1474
7667 | 3807 | 3860 | 1459 | 1500 5 15 1464 1474

* W - refers to the dynamic width of U2 vehicle (refer to Figure 3.3)
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Inswing | Outswing | Inswing | Outswing
Vehicle/Equipment A B Cc *Wi2 R A Ao Clearance | Clearance

(mm) | (mm) | (mm) | (mm) | (m) (mm) (mm) (mm) (mm)
u2 7667 | 3807 [ 3860 | 1459 | 1600 5 14 1464 1473
At Floor Level 7667 | 3807 | 3860 | 1459 | 1700 4 13 1463 1472
7667 | 3807 [ 3860 | 1459 | 1800 4 12 1463 1471
7667 | 3807 | 3860 | 1459 | 1900 4 12 1463 1471
7667 | 3807 [ 3860 | 1459 | 2000 4 11 1463 1470
7667 | 3807 | 3860 | 1459 | 2100 4 10 1463 1469
7667 | 3807 [ 3860 | 1459 | 2200 3 10 1462 1469
7667 | 3807 | 3860 | 1459 | 2300 3 10 1462 1469
7667 | 3807 [ 3860 | 1459 | 2400 3 9 1462 1468
7667 | 3807 | 3860 | 1459 | 2500 3 9 1462 1468
7667 | 3807 [ 3860 | 1459 | 2600 3 8 1462 1467
7667 | 3807 | 3860 | 1459 | 2700 3 8 1462 1467
7667 | 3807 [ 3860 | 1459 | 2800 3 8 1462 1467
7667 | 3807 | 3860 | 1459 | 2900 3 8 1462 1467
7667 | 3807 [ 3860 | 1459 | 3000 2 7 1461 1466
7667 | 3807 | 3860 | 1459 | 3500 2 6 1461 1465
7667 | 3807 | 3860 | 1459 | 4000 2 5 1461 1464
7667 | 3807 | 3860 | 1459 | 4500 2 5 1461 1464
7667 | 3807 | 3860 | 1459 | 5000 1 4 1460 1463
7667 | 3807 | 3860 | 1459 | 6000 1 4 1460 1463
7667 | 3807 | 3860 | 1459 | 7000 1 3 1460 1462
7667 | 3807 | 3860 | 1459 | 8000 1 3 1460 1462
7667 | 3807 | 3860 | 1459 | 9000 1 2 1460 1461
7667 | 3807 | 3860 [ 1459 | 10000 1 2 1460 1461
7667 | 3807 | 3860 [ 1459 | 15000 0 1 1459 1460
7667 | 3807 | 3860 [ 1459 | 20000 0 1 1459 1460
7667 | 3807 | 3860 [ 1459 | 30000 0 1 1459 1460
7667 | 3807 | 3860 [ 1459 | 40000 0 1 1459 1460
7667 | 3807 | 3860 [ 1459 [ 50000 0 0 1459 1459

* W - refers to the dynamic width of U2 vehicle (refer to Figure 3.3)

Table of Calculated Values
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CITY OF EDMONTON
LRT DESIGN GUIDELINES

@ TUNNEL
\ i‘g TRACK

SHIFTED

CENTRE OF I 'h’ HORIZONTAL

TUNNEL SHIFT OUTSWING
INSWING _ — -

= \\ !
S |

I S, || \
L 1
W T \ I
S0 ‘

i i > o400
\

TOP OF
CATWALK

FORMULAE: |

v = 0.5 E
_ _a
h = b X E

c = 1/2 LRV DYNAMIC ENVELOPE
+ EFFECT OF INSWING/OUTSWING
+ EFFECT OF SUPERELEVATION

+ STRUCTURAL CLEARANCE TO CATWALK

LRV STATIC ENVELOPE

DYNAMIC ENVELOPE

EFFECT OF
INSWING/OUTSWING

50mm CLEARANCE
TO CATWALK

WHERE:
a = HEIGHT OF VEHICLE ABOVE RAIL AT THE VERTICALY SHIFTED CENTRE OF TUNNEL
b = TRACK CENTRE TO CENTRE DISTANCE
v = VERTICAL SHIFT OF TUNNEL CENTRELINE RELATIVE TO TRACK CENTRELINE.
h = HORIZONTAL SHIFT OF TUNNEL CENTRELINE RELATIVE TO TRACK CENTRELINE.
c = U2 CLEARANCE TO TOP OF CATWALK FROM TRACK CENTRELINE.

1/2 LRV DYNAMIC ENVELOPE = (W/2 = 1459) AT FLOOR LEVEL.

CATWALK TOPPING INSWING/OUTSWING TO BE DETERMINED IN ACCORDANCE WITH 1/2 LRV

DYNAMIC ENVELOPE (W/2 = 1459) AT FLOOR LEVEL.

FIGURE 3.5

SUPERELEVATION EFFECTS ON CURVES

U2 VEHICLE

Date Revision

CHAPTER 3

CLEARANCES AND ROW







Superelevation Effects

50 113 97 31 103 31
55 124 107 34 114 34
60 136 116 37 124 37
65 147 126 40 135 40
70 158 136 43 145 44
75 169 146 47 155 47
80 181 155 50 166 50
85 192 165 53 176 53
90 203 175 56 186 56
100 226 194 62 207 62

Table of Calculated Values

Figure 3.6
*Note:

Design Vehicle's top corner = 3401 mm from top of rail

U2's top corner = 2912 mm from top of rail

U2's floor level = 943 mm from top of rail at AW4 loading

Siemens SD160 floor level = 937 mm from top of rail at AW4 loading
Siemens SD160's top corner ( at camera position) = 3115 mm from top of rail
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FIGURE 3.7
CLEARANCE ENVELOPE
LEVEL TANGENT TRACK (OPEN)

REVISION

DATE
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LRT
¢ TRACK ¢ TRACKWAY ¢ TRACK ROW LIMIT
PREFERRED ! ‘ 1 PREFERRED
. 5000 2600 MIN \ 4500 MIN \ 2600 MIN 5000
1500 MIN 1 | 1 1500 MIN
2300 MIN \ 2250 MIN | 2250 MIN \ 2300 MIN
[ ‘ [
| 600 | 1870 MIN , 760 | 600
MIN ‘ Typ DESIGN VEHICLE MIN
\ ‘ﬁ“““‘*DYNAMm EN{ELOPE |
I | I ‘
| | | | |
| \ \ \
WALKWAY 1 | 1 |
ENVELOPE ‘ | ‘ |
(TYPICAL) N | 4, !
| I
| | 7 12070 MIN | FENCE |
‘ ‘ ‘ /(1200 MIN)
o ‘ ‘ MIN ROW
| Sl ! | LIMIT
‘ | ‘ ‘
|« N TOR | - N | a /
] r—— A r— 11
/ x — x
Il ‘ ‘ Il
& | g | &

ALSO REFER TO FIGURE 5.6 AND CH.18 FIGURES FOR
DIMENSIONAL REQUIREMENTS WHEN LRT IS LOCATED IN
MEDIAN OF TYPICAL ARTERIAL ROADWAY WITH LEFT TURN
BAYS AT INTERSECTION.
REFER TO CH.3 APPENDIX 1 FOR MIN. & PREFERRED

ROW WIDTHS

FIGURE 3.8 A
CLEARANCE ENVELOPE

CHAPTER 3

CLEARANCES AND ROW

30—JUN-11

TITLE CHANGES

DATE

REVISION

LEVEL TANGENT TIE & BALLAST TRACK

(SHARED USE)
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LRT
¢ TRACK ¢ TRACKWAY ¢ TRACK ROW LIMIT
*PREFERRED ‘ ‘ ‘ *PREFERRED
. 5000 2600 MIN \ 4500 MIN \ 2600 MIN 5000
1500 MIN 1 | 1 1500 MIN
2300 MIN | 2250 MIN | 2250 MIN | 2300 MIN
[ ‘ [
| 600 | 1870 MIN , 760 | 600 |
MIN | TypP DESIGN VEHICLE MIN
| | [ DYNAMIC ENVELOPE |
| | ‘ | \ ‘
| | | | |
x » x
w | | | |
WALKWAY ! ! |
ENVELOPE ‘ | ‘ |
(TYPICAL) | | e | |
| I
"7 12070 MIN FENCE
| ‘ ‘ (1200 MIN)
sl | | MIN ROW
C) I I
‘ SIS ‘ ‘ / LIMIT
|4 BV TorR 2% | 2% 27 2% 2, | 2% _;/7 )
- ) THpe———— L A _ i
,,,,,,,,,ﬁi ,,,,,,,, ;,ﬁ:,,,,,,,E:::::‘:;;:":: j:j, ,,,,,,, f ,,,,,,,, i} ,,,,,,,,
X | e t | | REINFORCED
SECOND POUR CONCRETE ‘ RENFORCED L 00 SSSCRETE
| CONCRETE
FIRST POUR REINFORCED CONCRETE
NOTES:
ALSO REFER TO FIGURE 5.6 AND CH.18 FIGURES FOR
DIMENSIONAL REQUIREMENTS WHEN LRT IS LOCATED IN
MEDIAN OF TYPICAL ARTERIAL ROADWAY WITH LEFT TURN
BAYS AT INTERSECTION.
REFER TO CH.3 APPENDIX 1 FOR MIN. & PREFERRED
ROW WIDTHS.
*THIS REQUIREMENT IS DEPENDENT ON THE ROAD ROW
WIDTH.
FIGURE 3.8 B CHAPTER 3
CLEARANCE ENVELOPE CLEARANCES AND ROW
LEVEL TANGENT EMBEDDED TRACK
30—JUN—11 NEW
DATE REVISION <SHARED USE)
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¢ LRV/TRACK

1780
ABOVE PLATFORM
2500 MIN
2300 1405 +/—6 (1700 ABSOLUTE MIN)
= T0 EDGE OF !
DESIGN VEHICLE & SEATING, STAIRS,
DYNAMIC ENVELOPE \| s ETC.
3
SD160 STATIC o
ENVELOPE —\ S
\ L
(@]
[mm)]
L
973
CLEAR
600
AT MN
WALKWAY T 25
ENVELOPE _
/ CLEAR
S
S o
N |
~
Tp)
7 9060
(@]
| 1%
] %\%:/%ﬁ = \\_ REFUGE
ZONE
FIGURE 3.9 CHAPTER 3

DATE REVISION

CLEARANCE REQUIREMENTS AT

STATION PLATFORM

CLEARANCES AND ROW
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% i
;

1700 MIN

DESIGN VEHICLE DYNAMIC
ENVELOPE

SD160 STATIC
ENVELOPE

|
e

4200 ABS MIN

1510* ABS MIN

""""
1

|
|
¢

/l\
|

|
|
¢ TRACK,/TUNNEL

NOTES:
ALTERNATING CATENARY CONNECTORS SCREENED
BACK

* THE ABSOLUTE MINIMUM DIMENSION IS BASED ON
TANGENT TRACK WITH NO SUPERELEVATION.

CATWALK /
REFUGE ZONE

FIGURE 3.10

CLEARANCE ENVELOPE

LEVEL TANGENT TRACK

Date Revision (TBM TUNNEL)

CHAPTER 3

CLEARANCES AND ROW
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1230

1230

456

DESIGN VEHICLE
DYNAMIC ENVELOPE

Date

Revision

CLEARANCE ENVELOPE
LEVEL TANGENT TRACK

(SEM TUNNEL)

— SD160 STATIC
ENVELOPE
M
2 5
f =[f
.| \ S
[Te]
® —
=z ™~
© = i 8| 3
D O) = '] 1700 MIN 750 H o
M
STy | 3
2 171510% ABS MIN =
hel T |
LT P X
//-\ / ! ‘ AN
e N o
’«SDQ// ‘ “ /p/.:.\\ 80 o)
>/ / 2 DN| O ©
| TOP_OF RAIL_ ||\ ___ | o CATWALK\
Q / (—éﬁ REFUGE ZONE
| T -\
— 2
/ <
|
|
5 100
Q
N |
TRACK
12 879 1320 1320 879 112
|
¢ TUNNEL
NOTES:
* THE ABSOLUTE MINIMUM
DIMENSION IS BASED ON TANGENT
TRACK WITH NO SUPERELEVATION.
FIGURE 3.11 CHAPTER 3

CLEARANCES AND ROW
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630
1
)
1

170

DESIGN VEHICLE
" DYNAMIC ENVELOPE

SD160 STATIC
" ENVELOPE

600

]

4700

L~ WALKWAY ENVELOPE

2000
\\

. | ___TOP OF RAIL
1900 MIN | 2300 MIN
FIGURE 3.12 CHAPTER 3
CLEARANCE ENVELOPE CLEARANCES AND ROW

LEVEL TANGENT TRACK

Date Revision (UNDERGROUND SINGLE BOX)
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¢ TRACKWAY
¢ TRACK | ¢ TRACK
2300 MIN 4500 MIN 2300 MIN
DESIGN VEHICLE
DYNAMIC ENVELOPE
570, 1730 | |
D160 STATIC
ENVELOPE
|
760
TYP
600 ﬂb 600
MIN ! MIN
2070 MIN
o o
S Sl
N { | N =
| |
- N {/%% B N TOR /
X :
-4 — eXe)
WALKWAY r ﬁ o /
L _ | _ _y TOP OF DECK !
ENVELOPE ‘
500
\ ‘ , ABS =
A S N MIN
|
1000
\ PREFERRED !
LRT
PARAPET /FENCE HEIGHT & ROW
WIDTH TO BE DETERMINED LI
ROW WIDTH SUBJECT TO
LOCATION OF LRT UTILITY
INFRASTRUCTURE STATION AND
ACCESS REQUIREMENTS
FIGURE 3.13 CHAPTER 3

DATE REVISION

CLEARANCE ENVELOPE
LEVEL TANGENT TRACK

(ELEVATED STRUCTURE)

CLEARANCES AND ROW
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‘ TYP ‘
\
DESIGN VEHICLE
DYNAMIC ENVELOPE
SD160 STATIC

ENVELOPE

¢ TRACKWAY LRT

ROW

€ TRACK ¢ TRACK LIMIT

! ‘ | VARIES |

‘ ‘ \ 2600 MIN

2300 MIN ‘ 4500 MIN | 2300 MIN

‘ 11800 MAX ‘

| ‘ |

‘ | 140 ‘

| |

| 760 ) 1730
MIN ‘
| |
| |

|
|
|
1730 \
|
|
|

‘ FENCE
‘ " (1200 MIN)
|

600 600 N ‘
CATENARY ‘

MAST ™ ‘

—RIRE &‘ wn

Sle g\

NH <| !

Z /[fﬁ%% |

ol oo — wAA ol adle !

[ 8i——— 1] ;;; [ 8 i———— 11 ] ‘

w \ ‘ |\ WALKWAY -

| | ENVELOPE | 350 ABS MIN

kf VARIES 1000 PREFERRED

NOTE:

LRT ROW LIMIT WILL BE
DEPENDENT ON TOPOGRAPHY
AND RETAINING WALL FOOTING

DESIGN.
FIGURE 3.14 CHAPTER 3
CLEARANCE ENVELOPE CLEARANCES AND ROW

LEVEL TANGENT TRACK

DATE REVISION (RETAINED CUT)
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¢ TRACKWAY
LRT
| ROW
¢ TRACK ‘ ¢ TRACK LIMIT
! ‘ | VARIES |
‘ i | 2600 MIN |
2300 MIN ! 4500 MIN 1 2300 MIN ‘
‘ 11800 MAX ‘
‘ ‘ 140 ‘ !
‘ 760, 1730 ! 1730 ‘
I TYP |
| | |
| | ‘
DESIGN VEHICLE ‘
DYNAMIC EN\/ELOPE\ ‘
| |
SD160 STATIC !
| ENVELOPE ‘
|
| ‘ !
|
|
| ‘
‘ 600
! ‘ MIN ‘
| T | _FENCE
| CATENARY (1200 MIN)
i MAST ™ % !
o
I o &‘
1 ‘ Q&
TOR ‘ dﬁ%%gé ‘ ;S ‘
- — — U U ﬁl& — N jﬁi‘
A =~ —4=% T4 - ‘:/#_Wx\}\_\\ ‘
I :
| ‘ ‘ WALKWAY 1 -0 !
| | | ENVELOPE | ERE
e ‘
3:1 MINIMUM ‘
(IF NO SUBDRAIN)
BESASSE
| 350 ABS MIN
VARIES 1000 PREFERED
NOTE:
LRT ROW LIMIT WILL BE DEPENDENT
ON TOPQOGRAPHY AND RETAINING
WALL FOOTING DESIGN.
FIGURE 3.15 CHAPTER 3
CLEARANCE ENVELOPE CLEARANCES AND ROW

LEVEL TANGENT TRACK

DATE REVISION (RETAINED FILL)
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¢ TRACK
100 | 2000 2000 | 100
|
| @ olz e | 1
Q= @ |
o |z =z
Q= @ Q=
DESIGN VEHICLE
DYNAMIC ENVELOPE
SD160 STATIC
ENVELOPE
(]
o
D
5
'_
= &
n Z W
s | 2l
@ Qe
k5 s
Q|
4 Qe
T | S
= 5
LI_’ (.)
()
%)
\
|
I B <~ TOP OF RAIL |

NOTES:
CONTACT WIRE WILL BE ON BOTH SIDES OF CENTRELINE AT ANY GIVEN ALIGNMENT
ONLY ONE FEEDER IS REQUIRED AND MAY BE LOCATED ON EITHER SIDE ON TANGENT TRACK
—MUST BE ON OUTSIDE IN CURVES

FIGURE 3.16 CHAPTER 3

VERTICAL CLEARANCE TO CLEARANCES AND ROW

OVERHEAD CATENARY

Date Revision
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¢ TRACK

E) DUCTS, CONDUITS, AND PIPES %

500
MIN

DESIGN VEHICLE
/DYNAMC ENVELOPE
SD160 STATIC
ENVELOPE

4200 ABS MIN
CONTACT WIRE HEIGHT

NOTES:
DUCTS, CONDUITS, AND PIPES SHOULD CROSS THE TRACK AT RIGHT ANGLES TO MINIMIZE INTERFERENCE.
BOTTOM OF DUCT, CONDUIT, OR PIPE TO BE 500 mm ABOVE CONTACT WIRE.

FIGURE 3.17 CHAPTER 3

VERTICAL CLEARANCE TO CLEARANCES AND ROW

UTILITIES CROSSING

OVERHEAD CATENARY

Date Revision
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FIGURE 3.18 A
TYPICAL SECTION
COMBINED MAJOR TRACKWAY

ELEMENTS SHARED USE ROW

TITLE CHANGE
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30-JUN-11
DATE
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FIGURE 3.18 B
TYPICAL SECTION
EMBEDDED MAINLINE TRACKWAY

ELEMENTS SHARED USE ROW
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NEW

30-JUN-11
DATE
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NOTE

1. THE ABSOLUTE MINIMUM DIMENSION IS BASED ON TANGENT TRACK
WITH NO SUPERELEVATION.

2. DIMENSIONS SHOWN (THUS) UNDER UTILITY ARE TYPICAL AND ARE
MEASURED FROM TOR TO THE UNDERSIDE OF THE UTILITY DEVICE.

MESSENGER WIRE

! CONTACT WIRE

SUPPORT SER\/CE\ SUPPORT SYSTEM
5 =% DESIGN VEHICLE

DYNAMIC ENVELOPE
FEEDER CABLE
RADIAX CABLE )
(3570) T _
TUNNEL LIGHTING TUNNEL
(3300) \E LIGHTING
TRACK MTCE TELPH
LIGHTS (3150) - _ LIGHT
SIGNALS = (2700)
EMERGENCY
(2330) a TELEPHONE
< 1700 MIN 1500 ABOVE
= ‘ CATWALK
S 1510% ABS MIN
HOSE RACK
(700)
FIRE WATER
LINE
CATWALK /
REFUGE ZONE
TOP_OF RAIL  No____- CONCRETE
DUCTBANK
SIGNAL DEVICE
|
\
¢ TRACK/TUNNEL
ROW DESIGN
ELEMENTS NOT SHOWN
SIGNAGE
VAULTS
CATCH BASINS
FIGURE 3.19 CHAPTER 3
TYPICAL SECTION CLEARANCES & ROW
COMBINED MAJOR TRACKWAY ELEMENTS
Date Revision TBM TUNNEL
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NOTE

1.
2.

REFER TO FIG

URE 3.17 FOR CLEARANCE TO OVERHEAD DUCTS, CONDUITS, AND PIPES.

*2300 OFFSET REQUIRED WHEN UTILITY SERVICES MOUNTED ON BOX STRUCTURE WALL,
OTHERWISE 1900 CAN BE PROVIDED. REFER TO FIGURE 3.12.

3. DIMENSIONS SHOWN (THUS) UNDER UTILITIES ARE TYPICAL AND ARE MEASURED FROM
TOR TO THE UNDERSIDE OF THE UTILITY DEVICE.
¢ TRACK CONTACT WIRE
FE%EE | SUPPORT SYSTEM
I
|
| N 1s |
\ S |
RADIAX (CB/;B%E)\ 570 ! DESIGN VEHICLE
! L DYNAMIC ENVELOPE
TUNNEL LIGHTING /
—
(3400) \:ﬂf ‘ 1 ;E TUNNEL
TRACK MTCE ‘ LIGHTING
LIGHTS (3150) ‘ _ 500
= SIGNALS ® = MIN TELEPH LIGHT
S (2330) © ‘ % | (2700)
<C
T | S
FIRE WATER &
EMERGENCY
LINE ‘ N [ TELEPHONE
HOSE RACK | § ~ (1700)
(700) = T WALKWAY ENVELOPE
|
! ___ TOP OF RAIL
A
d) DUCTBANK
¥2300 MIN | 2300 MIN
ROW DESIGN
ELEMENTS NOT SHOWN
SIGNAGE
VAULTS
CATCH BASINS
FIGURE 3.20 CHAPTER 3
TYPICAL SECTION CLEARANCES AND ROW
COMBINED MAJOR TRACKWAY ELEMENTS
Date Revision UNDERGROUND SINGLE BOX
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D
o
(@]

DYNAMIC ENVELOPE
1730 ]

¢ TRACKWAY
¢ TRACK ‘ ¢ TRACK
2300 MIN 4500 MIN 2300 MIN
|
DESIGN VEHICLE
570 1730

2070 MIN

I

1
CATENARY /fS‘GNALS

MAST il
®
[ © ]

ﬂ 760 WALKWAY ] T SIGNALS
MIN TYP ‘ " CABINET
T 7
| (@]
1] =
N
o
o
(@]
< SIGNAL SIGNAL
DEVICE DEVICE
\ - ‘ ‘ ‘ £ 7[%1 AN
0o Moolooo]
\WALKWAY 16831888 |
ENVELOPE /
DUCTBANK TOP OF DECK
\L 77777777777777777 Ve
ROW DESIGN
ELEMENTS NOT SHOWN
SIGNAGE
VAULTS

MAST ANCHORAGE SYSTEM

SWITCH MACHINES

4800 MIN
D
o
S

=
=

TYP

| JABS¥

500
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[Chapter 4 - Revision Tracking Form]

LRT DESIGN GUIDELINES

@mgmoﬂ Senvices O Chapter 4 fﬂ'ﬁ"*"’EI"?“W“
LRT DESIGN & CONSTRUCTION BRANCH 2011 EDITION - Revisions Tracking Form
Section Reference Revision General Description Issue Date

4212 Control Criteria| MC deleted and replaced by Project Manager July 2011
Note:

4214 Track Centres |Clarified that minimum track separation is “on tangent”.
1% paragr.
2" paragr. This paragraph is new along with refr. to Ch's 3 & 5

4.2.2.3 Maintenance Longest vehicle is now the VMB AT 13.0 m. It replaced the low
vehicle railer.
Last paragr. Requirement to provide a dynamic clearance analysis added.

4.2.3.1 Mainline track |Factors to consider are provided when contemplating a

curvature below minimum standards.
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4.0 TRACK ALIGNMENT

41 GENERAL

411 Introduction

This chapter defines the general requirements for the geometric design of the track alignment
for the Edmonton LRT System. The desired minimum and maximum criteria are based on
industry practices and passenger comfort. The absolute minimum and maximum criteria are
based on safety considerations and have potential impacts in terms of maintenance costs,
noise, wheel and track life. Extensive use of absolute minimum and maximum design criteria
can result in service problems and unacceptable maintenance costs.

The absolute minimum criteria herein are set as limits and must be met unless approval is
otherwise obtained from the ETS. They are not intended to be used as the standard
throughout the system.

Guidelines are presented for horizontal and vertical alignment, survey control and vehicle
clearances. They have been derived through experience and accepted engineering practices
to suit the requirements of the Edmonton LRT System.

4.1.2 Applicable Codes, Regulations, Standards and Practices
The following references have been used in developing these geometric design guidelines:

American Railway Engineering and Maintenance Association “AREMA” (formally known
as AREA) Practices

Railroad Engineering (William W. Hay)

Transit Cooperative Research Program (TCRP) Report 57, Track Design Handbook for
Light Rail Transit - Transportation Research Board (TRB)

LRT Signals System Engineering Standards Manual (Omnia Incorporated) — Referred
to as Signals Engineering Standards Manual

41.3 Design Basis

The primary objective is to design a track alignment that is cost effective, ensures a high level
of system performance and efficiency, and will carry LRT passengers safely and comfortably.

The design standards utilized must take into account the LRV, and overall operations and
maintenance considerations.

Specifically, the factors that will influence the design of any alignment will include:

s Cost effectiveness which considers material cost based on physical lengths, maintenance
cost, operating cost and right-of-way cost of each alignment alternative

LRV performance characteristics

LRV and Design Vehicle Characteristics (refer to Chapter 2, Vehicles and Chapter 3,
Clearances and Right-of-Way)

LRV and auxiliary equipment clearances

Right-of-way restrictions including physical horizontal and vertical constraints

Geometric design standards and practices

Public and stakeholder input and concerns
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41.4 Optimization

It is important that the during the preliminary design process, track alignment is optimized to
provide an efficient operating system without compromising passenger safety and ride quality.

The fundamental objective of track geometric design is to identify the appropriate range of
geometric parameters that satisfies the physical horizontal and vertical constraints within the
given right-of-way. Track alignment design should not be carried out for any given segment of
track without considering how the adjacent segments will be influenced. Often the design
adjustments will have an impact on the operational characteristics, passenger comfort,
construction cost and maintenance cost, etc. of the adjacent segments.

The overall objective of track alignment optimization is to:

o Ensure that the lateral acceleration experienced by the passenger is within acceptable
limits (refer to Section 4.2.3.2).

¢ LRV will not experience negative unbalanced lateral acceleration through the identified
range of operating speeds.

The general factors influencing the alignment design have been listed in the preceding section
4.1.3. In addition to those, the following factors should also be considered in carrying out
track alignment design:

Station spacing

Stopping distance

Speed Profiles for the track alignment

Track superelevation requirements (the appropriate combination of actual and
unbalanced superelevation) and LRV attainable speed

e Track separation and trackwork configuration

During the preliminary engineering design phase, the conceptual track alignment should be
optimized in accordance with the following procedure:

Mathematize alignments based on the Survey Control Network
Analyze the horizontal and vertical alignment with respect to operation and system
requirements

e Develop track charts showing horizontal curve information corresponding with the vertical
alignment profiles
Calculate the maximum allowable unbalanced speed in accordance with the curve radii
Develop the comprehensive speed profile based on the track charts and vehicle
performance. For Vehicle Acceleration data, refer to Figure 4.1. For Stopping Distance
(Dynamic and Worst Case) data, refer to the Signals Engineering Standards Manual,
Section 3.6.

e Optimize the attainable operating speeds to avoid abrupt changes in operating speeds
between curves over short distances. Gradual changes in operating speeds are
preferred. Track alignment should be optimized between stations to meet the overall
system operation requirements and operating speeds. Maximum operating upon entering
station is 40 kph.

» Adjust actual track superelevation to the optimized operating speeds and to eliminate the
possibility of a negative superelevation condition on the designed curves.

Note: Negative unbalanced lateral acceleration is undesirable, and results in excessive wheel and ralil
wear and reduction in passenger comfort.
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4.1.5 Design Speed
4151 Speed

Design speed is determined by geometry, station spacing, safety, and signal system
constraints. All tracks should be designed for the maximum design speed dictated by the
geometric and operational constraints of the section under consideration.

The maximum design speed for the LRV on mainline should not exceed 80 km/hr.
The maximum design speed for the Work train on mainline should not exceed 40 km/hr.

The maximum design speed on yard track should not exceed 15 km/hr except for vehicle
testing track where the maximum design speed will be dictated by geometric and safety
constraints (refer to Chapter 5 Trackwork, Section 5.2.3.2).

Where the LRT line crosses a trolley bus line, the design speed may be restricted by the
maximum allowable rate of change of height for the pantograph (refer to Chapter 6, Traction
Power Section 6.5.3.8).

4.1.5.2 Acceleration/Deceleration

The time and distance required to bring the LRV to maximum operating speed following a
stop or speed reduction, will directly affect the overall running time and system capacity. The
time and distance required for the LRV to accelerate influence the determination of
appropriate track superelevation and operating speed in maintaining system operational
efficiency. The time and distance required for the LRV to decelerate are critical in order to
maintain the safe stopping distance.

The selection of the combined actual and unbalanced superelevation for a given track
alignment must take into consideration the attainable speed of the LRV based on the vehicle
acceleration and deceleration characteristics (refer to Figure 4.1(i)).

4.1.6 Definitions and Nomenclatures

This section presents the industry accepted formulae and definitions, including related
diagrams, to be used by the Consultant to calculate the horizontal and vertical alignment.

R+p

MAIN
TANGENT
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Diagram 1 — Horizontal Curve and Spiral Nomenclature

Notations:

CC = Centre of circular curve

CS = Point of change from circular
curve to spiral
D. = Degree of circular curve in arc definition
Es = Total external distance of a spiralized
Curve
k = Tangent distance from TS or ST to
PC or PT of the shifted circular curve
Lc = Total length of circular curve in arc

Ls = Total length of spiral

L.T.= Long tangent of spiral

p = Offsetfrom maintangentto PC or PT
of the shifted circular curve

PC = Point of change from tangent to
circular curve

Pl = Point of intersection of main tangents

Pls = Point of intersection of main tangent

and tangent through SC or CS point

Circular Curve Formulas:

5729578
c R

~ A
Tg = R+p x tan[5]+k

-~ 1
Eg = R+p x| —F%—~1|+p
cos;%zj
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PT = Point of change from circular
curve to tangent

R. = Radius of circular curve

Rs = Instantaneous radius of
spiral Curve

SC = Point of change from spiral
to circular curve

ST = Point of change from spiral
to tangent

S.T. = Short tangent of spiral

Ts = Total tangent distance from
TS or ST to PI

TS = Point of change from
tangentto spiral

Xs = Tangent distance from TS
to SCor ST to CS

Y, = Tangent offset at SC or
CS

A = Total deflection angle of
spirals and circular curve

A. = Deflection angle of circular
curve

6s = Deflection angle of spiral in
radians

Spiral Formulas:

o e e
s U %
10 216 9360

Os Os Os Os

=Lg - + -
3 42 1320 75600
2 4 6
L l—gs + O - O +
Sl2 60 2160 131040
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3 5
Ac A - 204 0s O O
Lg =—<x100 = %100 p=Lg - + e,
D¢ D¢ 12 336 15840
L.=2xRx6 ) L[ Ls
=2=x R x =—w| —
S S S 2 R

Ys Ys
LT. =X - S.T.=
tan@g sinfg

Lve

PVC

Lvcs2 LVC/s2
ELEV PVC

DATUM

Diagram 2 — Sag Vertical Curve Nomenclature

LvVC/2 |

PVC
C

ELEV PVC

DATUM

Diagram 3 — Crest Vertical Curve Nomenclature
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Notations:
A = Algebraic difference in grades PVC = Beginning of vertical curve
e = External distance from curve to PVI PVl = Point of vertical intersection
Gy = Incoming vertical grade in percentage PVT = End of vertical curve
G, = Outgoing vertical grade in percentage X = Horizontal distance from
PVC
LVC = Length of vertical curve Y = Vertical distance from PVC
K = Rate of change in grade N = Point along the vertical curve

Parabolic Vertical Curve Formulas:

A=Gy-Gy

(; G A
e=—2 14 1ve=""x1vC

800 800
LVC
A

LVC = AxK
4.2 HORIZONTAL ALIGNMENT

4.21 General

Mainline horizontal track alignment consists of tangents, circular curves and spiral transition
curves. Circular curves can be further classified as simple, compound or reverse curves and
are described in the following sections.

In general, wherever possible, it is considered good practice to introduce spiral transition
curves to ease the wheels in and out of the circular curve portion of the alignment. This
design approach should also apply to large circular curves on mainline not requiring
superelevation.

In the yard or non-revenue tracks where operating speed is low, transition spiral curves are
generally not required.

Superelevation should be introduced on curves to counteract the centrifugal forces and to
maximize the design operating speed set within the vehicle and design limitations, still
maintaining a safe comfortable ride for passenger.

4.2.1.1  Survey Control Network

The track alignment is used as the reference line (by all other consultants) by which the
design of all other major system components are carried out. The linear nature of track
alignment components and stringent trackwork construction tolerances warrant a need to
maintain the geometric integrity of the existing system and planned extensions. Prior to the
commencement of preliminary design work, a Survey Control Network must be established by
a certified Alberta Land Surveyor to ensure all system components are tied together properly.

The horizontal alignment must be mathematized in accordance with the established Survey
Control Network.
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4.2.1.2 Control Criteria

The horizontal control for all alignments must be based on the Alberta Survey Control grid,
which uses a sea level datum and a 3° Mercator Projection. All intersections and curve data
points are to be coordinated to this grid. Dimensions and chainages shown on the drawings
must be correct at existing ground level (top of rail). Distances obtained by inversing
coordinates must be corrected by a factor to yield the correct dimensions at existing ground
level datum. This correction factor has two components. One component corrects for the
difference in elevation between sea level and ground level and is essentially constant
throughout the Edmonton area. The second component corrects for the effects of the earth’s
curvatures and varies as the distance from the reference meridian on which the 3° Mercator
Projection is based. This second component varies significantly over the Edmonton area.
The Consultant must ensure that correct combined factor for converting the grid coordinates
to ground coordinates or vice versa is used on each portion of the alignment under
consideration.

It is the responsibility of the track alignment consultant to verify the record drawings of the
existing system components and to ensure they are tied to the Survey Control Network
established for the portion of alignment under consideration.

Note: The Project Manager for the South LRT Extension Project prepared a Reference Document titled
Survey Control Network, July 2004. It describes in detail the survey control network for Sections 1A and
1B. ltis available upon request from the ETS.

4.2.1.3 Reference Lines

The reference line for the alignment design will be the track centreline. A separate chainage
will be run along the centreline of each track. All dimensions, clearances, etc., pertaining to
the track must be referred to the centreline. The reference track centreline must be tied to the
established Survey Control Network.

4.21.4 Track Centres

The minimum track separation on tangent is 4.5 m at track centres. Track separation less
than 4.5 m may cause the vehicle dynamic clearance envelope to encroach on wayside
equipment such as catenary and signal support masts located between the tracks.

The minimum track separation is dependent on the physical dimensions and truck
configuration of LRV and on-track auxiliary maintenance equipment used in the system. For
tracks located on curves, it is the responsibility of the track alignment consultant to verify and
ensure there is no encroachment to the minimum vehicle running clearance envelop by any of
the trackway and structural elements. As such, this will entail a dynamic vehicle clearance
analysis on the basis of bi-directional train movement.

Refer to Chapter 3, Clearance and Right-of-Way, Section 3.3.3, Minimum Vehicle Running
Clearance Envelope.

Refer to Chapter 5, Trackwork, Section 5.2.3.3 Minimum Track Separation and Fouling Point.
4.2.1.5 Field Checks

Field checks should be incorporated as part of the Testing and Commissioning Program.

Field checks may be necessary to verify that wayside equipment installed on tunnel walls and
within curved sections of the alignment does not intrude into the vehicle dynamic clearance
envelope.

If required, distances, clearances, and intersection points of crucial importance should be field
checked, prior to constructing the track, by laying out the relevant portion of the alignment on
site or by using a mock-up dynamic vehicle template mounted on the testing vehicle.
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4.2.2 Tangent Sections
4.2.2.1 Tangent Length Between Reverse Curves

Mainline absolute minimum tangent length between reverse curves depends on the vehicle
and effect on passenger ride quality. The criterion for the Edmonton LRT System is based on
the truck configuration. It ensures that the front axle on the leading truck does not enter a
curve of one direction while the rear axle of the trailing truck is within a curve in the reverse
direction. The absolute minimum tangent length between reverse curves on mainline is 10 m
(refer to Chapter 2, Vehicles; Figure 2.1).

The absolute minimum tangent length between reverse curves will only be considered:

e At special trackwork installations

* Areas where speed reductions are placed

e In spiral transition curves provided that for at least one of the spirals, the spiral offset
distance from tangent for the first 1/3 of spiral transition is less than 5 mm.

The desired minimum tangent length between reverse curves should be the length of the LRV
(25 m) or a travel distance over 2 seconds, whichever is greater.

4.2.2.2 Tangent Length between Curves in the same Direction

For curves orientated in the same direction, it is preferable to incorporate a compound curve
or compound spiral rather than to have a short tangent between curves. If a tangent is
required, the minimum tangent length requirement for the reverse curves will apply.

4.2.2.3 Tangent at Stations

Horizontal alignment should be tangent through the entire length of station platform and
extending a minimum of 15 m beyond each end of the platform (refer to Chapter 3,
Clearances and Right-of-Way, Section 3.3.3.1).

As a general guideline, the absolute minimum un-superelevated tangent length beyond each
end of station platform is usually based on the greater of:

e The longest maintenance vehicle with rigid body frame — one-car length. This is currently
the VMB (13.0 m).

s The Edmonton LRV - front end of the SD160 LRV to the centre of the rear axle of the
truck at the articulating joint (12.7 m).

The absolute minimum horizontal tangent length beyond the station platform will not be
relaxed unless the end of the platform is tapered to meet vehicle dynamic clearance
requirements. If a design variance is proposed, the track alignment consultant must provide a
vehicle dynamic clearance analyses to substantiate the variance request for review by ETS.

4.2.24 Tangent at Special Trackwork

All special trackwork should be located on tangent track. The absolute minimum tangent
length ahead the point of switch and beyond the last long ties, should be 5 m. This is to
ensure the truck is straightened out to minimize the angle of attack by wheel flange prior to
entering the special trackwork area. If vehicle movement would entail a reverse curve
movement the criterion for tangent length between reverse curves will apply.

In direct fixation track structure where there is good control of track installation tolerances and
minimal differential movement between track components, the absolute minimum tangent
ahead the point of switch and beyond the heel joint of the frog, may be reduced to 3 m, except
where vehicle movement would entail a reverse curve movement.
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4.2.3 Curved Lines
4.2.3.1 Circular Curve

All curves are to be defined by arc definition and specified by radius in metres. Larger radii
are to be used whenever possible to improve ride comfort qualities. The circular curve design
criteria for the Edmonton LRT System are as follows:

Mainline Track

The desirable minimum circular curve radius is 180 m. Circular curve with radius less than
the desirable minimum will result in higher maintenance costs, reduced rail life and increased
the probability of rail squeal.

The following must be analyzed when any deviation from this standard is being considered:

¢ The impact on operating speed, safety and maintenance

¢ Mitigation of noise and vibration

¢ Influence on vehicle dynamic clearances to trackway elements
Yard Track

The absolute minimum circular curve radius is 35 m.

4.2.3.2 Spiral Transition Curves

Spiral transition curves should be used on all mainline track curves with a radius less than
1500 m. The minimum length of spiral curve to be provided should be the greatest of the
computed value from equations (1), (2) and (3) as follows:

a. Based on the criterion for the rate of change in superelevation of 30 mm/sec (refer to
4.2.3.5):

Ls
Eg=Ratext ,and t=-—
v
Where v is velocity in m/sec
Rate x L g 30 Lg
Therefore Eg = = X —
v 0.278
L
Ey =108x—>
\Y
EyxV
Lg =—2 (1)
108
Where, Ly = Length of spiral curve in m
E, = superelevation in mm
V = maximum speed in km/hr

b. Based on the maximum acceptable lateral acceleration for unbalanced superelevation E,
on a circular curve of 0.067 g and a comfortable rate of change of lateral acceleration of
0.03 g /sec (refer to 4.2.3.5.6), the minimum time period to attain the full acceleration of
0.067 g will be 0.067/0.03 or approximately 2 seconds.
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1000

Therefore, Lg =V x 0 x 2 = 0.556V

If operating with an unbalanced superelevation less than the maximum unbalanced
superelevation permitted, then length of spiral necessary to ensure passenger comfort
can be reduced proportionally as follows:

EU
Lg =0.556V x —34—
EU max

Where, Eymax = 100 mm

E, EyxV

Therefore, Lg =0.556V x =
100 180

()

Where, Ls = Length of spiral curve in m.
E, = unbalanced superelevation in mm
V = maximum speed in km/hr

(3) Based on the truck spacing

Note: The minimum spiral length is equal to the LRV truck spacing (7.7 m). The desirable minimum
spiral is twice the LRV truck spacing. This is consistent with the general industry practice.

4.2.3.3 Compound Circular Curves

The criterion for compound circular curves is similar to that for tangent-to-curve transition
(refer to Section 4.2.3.2). Although less severe, they must still address passenger comfort
and vehicle design in torsion. Where circumstances dictate the use of compound curves, the
circular curves must be linked by spiral curves conforming to Section 4.2.3.2 provided the
compounding ratio between the large radius and smaller radius does not exceed 1.15. Where
compounding ratio is greater than 1.15, a compound spiral should be used.

The compound spiral should be used to connect the two circular curves to avoid abrupt
change in curvature, wherever possible

4.2.34 Compound Spiral

The minimum compound spiral inserted between a pair of superelevated circular curves
should be the greater of the following:

€ -E, 3V

P E @
108
€ ™
- Sy1Epp xV
L =—"7_"" (5)
108
Where, Ls = spirallengthin m

V = speed in km/hr
E; = the larger actual superelevation in the two curves in mm
E, = the smaller actual superelevation in the two curves in mm
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E.1 = the larger unbalanced superelevation in the two curves in mm
Ep = the smaller unbalanced superelevation in the two curves in mm

The desirable compound spiral length is twice as long as the calculated minimum spiral
length. This is consistent with the general industry practice. The compound spiral length
should be reduced from the desirable length only in a difficult design condition dictated by
alignment geometry or clearance requirement, and then, only by the smallest amount
necessary.

Figure 4.2 provides a summary of the horizontal alignment standards.

4.2.3.5 Superelevation
General

Superelevation will be attained linearly throughout the full length of the spiral transition curve
or throughout the full length of the runoff for circular curves, by raising the rail farthest from
the curve centre, while maintaining the top of the inside rail at the profile grade.

Note: Applying the superelevation as noted implies appropriate measures will be taken in tunnel
sections with superelevated curves as the centreline of the tunnel will not coincide with the centreline of
the track. The centreline of the tunnel must be displaced towards the centre of curvature (refer to
Chapter 3, Clearances and Right-of-Way; Figure 3.5) to accommodate vehicle clearances.

Superelevation Runoffs

The superelevation runoff for spirals will be accomplished within the length of spiral plus a
distance of T, beyond each end of the spiral transition points (i.e. TS and SC or CS and ST),
as shown in Diagrams 4 and 5.

TS Spiral SC
Ls=Lr

Tangent Circular Curve

Tv Top of

(’B:;P;! /High Rail

E

\

‘ \p\ Low Rail Grade Line
Tv

Diagram 4 — Superelevation Runoff for Transition Spiral

CS SC

Compound Spiral
Ls=Lr

High Ra ST
: \ / v

==
E. |<T_V>/V

| Low Rail Grade Line

Circular Curve Circular Curve

Diagram 5 — Superelevation Runoff for Compound Spiral
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Rail is too stiff to conform to a sudden transition in the rate of change of elevation at the spiral
transition points. To avoid creating a kink and inducing stresses in the running rail, a
parabolic vertical curve should be used to adjust the runoff elevation at the spiral transition
points.

Depending on the length of spiral and the actual superelevation, the required tangent length
(T,) of the parabolic vertical curve should be between 2 m and 4 m.

Superelevation runoffs for circular curves can be used instead of spiral transition curves in the
following exceptional instances:

s The intersection angle is too small to necessitate a spiral
¢ In special areas where conditions limit the length of spiral

In the above instances, the runoff length should be the same length as the spiral. The spiral
length is determined by satisfying the requirements of Section 4.2.3.2 and substituting the
runoff length for the length of spiral. The runoff is to be located equally on either side of the
curve or preferably within the tangent.

Rate of Change in Superelevation

The maximum rate of change of elevation is 30 mm per second for the maximum speed of
train operation on the curve.

Actual Superelevation E,

The maximum actual superelevation (E,) permitted is 100 mm.

Equilibrium Superelevation E,

When the operating speed is calculated based on an equilibrium condition, the wheels are
bearing equally on the rail with no lateral thrust. The equilibrium superelevation (E.), creates
a resultant force F,, at right angle to the plane of top of rail, counteracting the centrifugal force
F.. The equilibrium condition can be determined in the following equations:

Centrifugal Force F acting radially outward:

E o W X V2
c gxR
Where,w = Weight of vehicle
V = Speed of vehicle in km/hr
R = Radius of curve in m
g = Acceleration due to gravity, 9.81 m/ sec’

In an equilibrium condition:

Where, B = 1505 mm, centre of rail head to rail head support

2
=FC xB=WXVb xB

E
© w gxRxw
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BVb2
Ee =
gR

By converting speed from km/hr to m/sec

1505 x Vb2
Ee ==
9.81x12.96 xR
Ee =11.83x (6)
R
Where, E. = Equilibrium superelevation (i.e. actual superelevation
of outer rail in a balanced condition in mm)
V, = speed for balanced superelevation in km/hr
R = radius of the circular curve in m

Balanced Speed V,

The balanced speed is determined by substituting E, equal to 100 mm as follows:

1/2
Eg xR
Vb = (7)
11.83
However, trains are likely to run at different speeds on the same track, a certain amount of
flexibility is allowed to obtain a range of optimal operating speed.

The maximum acceptable lateral acceleration for unbalanced superelevation on a circular
curve is 0.067 g. (based on maximum allowable unbalanced of 100 mm)

The desirable range of lateral acceleration of 0.03 g/sec or less is considered acceptable to
provide a comfortable ride (refer to TCRP Report 57, Track Design Handbook).

As a design guideline, an unbalanced superelevation E, of up to 100 mm is permitted in
determining an optimal range of safe operating speed for the alignment under consideration.

Unbalanced Speed V,

The maximum allowable unbalanced speed shall be determined by substituting E, equal to
100 mm in the following equation:

1/2
€.+ Ey :;‘ R
Vu=y— - (8)
11.83
Where, E, Actual superelevation of outer rail in mm

Unbalanced superelevation in mm
Unbalanced speed in km/hr
radius of the circular curve in m.

c

D < m
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The optimal range of unbalanced operating speed is determined by the combined
superelevation (i.e. actual superelevation, E, plus unbalanced superelevation, E,). The
combined superelevation for a given unbalanced operating speed, V, can be optimized by
going through the calculation iterations as shown Figure 4.3. The adjusted actual
superelevation, E, should be in increments of 5 mm.

Alternatively, the optimal range of actual superelevation that satisfies the lateral acceleration
criteria can be checked and determined by the following equation:

2
Vy ~
Eg =11.83x% = ~ €x1505 (9)
Vu2
Z=11.83x -Ega
Where, E, = Actual superelevation of outer rail in mm
V, = Unbalanced Operating speed in km/hr
R = Radius of the circular curve in m
Z = Allowable lateral acceleration in term of g (from 0 to 0.067 for ETS)

The minimum actual superelevation (E,) required for a given curve radius and speed can be
determined using Figure 4.4.

4.2.3.6 Superelevation Constraints in Turnouts

In tie and ballast structure, superelevation should not be introduced at a distance closer than
3 m ahead of the switch point or before the last long tie.

In direct fixation track structure, superelevation should not be introduced at a distance closer
than 3 m ahead of the switchpoint or 3 m beyond the heel joint of the frog.

4.3 VERTICAL ALIGNMENT
4.31 General

Vertical track alignment is comprised of tangential gradients joined together by parabolic
vertical curves.

For mainline track next to parallel major roadways the gradient will be dependent on the
roadway profile in order to minimize the elevation differential between the road and the track.

Intersections of the vertical alignment of track and the road should be designed to match as
closely as possible to provide for the smooth crossing of LRV’s and vehicular traffic for safety
and comfort.

In yard and non-revenue tracks where operating speed is low, desirable gradients will be at or
near 0%.

4311 Control

The vertical control for all track structures and related components are based on bench marks
established by the Government of Canada or the Province of Alberta. All elevations are to be
referenced to Geodetic Datum and indicated in meters to three decimal places.

4.3.1.2 Reference Lines

Gradients are to be referred to the horizontal track centreline and to the top of the low rail for
all elevation controls.
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4.3.2 Gradient
4.3.2.1 Mainline Track

The desirable maximum grade on mainline is 4.5%

The absolute maximum grade on mainline is 6.0%. This is dictated by the LRV’s braking
capacity.

Grades in excess of 6.0% but not exceeding 6.7% may be permitted over short distances at
the discretion of the ETS by taking into account the operating characteristics of LRV.

4.3.2.2 Stations
The maximum allowable grade through stations is 1.0%.
The minimum grade through stations is 0.3%.

A change in grade within the station area including 15 m beyond each end of the platform is
not permitted. A change in grade within these defined limits will impact on the design and the
construction of the station platform, and may create operational problems for the LRV in terms
of opening of doors under crush load conditions.

4.3.2.3 Storage track and Yard track
The desirable grade for storage track and yard track is 0.0%.

The maximum grade for storage track and yard track should not be more than 0.5%

4.3.2.4 Shop track
The grade for shop track must be 0.0%.

4.3.3 Vertical Curves (VC)

All changes in grade must be connected with parabolic curves. The minimum length of curve
should be the greater of the computed value from equation (10), (11), (12) and (13) as
follows:

a. Based on the minimum length permitted:
LVC =60m (10)

Note: A minimum LVC of 60 m limits centripetal acceleration to less than 0.3 m/s2. This is accepted
industry standard based on passenger comfort.

b. Based on the rate of change in grade:
LVC = AxK 11)
Where, A = Algebraic difference in grades in percent

Note: Due to the restriction in the articulating joint of the LRV, the maximum “A” value should not be
greater than 7% (refer to Figure 4.5)

K = Rate of change in grade as follows:

(i) on horizontal tangents or curves with balanced superelevation

K=25
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(i) on curves with unbalanced superelevation
K =250

(iii) Where speed is restricted to less than 50 km/hr

K=15
C. Based on the vertical acceleration (refer to TCRP Report 57, Track Design
Handbook)

For crest curves:

2

LVC = 0.0047AV (12)

For sag curves:
LVC = 0.0025AV 2 (13)

Where, A = Algebraic difference in grades in percent
V = speedin Km/hour

4.3.4 Vertical Tangents

Based on car length the minimum length of tangent grade between vertical curves should be
25 m.

4.3.5 Asymmetrical Vertical Curves

An asymmetrical vertical curve is a compound vertical curve with no intervening tangent
length between the two vertical curves.

In areas where there are existing vertical or geometric constraints, asymmetrical vertical curve
may be permitted. = Asymmetrical vertical curves should not be used in areas where the
vertical curve overlaps with tight horizontal curve, unless the rate of change in vertical curve K
is greater than 50. Where speed is restricted to less than 50 km/hr, the rate of change in
vertical curve K may be reduced to 15.

4.4 COMBINED HORIZONTAL AND VERTICAL CURVES

Vertical alignment is dependent on the horizontal alignment. In laying out the vertical
alignment, it is considered good practice to avoid overlapping a vertical curve with a horizontal
curve. This condition will produce a twisting (roller coaster) effect. If the overlapping condition
cannot be avoided, the rate of change in vertical curve should be made as generous as
possible. As a minimum, the rate of change in vertical curve, K under the overlapping
condition should not be less than 50. However, where speed is restricted to less than 50
km/hr, the rate of change in vertical curve may be reduced to 25.

4.5 VERTICAL CURVE RESTRICTIONS
Vertical curves are not permitted within the limits of special trackwork.

A vertical curve should not be introduced at a distance closer than 3 m ahead of the switch
point or before the last long tie.

In direct fixation track structure, a vertical curve should not be introduced at a distance closer
than 3 m ahead of the switch point or 3 m before the heel joint of the frog.

Figure 4.6 provides a summary of the vertical alignment standards.
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4.6 SUPPLEMENTARY REFERENCE INFORMATION (FOR INFORMATION ONLY)

The Duewag U2 vehicle acceleration data contained in Figure 4.1 (ii) was provided by
Siemens. No indication was given whether the data was generated based on AWO load
(empty), AW1 load (63 seated passengers), AW2 load (design load with 160 passengers) or
AW4 load (crush load with 258 passengers).

The following information was contained in the LRT Design Guidelines (1983/04/05 draft
edition) Chapter 4, Clause 4.3, Performance Characteristics:

“Acceleration rates shall be based on actual car weight (*31600 kg) plus a passenger
load of *10650 kg” (i.e. equivalent to AW2 load of *42250 kg).

The acceleration and deceleration rate of 1.34 m/s2 (AWO0 to AW2) and 1.16 m/s2
respectively with full acceleration rate to maintained from 0 to 40 km/h before going
on motor curve shall be provided with the vehicle.”

*Note: These weights are at variance with the most recent measured weight data as presented in
Chapter 2 Vehicles, Section 2.3.2.3.

The data provided by Siemens is primarily based on the AW2 design load. ETS should be
consulted if further clarification on the forgoing is required.

For deceleration data, the Consultant must refer to the Signals Engineering Standards
Manual, Section 3.6.
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0-55 kph 0-65 kph 0-75 kph 0-80 kph 0-85 kph SETTLED
SPEED

(m) [ (sec) [ (m) [ (sec) [ (m) [ (sec) | (m) [ (sec) [ (m) [ (sec) | (m) [ (sec) [ (m) | (sec) [ (m) [ (kph)| (sec) | (m)

0-45 kph

0-35 kph

0-25 kph
TIME

| (misec?) | (sec)

ACCEL TO
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Q
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™
=
-
0
o
-
<
<
©
o
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N
e
©

15 6.0 29 8.5 57 11.5 97 15.0 165 19.0 245 21.0 280 23.0 340

4.2

1.65

-6.0%

* AT SPEED > 85 kph OVERSPEED PROTECTION RESPONDS

** THE DATA PROVIDED APPEAR INCORRECT AND IS ADJUSTED BY THEORETICAL CALCULATION

Figure 4.1 (ii) - U2 Vehicle Acceleration Data






Track Zone Criteria | Circular| Spiral Length Tangent Length Superelevation
Curve
E. E, Runoff
(m) (m) (m) (mm) (mm) | (mm/sec)
Mainline Maximum 100 100 30
Desirable 180 2 x Minimum
Minimum
Minimum The greatest of: The greater of:
Ls=(E4sxV)/108 25
or or
Ls=(E,xV)/180 Travel distance
or over 2 seconds
L,=15
Absolute 10
Minimum
Yard Track Absolute 35
Minimum
Station Track | Minimum Platform Length
+30
(15 m each end)
Special Minimum Turnout Limits
Trackwork +10
(5 m each end)
Figure 4.2

Summary of Horizontal Alignment Standards
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Ea (in mm) = 11.83 Vu2 /R -100 for Z=0.067g ; E, max =100 mm
(Refer to Section 4.2.3.5)

Speed (V,)
(Km/hr)
Radius
(metres)

20

25

30

35

40

45

50

55

60

65

70

75

80

35
40
45
50
55
60
65
70
75
80
85
90
95
100
110
120
130
140
150
160
170
180
190
200
220
240
260
280
300
325
350
375
400
450
500
550
600
650
700
750

35
18

85
64
48
34
23
14

94
77
64
52
42
33
25
18
12

93
81
70
61
53
45
32
21
11

99
89
72
58
46
35
26
18
11

[6)]

100
84
71
60
50
41
33
26
20

97
85
74
64
56
48
34
23
14

99
88
79
63
49
38
28
19
10

94
77
64
52
42
31
22
14

92
79
67
54
43
33
25
11

93
78
66
55
45
29
16

90
77
66
48
33
21
11

89
68
51
38
26
16

Note: E, less than zero or greater than 100 mm are not | isted on the table

Figure 4.4

Superelevation Vs Radius and Unbalanced Speed
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Track Zone Criteria Grade Length of Tangent
(%) Vertical Curve (m) Length (m)
Mainline Desirable Maximum 4.5
Absolute Maximum 6.0
or6.7
over short distances
(1) Based on Rate of Change
in Grade:
(i) V = or > 50 km/hr The greater of:
Balanced Speed Minimum 60 or *A x 25 25
Unbalanced Speed Minimum 60 or *A x 50
(ii) V < 50 km/hr The greater of :
Balanced Speed Minimum 60 or *Ax 15
or
Unbalanced Speed Minimum 60 or *A x 25
(2) Based on Vertical
Acceleration:
(i) Crest Curve Minimum 0.0047AV?
(i) Crest Curve Minimum 0.0025AV?
Storage Track Desirable 0.0
Maximum 0.5
Yard Track Desirable 0.0
Maximum 0.5
Shop Track Desirable 0.0
Station Track Desirable Maximum 1.0
Desirable Minimum 0.3 Platform Length
+30
(15 m each end)
Special *Desirable Minimum > Turnout Limits
Trackwork +10
(5 m each end)
*Minimum > Turnout Limits
+6
(3 m each end)
* A is the algebraic difference in percentage grade
** Refer to Chapter 5 Trackwork, Table 5.2 for details
Figure 4.6

Summary of Vertical Alignment Standards
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Section Reference Revision General Description Issue Date
Table of Figures Revisions to 5 figures; 20 new figures added. Figures had to be July 2011
Contents renumbered
5.2.21 Definitions Definition for embedded track added.
5.2.3.3 1 paragr. Minor text deletions and additions to clarify statement.

5.2.34 1% sentence  |115 Ib RE rail added to sentence.
First 3 bullets | Track gauge tolerances are added including a reference to Table 5.3
5.2.3.6 Last sentence |Reference to Section 5.4.5 is added.
5.2.3.7 2 paragr. Added the use of “concrete crossties” to achieve rail cant transition.
525 2" paragr. Added two additional methods for reducing noise.
bullet list
5.3.1 2" paragr. Minor text additions clarifying the use of grout pads and plinths.
384" paragr. |New text added pertaining to the use embedded track structure and
installation of special trackwork.
5.3.3.1 4" paragr. Clarification regarding the use of 115 Ib RE rail is added.
5.3.4.1 3¢ paragr. Addition of text regarding the design of the concrete plinth system
and evaluation of options.
5.3.6 New section Outlines the req'’ts for the application of embedded “mainline “track
5.3.6.1 with references to applicable figures.
5.3.6.2 Shop Track Re-titled. This was referred to as embedded track (Section 5.3.6.1)
in the previous edition of the Guidelines.
54.1 3¢ paragr. Added the use of elastomeric grout pads.
4" paragr. Major text addition — installation of switches on the shop floor.
54.21 Table 5.1 Turnout No. 5 — added text regarding imposition of a slow order.
5422 3 paragr. New requirement.
54.4 1% bullet item Major text addition regarding the avoidance of unsafe operating
conditions.
3" bulletitem  |New guideline regarding the use of curved diamond crossovers.
5.4.5 3 paragr. Text addition regarding the incorporation of rail cant.
54.7 3¢ paragr. Minor text addition to clarity statement.
4" paragr. Added references to related figures.
5.5.1 5.5.1.1 New subsection title. No change to text.
55.1.2 New subsection title and requirements for at-grade road crossings
on “curved” track.
5.5.3 Last bullet item |New requirement for a rubber rail boot.
554 4t paragr. New requirement — installation of sacrificial guard rails
5.6.1.1 1% sentence Minor text addition.

4" bullet item

New requirement.
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Section Reference Revision General Description Issue Date
5.6.1.2 2 paragr. Major text addition — to minimize number of transition welds.
5.6.1.2 2 paragr. Major text addition — to minimize number of transition welds.
5.6.1.3 2" & 3" Added 115 Ib RE and 67R1 rail to requirements

paragr.
5.6.2.6 Last paragr. Text addition regarding shim size.
5.6.3.4 Last paragr. New requirement
5.6.4 Last paragr. New requirement
5.71 4" paragr. New requirement regarding the location of switch machines.
Last bullet item | Text addition regarding anchor plate requirements.
5.7.4 2 paragr. New requirement . Includes reference to a figure.
5.7.5 2 paragr. New requirement.
5.7.6 New section added - Switch point protectors.
5.7.7 Renumbered — formerly 5.7.6
5.7.8 Renumbered — formerly 5.7.7
5.7.9 Renumbered — formerly 5.7.8
1% paragr. Minor text addition “vibration”
Bullet items New — factors to consider in the use of lubricants
5.7.10 Renumbered — formerly 5.7.9
5.7.11 New section added — Rail Anchors
5.8 1% paragr. Minor text addition and deletion for readability
2" paragr. Minor text deletion.
3 paragr. New requirement
5.9.1 Table 5.3 Revision to gauge deviation allowances in the first two and last track
classification.
Figures Figure Revision |Fig 5.3A — formally 5.3; Fig 5.12E — formally 5.12: Fig. 5.20A —

formally 5.19; Fig. 5.20B — formally 5.20; Fig. 5.22A — formally 5.22

New Figures

17 in total. Figs. 5.3B, 5.3C, 5.3.D, 5.12B, 5.12C, 5.12D, 5.19A.
5.19B, 5.19C, 5.22A, 5.22B, 5.22D, 5.23C, 5.31, 5.32, 5.33
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5.0 TRACKWORK

5.1 INTRODUCTION

This chapter presents the general requirements, guidelines and criteria for the design of track
and trackwork components for the Edmonton LRT System. These guidelines have been
developed to assist the consultant to facilitate the design process. All aspects of track and
related track components are discussed including rail, special trackwork, support structures,
fastening devices, and related hardware.

These guidelines have evolved from AREMA (American Railway Engineering and
Maintenance Association) practices. However, with the introduction of the European UIC
(International Union of Railways) design standards, new design technology, and through
experience, the guidelines have been modified to better suit the requirements of Edmonton’s
LRT System.

It is a requirement that technology used in trackwork design development be proven for a
minimum of two (2) years of revenue service in a LRT system similar to Edmonton’s.
Compatibility with Edmonton’s existing technology is also essential.

Trackwork components should generally comply with Edmonton’s current trackwork
standards. These guidelines will form the basis for the trackwork design and evaluation of
alternative systems. Any variance from these guidelines will require approval in writing from
ETS.

5.2 GENERAL STANDARDS AND SYSTEM REQUIREMENTS

5.21 General System Requirements

The trackwork consultant should apply a design philosophy that will provide continued
acceptable performance, ease of operation and maintenance, and stresses the following
principles:

Minimal changes to the design of the existing Edmonton LRT System
Ensuring design compatibility with existing trackwork components
Interchangeability

Modular design

Use of standard off-the-shelf components

Maintainability

Availability and reliability

Ability to interface with work to be done by other disciplines

® o & & 0 & 00

5.2.2 Track System Classification

Edmonton’s LRT System has four (4) classifications for its track system: Mainline track,
Secondary track, and Yard and Shop track.

5221 Definitions

Mainline track or Primary Track consists of track constructed for the purpose of carrying
revenue passengers and should be constructed of continuous welded rail (CWR).

Secondary track consists of track constructed for the purpose of temporary storage, staging
and branching off the mainline (e.g. pocket track and lead track off the mainline to the
Maintenance Yard). Secondary track must be constructed to mainline track standards.
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Yard track consists of tracks constructed beyond the lead track off the mainline.

Yard track does not carry revenue passengers. In general, its purpose is for routing and
switching trains around the Maintenance Yard or for storing trains outside the Maintenance
Facilities. Yard track should be constructed of jointed rail on tie and ballast track structure.

Embedded track consists of the track structure which is completely covered by pavement
materials except for the top of rail and flangeway. The embedment materials, including the
design of flangeway and rail used, are tailored to specific site circumstances, such as road
crossing, pedestrian crossing and in-street track within a shared ROW.

Shop track consists of pit tracks and embedded tracks constructed within the building limits
of the Maintenance Facilities. Shop track should be constructed of Continuous Welded Rail
(CWR) with direct fastening system embedded in in-fill concrete or mounted directly on steel
beams.

5.2.3 Applicable Design Standards and Governing Criteria
5.2.3.1  General

As a minimum, all track and trackwork should be designed in accordance with current
governing codes, regulations, standards and practices as follows:

American Railway Engineering and Maintenance Association - AREMA
American Society for Testing and Materials - ASTM

Canadian Standards Association - CSA

International Union of Railways - UIC

Consideration must be given to the design vehicle size, load and performance, and horizontal
and vertical vehicle dynamic clearances as noted in Chapters 2 and 3 of these Guidelines.

5.2.3.2 Design Speed and Design Wheel Load

All tracks should be designed for the maximum design operating speed dictated by the
geometric and operational constraints of the section under consideration.

The maximum design speed for LRVs on mainline is 80 km/hour.
The maximum design speed for Work Trains on mainline is 40 km/hour.

The design speed for the LRV on yard track is 15 km/hour. Whereas the yard operating speed
for both the LRV and the Work Train is 10 km/hr. Yard test tracks may require a higher design
operating speed.

The maximum design wheel load of the Design LRV is *5800 Kg rounded (refer to Figure 2.3).
* 23,063 + 4 = 5766 Kg

The maximum design wheel load of the Work Train is *8000 Kg rounded (refer to Figure 2.4).
* 32,200 + 4 = 8050 Kg

5.2.3.3 Minimum Track Separation and Fouling Point

Where possible, the trackwork consultant should maintain a minimum distance of 4.5 m
between track centers. Fouling point restrictions based on the vehicle dynamic clearances of
bi-directional train movement to all trackway elements must be taken into consideration.
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5.2.3.4 Track Gauge

Edmonton’s LRT System currently utilizes 100 Ib ARA-A rail and 115 Ib RE rail installed in
accordance with the following criteria:

e Track gauge for mainline tangent track is 1435 mm +3/-1 mm, measured 16 mm below
the top of railhead.

s Track gauge for curved track is 1435 mm +3/-1 mm. If necessary, gauge adjustment may
be considered in sharp curves on mainline to minimize wheel binding.
Special trackwork should be designed to the standard gauge of 1435 mm +3/-1 mm.
No gauge widening is required in the yard and shop track.

Refer to Table 5.3 for track gauge construction tolerances.

Refer to Section 5.3.3.1 regarding the use of 115 |b RE rail.
5.2.3.5 Trackwork Lateral and Vertical Adjustability

Direct fixation fasteners and concrete ties should be designed so that adjustments can be
made to newly installed trackwork as follows:

.1 Direct Fixation Fastener

Lateral track adjustments of +/- 15 mm in increments of 3 mm should be provided. A
positive serrated fastening design for lateral adjustment is preferred.

Vertical adjustment of direct fixation fasteners should be achieved by shimming. Steel
shim thickness ranging from 1 mm to 20 mm should be used. Combinations of a
maximum of three shims are permitted to make up a maximum shimming height of 25
mm.

.2 Concrete Cross Ties

Provision should be made to allow minor gauge adjustment to compensate for concrete
tie shoulder casting tolerances and future rail wear. Insulators of varying widths should
be used to provide flexibility for gauge adjustment.

5.2.3.6 Rail Cant
Rail cant should be 1:40, unless otherwise specified.
Rail cant on mainline and yard track should be achieved by the use of canted fasteners.

Rail cant on concrete ties should be incorporated in the rail seat area as part of the tie casting
requirements.

Rails in turnouts and shop track should be installed vertically with zero rail cant.

Rail expansion joints and lateral deflecting devices, where used, should have the same rail
cant as the connecting rails. Refer to Section 5.4.5, for Sliding Rail Joints requirements.

5.2.3.7 Rail Cant Transition

Zero to 1:40 rail cant transitioning between turnouts and the connecting tracks should take
place a minimum of 3 m ahead of the point of switch. This distance should be increased if
necessary to avoid placing the cant transitioning at insulated joint locations. Insulated joints
are too rigid to conform to changes in cant.

Tapered shims, elastomeric grout pads or concrete crossties with built-in variable canted rail
seats should be used to accomplish the rail cant transition over a distance of 3 metres,
allowing the rail to twist in its natural form.
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Rail cant transitioning is not required at the transition point between the yard and the shop
track due to the slow train speeds in this area.

5.2.3.8 Flangeways

Flangeway dimension requirements are a function of the wheel profile (refer to Figure 5.1)
and curve radius used. The wheel flange width and the back-to-back wheel flange distance
determine the appropriate wheel flange clearance. The determination of an appropriate
flangeway width should also take rail-mounted maintenance equipment requirements and
pedestrian crossing safety standards into consideration.

The flangeway depth must be sufficient to accommodate dirt and debris without causing
wheel lift.

The flangeway width through the frog and corresponding guard rail must be designed to
prevent excessive lateral wheel movement at the point of wheel transfer. Excessive lateral
wheel movement will result in premature wear of the wing rail and frog point.

The following are the flangeway requirements:

Frog flangeway - 47 mm (width) x 52 mm (depth)

Guard rail flangeway in special trackwork - 45 mm (width) x 52 mm (depth)

Guard rail flangeway in curves — adjustable width to compensate for rail wear and
operating speed x 52 mm (depth)

Road grade crossing flangeway — 65 mm (width) x 52 mm (depth)

Pedestrian crossing flangeway — 65 mm (width) x 52 mm (depth)

The above requirements are industry standards for the standard AAR wheel profile used on
the LRT Work Train (refer to Figure 5.2).

5.24 Electrical Isolation

The Edmonton LRT System uses a 700 V direct current power supply. Both rails of the track
are used as conductors for the traction power current return. Rail current leakage may cause
corrosion of the track structure and facilities. Concerns regarding stray current must be
addressed in the trackwork design.

Note: 700 VDC represents a no load traction power voltage.

All trackwork systems in direct contact with the vehicle must have provision for electrical
isolation from the ground. With the exception of wood ties (refer to Section 5.6.3), the rail
base that comes in contact with fasteners on concrete slab and concrete ties must be isolated
electrically. Insulating requirements are presented in Chapter 13, Corrosion and Stray
Current Control.

Corrosion protection should also be considered at crossings, track structures and
underground utilities along the LRT right-of-way.

The grounding system should be designed and constructed based on a grounding study
performed by others.

5.2.5 Noise and Vibration Attenuation

Noise along the LRT right-of-way primarily originates from the LRV wheel and rail at the point
of contact. Surface roughness of both the wheel and rail at the contact point generates noise
and vibration in the LRV, trackwork components, and track support structures.

Trackwork design can have a substantial effect on noise and vibration. The trackwork design
and selection of trackwork components should consider the following methods for controlling
and/or reducing noise and vibration adjacent to residential areas:

e Use of resilient or elastomeric bonded direct fixation fasteners
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Use of resilient rail seat pads for concrete ties
Use of Continuous Welded Rail (CWR) on mainline
Use of rubber rail boot or elastomeric grout for embedded track system at areas sensitive
to noise and vibration impacts
Strategically incorporating track lubricator on curved track with radius of less than 200 m
Strategically locating turnouts to minimize the impact of noise and vibration generated
from wheel transfer impact

e Use of trackwork components which incorporate noise and vibration dampening
measures (e.g. ballast matting)
Rail grinding prior to revenue service
Use of wayside sound barriers, where appropriate

Refer to Chapter 14, Impact Mitigation, Aesthetics, ROW Control for guidelines regarding
noise attenuation measures adjacent to residential and other sensitive communities.

5.3 TRACK STRUCTURE (INCLUDING YARD TRACK)
5.31 General

Mainline track on grade in accessible areas should be of concrete tie with Pandrol clip (or
approved fastener) and ballast construction. Yard track on grade in accessible areas should
be of timber tie, screw spike and ballast construction.

Track laid in areas where access is restricted (e.g. in tunnels, on aerial structures, or inside
buildings) should be the direct fixation. Cementitious grout pads as direct fixation foundation
must not be used. The pre-cast or cast-in-place concrete plinth upon which the direct fixation
fasteners are anchored should be poured or grouted in separately after the main slab has
been cast. Figure 5.3A illustrates a typical installation of direct fixation fastener on concrete
plinth.

Tracks installed in major roadways, in close proximity to businesses, should consider the use
of embedded structure (refer to Section 5.3.6.1).

Depending on the location optimized for the installation of special trackwork, mainline special
trackwork can be installed on tie and ballasted track structure or on track slab utilizing
elastomeric grout pads (refer to Section 5.4.1).

To ensure the proposed trackwork system is compatible with the existing Edmonton LRT
System, other alternate track structures will not be permitted unless the advantages in terms
of performance, overall cost and maintenance requirements can be proven. Any proposed
alternate track structure must have a proven revenue service record of at least 2 years on a
LRT system similar to Edmonton.

5.3.2 Rail Deflection

Rail deflection is a critical factor in the determination of the appropriate track structure and rail
support spacing requirements.

The trackwork consultant must analyze the rail deflection to verify the fastener or tie spacing
required for the selected track structure and rail section.

The amount of rail deflection is dependent on the following factors:

Wheel load and wheel diameter
Track modulus
- Rail Section (moment of inertia)
- Depth of ballast and sub-ballast
- Subgrade strength

e Train speed
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The maximum allowable rail deflection should not exceed 2 mm on mainline track
structure. A deflection exceeding 2 mm may cause premature failure of track
components.

5.3.2.1 Fastener Spacing

Direct fixation fasteners on concrete structures or plinths should be spaced at 750 mm. On
curved track the fasteners should be installed radially from the centre of the curve.

The maximum allowable direction fixation fastener spacing for 100 Ib ARA-A rail section is
800 mm. Spacing greater than 800 mm may cause excessive deflection.

Similarly, the maximum allowable direction fixation fastener spacing for 115 Ib RE rail section
is 800 mm. Spacing greater than 800 mm may cause excessive deflection.

Note: Refer to Section 5.3.3.1 and later sections in this chapter for guidelines pertaining to the use of
100 Ib ARA-A and 115 Ib RE rail.

5.3.2.2 Tie Spacing

Tie spacing is dependent on the maximum allowable rail deflection and maximum bearing
pressure at the interface layers that makes up the recommended track structure.

Concrete tie spacing should be 675 mm, unless otherwise specified.
Wood tie spacing should be 560 mm, unless otherwise specified.

Should there be a change in tie spacing; the trackwork consultant must verify the rail
deflection and bearing pressure exerted at the track structure interfaces. As a minimum,
bearing pressures at the track structure interfaces should conform to the following AREMA
recommendations:

e Concrete tie - bearing pressure at the ballast/tie interface should not exceed 585 kPa (or
85 psi)

¢ Wood tie — bearing pressure at the ballast/tie interface should not exceed 448 kPa (or 65
psi)

s The bearing pressure at the subgrade/sub-ballast interface should not exceed 138 kPa (or
20 psi)

Note: The above guidelines are based on AREMA’s recommended maximum bearing pressure values.

However, a detailed analysis of allowable bearing capacity may be necessary to determine the granular
depth (ballast and sub-ballast) required for the allowable load to be transferred to the subgrade.

5.3.3 At-Grade (Surface) Track

A ballasted track structure should be used for surface mainline. Concrete ties are preferred
over wood ties in ballasted track. Concrete ties hold gauge and line better providing smoother
ride quality and longer service life with less maintenance requirements.

5.3.3.1  Wood Tie and Ballast Track

Wood tie and ballast track structure is generally used in the yard and should be installed as
shown in Figure 5.4.

The rail fastening system should consist of a base-plate complete with spring clips, screw
spikes and spring lock washers.

100 Ib ARA-A CWR (refer to Figure 5.23A) is installed on wood tie and ballast for mainline
surface track between Clareview and Health Sciences Stations. 100 Ib ARA-A jointed rail is
installed at the D.L.MacDonald Transit Yards.

115 Ib RE CWR (refer to Figure 5.23B) is installed on concrete tie and ballasted tracks for the
South LRT Extension from Health Sciences to Century Park Stations. To be consistent with
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Edmonton LRT trackwork system, all future LRT mainline extensions should be constructed of
115 Ib. RE rail section.

Wood ties should be spaced at 560 mm centre to centre. Closer tie spacing may be warranted
on curves with radius less than 300 m if deem necessary through track structure analysis.

5.3.3.2 Concrete Ties and Ballast on Subgrade

Concrete tie and ballast track structure on compacted subgrade, as shown in Figures 5.5 and
5.6, is the preferred option for track constructed at grade.

The rail fastening system for precast concrete ties should consist of cast-in-place cast iron
shoulders, spring clips, rail pads and insulators for the fastening of 115 Ib RE rail section.
Refer to Section 5.6.1, Running Rail and Section 5.6.3.4, Concrete Cross Ties for details.

Concrete ties should be spaced at 675 mm centre to centre. Closer tie spacing may be
warranted on curves with radius less than 300 m if deemed necessary through track structure
analysis.

5.3.3.3 Concrete Ties and Ballast on Concrete Slab

Concrete tie and ballast track structure on concrete slab, as shown in Figures 5.7 and 5.8,
should be used in areas where there are depth restrictions preventing construction of a full
granular trackbed.

Minimum ballast depth under the tie is 225 mm.

At isolated locations where there are depth restrictions, the absolute minimum ballast depth
under the tie is 175 mm. Ballast depth of less than 175 mm will not allow the ballast to be
machine tamped effectively.

5.34 Track in Portals and Tunnels

5.3.4.1 Direct Fixation on Concrete Slab

Direct fixation track on concrete slab as shown in Figure 5.9 should be used in portal
transition sections.

Direct fixation track on concrete slab as shown in Figure 5.10 should be used in tunnels.

Typically it is specified that the tunnel contractor or the installer of the base slab make
provision for concrete plinths by providing recesses in the concrete tunnel invert. The
concrete plinth should be connected to the invert concrete with a series of stirrups or by
rebars connecting to threaded inserts. The concrete plinth system can be designed as cast-
in-place or pre-cast system. The trackwork consultant should evaluate the two options based
on the economies of scale, constructability, quality and maintainability of the end product.

The top of concrete plinth should be level with the 1:40 inward rail cant being incorporated in
the direct fixation fastener.

Inserts for the direct fixation fastener connections should be cast in the concrete plinth. Epoxy
coated inserts are preferred over cast-in-place anchor bolts for maintainability.

Direct fixation fasteners are connected to the concrete plinth with anchor bolts to match the
cast-in-place inserts. Running rails should be fastened to the direct fixation fasteners with the
use of spring clips. Refer to Section 5.3.2.1 for direct fixation fastener spacing and Section
5.6.1 Running Rail, for details.

5.3.4.2 Other

Ballasted track structure on concrete slab can be installed in tunnel sections. This option must
be reviewed and approved by ETS. If necessary, vertical barriers should be provided to retain
the ballast in place.
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5.3.5 Track on Aerial Structures

5.3.5.1  Direct Fixation on Concrete Slab

Direct fixation track on concrete slab as described in Section 5.3.4.1 is the preferred track
structure for aerial structures. This track structure for aerial structures is shown in Figure
5.11.

Restraining rails must be installed in the gauge side of both rails for the purpose of restricting
the travel distance of a derailed vehicle.

5.3.5.2 Other

Ballasted track on concrete slab may be considered for installation on aerial structures,
provided maintenance and safety concerns are satisfactorily addressed.

5.3.6 Embedded Track
5.3.6.1 Embedded MainlineTrack

Embedded mainline track in an urban setting environment integrated with road traffic on a
shared ROW should be constructed of resilient rubber rail boot or elastomeric grout for
mitigating potential stray current leakage and attenuating noise and vibration impacts. Pre-
cast concrete in-street ties or composite ties can be used to secure the track gauge and
elevation, and form an integral part of embedded track structure. The 115 Ib. RE “Tee” rail is
the preferred rail section to be used throughout any embedded mainline track section rather
than the use of girder rail. Girder rail is more expensive and not readily available in North
America, and snow removal in a narrow grooved flangeway has proven to be a major
undertaking for other systems with severe winter condition. Typical embedded mainline track
structures with and without guard rail system are shown in Figures 5.12A and 5.12B.

The installation of embedded mainline track using elastomeric grout as an alternative option
will require the forming of channels in the concrete slab to accommodate the running rails.
The trackwork consultant should evaluate the appropriate embedded track options for review
by ETS.

Embedded mainline track at-grade should have provisions of trackway cross drains at the
limits of each road crossing and/or at intermediate track intervals of no greater than 50 m.
Drainage should be designed for every recess (i.e. switches, switch machines, lubricators
etc.). The trackwork consultant should work in conjunction with the trackway drainage
consultant to determine the drainage requirements for the embedded mainline track. Refer to
Figure 5.12D for typical cross drain details.

5.3.6.2 Embedded Shop Track

Embedded tracks are constructed in maintenance facilities for the purpose of allowing
maintenance equipment access across the shop floor. A typical embedded shop track
structure is shown in Figure 5.12E.

Rail fasteners for embedded shop track should be non-resilient and spaced at 1.5 m on
centres. Rails should be laid as CWR. The fastening system must be designed to secure
rails at the proper gauge, line and elevation once rails are embedded in concrete.

Gauge rods are normally used to maintain track gauge and form an integral part of the
anchoring system. Vertical adjustments should be made by shimming. Gauge rods used in
signalized territory must be electrically isolated.

Embedded shop tracks should be in-filled with grout or concrete. The field side in-fill grout or
concrete elevation should be set 10 mm below the top of running rail to avoid false flanging.
The minimum flangeway width for embedded tracks in maintenance facilities is 65 mm to
accommodate AAR wheels as used on the track maintenance equipment.
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5.3.6.3 Pit Tracks

Pit tracks are required for maintenance purposes. They provide access for maintenance
personnel to inspect and maintain equipment installed in the undercarriage of the LRV.

The current pit track system used by ETS is comprised of rails directly fastened to the top of
steel “I” beams. Removable plates are installed on the field sides of pit tracks to allow access
to the undercarriage of LRVs from the side. The typical pit track structure is shown in Figure
5.13.

5.3.7 Track Transitional Requirements

The interface points between embedded and ballasted tracks (e.g. at maintenance facilities)
or between direct fixation and ballasted tracks are locations where typically there is a sudden
change in track modulus. These locations are generally exposed to differential settlement.
The more flexible ballasted track normally will settle causing structural damage to occur at the
stiffer section. The resulting degradation in the track quality leads to deterioration of the track
components and may compromise ride quality. Special design measures are required at
these locations to counteract the variation in track modulus®.

*Note: Track modulus (u) is defined as the vehicle load per unit length of rail required to deflect the rail
one unit. It is the measure of track support stiffness by combining rail section, rail support system,
ballast, sub-ballast and subgrade stiffness in one term. The following values of track modulus are
typical (published) ranges for good quality track:

Track Structure Typical Track Modulus (u)
Conventional Wood Tie & Ballast 21 N/mm? (3,000 Ib/in?) or greater
Concrete Tie & Ballast 48 — 55 N/mm? (7,000 — 8,000 Ib/in?)
Direct Fixation 69 N/mm? (10,000 Ib/in) or greater

In general, the method of track transitioning must be considered wherever there is an abrupt
change in track modulus.

The minimum length of track transition structure depends on the track structure design and
the physical constraints at the interface points. The track transition should be over a minimum
of 3 ties.

5.3.7.1 Transition Ties

Transition ties are typically used at approaches to bridge structures and at wood to concrete
tie interfaces. Transition ties are of varying lengths. To provide a gradual change in load
distribution under the ties, the longer ties are placed near the stiffer end of the track structure
as shown in Figure 5.14.

5.3.7.2 Transition Slab

A transition slab (vs. transition ties) is the preferred option for transferring track stiffness from
direct fixation to tie and ballast. This option is shown in Figure 5.15.

Designed concrete slabs may also be installed at other track support structure interfaces
where space restrictions do not allow transition ties to be used.

5.4 SPECIAL TRACKWORK

Special Trackwork is defined as trackwork structures, trackwork components or fittings that
are normally fabricated in whole, or in part, from regular rolled rail section. In general, the
following components are included in special trackwork:

e Turnouts and crossovers
e Diamonds
e Guard rails
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* Expansion or sliding rail joints
e Lateral restraining devices required at structural interface elements

541 General Requirements

All special trackwork should be located on tangent track and constant profile grade. Special
trackwork located on curves require unique customized design and are difficult to fabricate
and maintain. Fabrication and on-site installation variables associated with special trackwork
in curves may also compromise operating safety of the system.

On ballasted track, special trackwork should be placed on concrete ties.

On concrete slab track, special trackwork should be incorporated on a direct fixation system
using elastomeric grout pads.

In maintenance facilities, switches on the shop floor should be of the in-street type of special
trackwork and should be installed as an embedded track system to allow access by
maintenance equipment and personnel. A minimum tangent length of 17 m should be
inserted between back to back switch points where the turnout arrangement entails a possible
reverse movement through turnouts. This is to ensure excessive stress is not exerted on the
LRV couplers.

A minimum tangent length of 5 m should be inserted between back to back switch points
where the turnout movement is in the same direction. This will provide the opportunity for the
LRV bogies to straighten out prior to entering into the next turnout minimizing the angle of
attack of the wheel flange on the curved switch point.

When designing turnouts the following restrictions should be taken into account:

e Diverging track should not be used for normal mainline routing except for switching at the
end of the line.

e Vehicle dynamic clearances and turnout fouling points must be considered when
determining turnout locations.

e Turnouts should not be located within 15 m from the end of the station platform. This is to
ensure that the inswing and outswing effect of the dynamic vehicle do not interfere with
the station platform.

e Turnouts must not be located on vertical curves. Turnout components are too rigid to
conform to vertical curves. In addition, the tight tolerances associated with non-standard
trackwork components could compromise operating safety and lead to derailments.

e Turnouts must not be located in superelevated track areas. Superelevation will introduce
a twist in the turnout and could create a situation of overbalance or underbalance track
conditions (refer to Chapter 4, Track Alignment, Section 4.2.3.5).
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5.4.2 Turnouts

5.4.2.1 General Requirements

The following table presents the maximum allowable speeds through turnouts under AREMA
and UIC guidelines.

Maximum Allowable Speeds Through Turnouts

Turnout No. Location AREMA* uic**

No. 5 Yards and service areas 15 km/hr maximum 23 km/hr maximum
(Figure 5.18 and 5.20)

On Mainline track where space
restrictions are imposed by track
geometry. Slow order must be
imposed at 15 km/hr maximum.

(based on Eu =65 mm) (based on Eu = 100 mm)

No. 6 Mainline track where space | 20 km/hr maximum 28 km/hr maximum
restrictions are imposed by track
geometry

No. 8 Mainline track where high speeds | 25 km/hr maximum 36 km/hr maximum
are not required through the
turnout (Figure 5.19 and 5.20)

No. 12 Mainline track where intermediate | 38 km/hr maximum 50 km/hr maximum
speeds through the turnout are
required

(Figure 5.20)

Table 5.1

* For standard North American turnouts based on a maximum allowable unbalanced superelevation of
65 mm. A reduction in eu (from the standard 100 mm) is utilized for standard North American turnouts
to offset the lateral impact at switch entry.

** For tangential geometry turnouts based on a maximum allowable unbalanced superelevation of 100
mm.
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Turnouts on tie and ballast must be adequately drained. Drainage blankets should be
installed under the trackwork. Buried perforated drainage pipe should be installed running
parallel to the track.

5.4.2.2 Turnout Geometry

Turnout geometry is influenced by the design of switch points and heel spread. Because the
turnout curves for standard AREMA turnouts do not incorporate true tangential geometry,
switch entry angles for these turnouts typically range from 1 to 3 degrees (refer to Figure
5.16).

To minimize the impact created by the wheel flange on the switch points, UIC and other
European Standards have placed an emphasis on reducing switch entry angles to almost
zero. Special rolled rail sections are used for switches to allow sufficient undercutting in order
for the switch points to be fitted tangentially to the stock rails at the turnout entry points.
Tangential turnout geometry enables longer lead distances and larger turnout radii to be
achieved. This reduces the wheel impact on the curved switch point and the overall
maintenance requirements for switches. For future LRT Extensions, UIC is the preferred
design standard for tangential turnouts as illustrated in Figures 5.17 and 5.18.

The minimum turnout curve radius for any turnout installed as part of mainline operation must
not be less than be 50 m.

For cost reasons, standard North American turnouts are the preferred turnout design for yard
track.

5.4.2.3 Turnout Location

In general, it is a good practice to locate turnouts on tangent track with 0% grade and without
vertical curvature. Vertical grade introduces a superelevated track condition for diverging train
movement running uphill and an undesirable under-balanced track condition for the diverging
train movement running downhill and should be avoided. For a No. 8 turnout curve on a 3%
grade, there is an elevation difference of 5.6 mm between the frog point and the running rail.

With the diverging train movement running downhill in an under-balanced condition, the wheel
set tends to shift toward the frog point and/or ride against the guard rail. Locating the turnout
on slope greater than 3% with diverging train movement running downhill is not acceptable
unless the travel speeds are reduced to ensure safe operating conditions across the frog.

If it is necessary to locate a turnout on a vertical grade, the trackwork consultant should
determine the acceptable cross-level difference induced by the vertical grade on the turnout
curve. The assessment should be based on the type of track structure, the special trackwork
configuration and turnout size. Turnouts on direct fixation systems are installed with tighter
tolerances and will be subject to less differential track movement. The difference in elevation
across the frog and running rail through the turnout will have less impact on turnouts installed
on direct fixation systems.

The criteria as shown in the following Table 5.2 are based on the acceptable elevation
differences across the frog and running rail through the turnout, the type of track structure and
the special trackwork configuration. These criteria must be observed when locating turnouts
on grades.
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Criteria for Locating Turnout on Grade

CLASSIFICATION

DIRECT FIXATION

BALLASTED TRACK

REMARKS

MAINLINE
Turnout

With diverging track

running uphill

With diverging track

running downhill

Crossover

Double Crossover

Desirable Maximum 2.0%
Absolute Maximum 3.0%

Absolute Maximum 2.0%
Desirable Maximum 1.0%
Absolute Maximum 1.5%

Absolute Maximum 0.5%

Desirable Maximum 1.5%
Absolute Maximum 2.5%

Absolute Maximum 1.5%
Desirable Maximum 0.5%
Absolute Maximum 1.0%

Absolute Maximum 0.3%

Speed restrictions are
required if grades
exceed these limits.

YARD

Turnout
Crossover

Not applicable
Not applicable

Desirable Maximum 2.0%
Desirable Maximum 0.5%

Table 5.2

Note: Any deviation from the recommended values as shown in the above table must be approved by
ETS.

5.4.3

Crossovers are used to diverge or switch train movements from one track to another.

Crossovers

Single crossovers are made up of two turnouts, typically of the same size to avoid introducing
a curve between the two turnouts.

Double crossovers (sometimes referred to as a scissors crossover) are required when there
are space restrictions. They are comprised of four turnouts (typically of the same size), and a
diamond.

Unless there are space restrictions or restrictions in track geometry, the use of two single
crossovers are preferred rather than a double crossover. Diamonds require high
maintenance. Also, the use of double crossover limits operational flexibility during
maintenance.

5.4.3.1

General requirements for crossovers are similar to those listed for turnouts (Section 5.4.2).
However, greater restrictions are imposed on crossovers by the more rigid geometry and
track separation layouts.

General Requirements

The dimensional data for crossovers located on vertical grades greater than 1% should be
adjusted for construction layout purposes to account for the error introduced when laying out
the crossover (on a grade) in accordance with the coordinate system (on a level plan). This is
to ensure that the crossover geometry and trackwork components will not be compromised by
a forced fit during the course of installation (refer to Table 5.2).
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54.4 Diamonds

Diamonds allow tracks to cross each other. A diamond consists of four wheel transferring
points (or frog points). Diamonds are expensive to construct and require a high level of
maintenance. They should be avoided, if possible. If absolutely necessary, the general
requirements are:

e The preferred option is to locate the double crossover diamond on tangent parallel track
to avoid a customized design. The trackwork consultant should also consider the
proximity of track separation in order to avoid an unsafe operating condition of having the
LRV wheels crossing the unrestrained frog gaps of the diamond and turnout at the same
time.

s Double crossover diamonds may be located on horizontal curves. They will however be
higher in cost, require more frequent maintenance and will affect ride quality.

e A diamond located on a curve should be curved (i.e. curved diamond) to closely match
the radius of the intersected design track. The intent is to avoid the introduction of short
broken back curves and minimize the impact on ride quality (refer to Chapter 4, Track
Alignment Section 4.2.2.2 Tangent Length between Curves in the same direction).

e Curved diamonds should be designed to be fully guarded to maintain a safe operating
condition during wheel transfer over a series of unrestrained frog gaps of a diamond.

e The existing ETS design standard is to use rigid frogs in turnouts and diamonds. The
wheel transfer gaps for rigid frogs should be as small as possible to minimize wheel
impact.

¢ The maximum crossing angle of diamonds on mainline should be equivalent to twice the
No. 8 turnout angle.

¢ The maximum crossing angle of diamonds in yard track should be equivalent to twice the
No. 5 turnout angle.

5.4.5 Sliding Rail Joints

Sliding rail joints must be provided where excessive structural joint movement is anticipated.
This requirement is to ensure that sufficient movement of the running rails can be
accommodated to prevent the rail from buckling or pulling apart when structural expansion
and contraction occurs. Sliding rail joints are normally a requirement at bridge abutments on
long single span bridges.

In general, sliding rail joints are installed as a set at each specified location. The orientation of
the fixed stock rails and the sliding points are both structure and site specific. Sliding rail joints
are typically placed at the transition from the bridge abutment to the moveable bridge deck.
Sliding rail joint requirements should be determined jointly by the trackwork and structural
consultant.

Sliding rail joints are typically fabricated from the same the rail section as the running rail.
For constructability purposes, the sliding rail joint baseplates should incorporate the same rail
cant as the connecting track.

5.4.6 Lateral Restraining Devices

Lateral restraining devices must be installed at structural interfaces (typically in conjunction
with sliding rail joints) where track movement is not parallel to the fixed structure.

Rails should be secured against lateral movement at movable structural joints where the
direction of rail expansion and joint movement are not parallel (e.g. at bridge abutments
where the track is in a curve).

The requirement for lateral restraining devices at the structural interface must be determined
jointly by the trackwork designer and structural designer.
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5.4.7 Guard Rails

Guard rails should be installed for all horizontal curves of radius less than 200 m. Guard rails
are installed on the gauge side of the low rail to hold the wheel flange away from the gauge
corner of the high rail and prevent excessive wear or derailment.

The guard rail should be tapered to guide the wheel flange in and out of the flangeway at the
beginning and the end of the guard rail. The flangeway gap between the running and guard
rails should be adjustable (refer to Section 5.2.3.8).

Guard rails can be fabricated from the running rail section or other rail sections. Guard rails
should not be bolted directly to the running rail. They should be designed to be directly
fastened to the concrete track slab or crossties.

It is preferable that guard rails be designed in such a manner that either the guard rail or
running rail can be removed independently without removing the other for maintenance
purposes. Refer to Figures 5.19A, 5.19B and 5.19C for the preferred guard rail design
options.

5.4.8 Restraining Rails

Restraining rails are used to prevent a derailed train from striking other fixed structures or
from entering into a danger zone.

Restraining rails must be installed on the gauge side of both running rails on aerial guideways
and bridge structures. Restraining rails may be required at the approaches to abutments and
portals in some circumstances. Circumstances may include, but are not limited to proximity of
special trackwork, sliding rail joints, horizontal curvature, or the existence of unstable ground
conditions.

Restraining rails can be fabricated using part-worn rail. On direct fixation track restraining rails
can be directly fastened to the concrete slab or bridge deck. The centre of the restraining rail
should be located 300 mm from centre of the running rail. A typical restraining rail layout is
shown in Figure 5.20A. The fastening details are shown in Figure 5.20B.

5.5 GRADE CROSSINGS

5.5.1 Road Crossings
5.5.1.1 At-grade Road Crossings on Tangent Track

At-grade road crossings should be constructed on a well compacted granular fill to provide
adequate support to withstand both high vehicular traffic volumes and heavy vehicular wheel
loads.

Pre-cast concrete planks with rubber rail seals on hardwood ties is the preferred option. This
option is best suited for mitigating the potential for stray currents at road crossings. Refer to
Corrosion Protection Study, 2005 by Corrpro Canada Inc.

In extremely high traffic volume locations, other grade crossing designs with proven
performance records may be considered.

A typical at-grade road crossing design is shown in Figure 5.21.
5.5.1.2 At-grade Road Crossings on Curved Track

At-grade road crossings on curved track with radius less than 150 m should be constructed
with embedded mainline track structure.

Refer to Sections 5.3.6.1 for embedded mainline track requirement; 5.4.7 for guard rail
requirement and; 5.7.8 for track lubricator requirement on curved track.
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5.5.2 Pedestrian Crossings

Future LRT extensions will be located in close proximity to residential areas and will operate
on a shared ROW with multi-use ftrails. Future LRT extensions will therefore require
channelized pedestrian crossings for pedestrians to cross the tracks at designated locations
to avoid potential pedestrian-LRT conflicts.

The trackbed preparation for pedestrian grade crossings is similar to the at-grade road
crossing design. However, as pedestrian crossings are designed solely for non-motorized
traffic, they are not normally subjected to traffic impact and vibration. Use of a precast
crossing panel design is preferred. Cast-in-place crossing panels are an acceptable
alternative but where cast-in-place crossing panels are selected, use of wood ties is not
acceptable.

Figure 5.22A shows a plan view of a typical at-grade pedestrian crossing along with details
showing the concrete tie section and the wood tie section.

5.5.3 Requirements
The specific requirements for both types of grade crossings are:

o Match the general approach grade and preferably be slightly higher than the approach to
promote a positive drainage away from the grade crossing area. The approaches should
be ramped up to match the grade crossing.

s Intersect the road at as close to a right angle as possible to minimize road vehicular
vibration caused by staggered wheel impact, and to maximize sight lines for the LRV
operator, pedestrians and road traffic.

e Be level and parallel to the plane of the rails, extending a minimum of 1 m from the field
side of the track(s).

Be located clear of turnouts and right-of-way equipment.

Grade crossings must be adequately drained. Normally, buried perforated drainage pipe
running underneath the road crossing parallel to the LRT track connecting to either the
drainage system or stand-alone reservoirs is required. In addition, geotextile should be
provided under grade crossings to direct water towards the sub-drains and prevent
migration of fine materials upward to the ballast layer.

In addition, the following factors should be considered in the design:

Rail joints should be kept clear of the crossing.

Multiple crossings should have the same grade across all rails.

Rubber or other approved flangeways must fit snug and not allow dirt and debris to pass
through to the fastening system.

» Where necessary to locate the grade crossing in a curve, track superelevation should be
avoided, if possible, in order to provide a smooth crossing for both vehicular and
pedestrian traffic.

e The flangeway must accommodate the wheels of the LRV and other rail-mounted
equipment (refer to Section 5.2.3.8)

e Incorporate a rubber rail boot for embedded at-grade road crossings to mitigate potential
stray currents.

5.54 Service Life and Maintenance

The design service life should be a minimum of 25 years. There is a high maintenance cost
associated with grade crossing rehabilitation and rehabilitation work normally requires a total
closure of the roadway.

Ease of maintenance is an important consideration when designing grade crossings in order
to minimize the disruption to road traffic during maintenance.
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The grade crossing panel design should be modular and interchangeable for ease of
maintenance and to minimize closure times of the roadway and LRT track.

Embedded at-grade road crossings on sharp curves should be designed with sacrificial guard
rails to reduce the wear on the outside rail. Guard rails should be installed independent of the
running rail for the ease of change out without disturbing the running rail. Running rail should
be accessible on both the gauge and field sides of the rail.

5.5.5 Corrosion Protection

A boot or shield covering the fastening components should be incorporated in the flangeway
design on both the gauge and field side of the rail to protect the fasteners from salt and dirt.
Grade crossings are often subject to higher than normal corrosion rates reducing the service
life of the crossings.

Grounding at the vicinity of the grade crossing should be considered to mitigate corrosion
caused by current leakage.

5.6 TRACK COMPONENTS
5.6.1 Running Rails

Standard control-cooled carbon steel rails with minimum 300 Brinell Hardness, manufactured
in accordance with current AREMA Manual for Railway Engineering, Chapter 4 “Specification
for Steel Rails”, should be the standard used for running rails.

5.6.1.1 Rails for Mainline Track

Running rail for mainline track, including embedded mainline track, should be rolled 115 Ib RE
(57.2 kg/m) rail (refer to Figure 5.23B).

Running rails on mainline should be CWR to:

Minimize long term maintenance
Provide better ride quality
Reduce rail and wheel wear
Reduce noise and vibration

If a flash butt welding process is used to form rail strings, the maximum practical rail string
length is 480 m.

CWR must be properly distressed and laid in accordance with the optimum neutral rail
temperature of 18°C to 22°C to reduce the possibility of sun kinks or cold weather rail breaks.
CWR should be laid as close to the optimum neutral rail temperature in order to minimize the
distressing requirement.

In tunnel sections, the optimum neutral rail temperature may differ and should be verified by
reviewing historical temperature records or by monitoring the rail temperature inside the
tunnel.

Any change to the optimum neutral rail temperature for installation requires review and
approval by ETS.

All running rail should be non-drilled in nominal standard 23.8 m (78 foot) lengths in order to
minimize the number of welds required. Exceptions may be considered if physical constraints
restrict the length of rail that can be transported to the site.

Rail to be used in curves having a track centreline radius of less than 150 m should be pre-
curved to match the track centreline radius using an industry accepted hydraulic press
method or the standard roller bending method.
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It is generally not necessary to use premium (hardened) rail in tight curves to prevent
premature rail wear. Standard carbon steel rails have a Brinell Hardness ranging from 300 to
320. This provides sufficient wear resistance under most conditions. Running rails with Brinell
Hardness greater than 340 may cause premature wheel wear.

5.6.1.2 Rail for Special Trackwork

Rail used for the manufacture of special trackwork on mainline should be rolled 115 Ib RE
(57.2 kg/m) rail or approved Grade 900A carbon steel manufactured in accordance with the
UIC 860-0 Specification.

For welding purposes, UIC rail, if used in the manufacture of special trackwork, should have a
rail cross section and metallurgy closely matched to the 115 Ib RE section used on the
Edmonton LRT System. To minimize the number of transition welds for connecting the
special trackwork to mainline, the use of 115 Ib RE rail section is the preferred option for the
fabrication of all special trackwork components.

Girder rail used in the manufactured of in-street special trackwork for shop track should have
a flangeway width to accommodate both the LRV wheel and work train standard A.A.R.
wheel.

In areas where there are high impact loads, rail should be hardened to a range of 320 to 340
Brinell Hardness, to a minimum penetration depth 15 mm below the rail surface.

Asymmetrical rail sections are acceptable for the fabrication of switch points.

Any proposed alternate rail section and its metallurgy require review and approval by ETS.

5.6.1.3  Secondary Track/Yard Track/Shop Track
Rail for secondary track should be 115 Ib RE (57.2 kg/m) CWR rail.

Rail for yard track should be 100 Ib ARA-A (49.8 kg/m) or 115 Ib RE (57.2 kg/m) CWR or
bolted rail.

Rail for shop track should be 100 Ib ARA-A (49.8 kg/m) or 115 Ib RE (57.2 kg/m) CWR or
67R1 (Ph37a) girder rail (refer to Figure 5.23C) which has been used in ROW Building at D.L.
MacDonald Maintenance Facility..

5.6.2 Fastening Devices

Rail fastening devices vary with the type of track structure provided.

5.6.2.1 Direct Fixation Fasteners
Elastomeric bonded plate type fasteners should be used for direct fixation track.
The plate type fastener should meet the following requirements:

Incorporation of a built-in 1:40 inward cant

Overall plate thickness of not more than 40 mm, nor less than 35 mm

Overall plate width of 180 mm +/- 10 mm

Overall plate length of 355 mm +/- 10 mm

Ability to provide lateral rail adjustments of +/- 15 mm in increments of 3 mm

Ability to provide vertical rail adjustment to a maximum of 25 mm achieved through

insertion of steel shims under the plate

e Vertical spring stiffness of the fastener shall be within the range 17.5 kN/mm to 24.5
kN/mm

* Ability to isolate electrical current from the running rail
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Direct fixation fasteners should be chosen on the basis of the following criteria:

Ability to withstand the rail/structure interface forces

Ability to achieve and maintain the desired rail tolerances

Ability to prevent rail buckling under high temperatures

Ability to permit the rail to move longitudinally due to structural flexure or thermal
expansion

Ability to withstand wear and fatigue

Ability to reduce noise and vibration to an acceptable level

Ability to withstand local environmental conditions without the need to replace
components

* Low maintenance requirements

5.6.2.2 Standard Baseplates
Standard steel baseplates are used for:

¢ Rail fixation on wood tie
e Special trackwork where special baseplates are not required
e Cant transition areas

Standard baseplates should be manufactured from rolled steel plate and should have
shoulders to provide rail seating for 115 Ib RE rail. They should have a minimum of four holes
with diameter of 25 mm to accommodate anchor bolts or screw spikes.

Non-standard baseplates may be designed by special trackwork suppliers to fit the rail base
of other rail sections.

5.6.2.3 Anchoring Assemblies

The anchoring assemblies connect the direct fixation fastener to the reinforced concrete
structure. The objective is to design a system that is cost effective and minimizes long term
maintenance.

A minimum of two anchoring assemblies is required per fastener. Each anchoring assembly
consists of a female insert, an anchor bolt complete with a flat washer and a spring washer.

The anchor bolt must be designed to remain in tension at all times to ensure the bolt will not
be loosened or be placed in bending under service conditions.

The design of the anchoring assembly should consider the following:

s Adequate concrete embedment depth for the female insert is required to resist pull-out
caused through the anchor bolt tensile forces or rail force moments.

e The anti-rotation capability of the female insert must be sufficient to restrain the design
bolt torque.

e The tensile strength of the anchor bolt must be adequate to apply the proper clamping
force required to provide resistance against the rail overturning moment.

A Inserts

Female inserts as shown in Figure 5.3A are cast directly into the concrete base slab
as the hold-down connection for the mating anchor bolts. The insert should be
designed and installed to match the bearing surface of the plinth.

Inserts should be epoxy coated.
Typical insert parameters are as follows:

e Overall block out depth for insert embedment should not be more than 140 mm,
nor less than 130 mm.

Final Issue July 2011 5.19



CITY OF EDMONTON — LRT DESIGN GUIDELINES
TRACKWORK

5.6.2.4

Overall insert length of 105 mm +/- 5 mm
Minimum depth of threads of 75 mm +/- 1-5mm
The Inserts should be designed to accommodate A325, M22 anchor bolts (see
5.6.2.3.2)

e The ultimate tensile strength of the insert should be equal to or exceed the
ultimate tensile strength of the mating anchor bolt

Anchor Bolts

The primary function of the anchor bolts is to provide lateral restraint against loading.
Anchor bolts are also subject to a small amount of upward rail force.

Anchor bolts should meet the following criteria:

¢ ASTM designation A325, Specification for High Strength Bolts for Structural
Joints and should have a class 2 thread fit

¢ Nominal diameter of 22 mm

¢ A minimum thread engagement of 50 mm with the insert

The overall anchor bolt length is dependent on the thickness of the fastener and
washer assemblies, and the maximum permissible fastener shimming height. The
trackwork consultant should verify the optimal overall anchor bolt length required for
the fastening assemblies. It may be necessary to use two different lengths of anchor
bolts to account for the allowable shimming height:

¢ Standard length to accommodate shimming heights of up to 12 mm
s Longer length to accommodate shimming heights from 12 mm to 25 mm

Washer Assembly

The washer assembly consists of a flat washer and a spring washer. The flat washer
is design to sit flat against the fastener to provide a full bearing surface for the spring
washer and anchor bolt.

The spring washer should be designed to keep the anchor bolt in tension at all times.
The washer spring rate should be between 1.05 kN/mm and 1.23 kN/mm.

Spring Clips

Spring clips are an integral part of the rail fixation system for both direct fixation and ballasted
track structures.

The spring clip should have the following characteristics:

Ability to hold gauge

Ability to resist rail rollover

Ability to resist longitudinal rail moment

Elastic resiliency

Appropriate toe load

Electrical isolation

Reasonable service life under all operating conditions and environmental exposure
Relatively maintenance-free

Compatible with the existing components

Bolted type clips require high maintenance (subject to loosening and fatigue failure due to
vibration) and therefore should not be considered as a suitable option except for special
trackwork installations where they may be necessary.
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5.6.2.5 Screw Spikes

Screw spikes complete with lock washers should be used to fasten the baseplates on wood
ties. Screw spikes should be 22 mm x 175 mm.

To avoid splitting, wood ties must be predrilled to accept screw spikes.

5.6.2.6  Steel Shims

Steel shims are used as required on direct fixation track to raise the rail to its design vertical
alignment. Shims are typically produced in 1 mm, 3 mm, 6 mm, 10 mm and 20 mm thickness.

Steel shims of 1 mm (20 gauge) and 3 mm (11 gauge) thickness should be manufactured
from galvanized steel, coating designation G60 (458 g/m2), in accordance with the
requirement of ASTM A527-80.

Steel shims of 6 mm, 10 mm and 20 mm thickness should be manufactured from hot-rolled
plate steel in accordance with the requirement of CSA G40.21M, Grade 260.

The thickness requirements are inclusive of galvanizing. Steel shims should be hot dip
galvanized in accordance with the latest edition of CSA G164-M, “Hot Dip Galvanizing of
Irregularly Shaped Articles”. Galvanizing should be applied to a minimum 610 g/m? coating
on both sides after manufacture.

The shape, size and configuration of the steel shims should conform to the outline of the
direct fixation rail fasteners (refer to Figure 5.24 shows the shim size that fits the latest L.B.
Foster D.F. Fastener used in the system).

5.6.3 Ties

The classification of ties used in the Edmonton LRT System is as follows:

5.6.3.1  Wood Crossties

Wood crossties used on mainline and in yard track should be pressured treated softwood,
preferably fir, conforming to AREMA recommendations (refer to Figure 5.25). In areas where
maintenance access is restricted and it is difficult to replace ties, hardwood ties should be
considered, preferably oak.

All wood crossties should be pressured treated in accordance with AREMA Manual for
Railway Engineering, Chapter 30, for Ties and Wood Preservation.

The standard nominal dimensions for wood crossties are:

Depth — 180 mm (7”)
Width — 230 mm (9”)
Length — 2600 mm (8'-6”)

Anti-splitting devices should be installed at the tie ends on all hardwood ties. Anti-splitting
devices should conform to AREMA requirements.

Current track design generally includes protection against stray electrical currents. The use of
wood ties in itself is insufficient to protect against stray currents. Consideration should be
given to isolating the rail from the surrounding track structure in areas adjacent to
underground utilities, ducts and other structures. Insulators should be placed at the base of
the tie plate and insulating thimbles should be positioned in the screw spike holes to isolate
the screw spikes from the base plate. Conventional rail anchors projecting into the ballast will
also create a stray current leakage path. This issue should be considered during the
trackwork design phase.
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5.6.3.2 Wood Switch Ties

Wood switch ties should be pressured treated hardwood, preferably oak. Switch ties normally
come as a set to suit the size and the general layout of the turnout. The track designer in
conjunction with the special trackwork supplier should determine the appropriate layout for the
switch ties.

The standard nominal dimensions for wood switch ties are:

Depth — 180 mm (77)
Width — 230 mm (9”)
Length — varies according to the layout

All wood switch ties should be pressured treated in accordance with AREMA Manual for
Railway Engineering, Chapter 30, for Ties and Wood Preservation.

5.6.3.3 Wood Transition Ties

Wood transition ties should be used at transition points between wood and concrete ties (refer
to 5.3.7.1 — Transition Ties).

Wood transition ties should be pressured treated hardwood, preferably oak, spaced at 500
mm on centre.

The standard nominal dimensions for wood transition ties are:

Depth — 180 mm (7”)
Width — 230 mm (9”)
Length: varies according to the layout (refer to Figure 5.14).

Wood transition ties should be pressured treated in accordance with AREMA Manual for
Railway Engineering, Chapter 30, for Ties and Wood Preservation.

5.6.3.4  Concrete Crossties

Concrete crossties should be mono-block prestressed reinforced concrete ties conforming to
the current AREMA Manual for Rail Engineering, Chapter 10 “Concrete Ties”.

The precast concrete crossties should be designed to conform to practices specified in CSA
A23 and should provide:

Cast iron rail seat shoulders to fit the base of the 115 Ib RE rail section
An inward rail cant of 1:40

A rail gauge tolerance of +/- 1 mm

A rubberized rail seat pad providing a nominal thickness of 6 mm
Electrical isolation

Unless otherwise specified, adjustments designed to permit gauge widening can be
considered.

The shoulders provide lateral restraint to maintain track gauge and are designed to accept
spring clips. Shoulders should conform to the testing requirements for concrete ties as
outlined in the current AREMA Manual Railway Engineering, Chapter 10 “Concrete Ties”.

Shoulders, spring clips, insulators and rail seat pads are an integral part of the concrete tie
design and should be provided as part of the tie package by the concrete tie supplier.

To improve the lateral stability of conventional smooth bottom ties in sharp curves, tie spacing
in curves with a radius less than 300 m may be reduced by 75 mm, if necessary. A track
structure analysis may be warranted prior to making tie spacing adjustments (refer to Section
5.3.2.2 for typical tie spacing).
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Concrete crossties designed with variable canted rail seat can be used for rail cant transition
from zero cant at special trackwork to the standard 1:40 rail cant in the track system.

A typical concrete crosstie is shown in Figure 5.26.

5.6.3.5 Concrete Switch Ties

Concrete switch ties are customized items designed specifically for a given turnout at a given
turnout location to match the special switch plates.

Concrete switch ties require precision casting of anchor bolt inserts. The precise layout must
be pre-determined by the special trackwork supplier and coordinated with the concrete tie
supplier for tie casting.

Concrete switch ties are the preferred option for mainline turnouts, subject to a maintenance
cost-benefit versus economies of scale analysis.

5.6.4 Ballast

At the minimum, ballast used for the tie installation should comply with the requirements of
current AREMA Manual for Railway Engineering, Chapter 1 “Roadway and Ballast” as
specified for concrete tie installations.

Ballast should be a clean 100% crushed rock with a hard, durable, dense, angular particle
stone providing sharp corners with a minimum of flat and elongated pieces. These properties
will provide stability, durability and proper drainage. Granites and quartzites are the preferred
aggregate types.

The ballast specification should to provide a 100% crushed ballast conforming to the AREMA
No. 3 gradation.

Ballast depth should be placed to a minimum of 225 mm below the bottom of the tie.

Before preparing a ballast specification for mainline the consultant should review the
requirements with ETS.

Ballast of finer gradation should be used in transition slab area where the space between the
bottom of tie and the slab restricts the tamping of ballast effectively.

5.6.5 Sub-ballast

Sub-ballast should have suitable mechanical, permeability, chemical and environmental
characteristics and comply with the current AREMA Manual for Railway Engineering, Chapter
1 “Roadway and Ballast” as specified for Sub-ballast. Acceptable sub-ballast materials include
crushed stone or crushed gravel and sands, or a mixture of these materials.

A minimum depth of 275 mm of sub-ballast should be placed on top of the subgrade,
extending a minimum of 600 mm beyond the edge of the ballast.

The top surface of the sub-ballast should be graded to a minimum 3% cross slope to promote
positive drainage toward the side ditches or sub-drains.

Sub-ballast should be compacted to 100% maximum dry density.
The sub-ballast layer should meet the following requirements:

o Be sufficiently impervious so that most of water penetrating through the ballast is diverted
to the side ditches to prevent the saturation of subgrade.

o Be sufficiently pervious to so that water seepage or capillary water entering the sub-
ballast is drained away to prevent water from accumulating below the sub-ballast.

e Possess sufficient strength to support the dynamic load distributed by the ballast section
and be able to effectively transfer the load to the subgrade.
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The main objectives of the sub-ballast are to provide a stable platform for placing ballast and
to prevent surface water retention rutting.

5.6.6 Subgrade

The subgrade’s stability and its ability to sustain and distribute loads are dependent on the
soil characteristics, its geometric configuration and the system drainage design.

The basic geometric features of the subgrade are: width of top of subgrade or bottom of cut;
height of fill or depth of cut; side slope of fill or cut; and cross slope.

The width of the subgrade is determined by the width of the ballast layer.

Adequate drainage is essential to maintain the subgrade’s stability and its ability to sustain the
design pressure exerted by the wheel load. Drainage should be provided either through track
ditches, intercepting ditches or a perforated sub-drain system. Typically a “non-woven
geotextile fabric is used to wrap around the subdrain system.

Wet or unfavourable subgrade conditions may require the placement of a “woven” type of
geotextile fabric on top of the finished subgrade, at the direction of the Consultant.

The sub-grade should be compacted to 100% of the maximum density as per the Standard
Proctor Compaction Test. The optimum moisture content of the subgrade materials being
placed should be within 3% of the optimum condition.

The compacted subgrade must sustain a minimum bearing pressure of 138 kPa (or 20 psi).

5.6.7 Ballast Curb

For trackway cross-sections where the right-of-way is confined (refer to Figure 5.5) the ballast
and sub-ballast must to be retained by a curb. Figure 5.28 shows typical details for two
standard ballast curb cross-sections. Figure 5.29 provides a typical detail for chain and
bollard fencing mounted on top of the curb. Other fencing options, such as omega fence, may
also be utilized.

5.7 OTHER TRACKWORK MATERIALS (OTM)

In addition to the major track components described previously the following devices are
typically installed.

5.71 Switch Machines

Switch machines are used on both mainline and yard track for the purpose of train switching.
They can be both electrically and manually operated as follows:

Electric switch machines on mainline must be automatic and are controlled by the signal
system. Emergency back-up power must be provided. Electric switch machines should have
built-in manual over-ride control for maintenance and emergency purposes.

Manual hand-operated switch machines are mainly used in yard areas. They can also be
installed at staging track and emergency switches where train switching is not part of the
normal operation.

Switch machines are typically installed on the field side of turnouts. Switch machines to be
located on the gauge side of turnout (i.e. in between rails) will only be permitted if there is
space restriction in physically locating the switch machines on the field side.

The following factors should be taken into consideration in the placement of switch machines:

Size of turnout and crossover

Clearance requirements

Housing and space requirements

Switch rod dimensions and block out requirements
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e Switch rod clearance requirements from trackwork components and track structure
¢ Switch machines mounting (i.e. adaptor plate requirements which are track structure
specific to fit the as-built conditions).

Access for maintenance personnel and their vehicles is required.

5.7.2 Switch Blowers

Switch blowers should be installed at switches located on mainline track where exposed to
snow conditions.

The following factors must be considered in the design and placement of switch blowers:

Clearance requirements

Housing and space requirements

Blow duct dimensions

Length of switch

Operating control requirements

Proximity to noise sensitive residential communities

Switch blowers must be designed to be controlled manually in the field, automatically through
use of a snow detector and remotely through the Building Management System. An external
light is mounted on the enclosure. When the light is on it will indicated that the blower is
operating. Switch blowers are not required to be connected to the emergency back-up power
system.

5.7.3 Switch Point Detectors

Switch point detectors will be installed in all switches on mainline track. Detectors are required
to ensure that switches are correctly aligned and are being detected at all times by the signal
system.

When designing for switch point detector connections, make allowance for the following:

* A method to connect the switch point detector at the switch point
e Provision of the proper mounting hole sizes and spacing on the switch points
s Block out requirements, if required

5.7.4 Hold-down Bars

Hold-down bars are installed in turnouts to prevent upward movement of the switch points. All
mainline switches require hold-down bars. Hold-down bars are not required on yard switches.

Hold-down bars should be incorporated as an integral part of special trackwork fabrication by
the special trackwork supplier. Figure 5.31 provides the typical details of the hold-down bar
requirements.

5.7.5 Roller Plates

Roller plates should be incorporated in all power switches. Roller plates minimize the
throwing effort of the switch machines and reduce the maintenance requirements of both the
switch and switch machine.

Roller plates should be incorporated as an integral part of special trackwork fabrication by the
special trackwork supplier.

5.7.6 Switch Point Protector

Switch point protector should be incorporated in all turnouts where the turnout curve is the
designated as a mainline operation and the train movement is predominantly a facing point
movement. Switch point protector minimizes the wheel impact on the curved switch point by
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transferring the wheel impact point further down toward a thicker section of the switch point.
This will enhance the operation safety and reduce the premature wear of the tip of the switch
point.

Switch point protectors should be incorporated as an integral part of special trackwork
fabrication by the special trackwork supplier. Figure 5.32 provides the typical details of a
switch point protector.

5.7.7 Friction End Stops

Friction end stops must be installed at the end of track on all mainline tracks unless sufficient
stopping distance beyond the end of the line is otherwise provided. They must be able to
withstand the impact load of a run-away train and be designed to engage the coupler end of
the vehicle without contacting the body of the vehicle. Typically, friction end stops are
designed by the supplier based on the rail vehicle weight and estimated speed.

The following factors should be considered:

¢ Rail mounting requirements for the friction elements on the design rail section
¢ Required sliding distance beyond the point of impact

5.7.8 Wheel Stops

Wheel stops should be installed at the end of track in yard and shop tracks where speed is
not a factor.

Wheel stops can be of a rail-mounted type or directly welded onto the railhead and must be
able to withstand a 5 km/hr impact load from a run-away train.

The following factors should be considered:

¢  Wheel stop clamping requirements on the design rail section
e Welding requirements, if required
¢ Vehicle wheel radius and point of impact on the wheel stop

Other stock-item devices such as wheel chocks, sliding wheel skates, derails etc. may be
specified for installation to satisfy short term operational safety concerns during construction.
Hinged derails may be specified for installation on storage tracks to protect against run away
cars moving onto other tracks.

5.7.9 Rail Lubricators

Rail lubricators should be provided to mitigate noise, vibration, and rail wear in sharp curves.
Typically, ETS uses rail lubricators in curves with radius less than 200 m. The consultant
should review the requirements with ETS.

The following should be considered:

Use of bio-degradable lubricants

Ease of access by track maintenance personnel

Installation and maintenance requirements

Ability in providing remote sensing and diagnostic on system malfunctions

Protection against vandalism

Ability to adjust lubricant injection manually to suit the track conditions on site

Ability to operate at -40° C

Ability to precisely direct lubricant to the gauge face of the rail, top of rail head and the
contact face of guard rails.
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5.7.10 Lateral Track Bracing for Stations

Track at the station platform must be secured by means of lateral track bracing to prevent
movement toward the platform. The distance from track centreline to platform must be
maintained at 1405 +/- 6 mm to meet the vehicle dynamic clearance requirements and to
ensure passenger safety and wheel chair accessibility from a stationary LRV to the station
platform.

Lateral track bracing for stations can be fabricated from pressure treated timber. The typical
spacing and bracing requirements are as shown in Figures 5.8 and 5.27.

5.7.11 Rail Anchors

Rail anchors should be provided in special trackwork areas where the track geometric
integrity is susceptible to change due to the change in rail axial load created by the thermal
and vehicle dynamic braking. Figure 5.33 provides the typical details of a rail anchoring
system.

5.8 METHODS OF JOINING RAIL

Methods used to join rail on the Edmonton system include aluminothermic welding, flash butt
welding, insulated joint bars and non-insulated bolted joint bars.

Standard 6-hole joint bars matching the rail web of 100 Ib ARA-A rail section should be used
only for joining rails in yard tracks, unless noted otherwise.

In lieu of welded joint connection within the limits of special trackwork, non-insulated “zero
gap” joints can be used to eliminate the possibility of weld failure, which can have a
detrimental effect to the usefulness of the special trackwork components. Joint bars that
make up the “zero gap” joint on turnout curve must be pre-bent by the special trackwork
supplier to match the turnout curve radius. All “zero gap” joint kits should have the similar
section as the 6-hole insulated joint bars complete with A490 structural steel bolts and lock
nuts (refer to Section 5.8.3). 2 — 50 kcmil bonding cables around the rail ends should also be
provided across the “zero gap” joint to ensure the continuity of return current is maintained.

5.8.1 Welding Processes
5.8.1.1  Aluminothermic Welding

Standard preheat welds are preferred subject to pre-qualification testing.

5.8.1.2  Electric Flash Butt Welding

Electric flash butt welding can be used as an alternate for welding rail strings. This may be
the preferred option if production speed savings are able to offset the higher implementation
costs.

5.8.1.3 Testing and Inspection of Welds:

All rail welding requires stringent testing and inspection. The testing and inspection
requirements are as follows:

A Qualification Testing

Prior to production welding, qualification test welds must be performed to qualify the
weld kits, welding set-up, welding process and procedures, and welding crews for the
work.

The following tests must be complete on at least one sample test weld:

¢ Visual and Magnetic Particle Inspections in accordance with ASTM B709
e Ultrasonic Testing by a qualified independent testing agency
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¢ Slow Bend Test on one passed test weld in accordance with AREMA, Volume 1,
Chapter 4, Figure 2-50.

2 Production Weld Testing

All production welds must be inspected visually, ultrasonically and by magnetic
particle testing before the tracks are put into service.

All production welds must be tested by an independent testing agency.
3 Weld Repair

Defective welds detected in the finished track must be replaced. The preferred
method of replacing welds is to cut out the defective weld and insert a new section of
rail, not less than 4.5 m long, joining the new section with aluminothermic welds. The
new welds must be inspected and tested.

4 Weld Finishing and Tolerances
The weld finishing requirements and allowable tolerances are as follows:

s The gauge side, field side and running surface of the railhead must be ground
until the full length of a one metre long straight edge, centred over the weld,
contacts these surfaces continuously.

e The top and side of the railhead must be finished to within +0.25/-0 mm of the
parent section.

¢ Where the weld contacts a rail fastener or rail pad, the bottom, top and sides of
the rail base must be finished to within +0.25/-0 mm of the rail section.

5.8.2 Non-insulated Joints

Standard non-insulated joint bars should only be used in yard tracks or within the limits of
special trackwork, unless noted otherwise. They must match the rail section and should have
a minimum of six (6) bolts.

Joint bars where used in embedded shop track can be partly worn however they should be
inspected for bolt cracks and defects by the contractor.

Joint bars should not be used on mainline except within the limits of special trackwork or
when needed as a temporary safety measure to connect broken rails or provided added
protection at rail or weld defect location.

5.8.3 Insulated Joints

Insulated joints are used to define the signal blocks on mainline. ETS and the signal
consultant will determine joint locations.

The following criteria apply:

Insulated joint must match the rail web of rail section used.

Insulated joints should be 914 mm in length, with 6 holes, conforming to current AREMA
Manual for Railway Engineering, Chapter 4, “Specifications for Quenched Carbon — Steel
Joint Bar”. Bolts used for the fastening the joint bars should meet the chemical
composition and mechanical property requirements of ASTM A490. Insulated joints
should be glued to provide sufficient strength to withstand rail deflection and rail
separation.

Insulated joints should be installed as kits.

Pairs of insulated joints should have a stagger of 1 m, unless otherwise directed by ETS
or the Signals Designer.

Insulated joints must meet the minimum resistively requirement of 1 megohm.
Consideration must be given to method and location for connecting impedance bonds.
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5.9 TRACK CONSTRUCTION TOLERANCES
5.9.1 General

Allowable construction tolerances are presented for the purpose of ensuring the trackwork
design objectives are met as closely as possible.

All track and trackwork related components for the Edmonton LRT System should be
designed and installed to within the allowable construction deviations as listed in the following
table. Track gauge, cross-level, superelevation and alignment deviations are acceptable if the
rate of change is within the specified tolerances.
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Allowable Track Construction Tolerances:

HORIZONTAL | HORIZONTAL | VERTICAL VERTICAL
TRACK TRACK TRACK TRACK
ALIGNMENT ALIGNMENT ALIGNMENT | ALIGNMENT
Track Gauge Crosslevel | Total Middle Total Middle
Classification | Deviation | Deviation | Deviation Ordinate in Deviation Ordinate in
20 m chord 20 m chord
Mainline +3 mm +3 mm +6 mm +3 mm +6 mm +3 mm
- 1 mm - 3mm - 6 mm - 3mm - 6 mm - 3mm
Secondary +3 mm +3 mm +6 mm +3 mm +6 mm +3 mm
- 1 mm - 3mm - 6 mm - 3mm - 6 mm - 3mm
Yard +3 mm +3 mm +12 mm +3 mm +12 mm +3 mm
-3 mm - 3mm - 12 mm - 3mm - 12 mm - 3mm
Shop +3 mm +3 mm +6 mm +3 mm +6 mm +3 mm
- 3mm - 3mm - 6 mm - 3mm - 6 mm - 3mm
Special +3 mm +3 mm +6 mm +3 mm +6 mm +3 mm
Trackwork -1mm | -3mm - 6mm - 3mm - 6mm - 3mm
Table 5.3
Notes:
1. Total Deviation is the deviation measured between the theoretical or best-fit

alignment and the actual alignment at a given location. The best-fit alignment takes
account for changes made to the theoretical alignment during construction based on
the survey of actual field conditions.

2. Total Deviation in platform areas should be zero toward platforms and not exceeding
+5 mm away from platforms in the horizontal direction.

The rate of variation or change allowed for Mainline track should not exceed the following

limits:

Horizontal:

Vertical:
Gauge:

Cross level:

3 mm per 9 m measured in increments of 3 m.
3 mm per 9 m measured in increments of 3 m.
3 mm per 9 m measured in increments of 3 m.
2 mm per 9 m measured in increments of 3 m.

The rate of variation or change for secondary, yard and shop tracks is not as critical since
secondary, yard and shop tracks do not carry revenue passengers and operate at a lower

speed.

5.10

RAIL GRINDING

Prior to revenue service all newly installed mainline rails should be profiled using a production
type rail grinder. Rail profiling is required to:

Final Issue July 2011

Remove mill scale, rust, surface imperfections and railhead irregularities
Mitigate the onset of rail corrugation

Match the rail to the ETS design rail profile
Optimize ride quality
Remove minor rail defects

5.30
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e Reduce airborne noise and vibration
e Extend rail and wheel life

To ensure truck stability of the LRV’s the ground rail profile must be provided in accordance
with the ground rail profiles shown in Figure 5.30.

Note: The ground rail profile is independent of the rail type. The design and location of the wheel/rail
contact band is the same regardless if the rail is 115 Ib RE or 100 Ib. ARA-A.

5.11 DESIGN COORDINATION

It is the responsibility of the trackwork consultant to interface with other design consultants
and with ETS to ensure the overall system requirements are achieved.

Typical coordination requirements include:

Structural loads for the vehicle and equipment (static, dynamic, thermal)
Civil and structural interface for track support structure (e.g. concrete base slab, subgrade
preparation and drainage provisions)
Grounding provisions, if required
Traction Power, Mechanical and Electrical interfaces (e.g. buried cables and conduits,
vaults and catenary masts)

e Signal interface (location of insulated bonded joints, switch point detectors, bonding
cables, switch machine mountings, etc)

¢ Communication systems interface (buried telephone wires, copper broadband, fibre optics
cable)

5.12 QUALITY ASSURANCE AND QUALITY CONTROL

All trackwork materials designed or procured for the Edmonton LRT System must comply with
the established codes, standards and criteria.

The trackwork consultant, in conjunction with ETS, must establish a comprehensive quality
assurance (QA) quality control (QC) program which consists of material specification and
tolerance verification during Factory Acceptance Tests and field inspections during the
trackwork installation process.

At the direction of ETS the following minimum QA/QC activities should be conducted:

Hold-point Inspections

Material Pre-shipment Inspections
Construction Verification and Acceptance
Records Audits

5.13 PROJECT DOCUMENTATION

Refer to Chapter 1, General Section 1.7 for the guidelines pertaining to the production of Plan
of Record drawings and O&M Manuals.
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FIGURE 5.17
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FIGURE 5.18
NO. 8 TURNOUT
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€86

w
O
=
=
= o
S 2 Z
e > 0O
T
9o =
=
Sop =
DWE M
gox 0
a
Emm 0
= o H L
n==
g =59 <
N E%,
& (o'
& >.9 X
o
3 °>o O
G 29 W
Ll =z |
= Yxo
OT>OH®
Z H—FN
sl
F
N
way mv@v B
by o I
2 ITIE 3
oo 3
| r B B
s | P! CETEI0 e e 6¢ 6°¢
Aol 0€0¢ . .
o ! T 6C=—6090~~8C)7yzq, 97 1 97| ——uwgz
TS
1] & N ‘ 09L1L1
Tt Auﬁ.” — Tt r q o @
; ! e g = H m g |
! f > i | 23 A=
- | , & 00elL L e IS
& LA (e IR on_t &
! ! I A R ! 0 i —! j :,G,..,m,
] - = - 2 - B [
PUL U B O Feovel ) 1T DY@ U UL L LEels [ ooonopae BRERE GO U@l
22 5| & & @ 03L4L - c1z—H—
06L
Y
(2]
IG 0G 6% 8% L¥ 9V |Gb ¥¥ €F T¥ Lb OF 6S 8F LS 9C G +€ €F Z€ LS OC 62 82 LT 92 GZ vC €2 ¢ LT 026l 8L LL QL Glvl gL ZlLLaL 6 8 £ 9 G ¥ ¢ ¢ 1[091929¢9|¥9
[GS X G §ZG¥9SxC O¥G o exg '78GXZ ¥09 28G X 0l 6257090096¥G €6 X G 90G GOG X 9 'CILZSG 9€GXC  GL/ZD0S [0S X ¥ 9¥G
996¢ 0£90¢ 0L
L aad) 7586
867V 000¢
N NN DN DN DN DNDNNDNNNDNDNDDNDNDN =2 =2 =2 2 oo oo o o — et et et - - © © 0 0 N N oo (S e S B O] NN = = 0 O
O 00 N N o OO 0 A A ENEWNODN = = 0 O O oW NN PSP WD - = 00000 000 U o U, O W ON NN U O oo O
O O © H 0ON NI DN O = OO OO O O P 0OWOONNNOOD -~ OO0 G O A& ONNNODO - = OO0 O © 0 0 O N O 0= O O O O —
NN OO O OO OO O O © 0N OO = 0 00 g = 0 O N O© N O© DU N N> — 00O »OWOP» O p»p O »>»© S~ N - O © B R NI
@0 = & N O WD Q0 0O0O00 00000000 N O OO S~ANO 0O B~AN U O © O NP> — D

REVISION

DATE







CITY OF EDMONTON

LRT DESIGN GUIDELINES

208
48 113 48
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- | P— g P 15 mm THICK x 72 mm WIDE
» N—— © x 208 mm LONG RAIL BRACE
A ' ) LUAMIMIIMEIETIs iy 12 mm THICK x 45 mm WIDE
& | | x 208 mm LONG RAIL BRACE
o 2
N =~ o
N = 15 mm THICK BASE PLATE WITH
o 2 SLOTS FOR SERRATED PLATES
~
- &
&
10 10
39| 110 39
188
PLAN VIEW
12 mm THICK x 45 mm WIDE
x 208 mm LONG RAIL BRACE \ 84 _25 170
23 mm DIA SLOT ‘ ‘
o) o) ab
= ’x/ ~——15 mm THICK Sy \E¥;
o x 72 mm WIDE 0| o SIS
Yo L u x 208 mm LONG | ™1 ab e
] B RAIL BRACE e Ya7
o 1 H 12 mm THICK ‘ o
T SUPPORT BRACE . |
0
74 | 68 | 74
14 50 |30[30| 50 14 N\"15 mm THICK BASE PLATE — | 63 216
' ' WITH SLOTS FOR
188 SERRATED PLATES 279
ELEVATION SIDE ELEVATION
FIGURE 5.19A CHAPTER 5
TYPE—1 GUARD RAIL MOUNTING | TRACKWORK
BRACKET FOR EMBEDDED TRACK
30-JUN=11 NEW
DATE REVISION
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208
48 113 48
23 mm DIA SLOT
< %\ 1 - 15 mm THICK x 72 mm WIDE
o | —— © x 208 mm LONG RAIL BRACE
T Tl iy 12 mm THICK x 45 mm WIDE
& | | x 208 mm LONG RAIL BRACE
o 2
N =~ o
o = 15 mm THICK BASE PLATE WITH
o ~ SLOTS FOR SERRATED PLATES
~
- "
P
10 10
39 110 39
188
PLAN VIEW
12 mm THICK x 45 mm WIDE
x 208 mm LONG RAIL BRACE \ 84 _25 170
23 mm DIA SLOT ‘ ‘
o) o) ab
= ’x/ ~——15 mm THICK Sy \E¥;
x 72 mm WIDE o E’,
ol © L ] x 208 mm LONG o Y1 ab -
® ] ] RAIL BRACE e "a7 o
r L] ty — 15
(@} (@}
~ 12 mm THICK ~
SUPPORT BRACE i
I o |
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74 | 68 | 74
14 50 |30|30| 50 14 “—15 mm THICK BASE PLATE/ 63 216
' ' WITH SLOTS FOR
188 SERRATED PLATES 279
FLEVATION SIDE ELEVATION
FIGURE 5.19B CHAPTER 5
TYPE—2 GUARD RAIL MOUNTING | TRACKWORK
BRACKET FOR DIRECT FIXATION
30—JUN=11 NEW
DATE REVISION
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o = 15 mm THICK BASE PLATE WITH
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P
10 10
39 110 39
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PLAN VIEW
12 mm THICK x 45 mm WIDE
x 208 mm LONG RAIL BRACE \ 84 _25 170
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FIGURE 5.19C CHAPTER 5
TYPE—3 GUARD RAIL MOUNTING | TRACKWORK
BRACKET FOR WOOD TIE
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RESTRAINING
RAIL PLINTHS

TRANSITION REQUIREMENT
TO BE DETERMINED

| | AERIAL
af] A / STRUCTURE
2/cl [ ol
BRI LHE
E I G
2fc) [ ofc]
|2 N (=
] | .
230 I |L_ *115 LB RE RESTRAINING
GUARD RAIL
— NN — £
4/ / T T
yamn I . - T
SECTION

5000

— — HORIZONTAL BEND

RUNNING
RAILS
/RESTRAINING

RAILS

] VERTICAL BEND
(SEE SECTION)

30—JUN-11

TITLE CHANGE

DATE
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"
* SUBJECT TO
AVAILABILITY
FIGURE 5.20A CHAPTER 5
TYPICAL RESTRAINING RAIL TRACKWORK
LAYOUT PLAN
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115 LB RE RAIL (TYPICAL DIRECT
FIXATION FASTENER AND ASSEMBLY,
SEE FIGURE 5.3)

1435mm_GAUGE

_ 230 TYP *115 LB RE

RESTRAINING GUARD RAIL

NUT AND
FASTENER E(ZI(I:_K C\AL/EAI\DSH ER
L1
140 CANTAZZA 777200/ 777
R | R IR A C
SRR R IR G
|4 y 2 Lo < . B
t 0o o, \iU—B‘OLT . ’

DIRECT FIXATION TO CONCRETE DECK

115 LB RE RAIL

1435mm GAUGE

*115 LB RE RESTRAINING

GUARD RAIL
SPRING CLIP
INSULATOR SCREW SPIKE
RAIL CLIP
7 : hﬂ - am— T H
* - RAIL FASTENING / g
‘. SHOULDER ! 2.

a a
< A

)
(/e = e
A R ST S
++* . LRAIL SEAT PADS-

g\ FEMALE INSERT

<

< 4.

BALLASTED TRACK

* SUBJECT TO
AVAILABILITY

30—JUN-11 TITLE CHANGE

DATE REVISION

FIGURE 5.20B CHAPTER 5

TYPICAL RESTRAINING TRACKWORK

GUARD RAIL FASTENERS
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DETECTABLE WARNING STRIP

PAINTED YELLOW
SIGNALS/CROSSING GATE

PEDESTRIAN CROSSING PANELS

MIN. 3.0m

TYNE FINISH

d0l1s

900

2300

¢ TRACK

NOTE: THE REQUIREMENT OF

—— DETECTABLE WARNING STRIP DEPENDS
ON TRACK SEPARATIONS
PLAN VIEW
CAUGE PLANK RUBBER FILLER (TYP)
2511 290 x 180 x 13 NEOPRENE PAD
FIELD PLANK (TYP) 390 1180 ADHERE TO TIE USING SET-45
DETECTABLE WARNING ‘ GROUT (APPROX 3 mm)
STRIP ¢ 12mm FIBREBOARD WITH
TRACK CAULKING ON TOP
| /WALKWAY
) e — N 4 i e
s 0750750256250%5 025025075 ) A s R ST R yore
%&j 87207207 ¢ 5! s | N AR NN R R Y
GEOTEXTILE FABRIC BALLAST — \

1100 x 180 x 13 NEOPRENE PAD ADHERE TO

TIE USING SET—45 GROUT (APPROX 3 mm)
CONCRETE TIE SECTION

RUBBER FILLER (TYP)—\\

STANDARD CONCRETE TIE

115 LB RE RAIL (TYP)

3048 fGAUGE PLANK
FIELD PLANK (TYP) 563\ 1105
DETECTABLE WARNING 12mm FIBREBOARD WITH
STRIP CAULKING ON TOP
TRACK
rWALKWAY
A
GEOTEXTILE FABRIC— 115 LB RE(RAIL) v 1 gauast— "—HARDWOOD TIE
TYP

WOOD TIE SECTION

30—JUN-11
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FIGURE 5.22A

TYPICAL AT—GRADE
PEDESTRIAN CROSSING
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69.85

o

355.60R

N

9.593R

| 1.59R \ >
I:4 /
9.53R
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N
<«
14129 ¢ 355.60 RADIUS %
N ~—
N~
¢ BOLT HOLES & NA. 0
_— 355.60R
\
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@Q
5
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FIGURE 5.23 A CHAPTER 5
TRACKWORK

DATE
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135

Dimensions in millimetres

60,03 58,66

18¢

12

94,25

H | AB BC CD

9 | 5885 | 6055 | 1528
10 | 59,29 | 59,91 | 1528
14 | 60,32 | 58,08 | 1528

Cross-sectional area: 85,04 cm2
Linear mass: 66,76 kg/m

Moment of inertia /: 3 554 cm?
Moment of inertia ky: 1 250 cm*

Section modulus Wy: 360,8 cm3
Section modulus Wi: 436,0 cm3
Section modulus Wy,: 132,6 cm3

Section modulus Wygh: 145,7 cm3

30—JUN=-11

NEW

DATE

REVISION

FIGURE 5.23C
(67R1) GIRDER RAIL
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203.2 MIN *
206.2 MAX

88.98*

*76.5+ /1

| 26.2 MIN 27.2 MAX I
TYP 2 HOLES

418.4 MIN 421.4 MAX*
*268.0+1/-0

*221.8+1/-0

£/10.5]

HOLES SLOTTED AS
SHOWN TO AID IN
INSTALLATION AND
REMOVAL OF SHIM.

-

[

/
SEE DETAIL

\
N\

1, 3, 6, 10, 20mm

TYPICAL SHIM DETAILS

RO.9mm

RO.Tmm

DETAIL

NOTES

* DIMENSIONS AS SHOWN ARE BASED ON
L.B. FOSTER D.F. FASTENER MODEL F23R4
CURRENTLY USED IN THE SYSTEM;
DIMENSIONS TO BE CONFIRMED IF OTHER
D.F. FASTENER IS USED.
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TAPERLINE

—

WHEEL PROFILE NEW

TO CENTRELINE
(BACK TO BACK DIMENSION
1355.7mm)

———TOP OF RAIL

TO CENTRELINE
(GAUGE 1435mm)

R152

¢ RAIL

CPG RAIL PROFILE

CPG PROFILE: THIS PROFILE CENTRES THE WHEEL CONTACT BAND 12mm TO THE GAUGE SIDE
OF THE RAIL CENTRELINE. THE CROWN OF THE RAIL AT THE WHEEL CONTACT BAND IS

GROUND TO A RADIUS OF 152mm (67). THE WIDTH OF THE CONTACT BAND IS 9mm.

TAPERLINE
17 | 9mm CONTACT BAND BETWEEN
RAIL AND WHEEL CONTACT BAND
~—65.02— IS CENTRED 4mm FROM RAIL
TO CENTRELINE 9= CENTRELINE.
(BACK TO BACK DIMENSION T4
1355.7mm) ———= == —TOP OF RAIL
‘\
TO CENTRELINE
(GAUGE 1435mm)
1.43°
2l RAIL PROFILE 100lb ARA-A OR
i~ 115lb RE, WITH INCLINE 1:40,
RADIUS GROUND TO 203mm (8”)
¢ RAIL
CPF RAIL PROFILE

CPF PROFILE: THIS PROFILE CENTRES THE WHEEL CONTACT BAND 4mm TO THE FIELD SIDE OF
THE RAIL CENTRELINE. THE CROWN OF THE RAIL AT THE WHEEL CONTACT BAND IS GROUND TO

A RADIUS OF 203mm (8"). THE WIDTH OF THE CONTACT BAND IS 9mm.

NOTE:

RAIL CANT IS 1:40. RAIL GAUGE IS 1435mm.
FIGURE 5.30 CHAPTER 5
CPG & CPF TRACKWORK

WHEEL ALIGNMENT
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Detail of Item 2

Detail of Item 3

%Q 32
32

Detail of Item 4

Notes:

1. Holes for insulation bolts must be relieved.

2. All metal parts in contact with insulation shall have sharp edges & burrs
and other foreign matter removed before assembly.

3. Dielectric requirements: Dielectric tests shall be made with insulation dry.

Assembled insulated track fitting shall withstand for not less than 3
seconds an insulated test of 1500 volts AC without flash over or puncture
between all metallic parts & other metallic parts insulated therefrom.

4. All holes shall be drilled.

5. The use of acetylene torch or other burning method for the cutting of
holes in the manufacturing of switch rods is absolutely prohibited.

6. Bar Stock to conform to the latest revision of ASTM Specification for
Merchant Quality Hot Rolled Bar Steel, A36/44W.

7. Thickness will vary in accordance with difference between base of switch
point and base of stock rail. Add 1/8" space.

8. Depth will vary in accordance with difference between base of switch
point and base of stock rail.

9. Delete cross brace if Note #8 is less than 1-7/8".

10. Space between stock rail base and hold down rod will vary in accordance
with roller plate maximum height.

11. Hole spacing must match hole pattern on switch rail base (confirm by
field measurements).

b 21 See note #7
21 ED:%

3
4

Detail of Item 9

ﬁuﬂ
] 2k
1 A3
2 13 See note #11
See note # 8 1
74
See note #9 L11 5

All bar stock 1/2"
by 2-1/4"

bl

Detail of Item 10

Bill of Material

Item# Qty Description

Bar Rod 1-1/4" Thick X 2-1/2" Wide X 47-3/4" Long

Splice Plate 1/2" Thick X 2-1/2" Wide X 9-1/2" Long

Fibre Plate 1/8" Thick X 2-3/4" Wide X 10" Long

Fibre Bushing 7/64" Thick X 1-1/32" O.D. X 1-13/32" Long
3/4" Dia. - 10 UNC SQ. HD Bolt X 4-1/4" Long C/W Hex Nut
Spring Washer for 3/4" Dia. Bolt

3/16" Cotter Pin X 1-1/4" Long

10 mm - 90 Degree Grease Fitting

Spacer Block 2-1/2" X 2-1/2" X Variable thickness (See note #7)
Slide Bracket - Variable depth (See note #8)

3/4" Dia. - 10 UNC Hex. HD Bolt X 5-1/4" Long C/W Hex Nut
(length may vary)

1/2" Dia. - 13 UNC Hex. HD Bolt X 2-1/2" Long C/W Hex Nut
(length may vary)

230N~ N S

> o
[N N N N N IR

N
N
N

NOTE: TO BE USED FOR INFORMATION ONLY

THIS HOLD DOWN BAR DESIGN IS CURRENTLY
USED ON THE EXISTING EDMONTON LRT SYSTEM

FIGURE 5.31

TYPICAL HOLD—DOWN BAR
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FIGURE 5.32 CHAPTER 5
TYPICAL SWITCH TRACKWORK
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Chapter 6
2011 EDITION - Revisions Tracking Form

ETS

Edmonton Transit System

Section Reference Revision General Description Issue Date
Table of Section Titles |No Changes July 2011
Contents Figure Titles New NLRT and Portable substation figures added.

6.1 General Most of the sub-sections have been revised to reflect
design/construction changes made on the SLRT Extension
including the addition of a parallel messenger. Descriptions of
traction power segments have been updated as well.

6.1.2.2 Future LRT The system requirements were updated to five car trains. Both

Extensions SD-160 and U2’s.
6.1.3.2 Definitions Lateral switch was changed to feeder switch to match ETS current
descriptions.
6.1.5 Traction Power |Feeder and tie switches were added to this section as they will be
System incorporated in the substation design on the NLRT Extension.
Elements

6.1.6 Traction Power | This section was updated to match the latest design parameters
System Load |that the traction power system is to be deigned to.
Parameters

6.1.7 Safety and Number of phone lines required was updated.
Security
6.2.3.1 AC Switchgear |Section was updated to match the most recent requirements from
EPCOR.
6.2.34 Rectifier Section was updated to match the most recent transformer
Transformers |requirements.

6.2.4 Substation Sections were updated to include all of the additional status points
Controls sent to the EPCOR Control Centre.

6.2.5 Protection Sections were updated to include all of the additional protection
Systems and  |elements utilized on the SLRT. Additional system and device
Devices descriptions were added.

6.2.6.1 Rail Details were added to ensure system coordination.
Overvoltage
Protection

6.3 Traction Power |Low Smoke Zero Halogen cables were added to the requirements
Distribution for the tunnel section positive and negative feeder cables.
System

6.3.5 Electrical Section was modified to indicate that the switches are being
Switches moved inside the substation for the NLRT substations.

6.5 Overhead Section was updated to include changes made on the SLRT
Traction Power |Extension. Minor system description edits were made throughout.
System

Figures Updated Figs. 6.5, 6.6, 6.8, 6.8
New Figs. 6.1C, 6.1D, 6.2C, 6.2D, 6.3C, 6.3D
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6.0 TRACTION POWER

6.1 GENERAL

6.1.1 Introduction

This chapter outlines the design guidelines for the Edmonton LRT Traction Power System.
Topics include:

Traction Power Substations (TPSS)
Traction Power Distribution Systems (TPDS)
Overhead Catenary System (OCS)
Grounding and Bonding

The design consultant must use these guidelines to establish the LRT traction power system
elements, layout, rating and configuration.

Facility electrical systems (including lighting) and ductbank design guidelines are presented in
Chapter 11, Electrical Systems.

6.1.2 System Description
6.1.2.1 Existing Catenary System

The current catenary system utilizes a catenary contact/messenger system powered by 700V
DC substations (no load) that are spaced, approximately every 1.5 km along the LRT corridor.
Several of the substations are incorporated into the existing passenger LRT stations. As
stated in Chapter 2, Vehicles, the original fleet of DC LRVs were manufactured by Siemens/
Duewag. New vehicles are being provided by Siemens and operate on the same overhead
catenary system using AC propulsion motors (refer to Chapter 2 Vehicles). In some areas,
additional power cables or messenger wires have been installed in parallel to the catenary.

6.1.2.2 Future LRT Extensions

A 3.3 km LRT system extension north from Churchill Station to NAIT is scheduled to begin
construction in 2011. This new extension and future projects must include for consideration in
the design of the Traction Power System for the possibility of:

e The utilization of double or parallel messenger wires or power cables for the Overhead
Catenary System.

e Power system capacity to allow for new SD-160 LRVs and existing U2 LRVs to operate
as five car trains for headway design and operation consistent with the design of the
signal system.

Half acceleration operations with a substation out of service.

Operational and architectural requirements in primarily a suburban residential setting.
This includes factors such as noise, speed, overall appearance of the system, code
clearances, etc.

6.1.3 Abbreviations and Definitions

6.1.3.1  Abbreviations

AT — Auto-tension

BMS - Building Management System
BWA — Balance Weight Assembly
EMT — Electromagnetic Tubing

Final Issue July 2011 6.1
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EMF — Electromagnetic Field

EMI — Electromagnetic Interference

FT — Fixed Tension

MPA — Mid-Point Anchor

0OCS — Overhead Catenary System

OTPS  — Overhead Traction Power System
Pan — Pantograph

PLC - Programmable Logic Controller
SCADA — Supervisory Control Data and Data Acquisition
SCP — Supervisory Control Panel

SLRT - South LRT Extension Project

TOR — Top of Rail

TP — Traction Power

TPS — Traction Power System

TPDS — Traction Power Distribution System
TPSS — Traction Power Substation

TWA — Trolley Wire Anchor

6.1.3.2 Definitions

Floating Grounds is a designated term that describes the grounding in a system that does
not have connection to earth-grounds. Since the rail track yields low resistance and is not
grounded to earth, it is also referred to as floating ground in the system.

Feeder Switch is an electrical switch (which is normally left closed) that connects the power
distribution cables to the overhead catenary wires.

Protective Ground is a temporary ground designed for the grounding of electrical conductors
during temporary circuit isolations.

Stray Current is a small amount of current that flows through paths other than the intended
main traction power system circuit.

Tie Switch is an electrical switch (which is normally left open) that connects two adjacent
traction power circuits.

EPCOR Utilities Inc. “EPCOR s the utility service provider to Edmonton’s LRT system.

6.1.4 Applicable Codes, Standards, Regulations and Guidelines

Unless stated otherwise, all design activities, equipment and material selection must conform
to or exceed the requirements of the latest editions of all applicable federal, provincial and
municipal codes and regulations.

6.1.4.1 Acts, Codes, Standards, Regulations

ABC Alberta Building Code

AECUC Alberta Electrical and Communication Utility Code

AECR Alberta Electrical Code Regulations

AREMA American Railway Engineering and Maintenance of Way Association

ASCA Alberta Safety Code Act

AASHTO American Association of State Highway and Transportation Officials

ANSI American National Standards Institute

ASTM American Society for Testing and Materials

ASHRAE American Society of Heating, Refrigerating and Air Conditioning
Engineers

CEC Canadian Electrical Code

CSA Canadian Standards Association

CGSB Canadian Government Specifications Board
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EFC Electro Federation of Canada

ISA International Society for Measurement and Control
IEEE Institute of Electrical and Electronics Engineers
NBC National Building Code of Canada

NEMA National Electrical Manufactures Association
NFPA National Fire Protection Association

NTRA National Transportation Railway Act

OHSA Occupational Health and Safety Act

OHBDC Ontario Highway Bridge Design Code

SAE Society of Automotive Engineers

6.1.4.2 Reference Standards and Guidelines

In addition to the *high level guidelines that are presented in this chapter, ETS has prepared
several detailed and specific LRT design criteria, standards and guideline documents that are
to be used by the Traction Power System design consultants to obtain additional detailed
design criteria.

*Note: The LRT Design Guidelines for Traction Power are a high level summary of the documents
listed below.

Electrical Standards/Engineering Design Manual for Substation Electrical
Equipment.

This document includes only the requirements for the facilities serving the Traction Power
and the substation building itself. This Manual will be referred to throughout these
Guidelines as the SS Electrical Equipment Manual.

LRT Overhead Traction Power Engineering Standards and Design Guidelines

This document only includes the requirements for LRT overhead traction power facilities.
This document will be referred to throughout these Guidelines as the Overhead TP
Manual.

The LRT Overhead Traction Power Standards Drawings.

This document contains all of the drawings related to the LRT Overhead Traction Power
Standards and will be referred to in these Guidelines as the Overhead TP Standards
Drawings.

6.1.5 Traction Power System Elements

The TPSS converts the AC power from the Utility to DC power for the LRT system and
includes the following primary elements:

® o & 0 0 0 0 00

Dual AC power feeds from the Ultility service provider with auto transfer system.
AC switchgear

Traction power transformer and rectifier units

DC switchgear

125VDC protection and control power system

Positive and negative disconnect switches

DC positive and negative power cables

Negative ground switch

PLC substation controller

SCADA system

Final Issue July 2011 6.3



CITY OF EDMONTON - LRT DESIGN GUIDELINES
TRACTION POWER

The TPDS connects the substation’s positive circuit to the OCS and the negative circuit to the
rails and includes the following primary elements:

+ DC positive and negative feeder cables
s Positive feeder switches
s Positive tie switches

The OCS provides the positive circuit contact for the LRVs and include the following primary
elements:

e OCS masts (poles)
OCS hardware
¢ Contact and messenger wires

6.1.6 Traction Power System Loads and Parameters

New substation or right of way additions to the LRT system should be preceded by a traction
power system load flow analysis. A load flow study can simulate the electrical performance of
the TPS using the physical and operational aspect of the proposed additions under multiple
scenarios. The results of the study will help to ensure that the power system is adequately
designed to satisfy desired performance criteria using the most economical expenditure of
initial capital investment.

The following general loading requirements must be taken into consideration in the design of
the TPS. These loadings are subject to change.

u2 SD 160 (Reduced AC Mode)

Motoring current per LRV 560 ADC 900 ADC
Acceleration current per LRV 900 A DC 900 ADC
Minimum operating voltage 480 V DC 480 V DC
Absolute minimum voltage 420V DC 420V DC
Absolute maximum voltage 720V DC 900 Vv DC
TPS nominal voltage level 600 VDC

TPS no-load voltage level 700 Vv DC

In addition, the TPS must be designed to accommodate the following full acceleration and half
acceleration criteria:

6.1.6.1  Full Acceleration Design Criteria

Full acceleration scenarios simulate the worst case conditions that could occur during normal
operations where two, five-car trains simultaneous accelerate away from the same platform in
opposite directions. With all substations in service, the traction power system is to be
modeled to ensure that the voltage level supplied to the trains remains above the system low
voltage limit of 480VDC. The traction power system is to be designed for the following
operational conditions:

Five (5) minute headway between trains and 2.5 minute headway for overlapping lines.
Five-car SD-160 trains.

75kW auxiliary power (based on duty cycle analysis of LRV).

LRV in reduced power mode (Torque taper point at 20kph).

82kN maximum tractive effort.

1.43m/s? maximum acceleration (full power).
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e AW4 loading (13.35 ).
6.1.6.2  Half Acceleration Design Criteria (Reduced Operation)

The Half Acceleration scenarios simulate the traction power system with a mainline substation
removed from service. With the substation out of service and bypassed, the two adjacent
substations feed the affected overhead catenary section. In the affected section the trains
operate at Half Acceleration. Outside the affected area, the trains operate normally at full
acceleration.

To simulate the maximum traction power loading under these conditions, trains traveling in
both directions are to be simultaneously stopped and started at the midpoint of the affected
section. This test is performed to ensure that the traction power system voltage measured at
the pantograph for each train is maintained above the minimum allowed voltage of 480VDC.
The Half Acceleration analysis is to be repeated for each new substation.

For Half Acceleration simulations the following vehicle parameters are lowered:

¢ 41kN maximum tractive effort (half tractive effort).
0.715 m/s? maximum acceleration (half acceleration).

All other vehicle parameters are the same as the Full Acceleration criteria.

6.1.7 Safety and Security

The guidelines and required safety and security measures for LRT passengers, the general
public and service and maintenance staff are outlined in Chapter 16 Safety and Security, of
these design guidelines.

From Chapter 1 General Section 1.2.1.2 “The City is committed to the development of a Light
Rail Transit and Busway System which in its design, construction and operation meets with
generally accepted principles of safety and is consistent with sound and accepted
engineering standards and practices. The articulation of these principles, standards and
practices must take into account the safety concerns and physical, demographic and land use
environments of the communities along any given section of the LRT line”.

In general, the design of the substation facility must consider factors that relate to health,
safety and security for the general public and the workers that service the system to ensure
that:

e Public safety is maintained at all times
¢ Occupational Health & Safety Act provisions are met
e All guidelines relating to national and local electrical codes, i.e. CEC and AECUC are met.

The TPSS must include the following features:

Building intrusion alarms and monitoring of these alarms.

Card access reader (C-Cure System) to restrict access to authorized staff only.

SCADA controls and alarms on the equipment are connected to the EPCOR Control

Room via the fibre network.

Outdoor lighting above each substation door.

A Fire Alarm panel monitoring smoke and/or heat detections

Exit and Emergency lighting as required by building codes

An Emergency Push Button that activates a trip signal to all traction power equipment

(located near each TPSS man door)

¢ Remote annunciation of building systems and equipment is via BMS and SCADA and is
provided to the ETS Control Centre located at the Churchill LRT Station.

« Two portable fire extinguishers should be located inside the building at each man door.

A battery- powered emergency lighting system which will provide a minimum of four

hours.
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+ A minimum of three (3) telephone lines from the telephone service provider.
s A minimum of four (4) telephone lines from the ETS Control Centre.

6.1.8 Environmental Considerations

The design of the TPS must also comply with all current legislation and regulatory
requirements from Alberta Environment and/or the authority having local jurisdiction.

Noise

LRT system aesthetics

The safe interaction of motor vehicles and pedestrians in a shared right-of-way area
Electrical effects on electronic equipment and humans

Occupational Health & Safety Regulations

Water pollution

Protection of plants and wildlife

Electrical safety of workers and the public

6.2 TRACTION POWER SUBSTATIONS

6.2.1 General Design Principles

The following general principles must be applied to the design of new traction power
substations:

Maintain a consistent design approach.

Coordinate equipment life expectancies with the overall LRT system life expectancy.
Consider “lessons learned” from the design of previous substations.

Standardize all major equipment as much as possible.

Coordinate new facilities design with existing systems.

Ensure the operational requirements and load requirements are not compromised in
terms of capacity, reliability, and maintainability of the system.

6.2.2 Substation Facility
6.2.2.1  Spacing and Location

A System Load Flow Study must be conducted to determine the optimum location and rating
of the substations to ensure that:

e The system DC voltages are maintained above the 480V DC minimum LRV operating
voltage level.
The rail to ground voltage does not exceed the maximum permissible limits.
The distribution system conductors are adequately designed to carry normal system load
without overheating.

s Adequate short circuit protection can be provided.

Refer to Section 2.23 of the Overhead TP Manual for additional considerations.

6.2.2.2  Substation Types
The existing Edmonton LRT system utilizes two types of substations:
¢ Remote or Stand-alone Substation

This type of substation is located in a separate building structure within the LRT ROW in
between or near passenger stations. In some instances signal equipment and the
passenger station electrical equipment is also located at this substation building and may
be fed from the TPSS.
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¢ Integrated Substation

This type of substation is located within the passenger station structure. The substation
may also contain the passenger station electrical equipment.

6.2.2.3 Building Design
The TPSS will be designed to house the following systems and related essential equipment:

Dual utility feeds (main and standby) with an auto transfer system
Utility metering equipment

AC switchgear

Rectifier transformer

Rectifier and interphase transformer

1000V DC switchgear

Negative disconnect switch

Negative ground switch

125 V DC battery bank and chargers

125V DC control power system

Local PLC HMI annunciation panel

SCADA system

Fibre patch panel

Substation grounding system to include adequate ground grid
Fire alarm and intrusion detection systems

Heating and ventilation systems

Station service equipment

Card access reader and panel

First aid kit

Eye wash station

Some substations may also include a signal room housing signal relay and electrical
equipment including emergency generator. Refer to Chapter 7 Signals, Section 7.5.12 for
further details.

For typical TPSS building footprints and equipment layout refer to Figures 6.1A through 6.1C
and related drawings in the SS Electrical Equipment Manual.

In some cases the substations may be located in a critical LRT operating area. These areas
may include a main line section in which train frequency is increased (less than every 5
minutes) or near connection points where two LRT segments merge to a single line. In these
instances it is preferred to have dual transformer and rectifier units in the substation for added
redundancy and power capability.

6.2.2.4  Building Structure

The structural design guidelines for a stand-alone building are provided in Chapter 9,
Structures. For guidelines related to other building components and elements refer to:

e Chapter 10, Stations and Ancillary Facilities
e Chapter 11, Electrical Systems
e Chapter 12, Mechanical Systems

The substation doors must be equipped with:

* Non-removable hinge pins.

e Panic bars on all man-doors for emergency exit.

e Dead bolt locks (locks are to be fitted for special substation master key as per existing
LRT TP substations).
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e Intrusion detection.
e All man doors equipped with a card access reader (CAS).

Concrete walls and floor must be adequately sealed to prevent build up dust which can
negatively impact operation of the equipment.

6.2.2.5 Building Services

Section 10 of the SS Electrical Equipment Manual outlines the building services requirements
for:

Building electrical and lighting

Emergency lighting

Fire alarm

BMS

SCADA

Card access reader

Telus phone lines for:
*  Primary Utility metering communications with EPCOR (13.8kV AC Service).
»  Secondary Utility metering communications with EPCOR (600V AC Service).
* 1 Spare Line.

e ETS communication phone lines for:

* Regular telephone at desk for maintenance personal.

* Dedicated line for building management system.

* ETS Operations Radio.

* 1 Spare Line.

Note: Section 10 of SS Electrical Equipment Manual states that a minimum of six telephone service
lines must be installed in each TPSS. The Designer must confirm these requirements with the
telephone service provider early in the design phase of the substation.

6.2.2.6 Heating and Ventilation

Adequate heating and ventilation must be provided to at each substation to maintain the
indoor temperature between 13° C and 25° C. The heating and ventilation systems must be
powered through the TPSS station service supply.

Detailed design considerations and requirements for heating and ventilation are outlined in
Section 11.0 of the SS Electrical Equipment Manual.

6.2.2.7 Incoming 13.8kV Utility Service

Each TPSS should be fed from two primary feeders originating from different utility
substations, or, as a minimum, from different supply buses in the same substation. The two
feeders will be designated as “main” and “standby” and will be terminated at the AC
switchgear in the TPSS.

The TPSS AC switchgear provides switching and control for the main — standby scheme and
must be equipped with main and standby breakers and an auto transfer system. In the
instance that the main supply is lost, the system will automatically transfer over to the standby

supply.

In addition to the two feeds from the utility service provider, a separate emergency power feed
must be made available to the substation to provide the building lighting, building security,
and heating in the case of a total power outage. This emergency feeder may be a connection
to an emergency generator located in the substation, or in a nearby passenger station, or to a
portable emergency generator.
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Refer to Figures 6.2A thru 6.2D. Figure 6.2A is a typical power distribution single line diagram
applicable for the substations constructed between University and Clareview LRT stations.
Figure 6.2B is a typical power distribution single line diagram applicable for the South LRT
Extension. Figure 6.2D is a typical power distribution single line diagram applicable for the
North LRT Extension as generally described in above paragraphs.

6.2.2.8 Substation Control Power

Each substation must be equipped with an auxiliary power supply system to provide nominal
125V DC power to the AC and DC switchgear protection and control systems. The auxiliary
supply will include a battery bank and battery charger. The battery bank ensures power is
provided to the control circuits if there is a utility power failure.

6.2.2.9 Conduits
The following are the general design requirements for TPSS conduits:

EMT conduit must be used for all indoor applications.
Galvanized rigid steel conduit must be used for all outdoor above-grade service and ducts
attached to the face of the tunnel walls.

¢ PVC conduit must be used for underground, concrete encased, or direct buried
installations.

¢ Rigid PVC schedule 40 conduit may be used for added mechanical protection where
required.
Rigid steel must not be used to sleeve single conductor cables.
Where possible, conduit penetrations through structures should be grouped. The
minimum size of conduit installations is must be 25 mm.

e All conduit installations must provide a minimum of 25% spare capacity for future
wire/cable runs.

e Feeder ducts must be provided for each individual feeder between the TPSS and the
OCS line.

6.2.2.10 Grounding

Effective grounding of the electrical system is required for personnel safety, equipment
protection, prevention of static charges, fault protection, neutral grounding, operation and
coordination of protective relays, and instrumentation and communication equipment
interference protection.

All equipment and enclosures within the TPSS (with the exception of the DC switchgear and
rectifier enclosures) must be bonded to ground to eliminate touch potential. All grounding
conductors must be sized and installed in accordance with the CEC. The maximum ground
resistance must be one ohm.

Refer to Figures 6.3A through 6.3C for illustrations of typical grounding systems.

Detailed design considerations and requirements for grounding and bonding are outlined in
Section 8.0 of the SS Electrical Equipment Manual.

6.2.3 Substation Equipment

The TPSS equipment layout used for the original ETS substations from Clareview to
University stations is shown in Figure 6.1A. The design includes dual AC utility feeds
connected to a main-standby breaker scheme with an auto transfer system. The substation is
normally fed through either of the two main AC breakers. Connected to the AC bus are two
rectifier breakers that supply the two traction power transformer-rectifier units. Each rectifier
is connected through a DC main breaker to the common DC bus. The OCS is fed from four
DC feeder breakers from the common DC bus.
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Traction power equipment may be provided in the configuration described below:

e Dual AC utility supplies will be implemented. Single 2.0 MVA transformer-rectifier units will
typically be installed. This change reduces the redundancy while maintaining the load
capabilities in anticipation of future operations.

e The TPS will be designed to operate at half acceleration with one substation out of
service.

Figure 6.1C shows a typical 2.0 MVA substation equipment layout.
6.2.3.1  AC Switchgear

The 15 kV AC switchgear includes the equipment required for the monitoring and controlling
of the main and standby incoming AC feeder breakers and AC rectifier breakers for the
primary power supply for the traction power system. The switchgear contains utility metering
equipment, AC breakers, auxiliary power and protective equipment. The switchgear must be
of metal-clad design as per IEEE C37 20.2.

Where dual AC feeders are available the AC switchgear will utilize a main-standby scheme
with an auto transfer system.

Standard ratings for the AC switchgear are:

Rated nominal voltage: 13.8 kV

Rated maximum voltage: 15 kV

Minimum main bus continuous current: 1200 amps

Rated frequency: 60 Hz.

Basic Impulse Level: 110 kV

Fault Interrupting Capacity: 31,000A (750MVA) (to be confirmed by a System Short
Circuit Study)

The AC switchgear must conform to the latest edition of the EPCOR Customer Connection
Guide. The following are some of the key items that must be designed into the switchgear.

Utility metering cells are required for each incoming service.

Metering transformers are to be installed on the load side of the circuit breakers and must
be capable of being isolated electrically from both supply and load. On services with the
possibility of an alternate source, or an onsite generator, gang operated isolating switches
with contact operation verifiable by direct visible means must be installed after the cabinet
for the current transformers and before transformers or other equipment.

e Provision must be made for installation of the potential transformers in a drawer type
cabinet with high and low potential opening devices. These drawers must fully extend the
depth of the cabinet. The cabinet must be built of adequate strength to support 3 potential
transformers and must exist at floor level. A hinged door with provision for sealing to be
installed to provide access to the potential transformers. Pin type contacts are not
acceptable.

Detailed design considerations and requirements are outlined in Section 3.0 of the SS
Electrical Equipment Manual

6.2.3.2 DC Switchgear

The DC switchgear functions as the control and protective equipment for the distribution of
DC power to the LRVs. The originally installed DC switchgear included two main DC
breakers fed from two rectifiers, and four high speed, single pole circuit breakers for the
positive feeders to the OCS. The switchgear and rectifiers are to be isolated from ground
either by a glastic sheet, or non-conducting epoxy floor. A special ground-fault protection
scheme has to be setup for the switchgear as it will be isolated from ground. Protective
relaying for each DC feeder breaker, and the incoming rectifier breakers must be contained in

Final Issue July 2011 6.10



CITY OF EDMONTON - LRT DESIGN GUIDELINES
TRACTION POWER

the DC switchgear. The switchgear is metal clad and will be built in accordance with IEEE
37.20.

The current NLRT extension project includes DC switchgear that incorporates the negative
disconnect switch, rectifier and inter-phase transformer into the lineup with the four DC circuit
breakers.

Standard ratings for the latest DC switchgear are:

Nominal voltage: 750V DC

Maximum voltage: 1000 VDC

60 Hz withstand voltage: 3700V AC (RMS)
DC withstand voltage: 5200V DC
Continuous current rating: 6000 A

Main breaker current rating: 6000A

Feeder breaker current rating: 4000A

Peak closing and latching current: 200 kA
Rated short circuit current: 150kA

Detailed design considerations and requirements are outlined in Section 4.0 of the SS
Electrical Equipment Manual.

6.2.3.2 Traction Power Rectifier

As with transformers, the original substations included dual 1000 kW heavy traction service
rectifiers operating in parallel. Newer substations have been designed using single 2000 kW
rectifiers.

The rectifiers must be naturally ventilated traction power rectifiers with silicon disc-type
diodes. There are two three-phase bridges connected in a Circuit 31 configuration.

Standard ratings for the latest rectifiers are:

Output: 2000 kW, 600V DC, 3333 Amps, Continuous
Overload rating of 150%: 5000 Amps for 2 hours
Overload rating of 300%: 10000 Amps for 1 minute
Cooling maximum temperature: 45°C

Equipment operating temperature: 35°C

The rectifiers must include the following features:

N-1 rating

Natural convection-cooling

Full wave diode bridges providing 12-pulse rectification.

Designed to meet NEMA RI-9 specification for Heavy Traction service

After 100% full load temperatures are reached the rectifier must withstand, without
damage, the following additional overloads: 150% load for two hours and 300% load for
one minute at the end of the two hours.

e Be complete assemblies consisting of all rectifier elements, heat sinks, internal buses,
fuses, diode failure and over temperature protection, rectifier over temperature protection,
and all necessary components matched to the traction power transformer.

Detailed design considerations and requirements are outlined in Section 5.0 of the SS
Electrical Equipment Manual.
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6.2.3.3  Rectifier Transformers

The original LRT substations have dual 1.0 MVA rectifier transformers operating in parallel
and are designed to provide 100% redundancy during normal operations. The rectifier
transformer pair must be able to accommodate the maximum anticipated load for five car
operations

Newer substations are utilizing a single 2.0 MVA transformer.
In addition, the rectifier transformer must meet the following requirements:

Designed to meet NEMA RI-9 specification for Heavy Traction service
After 100% full load temperatures are reached the transformer must withstand, without
damage, the following additional overloads: 150% load for two hours, 300% load for one
minute at the end of the two hours.

¢ Have a dual winding secondary in a A — Y configuration (IEEE C57.18.10 Circuit 31 with a
30% phase displacement to feed the 6 phase — 12 pulse rectifier. This setup helps
reduce the system harmonic current distortion.
Be dry-type and self-cooled.
Include temperature monitoring devices with adjustable alarm and trip contacts.
Designed to accommodate all the scenarios, for all the possible train consists, as listed in
section 6.1.6.

s Designed such that the transformer and rectifier are a matched assembly.

Standard ratings for the latest rectifier transformer are:

¢ Nominally rated at 2000 KVA (this rating must be verified prior to commencement of final
design).

Type: ANN

Phases: 3

Frequency: 60 Hz

Class: 220 insulation (150°C rise above 40°C Ambient)

Primary Basic Impulse Level (BIL): 110 kV

Secondary Basic Impulse Level (BIL): 45kV

Primary voltage: 13.8 kV delta

Secondary voltage: 519V delta, 519/300 Wye or

Taps (offload): +2x2.5%, -5x2.5% primary

Note: the latest LRT extension included three additional transformer taps in addition to the standard five

primary taps to allow the system to be operated at a higher voltage in the future if required. These three
additional taps have been added at -7.5%, -10%, and -12.5%.

Primary to secondary wye impedance: 6%

Primary to secondary delta impedance: 6%

Winding material: Copper

Voltage regulation not greater than 6% from 1% load to full load

Further design considerations and requirements are outlined in Section 6.0 of the SS
Electrical Equipment Manual.

6.2.3.4  Auxiliary Power Supply System

A direct-current auxiliary power system is used for the basic substation controls, relaying,
SCADA equipment, communication equipment, and alarm functions. The system consists of
a storage battery bank, matched battery charger, and DC distribution panel.

The battery and battery circuits should be properly designed, safeguarded and maintained,
and the emergency requirements should be carefully estimated to ensure adequate battery
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performance during emergencies or loss of utility. The batteries shall be of low hydrogen
emission design for indoor installation.

The battery charger must be independent of the condition of the battery bank. It must support
the full DC power output as long as AC is available. If a standby generator or alternate feed
system is available, the battery charger must be fed from that source to improve reliability and
availability of the auxiliary supply.

The basic requirements for the battery bank are:

Nominal system voltage of 125V DC.

Minimum stored energy capacity should be adequate to supply the load demand for three
hours after a utility outage.

The charger must include ground detection, alarm mode, and temperature compensation.
Float and equalization capability

Low and high voltage alarms

Charger failure alarm

The sizing of the DC auxiliary power supply must be based on a duty-cycle evaluation of the
entire auxiliary system load.

Further design considerations and requirements primarily related to Charger/Rectifier, DC
Distribution Panel and Inverters are outlined in Section 7.0 of the SS Electrical Equipment
Manual.

6.2.3.5 Wiring Methods
Wire installations must be designed as per the CEC.

Cable in tray is the preferred method for routing cables. However, conduit may be used when
it is difficult to support the cable, or when additional mechanical protection is required.

All cables and conductors used must meet CSA C22.2 requirements, as well as any other
applicable fire and environmental ratings.

Further design considerations including wiring type and sizing criteria requirements are
outlined in Section 9.0 of the SS Electrical Equipment Manual.

6.2.3.6 Bus Bar and Bus Connectors
Bus bars and bus connectors must be made of tin plated copper, and be sized as follows:

e For 700V DC switchgear — 6000 A continuous
e For 13.8 kV AC switchgear — 1200 A continuous

6.2.4 Substation Controls

All substations must be equipped with a Programmable Logic Controller (PLC), local and
remote control, annunciation systems, and smoke detection and intrusion alarm sub-systems.

The PLC system must be designed to integrate and control all switchgear functions, system
monitoring and data logging. The PLC must communicate directly to the SCADA RTU that in
turn communicates to the EPCOR Control Centre.

6.2.4.1 Local Annunciation
Local annunciation must be provided by the PLC display unit for the following functions:

AC breakers status
DC breakers status
Rectifier diode alarm
Rectifier diode trip

* o o @
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Relay trip warning

Status of control power

Rectifier diode temperature alarm and trip
Frame fault trip

Rail overvoltage alarm and trip

AC over/under voltage

DC over voltage

Rectifier over voltage

DC door open trip

Reverse current trip

Tx winding temperature alarm and trip
Rectifier over temperature alarm and trip
Negative disconnect switch status
Feeder and tie switch status

Ground switch status

6.2.4.2 SCADARTU

A dedicated fibre optic circuit from the LRT Communications backbone must be provided for
communications with the EPCOR Control Centre to each TPSS for the following signals:

Remote operation and status indication of all 15 kV breakers.
15 KV circuit breaker relays status/trip information.

Remote operation and status indication of all DC circuit breakers.
Rectifier negative disconnect switch position.

Transformer over-temperature.

Rectifier over-temperature.

Rectifier fuse failure.

Negative overvoltage.

Utility power failure.

Rail ground switch status.

Feeder and tie switch status.

In addition the following building status information must be communicated from the BMS:

Substation intrusion alarm
Building inside temperature
Fire alarm

Manhole high water level

Fire alarms must be interlocked with the HVAC system as per the Alberta Building and Fire
Codes. The Intrusion Alarm system must initiate indoor and outdoor building lights. Status
and alarm signals may also be sent directly to monitoring locations at ETS facilities such as
the LRT Control Centre at Churchill Station and the EPCOR Control Centre.

6.2.4.3 Smoke Detection Subsystem

All substations must be equipped with adequate smoke detectors and fire alarm systems.
Ventilation and heating ducts will also include smoke detectors installed with automatic shut-
off capabilities.
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6.2.4.4 Intrusion Alarm

Standalone substations must be equipped with a full intrusion detection alarm system, with
remote monitoring capabilities.

Integrated substations must have remote monitoring capabilities installed on all entrance
doors.

Both types of TPSS must have all man doors equipped with a card reader (C-Cure system)

6.2.5 Protection Systems and Devices

The design of the TPSS must incorporate electrical system protective devices to mitigate
damage to equipment and avoid hazards to personnel in the event of overloads, faults, and
other abnormal conditions. A coordination study of various system protection devices must
be conducted to ensure proper selection and settings for these devices. Refer to Figure 6.4
for typical time current curves for the primary AC protection.

AC Switchgear
The following relaying protections must be included for each AC incoming feeder breaker;

Phase inverse time and instantaneous overcurrent protection *(50/51P);
Ground inverse time and instantaneous overcurrent protection (50/51N);
AC Undervoltage/Overvoltage protection (27/59P)

Loss of 125VDC control voltage (27A)

Transformer/Rectifier thermal overload relay (49)

AC main lock-out relay (86)
AC transformer and rectifier lockout relay (86A)

Automatic Transfer (83)
AC overvoltage (59)
AC breaker fail (50BF)

Note: Numbers in brackets are the IEEE Electric Power System device function numbers.

DC switchgear
The following relaying protections must be included for each DC feeder breaker;

Direct acting DC instantaneous overcurrent trip device (76)
Loss of 125VDC control voltage (27A)

DC instantaneous overcurrent (50D)

DC feeder time overcurrent relay (151)

DC rate-of-rise overcurrent relay (150)

Delta | overcurrent relay (150/151)

DC breaker fail (150/BF)

Load measure and reclose relays (182, 183)

Transfer trip relay (85)

DC overvoltage (59D)

In addition, the DC switchgear must include the following;

DC main breaker reverse current relay (32)
DC main breaker fail (150BF)

Primary frame fault relay (64A)

Secondary frame fault relay (64B)

Rail overvoltage relay (59T)
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Transformer door open trip (33T)

Rectifier door open trip (33)

DC lockout relay (86)

DC rectifier transformer lockout relay (86D)
PLC failure (74)

Rectifier temperature trip (26R)
Transformer temperature trip (49A/T)

6.2.6 Protection Relay Descriptions

6.2.6.1 Rail Over-Voltage Protection (negative ground switch)

The track to ground potential must be monitored to ensure that public and right of way
personnel are protected against unsafe rail to ground voltages. In the SLRT substations a
negative ground switch and the substation PLC measure negative (rail) to ground voltage.
The two devices offer the following staged protection:

e The ground switch will close if the negative to ground voltage exceeds 45V for longer then
five seconds. Above 60V the switch will operate in 160ms. If the voltage exceeds 100V
and is sustained longer then 360ms the PLC will mass trip the substation and transfer trip
to the adjacent substations.

On future LRT extensions the substation PLC must be designed with a time delay to ensure
coordination with the negative ground switch.

6.2.6.2 Circuit Reclosing

In the event of a trip due to a momentary fault, three attempts will be made to re-close the
circuit if the voltage between the positive catenary line and negative rails through a resistance
bridge exceeds a preset value. In the case that the re-close attempts fail, the re-closing relay
must lock out.

6.2.6.3 Reverse Current Protection (main positive disconnect)

A reverse current relay must be installed on the DC rectifier breakers to monitor possible
back-feed current from adjacent substations. Defective rectifier diodes are the primary cause
of reverse direction to normal current flow.

6.2.6.4 Rate-of-Rise of Current

The load currents on the LRT system are typically quite high and short lived (as the train
passes by), but are predictable. One method to discriminate between a load current and a
fault current is to measure the change in current value over time. Typically, a very high rate of
change indicates fault condition. The rate-of-rise feature is used to detect faults even when
the current value is below the overcurrent setting such as distant faults. The device must be
adjustable with respect to current and time, to allow certain loads to be picked up without
interrupting the circuit.

6.2.6.5 DC Switchgear Frame Fault Protection

The frame fault overcurrent protection grounds the DC switchgear through a single point
monitored by an overcurrent protection relay. The DC switchgear and rectifier must be
isolated completely from ground using insulative materials. In the event the switchgear or the
rectifier main bus faults to the frame, this protective relay will detect the fault sending a trip
signal to the substation PLC. The PLC will initiate a mass trip, clearing all of the 15kVAC and
1000VDC breakers in the substation and send a transfer trip to the adjacent substations.
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6.2.6.6  Rectifier Fuse/Surge Protection

Each rectifier unit will have current limiting fuses in series with a surge suppressor to protect
the diodes. A device to detect fuse failure, and subsequently alarm both locally and through
the SCADA system, will also be installed.

6.2.6.7 Rectifier Base Load Resistor

A base load resistor must be incorporated into the rectifier design to ensure the rectifier output
voltage does not become excessive during periods of no load.

6.2.6.8 Transformer Thermal Protection

The rectifier transformers must utilize a two-stage thermal alarm and trip protection scheme.
The protection device will alarm both locally and through the SCADA system.

6.2.6.9 Transfer Trip Protection

A protection trip of any DC feeder breaker must initiate a transfer trip to the breaker feeding
the same OCS section in the adjacent substation. The new standard for existing adjacent
substations is to have feeder 1 of one substation supplying power to the same OCS section
that feeder 3 of the adjacent substation is supplying. Similarly, feeder 2 of one substation
supplies power to the same OCS section as feeder 4 of the adjacent substation.

6.2.6.10 Emergency Trip Stations

Emergency trip stations must be provided in all substations. Activating the emergency trip
station will trip the main incoming AC breakers and the DC feeder breakers. Operating the
trip station will also send a transfer trip to the adjacent substations deenergizing the catenary
on both sides of the substation. The emergency trip stations are to be located near each man
door in an area that is easily accessible within the substations, and must be clearly identified
as an emergency trip station. The trip station must be designed with a guarded pushbutton to
prevent accidental operation of the button.

6.3 TRACTION POWER DISTRIBUTION SYSTEM

The TPDS consists of all feeder (positive and negative) conductors, switches, ductbanks and
associated hardware that feeds the DC power from the TPSS to the overhead catenary
system.

6.3.1 Positive Feeder Cables

The DC feeder cables must meet the following minimum criteria:

6.3.1.1  Open Line Application

e Conductor size to be a minimum size of 500 kcmil stranded copper with ampacity as per
system design.
e Insulation to be 1 kV AC/1.5 kV DC XLPE.

6.3.1.2  Tunnel Application

e Conductor size to be a minimum size of 500 kcmil stranded copper with ampacity as per
system design.
e Insulation to be 1 kV AC/1.5 kV DC Low Smoke Zero Halogen (LSZH).

For additional guidelines refer to Section 3.1 of the Overhead TP Manual.

6.3.2 Negative Return Cables

The DC negative return cables must meet the following minimum criteria:
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6.3.2.1  Open Line Application

e Conductor size to be a minimum size of 500 kcmil stranded copper with ampacity as per
system design.
¢ Insulation to be 1 kV AC/1.5 kV DC XLPE.

6.3.2.2  Tunnel Application

e Conductor size to be a minimum size of 500 kcmil stranded copper with ampacity as per
system design.
¢ Insulation to be 1 kV AC/1.5 kV DC Low Smoke Zero Halogen (LSZH).

6.3.3 Tunnel Parallel Feeder Cables

In the existing system, additional feeder cables are sometimes installed in tunnel sections to
provide additional electrical support to the catenary system. Cables used in these situations
must meet the following minimum criteria:

All tunnel feeder cables will be of Low Smoke Zero Halogen (LSZH) construction.
Conductor to be a minimum size of 500 kcmil stranded copper with ampacity as per
system design.

s Insulation to be a minimum 1 kV AC/1.5 kV DC.

6.3.4 High Voltage AC Power Cables

The high voltage AC power cables must be 15 kV rated shielded cable, preferably armoured
cable.

¢ The minimum allowable cable size is 1/0 Awg.
s Appropriate heat shrink or cold shrink stress cones must be used at cable ends.

6.3.5 Electrical Switches

The existing system has the Feeder and Tie switches mounted close to the catenary, usually
on catenary masts. For the NLRT extension, these switches have been relocated to
fibreglass cabinets located at the substation. They are interlocked with the associated feeder
breaker to ensure that they cannot be operated under load conditions. If the fibreglass
cabinets have metallic support structures inside, the supports must be grounded through a
common frame fault relay (Device 64).

Both feeder and tie switches must have the following features:

DC voltage and current rated.

All copper current path.

Non-load break, non-fused.

Minimum short circuit and continuous current rating as specified by the TPS designer.

6.4 DUCTBANKS AND CONDUITS

The general design requirements for conduits and ductbanks used in the TPS are based on:

e Underground supply feeders to be installed in min. 102mm dia. concrete encased PVC
duct.
Tunnel supply feeders to be installed in min. 102mm dia. FRE conduit.
Tunnel parallel feeder to be installed in min. 51mm dia. FRE conduit.
At least two spare conduits should be installed for all positive and negative circuit feeder
cable ducts with a minimum of three nylon pull strings in each spare duct.
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For more specific information regarding TPS ductbank and conduit requirements, refer to
Chapter 11 Electrical Systems, Section 11.13 and Sections 2.17, 2.18, 3.1 and 3.2 of the
Overhead TP Manual.

6.5 OVERHEAD TRACTION POWER SYSTEM

6.5.1 Overview

The OTPS distributes DC power from substations to the LRVs operating on the mainline
tracks, yard tracks and within shop or maintenance facilities. The OTPS primarily consists of
the catenary system, the physical support subsystem and a feeder subsystem.

6.5.1.1  Overhead Catenary System

The OCS consists of the conductors, including the contact wire and supporting messenger
wire, jumpers, fixed and auto-tensioned terminations, in-span fittings and associated
hardware located over the track. It is from these devices that the LRV collects power by the
contact between the pantograph and the contact wire (refer to Figure 6.5).

Edmonton’s LRT system is electrified by a minimum of one 4/0 contact wire supported from
and bonded to a single 4/0 messenger wire. In tunnel areas, the messenger wire runs
separate from but parallel to the contact wire. In new construction areas, the messenger wire
size has been increased to 500 kcmil. Where the OCS has electrical support issues
additional cable or wire may be installed overhead or underground. The current return circuit
is via the rails.

In open route areas, the contact wire is suspended from a messenger wire centered over the
track by wire clips and insulated brackets. In both underground tunnel and open route
construction, the contact wire is staggered on either side of the pantograph centreline. The
supporting brackets for tunnel construction usually alternate on either side of the centreline
(refer to Chapter 3 clearances and ROW, Figure 3.10).

6.5.1.2  Support Subsystem

The support subsystem consists of all the infrastructure required to keep the OCS in position
above the track. This includes foundations, masts, guys, insulators, cantilever head spans,
and any other assemblies and components required to support the catenary system. The
support subsystem must adhere to the designed configuration and allowable loading,
deflection and clearance requirements.

For more detailed information on the support subsystem refer to Sections 5, 6 and 7 of the
Overhead TP Manual.

6.5.2 Design Philosophy

Consideration must be given in the design of the overhead catenary system to blending the
appearance and style of the following elements into the adjacent communities as much as
possible:

s Mast size, shape and colour
e Location of the mast

Design must include components that:

e Are standard and off-the-shelf, to reduce material and installation costs
e Have a proven maintenance performance
¢ Maintain functionality, even during extreme weather conditions and temperature changes

In addition, the design must include consideration for existing overhead obstructions such as
bridges, overpasses, buildings and aerial utilities that may impact the final layout.
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6.5.3 Design Requirements and Criteria

All applicable requirements from various Codes, Standards and Guidelines outlined in Section
6.1.4 of these guidelines must be considered in the design. Summaries of the design
requirements are presented in the following sections. Included is a list of specific engineering
studies that may be required.

6.5.3.1  Specific Engineering Studies
Specific studies that may have to be conducted as part of the engineering design process are:

e Behaviour of conductors, including conductivity, ampacity, tensile strength, and thermal
effects.

Behaviour of supporting structures under static and dynamic loading.

Electrical interference with electronics devices.

Electrical interference with Health & Safety standards.

Impact of LRV and TPSS noise in populated areas.

Impact of LRT on traffic patterns in shared-right-of-way.

The need for any of these studies will be determined jointly with ETS.

6.5.3.2 OCS Design Operating Speed

Speed criteria to be used in the design of the OCS is shown below: For specific OCS speed
information, see Sections 5.1 and 5.2 of the Overhead TP Manual.

LRV Mainline
Maximum design speed: 90 km/hr
Maximum train speed 80 km/hr
Normal maximum operating speed: 70 km/hr

LRV Maintenance and Storage Yard

Maximum design speed: 30km/hr
Normal yard operating speed: 10 km/hr (Test track is 40 km/hr)

Note: OCS speed criteria differs from speeds stated in Chapters 2, 4 and 5 for LRV and Work Train
speed criteria. The speed criteria given in those chapters relate to track design.

Critical Speed

Critical Speed is defined as the LRV speed at which resonance is generated on the catenary
wires resulting in uncontrolled vertical movements of the pantograph.

The catenary system must be designed so that the critical speed is in excess of 100 km/hr.
Reduced critical speed is allowed in areas such as crossovers that have a restricted operating
speed. In these areas, the critical speed must be at least 1.5 times greater than the posted
vehicle maximum speed.

6.5.3.3 Temperature
Catenary equipment should be designed for an average ambient temperature of 0°C.
The ranges of limiting temperatures for the various LRT operating sections are:

Open Route:  -40°C to +40°C
Long Tunnel:  -20°C to +20°C
Short Tunnel:  -35°C to +30°C

*Note: The above temperature ranges for tunnel sections are approximate and may not be
representative of the actual temperatures that are dependent on tunnel length, depth, proximity to
passenger stations and portals and whether or not both tunnels are open ended.
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6.5.3.4 Pantograph

The pantograph is the current collector mounted on top of the LRV. This spring loaded device
produces a constant upward force on the contact wire throughout its operating range. The
response to changes in elevation deteriorates in the lower operating ranges. New
pantographs, differing from those mounted on the U2 LRVs, will be used on the new SD160
LRVs.

The general operational characteristics for the U2 pantographs are:

Nominal static upward force: 70N

Standard operating range: 4070 mm to 6880 mm above TOR
Height of pantograph in the down position: 3680 mm above TOR

Total length of carbon strip: 960 mm (operating width)

Total length of pantograph: 1700 mm

Total width of carbon strip: 34 mm

Total depth of carbon strip: 19 mm

The general operational characteristics for the SD160 LRV pantographs are:

Nominal static upward force: 93 N

Standard operating range: 3960 mm to 6880 mm above TOR
Height of pantograph in the down position: 3785 mm above TOR

Total length of carbon strip: 1081 mm (operating width)

Total length of pantograph: 1700 mm

Total width of carbon strip: 60 mm

Total depth of carbon strip: 19 mm

The design of the overhead contact wire layout must consider the dynamic movement of the
LRV in accordance with the Design Vehicle Dynamic Envelope (refer to Figures 3.2A and
3.2B). The required clearances of the LRV at the catenary supporting structures and in
space-restricted areas, such as tunnels, must be met.

Refer to Section 4 and 5.4 of the Overhead TP Manual for additional information.

6.5.3.5 Conductor Characteristics

Edmonton’s LRT system uses 4/0 copper cadmium (alloy 80) wire for contact wire. It
provides good conductivity and high tensile strength. The messenger wire is a minimum 4/0
stranded hard drawn copper. New construction uses a minimum 500 kcmil messenger wire.
In some sections a separate parallel messenger wire is used to provide increased electrical
support for the system.

Refer to Section 3 of the Overhead TP Manual for additional conductor guidelines and criteria.

6.5.3.6  Design Safety Factors

The design must ensure that the system will not be overloaded or suffer from structure failure.
The minimum requirements outlined in CSA C22.3 No. 8, and CSA C22.3 No. 1-M87 pursuant
to the Alberta Electrical and Communication Utility Code must be met or exceeded.

For additional details refer to the table "Minimum Design Factors of Safety for New LRT
Construction” contained in Section 5.8 of the Overhead TP Manual.

6.5.3.7 Contact Wire Height

The pantograph operating range dictates the allowable range of contact wire heights. The
absolute minimum contact wire height above TOR must be 4200 mm and meet the
requirements outlined in CSA-C22.3 No. 1 & No. 8, pursuant to the Alberta Electrical and
Communication Utility Code 2002. Contact wires must be installed within the standard
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maximum and minimum nominal heights lists. If special circumstances require the contact
wire to be outside of this range, speed restrictions may be necessary.

Absolute Minimum Contact Wire Height: 4200 mm above TOR
Standard Normal Operating Contact Wire Height: 5500 mm above TOR
Minimum Contact Wire Height at Road Crossings: 5700 mm above TOR
Maximum Nominal Contact Wire Height: 6500 mm above TOR

Refer to Section 4.0 and 5.11 of the Overhead TP Manual for additional details.
6.5.3.8 Contact Wire Gradient

The contact wire gradient is defined as the rate of change in elevation of the contact wire with
respect to the TOR. Where possible, the contact wire grade should match the grade of the
track for a contact wire gradient of zero.

The following table presents the recommended maximum gradient as per CSA C22.3 No. 8-
M91. The gradient must not exceed 2.0% (1:50), under any circumstances.

Speed Max. Gradient
Yard (10 km/hr) 2.0% (1:50)
50 km/hr 1.3% (1:77)
75 km/hr 0.8% (1:125)
90 km/hr 0.67% (1:150)

6.5.3.9 Clearances

Electrical Clearances

Electrical clearances must meet all applicable code requirements and should satisfy the
operational limits of the LRVs and related maintenance equipment. Refer to the applicable
figures in Chapter 3 Clearances and Right-of-Way (for the various clearance requirements
discussed below) along with Figure 6.6. Also refer to Section 4 of the Overhead TP Manual.

Mechanical Clearances

Catenary locations are fixed and are entirely dependent on track alignment.
A considerable number of mounting brackets are required. This is a consideration for
locating civil, architectural, and mechanical equipment particularly in tunnels.

e Space above the LRVs and below the tunnel or structure ceiling is reserved for catenary
installations.  Equipment being considered for installation in this space must be
coordinated with and approved by the traction power designer.

s Pipes, ducts or cables approved for installation on the ceiling must cross at right angles to
tracks on the ceiling.

Equipment Restrictions

Non-traction power equipment must not be installed above the catenary.
Non-traction power equipment close to the 700V DC overhead wires must have adequate
clearance from energized parts in order to provide adequate safety to personnel and
avoid the need for de-energization.

¢ If non-traction power equipment has been installed above the OCS, maintenance or repair
of this equipment will require de-energizing of the overhead wire system to gain access
and may require removal of the catenary.

Underground Utility Clearances

¢ Minimum clearances between LRT mast and anchor foundations and underground utilities
must comply with CSA C22.3 No. 7 and the Alberta Electrical and Communications Utility
Code.
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¢ Recommended clearances are shown in Section 4.3 of the Overhead TP Manual. Where
there is a difference between the manual and the code, the higher clearance must govern.

If minimum clearances cannot be met, the Designer must coordinate clearances with the
utility agency early in the design stage.

Mast Clearances on Tangent Track

e The minimum clearance from centreline of track to face of mast must be *2070 mm.
e The minimum clearance to balance weights on mast in swing position must be *1995 mm.

*Note: The track separation (center to center) has been reduced from 4570 mm (N.E. Line) to 4500 mm
for the SLRT extension. In addition the clearance distance from centerline of track to the face of
catenary mast has been reduced from 2170 mm to 2070 mm. This reduction will allow for variations in
mast diameter and installation tolerances. The absolute minimum clearance distance from centerline of
track to the BWA has also been reduced from 2040 mm to 1995 mm. A wider separation is preferred,
space permitting. (Space was initially set to ensure that a person was clear of the mast and the LRV if
caught in the middle).

Mast Clearances on Curved and Super-elevated Track

Additional clearance to that stated for Tangent Track is required on curves to account for out
swing of vehicle ends, for in swing of vehicle between tracks and for vehicle cant from track
super elevation (refer to Chapter 3, Clearances and Right-of-Way, Section 3.3.2).

6.5.3.10 Spacing Span Lengths

The OCS designer must determine the applicable span length on tangent and curved tracks
as per CSA C22.3 No. 8-M91 clause 5.3.2.

Additional factors and criteria that must also be considered in the design are outlined in
Section 5.17 of the Overhead TP Manual.

6.5.3.11 Stagger & Displacement

In general, the contact wire is supported over the track and is staggered a maximum of 250
mm on either side of the pan centreline. Stagger is required to evenly distribute wear across
the pantograph’s carbon current collector. When identifying the stagger limits, the dynamic
effect (horizontal movements) of the pantograph when it is extended higher than 5500 mm
from TOR, must also be considered.

Refer to Sections 5.14 and 5.15 of the Overhead TP Manual for additional factors and design
criteria.

6.5.3.12 Overlap Transition Spans, Crossovers and Turnouts

An overlap transition span is an area where one catenary tension section ends and another
begins and the LRV pantograph makes a transition between them. Both tension lengths are
anchored out of running in-board or out-board of the tracks. The overlap arrangement must
be designed to provide a smooth transfer of pantograph from one contact wire to the next
over a standard overlap length of 2 m. This overlap region is referred to as the transition
span. More information is available in Section 5.21 of the Overhead TP Manual.

For catenary serving track crossovers and turnouts the wires must be mechanically
independent of main line tension section. The design must ensure that the following
requirements are met:

e At cross-overs (track switches), a separate tension length is required for the cross-over
track.

e The cross-over tension length must run parallel with the main line in an overlap region
and then be anchored out of running either inboard or outboard of the tracks.
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e Catenary transition span masts beside track crossover switches must be precisely located
to ensure that contact wires have correct alignment across the crossover.

e Section isolators located in crossover movement must provide adequate clearance from
crossing pantograph.

e Catenary support masts must be adequately set back from the divergent track, ensuring
sufficient clearance envelope for the movement of the train (refer to Section 6.5.3.9,
Clearances).

See Section 5.37 of the Overhead TP Manual for additional information on track crossovers
and turnouts.

6.5.4 Details of Overhead Catenary System

6.5.4.1  Tensioning Systems in Use

Simple Catenary Auto Tension System (SCAT)

The SCAT system consists of a single messenger wire supporting the contact wire, which is
hung underneath. The same amount of tension throughout its tension length is maintained by
the use of BWA’s or spring tensioners. The wire is fixed at mid-length by a mid-point
assembly (MPA) so that shifting to either end of the line cannot occur.

The current ETS standards for tensioning systems are:

s For open-line construction — the tension on the simple catenary system with balance
weights is constant at 1100 kg and 1300 kg, for messenger and contact wires
respectively.

s For tunnel construction — the tension on the contact wires with balance weights or is
constant at 1050 kg or ranges from 600-1000 kg where a spring tensioner is used.

In addition to the forgoing, the design tensile strength of both the messenger and contact
wires must not exceed 50% of the rated ultimate tensile strength.

SCAT open line catenary systems provide more predictable dynamic characteristics and are
typically more reliable than the variable tension open line systems constructed with fixed dead
ended wires as described below.

Variable Tensioning Systems (Fixed Transmission System)

This system differs from the SCAT system as it allows the wire to change its tension as a
result of temperature variation. It is an acceptable method of construction in long tunnel
applications with narrow ambient temperature range and short contact wire spans. It is not
recommended for open line construction and it's use should be limited to areas where auto-
tensioning is not possible and environmental conditions minimize wire tension changes.

Another tension system implemented on the South LRT extension to Century Park and in NE
system upgrades involves adding a second messenger wire to the normal SCAT design to
provide improved power and voltage support. This second messenger wire is attached on
the catenary poles and is fixed tensioned.

6.54.2 Wire Tension

The Designer must consider the following factors when establishing the wire tensioning
system to be used and the related wire tension.

e The allowable maximum operating speed of the system is limited by the critical speed,
which is directly proportionate to the wire tension.

e The ability of wind to blow the contact wire off the pantograph (wind blow-off effect) which
is directly related to tension in the contact and catenary messenger wires.
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6.5.4.3 Wire Tensioning Equipment

The wire tensioning system must be designed to an ultimate design loading of five car SD160
trains and five car U2 trains operating at five minute headways. The wire tensioning system
can consist of either balance weight assemblies or spring tension equipment, as specified by
the Designer. Wire tensioning assemblies are to be mounted out of running one span away
from the overlap transition span, either in-board or out-board of the tracks, supported with
standard anchorage assemblies. The designed tension length must be limited by the
available spring or balance weight operating ranges and the rotational range of the other
catenary support arms.

Refer to Section 5.23 of the Overhead TP Manual for more specific details on wire tensioning
equipment.

Balance Weight Assemblies (BWA)

The BWA is a mechanism that maintains constant tension on the catenary wires while
accommodating wire expansion/contraction due to temperature fluctuations. The current
standard balance weight tensioning equipment is a Siemens tension wheel assembly. The
assembly utilizes different diameter drums to produce a mechanical advantage of 3:1. The
balance weight required is one third of total line tension supported and vertical movement of
the balance weight stack is 3 times greater than thermal expansion of attached catenary
wires.

Spring Tensioners

Spring tensioners are suitable only for very short tension lengths, such as crossovers, where
there is a speed restriction. To facilitate installation they are typically installed with
turnbuckles on the mast side of the line insulator.

The current ETS standard is Siemens size 120 and 180 tensioning springs. These
assemblies provide variable wire tensions lower than the standard constant contact wire
tension of 1300 kg achieved by the balance weight systems. Spring tension is typically in the
range of 600 kg to 1000 kg depending on the ambient temperature.

6.5.4.4 Midpoint Anchors

The mid-point of each tension section must be sufficiently anchored to restrict cantilever arm
rotation. The midpoint anchor functions as the end anchorage point for each balance weight
tension length and is essential for the proper operation of the automatic tensioning equipment.

Refer to Section 5.22 of the Overhead TP Manual for additional guidelines and details
pertaining to midpoint anchors.

6.5.4.5 Terminations or Dead Ends

Catenary wires can be terminated or dead ended on freestanding or anchored poles, retaining
walls, buildings or bridge structures. There are two types of terminations:

e Fixed termination — where the wires are attached directly onto supporting structures via a
two level insulator assembly.

Note: Special attention must be given to wires that terminate on structures that are occupied by the
public or are vehicular or pedestrian traffic bearing. All safety issues must be examined relative to
structural, electrical and mechanical clearance requirements.

o Constant tension termination — where the wires are connected to a set of weights that
hang from a pulley system. Also known as an auto tension termination.

Insulation for all wire terminations or dead ends must comply with the following requirements:
Double insulation points must be provided for all catenary wire terminations. Consideration
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should be given to avoiding functional interference with servicing equipment used for
maintenance purposes.

Refer to Section 2.10 and 5.24 of the Overhead TP Manual for additional guidelines.
6.5.5 Overhead Catenary System Configurations

6.5.5.1  Tension Length and Tension Section
Tension Section

s The tension section is defined as length of wire between two BWA’s that keep the
catenary wires at constant tension. A midpoint anchor is installed at the middle of the
tension section to partition the tension section into two tension lengths.

Tension Length

The tensioning length is the length of catenary wire between the MPA (or fixed termination)
and the tensioning device (BWA or spring). The tension length is restricted by the following:

The allowable thermal expansion of the contact and messenger wire.

The height of the support mast and maximum vertical displacement for the BWA.
Steady arm rotation.

Tension limits on the wires

The Designer must specify the maximum length of a tension length for all new catenary
installations with due consideration for the effects of conductor heating under the ultimate
design loading of five car SD160 trains or five car U2 trains operating on a five minute
headway.

6.5.5.2 Spans

In general, the maximum span allowed should be 55 m. The span, of either tangent or curved
lines, can be determined using the following limiting factors:

Contact and messenger wire tensions

Contact wire displacement limits and allowable wind blow-off

Minimum separation of 150 mm between messenger and contact wire at midspan

Radial loads on structures in curve

Cost considerations based on structure and foundation sizing, quantity and labour effort
for supporting structures on tangent line

For tunnel construction, the maximum allowable spacing between the elastic supports is 11m.
For more details on spans, see Section 5.17 in the Overhead TP Manual.

6.5.5.3 System Depth

System depth is defined as the separation between the messenger and contact wires at the
point of support. The nominal depth of the existing system is 900 mm with 4/0 messenger
and 1600 mm with 500 kemil messenger.

For the design of future LRT extensions, this nominal depth may vary depending on wire size
and minimum separation between contact and messenger wires at mid-span.

6.5.6 Catenary Support Components

As the LRT is extended into a more urban setting adjacent to established residential
communities, the Consultant must recognize the need to blend and integrate the catenary
support components into the surrounding environment. The objective is to make supports as
unobtrusive as possible (refer to Section 6.5.2 Design Philosophy and Chapter 14, Impact
Mitigation, Aesthetics, ROW Control).
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An overview of the general design guidelines for the variety of components that are required
to support the catenary is presented in this section. Sections 5 and 6 of the Overhead TP
Manual provide additional detailed guidelines and criteria on this topic.

6.5.6.1 Masts

Octagonal, square or | shaped masts are used to support the overhead catenary wire on the
existing LRT system. It should be noted that a number of different styles of masts are
installed on the existing open LRT line. A description of each is provided in Section 6.11 of
the Overhead TP Manual.

On future LRT extensions where aesthetic considerations are a major issue, the Designer
must evaluate other alternative shapes.

Corrosion due to road salt and condensation is highly problematic. Mast designs must
include provision for drainage of moisture from any hollow sections. All mast and related
elements must be galvanized inside and out to prevent corrosion. Normally masts are not
painted. However if the mast is to be painted, due to aesthetic requirements, then the
selected paint long term durability and method of application has to be carefully reviewed. The
painting shall comply with the City of Edmonton painting standards.

Masts can be located between or on the outside of the tracks (refer to Figure 6.7).

Standard Classes of Masts

Mast design requirements vary by application on tangent or curved sections for different loads
such as;

Class | — Single cantilevers

Class Il — Double cantilevers

Class Il — Weight tensioning and dead end structures
Class IV — Double arm transition span structures

Masts must be designed in different strength classes as required to optimize the economics of
the system. The number of different mast designs must be limited by practical considerations
for simplicity and flexibility in application.

Refer to Section 6.4 of the Overhead TP Manual for additional guidelines.

Design Loads
LRT masts must be designed to withstand the following load conditions:

Effect of gravity acting on all components.

Wind acting on wires, cantilever arms, and the mast shaft.
Ice accumulation on wires.

Longitudinal, radial and stagger components of wire tension.
Dynamic effects.

Extreme variations in temperature.

Erection and maintenance considerations.

Design loads must be applied in combination to produce maximum stress levels. In addition,
the masts are required to support these loads without yielding, fracturing, or shearing. The
effects of Euler buckling must also be considered in the design. Masts must be designed with
sufficient reserve capacity to allow the future installation of additional loads that may be
introduced as the LRT system is extended or service is expanded.

Refer to Sections 5.7 and 5.8 of the Overhead TP Manual for additional design and related
Factors of Safety criteria.
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Mast Deflection Limits

Masts must be designed with an adequate level of stiffness to ensure reliable operation of the
LRVs under dynamic conditions. The calculation of the deflection due to dynamic conditions
must be based upon un-factored loads.

Refer to Section 6.3 of the Overhead TP Manual for additional design guidelines.
Standard Mast Details

A detailed description and related criteria for the standard mast is presented in Section 6.6 of
the Overhead TP Manual.

*Mast Foundations/Anchor Bolts

Standard mast foundations must be designed as drilled, cast-in-place, steel reinforced
concrete piles with anchor bolts to attach to the mast. Anchor bolts, nuts, and washers must
be galvanized. A soils investigation must be carried out prior to the foundation design. Mast
bases must have provisions to level the mast and provide a drainage port for any water
buildup inside the mast.

Standard LRT mast and anchor foundations must be designed with four anchor bolts for
attaching the structure to the concrete base. Anchor bolts must be constructed from high
strength round steel bars. The mast designer must specify the material grade and diameter

Anchor bolts must be designed such that the mast shaft will yield in bending without over
loading or tensile failure of the anchor bolts.

The anchor bolts must be designed to support the mast anchors directly bearing on the
concrete surface. Prior to placement, all anchor bolt assemblies must be dimensionally tested
with an accurate base plate template in order to confirm that the bolt pattern matches the
mast base plate hole pattern.

*Note: The mast foundation designer must coordinate with the OCS mast designer early in the design
phase to ensure that the foundation, mast to foundation fastening devices and masts are properly
interfaced.

Further and more detailed design guidelines and criteria are presented in Section 7.0 of the
Overhead TP Manual.

Mast Anchors

Mast anchors are used to provide the additional resistance to bending for masts that support
longitudinal loads from wire ends and wire tensioning equipment. Further design guidelines
and criteria are presented in Sections 6.9 and 7.10 of the Overhead TP Manual.

6.5.6.2 Cantilever Arm Assemblies

Typically, cantilever arms are clamped to the masts and are used to carry the overhead
catenary wires. There are several types of standard cantilever arms. The type to be used is
dependent on the LRT operating condition.

Further design guidelines and criteria are presented in Section 5.30 of the Overhead TP
Manual.

6.5.6.3 Span Wires

In shop, service yards, tunnels, tight curves and other locations where space is limited, the
overhead contact (energized) wires can be suspended from steel span wire. Depending on
the application, head span or crossover spans may be used. Backbone span wires are used
in the North LRT extension to support pull-offs through small radius curves.

Further design guidelines and criteria are presented in Section 5.29 of the Overhead TP
Manual.
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6.5.6.4 Attachments to Grade Separation Structures

Grade separations are generally of two types. The first is the arrangement where the LRT is
at grade and a vehicular or pedestrian bridge passes over it. In this instance the crossing
structure is generally referred to as an overpass or flyover.

The second condition is where the LRT is routed below the surrounding ground level or grade
to underpass a structure carrying vehicular and pedestrian traffic. The structural design
requirements are outlined in Chapter 9, Structures.

Design Considerations

e Care should be taken in the design to isolate any electrified components from any
structures or supports.
All attachment wires must have at least two levels of insulation.
Any conductors attached to the roof of a structure must be mounted opposite to any
walkway.

¢ A non-conducting material such as plastic sheeting must be considered for installation
between the underside of the bridge deck and the LRT energized wires.
The potential for the contact wire swinging from its normal position should be mitigated.
All electrical clearances must be as per CSA C22.3 No. 8-M91 and CSA C22.3 No. 1-M87
pursuant to the Alberta Electrical and Communication Utility Code.
All exposed metal must be securely grounded.
Provision for a protective screening where pedestrians are in close proximity to the OCS.

Protective Screening Device

Where the LRT is constructed below bridge structures or buildings, screening and/or fencing
must be provided at sections where wires enter and leave the structure. This screening is to
protect the catenary wire and LRT trains from damage and to protect the public from
accidental contact with an energized wire. A minimum 3 m limit of approach for pedestrians is
required (refer to Figure 6.6).

e All materials used to fabricate the screening device (mesh, etc.) must be constructed of
galvanized steel and properly grounded (refer to Figure 6.8)

e The screen should be painted to match the color of the building or bridge structure in
order to blend in with the surrounding environment as much as possible.

6.5.7 In-Span Assemblies

In-span assemblies are additional devices that are required to make the OCS functional.
They include the following major components:

6.5.7.1  Dropper Wires

Dropper wires, or hangers, are used to suspend the contact wire from the catenary
messenger wire in a flat profile. The Designer must ensure the contact wire is supported
evenly throughout the span. The dropper wires are to be insulated so that they do not create
a conductive path between the contact and messenger wires.

Further design guidelines and criteria are presented in Section 5.19 of the Overhead TP
Manual.

6.5.7.2 Equalizing Jumpers

Equalizing jumpers, also known as in-span jumpers or catenary bonds connect the contact
wire to the messenger wire at a standard spacing along the alignment. Their primary purpose
is to ensure that ampacity, voltage drop and wire heating are all within design limits.

The design must ensure the following requirements are met:
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* A sufficient number of jumpers are provided to satisfy the electrical requirements of the
system, ie. ampacity, voltage drop, wire heating, etc.

e The jumpers are placed at a maximum spacing of 55 m and are at least 2 m from any
suspended equipment on the contact wire.
The jumpers conductivity must be the same or higher than the contact wire.
Jumpers must not be installed at locations near section isolators or splices. This type of
installation can create hard spots in the system that may cause damage to the
pantograph or any nearby equipment. Contact wire wear is also a factor at these hard
spots.

Further design guidelines and criteria are presented in Sections 2.12 and 3.6 of the Overhead
TP Manual.

6.5.7.3  Electrical Switches

Tie switches, also known as continuity jumpers, are normally open switches that connect two
adjacent catenary circuits when in the closed position. Tie switches are normally located near
section isolators.

Feeder switches provide a disconnect point between the substation and the OCS. Each
feeder switch connects to a specific positive electrical circuit. These switches are normally
located as close to the substation as possible to reduce cable lengths.

Both feeder and tie switches must have the following features:

DC voltage and current rated.

All copper current path.

Non-load break, non-fused.

Minimum short circuit and continuous current rating as specified by the TPS designer.

The existing system has these switches mounted close to the catenary, usually on catenary
masts. For the NLRT extension, these switches have been relocated to cabinets located at
the substation. They are interlocked with the associated feeder breaker to ensure that they
cannot be operated under load conditions.

Further details regarding switches can be found in Section 2.14 of Overhead TP Manual.

6.5.7.4  Section Isolators

Where two adjoining positive overhead contact wire circuits meet, a section isolater is used to
electrically separate them from each other. A tie switch must be installed at the location of
the section isolator in order to connect to the two adjacent circuits during abnormal conditions,
such as substation maintenance, etc.

Section isolators must not be installed in an LRV acceleration zone to ensure that power is
constantly provided to the LRV during its acceleration period.

Further design guidelines and criteria are presented in Section 2.15 and 5.38 of the Overhead
TP Manual.

6.5.7.5 Splices

A splice is a mechanical device used to connect two wires together. The use of catenary
splices must be minimized. If splices are required on contact wires, they must not be installed
near any catenary support structures.

The splice must meet the following general requirements:

e Electrical — Rated ampacity equal to or greater than the conductor.
o Mechanical — equal to or higher tensile strength than that of the wire.
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Additional guidelines and criteria are presented in Section 2.19 of the Overhead TP Manual.

6.5.7.6  Conductors and Related Devices

The Designer must ensure that the selected conductors possess the characteristics that meet
the required design standards for ampacity, resistance, insulation level, tensile strength, etc.
These standards are documented in Section 3.0 of the Overhead TP Manual.

6.5.7.7  Surge Protection

Surge protection devices, referred to as surge and lightning arrestors, must be installed to
protect electrical equipment in substations and on the Traction Power System in the event of
electrical current surges and lightning strikes. All lightning arrestors installed in the ROW
must be complete with a surge counter mounted at eye level.

Surge protection guidelines and criteria are presented in Section 2.11 of the Overhead TP
Manual.

6.5.7.8  Structure Grounding and Bonding

The LRT traction power electrical system is an ungrounded (floating) system except for the
D.L. MacDonald Maintenance Yard and Shop tracks, which are grounded.

In general, grounding is required for the following elements:

s All structures within the LRT system.
e Catenary mounting hardware.
e All utilities encased in metal conduit in tunnels

The existing system makes use of a continuous ground runner bonded to each support
structure to provide grounding. For the NLRT extension, a separate ground will be provided
at each structure using ground rods. The maximum allowable resistance for catenary masts
is 10Q. A separate ground will also be provided for all lightning arrestors and the maximum
resistance will be 5Q. Further design guidelines and criteria are presented in Section 2.13 of
the Overhead TP Manual.

6.5.7.9 Protective Grounds

Protective ground points, also referred to as “temporary” grounds are used for grounding the
catenary wires during maintenance or repairs. The protective ground points must be installed
at feeder switches, tie switches and sectionalizing switches.

Further design guidelines and criteria are presented in Section 2.13 of the Overhead TP
Manual.
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7.0 SIGNALS

71 GENERAL

711 Introduction

This chapter provides the guidelines and general requirements that are needed by the signals
consultant for the design of the extensions to Edmonton’s LRT signal system and its related
components. These guidelines are supplemented by the engineering standards contained in
the ETS Engineering Standards Manual for LRT Signals. Throughout this chapter it will be
referred to as the “Signals Engineering Standards Manual’.

71.2 System Description
7.1.2.1 Existing

Edmonton’s LRT System consists of one double tracked line approximately 13.1km in length.
Approximately 5.1 km is in twin tunnel including the DBM Bridge. The remaining portion is on
surface or open line with the LRT underpassing CN Rail in northeast Edmonton. The surface
line has seven (7) roadway crossings controlled by crossing gates. Located along the line are
eleven (11) stations, six (6) of which are underground. During peak periods, up to 9 LRT
trains are currently in operation simultaneously.

The train control signal system is located in five (5) relay rooms strategically located along the
track right-of-way. Each relay room houses vital and non-vital control systems that cover a
portion of the territory along the main line. Each relay room is capable of operating train
movements within its territory automatically and independent of the other relay rooms. The
relay rooms that are located in stations and the territory they cover are shown in the following
table:

Relay Room Territory

*Belvedere Clareview to 66 street
*Coliseum 66 street to 92 street

Churchill 92 street to Central

Corona Central to North Portal
University North Portal to Health Sciences

*Note: Signal relay room located at TPSS near the LRT station.

Each relay room interfaces with each other and operate under a safety critical Automatic
Fixed Block System (AFBS). The AFBS is European system from Clareview to North Portal
(both tracks). The AFBS from North Portal to Health Sciences Station is a North American
system. Both of these systems are controlled from a non-vital computerized Centralized Train
Control system (two LRT Controller consoles) at the ETS Control Centre at Churchill Station.

7.1.2.2 Future LRT Extensions

The next phase to be implemented is a 2.3 km south extension running along the west side of
114 Street to McKernan/Belgravia Station and then under Belgravia Road to South Campus
Station, adjacent to Foote Field. This extension will also include a pocket track to the south of
South Campus Station that will provide for storage of a 5-car train set. This extension will
include a new relay room near the South Campus Station. Revenue service began April 26,
2009.
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The second scheduled extension will be a 5.3 km extension from the south end of the pocket
track east to a grade separation at 111 Street and then south, at surface, in the median of 111
Street to Southgate Station and then to the end-of-line station at Century Park. This
extension will include two new relay rooms near the Southgate and Century Park Stations.
This extension is scheduled to begin revenue service in the first quarter of 2010.

Both of these extensions will utilize a microprocessor-based signal system implemented by
General Electric Transportation Systems — Global Signaling (GETS). This system will feature
an ElectroLog IXS vital processor and Audio Frequency (AF) track circuit technology. The
signal system installed with these extensions will be of a more distributed design with
microprocessors not only installed in relay rooms but also in wayside signal cases (WSC'’s)
which are distributed along the right-of-way at grade crossings and crossover locations.

Preliminary engineering activity has begun for a north extension of the system originating near
the existing Churchill Station and running north to the NAIT campus using a combination of
twin tunnel and in-street running. Several signaling options are currently being explored for
the implementation of this extension. A revenue service date has not yet been scheduled for
this project.

71.3 Abbreviations, Definitions, Nomenclatures

7.1.3.1  Abbreviations

AFBS - Automatic Fixed Block System
ATP - Automatic Train Protection
CTC - Centralized Traffic Control
Cwi - Crossing warning indicator
FCU - Field Code Unit

FIFO - Firstin First out

MRC - Manual Route Clearance

NB - Northbound

PLC - Programmable Logic Controller
LRV - Light Rail Vehicle

SB - Southbound

SOP - Standard Operation Procedure
TWC - Train to Wayside Carrier

TC - Track Circuit

VCS - Vital Computer System

WSC - Wayside Signals Case

7.1.3.2 Definitions

Failsafe is defined as a system whereby no single point failure can result in an unsafe
condition. No latent failures, which when combined with any subsequent failure will result in
an unsafe condition, can be permitted.

Non-vital describes or refers to an electrical circuit or a piece of equipment the function of
which does not affect the safety of the train operation. Non-vital is not safety critical (refer to
Section 7.2.1.1).

Vital describes or refers to an electrical circuit or a piece of equipment whose function affects
the safety of the train operation.

Wayside — Refer to Chapter 3 Clearances and Right-of-way, Section 3.2.3.

Other definitions are provided at random throughout this chapter.
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7.1.3.3 Nomenclature

The schematic symbols, device naming conventions and terminal numbering systems as
detailed in the Signals Engineering Standards Manual must be utilized for the engineering and
design of future LRT signal systems.

71.4 Applicable Codes, Standards, Regulations and Guidelines

The existing Edmonton LRT signal system does not fully comply with following standards;
however the intent at the time of installation was to follow all of the safety regulations that are
listed therein.

Notwithstanding the forgoing, all new designs, components and installation procedures must
follow the applicable standards and provisions contained in the following documents:

Alberta Electrical and Communication Utility Code (AECUC)

American Railway Engineering and Maintenance of Way Association (AREMA)

Comite Europeen de Normalisation Electrotechnique (CENELEC) Standards

EN50126, EN50128 and EN50129

Communications and Signal Specifications (or approved alternate standards, as
approved by the City of Edmonton)

Canadian Standards Association (CSA)

Canadian Electrical Code (and related applicable standards for Materials)

National Transportation Agency, Railway Transport Committee.

Engineering Standards Manual for LRT Signals — Omnia February 2003 (referred to
as the Signals Engineering Standards Manual)

Control equipment proposed for use must have a proven performance record with major North
American and/or European public transportation agencies that operate heavy rail or LRT
systems. This equipment must also be rated for use in harsh winter climatic conditions similar
to Edmonton’s.

7.2 PHILOSOPHY

Safety is of primary importance in the operation of Edmonton’s LRT system. The design of the
signal system must be based on the failsafe Automatic Fixed Block System (AFBS)
engineering design principles outlined in these Guidelines.

7.21 Goals and Objectives

The signal system must be designed on the basis that a single failure by either a system or by
human error does not result in loss of life and or property damage. The design objective is to
provide safeguards in the signal system to prevent such a possibility, while still facilitating an
efficient LRT operating system.

7.21.1  Safety Critical

A fully automatic safety critical and failsafe system must be employed to prevent hazardous
conditions from occurring during normal system operations. Safety Critical systems must be
designed to activate in the event of system or human error and the system must not hamper
the normal safe conditions in train traffic operation. All systems (safety critical or not) must be
designed fail safe to prevent an unsafe condition from occurring. No latent failure, must result
in an unsafe condition when combined with any other failure. The system must ensure that
safe operating procedures and methods are maintained.

Refer to Signals Engineering Standards Manual Section 3.1.3 for examples of safety critical
failsafe elements.
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7.2.1.2 Automatic Systems and Protection
Installation of automatic systems is needed to:

* Provide the level of safety required to prevent train on train and other types of collision
with fixed objects and conflicting vehicular or pedestrian traffic.

¢ Provide service efficiency through automation in performing routine and repetitive tasks
and functions.

s Enforce operating safety rules and equipment restrictions.

7.2.1.3  Automatic Train Protection

Automatic Train Protection is independent of the motorman. It must be incorporated on the
wayside and LRV to maintain and enforce a high level of safety.

7.2.1.4 Level of Safety

For a safety critical design the required level of safety must prevent the following incidents
from happening:

Head to tail collisions between trailing and leading trains.

Head to head collisions with opposing trains.

Head to side collisions with other trains.

Derailments caused by excessive speed, or improper equipment operation.
Collisions with vehicular and pedestrian traffic.

7.2.1.5 Collision Protection

All conceivable modes must be employed to protect against possible conflict and collision
between trains, fixed objects and other traffic under normal operations. To meet this goal
automatic systems must be installed on the wayside and on the train that will prevent the
selection of conflicting routings, maintain adequate train separation and will bring about the
enforced and non-recoverable stopping of an encroaching train.

The system is divided into blocks and permission to enter the block will not be given unless
free and unrestricted travel at posted speed, free of conflicts, can be made to the end of the
block.

7.2.1.6 Wayside Equipment

The signal wayside system must be a centralized design to minimize the number of wayside
boxes distributed across the system. This is done to allow ease of maintenance and trouble
shooting given the harsh winter climatic conditions in Edmonton.

7.2.2 Operating Assumptions and Principles

An important aspect of providing a safe LRT system is the use of a System Safety Program. It
requires a formalized process for initiating and implementing system changes that enhances
the safe transportation of passengers. The System Safety Program is comprised of the
publication, review and updating of the following:

The LRT Operating Rules

LRT SOP

Safety Management Audit Program
LRT Design Guidelines.

It is the responsibility of all LRT personnel to follow all rules and procedures outlined in the
above documents.

The Motorman is recognized as the operator of the LRT train and is fully responsible for the
safe operation of the LRT train.
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LRT Controllers located at the ETS Control Centre are trained to direct train traffic in the
safest manner. It is their responsibility to be aware of all the inherent dangers of executing
any train traffic control functions.

7.2.3 Checked-Redundancy Principle

The checked-redundancy principle applies to safety-critical hardware and/or software
configurations, and states that the probability of any failure or combinations of such failures
that can result in a condition not known to be safe must be demonstrated to be less than 10-9
per train operating hour for train-borne equipment and less than 10-9 per system operating
hour for other equipment. Therefore, each function of a component or subsystem which is
designed in accordance with the checked-redundancy principle must provide a level of safety
equivalent to that provided by the same function designed in accordance with the fail-safe
principle.

The checked-redundant control configuration, whether it comprises hardware of software
elements, must incorporate at least two parallel control units processing a common system
characteristic and a means of comparing the output of the control units. If there is agreement
from the comparison, then the system may be allowed to respond in accordance with the
output of the control units. If there is disagreement, the system must immediately revert to a
safe state.

The following characteristics, at a minimum, must be incorporated into the checked-
redundancy design:

The checking process is, in itself, fail-safe.
The checking process is sufficiently frequent that similar or identical errors or failures in
redundant units could not occur between checks.
The checking process is sufficiently sensitive to detect significant errors in a single unit.
Failure to check causes timely action to occur which maintains safety.
Redundant units are sufficiently independent that hazards due to common errors cannot
occur and;

e The checking mechanism used to detect a failure and initiated a safe system reaction to
the failure cannot be compromised by the failure.

7.3 LRT SIGNAL SYSTEM OPERATION

The existing LRT signal system provides all the necessary failsafe protection measures to
ensure safe train operation as described in the following subsections.

7.31 Headway and Train Size

ETS currently operates the LRT system in accordance with the following basic schedules,
train consists and speeds:

Schedule System Headway
Weekday Peak 5 minutes
Weekday Off-peak 10 minutes
Nighttime 15 minutes
Weekend 15 minutes

e Speeds: Maximum design speed is 80 km/hr
Maximum operating speed is 70 km/hr
Average train speed is 40 km/hr
e Currently during peak period, there is a combination of 3 and 4 car train consists with a
maximum of 9 trains on line.
e Currently during daytime off-peak period, 3 car trains will be online.
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e Currently at night time, a combination of 2 car trains and 1 car train consists will be on
line.

All system and block design criteria must be based on the possibility of running trains on 2%
minute headways.

Further expansion of the system may result in over-lapping (merging) lines over portions of
the system.

7.3.2 Normal Running
The flow pattern on the existing system is as follows:

¢ Northbound trains operate on the northbound track (NB) from Health Sciences Station to
Clareview Station.

e Southbound trains operate on the southbound track (SB) from Clareview Station to Health
Sciences Station.

Health Sciences Station to Central Station is defined as two single tracks. Trains may operate
on either track in either direction.

From the Belvedere Station to Clareview Station is also defined as two single tracks. Trains
may operate on either track in either direction.

7.3.3 Reverse Running

The normal flow of traffic between the crossover Central Station and the Belvedere Station is
NB trains on the NB track and SB trains on the SB track. Tracks within these areas are
defined as double track, meaning train movements opposite to the normal running flow of
traffic must be authorized by LRT Control.

7.3.4 Vehicles

The LRV’s in use on the Edmonton LRT system are described in Chapter 2, Vehicles.
Additional detailed information is also provided in Section 3.6 of the Signals Engineering
Standards Manual.

7.3.4.1  Operating speed
The determination of the maximum operating speed is based on the following criteria:

Track alignment

Civil works restrictions such as the track switch rating.

Equipment limitations such as pantographs crossing catenary crossovers.

Operational constraints such as excessive power voltage drop over catenary lines, etc.
Safety reasons where the consequences of exceeding the posted speed are severe.
Passenger comfort

Refer to Chapter 4 Track Alignment, Sections 4.1.3 to 4.1.5 and Chapter 6 Traction Power
Section 6.5.3.2 for additional considerations.

7.3.4.2 Speed Control

Under normal conditions, it is the Motorman who controls the speed of the train and obeys all
wayside train control signals and the instructions from the LRT Controller. However, at various
points along the ROW speed check devices have been installed to ensure adherence to the
posted speed. These devices are generally installed on curves or at stations or crossovers if
it is determined that excessive speed may pose a threat to public or passenger safety. If a
train exceeds the posted speed limit at one of these locations the wayside speed check
magnet will activate the automatic magnet sensor on the train. This will automatically trigger
the braking mechanism on the train, and brings the train to a stop.
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7.3.4.3 Propulsion System

For a description of the LRV propulsion system refer to Chapter 2, and Section 3.6 of the
Signals Engineering Standards Manual.

7.3.4.4 Braking Characteristics

Existing LRV’s are equipped with dynamic braking, track braking (magnetic), and disc brakes.
In order to improve the adhesion conditions of the track, sand can be spread in front of the
first axle of each powered truck (bogie) in the direction of travel. The sand control solenoids
are operated automatically during a slipping condition monitored by the propulsion control
system.

Additional braking and stopping information is available in Chapter 2 Vehicles, and the
Signals Engineering Standards Manual Sections 3.6.3 and 3.6.4.

7.3.4.5 Track Alignment Constraints

Gradient, and horizontal and vertical curvature restrictions are presented in Chapter 4, Track
Alignment. Clearance requirements and restrictions are presented in Chapter 3 Clearances
and Right-of-Way.

7.4 LRT SYSTEM REQUIREMENTS
7.41 System Design
7411 General

The design and operation of the LRT signal system must allow for a worst case hazardous
situation. The system operation must be designed to achieve the safest operation possible
consistent with the required operational efficiency. Fully automatic safety critical failsafe
systems must be employed to prevent the occurrence of a hazardous condition during normal
system operations.

For any future LRT extensions, the new LRT vital logic control system must allow train
movements in both directions on one track, i.e. each track is fully bi-directional. It must also
allow trains to automatically turn back at a station should that station be chosen to act like the
end-of-line station due to special circumstances.

7.4.1.2 Operations

For train schedules and LRV operational characteristics refer to Section 7.3 of this chapter.
7.4.2 System Safety Principles
7421 Design

As safety is of primary importance the signals design must be based on safety critical
Automatic Fixed Block System (AFBS) engineering design principles described later in this
chapter that is failsafe.

Automatic systems must be installed both on the wayside and the LRT train that will prevent
the selection of conflicting routings, maintain adequate train separation and will bring about
the enforced and non-recoverable stopping of an encroaching train.

The signal system for each LRT line is to be divided into fixed blocks. Permission for the train
entering the block must not be given unless free and unrestricted travel at posted speed, free
of conflicts can be made to the end of the block. A red block signal will not turn green unless
all the following conditions have been satisfied:
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Tracks within the block and overlap block are not occupied,

The train is traveling in the correct direction,

The next block signal is operating properly, which means no signal lamp element is burnt
out,

No conflicting route into the block territory (including the overlap block),

Track switches are properly lined and locked (electrically and mechanically).

7.4.2.2 Clearances
The design and layout of the signal system must consider:

Static and dynamic clearance envelopes
Safe braking standards for LRV’s

Worst case stopping distance

Approach to signal blocks or grade crossings

For more detailed information refer to Chapter 3 Clearances and Right-of-Way, Section 3.3
and the Signals Engineering Standards Manual, Section 3.5.

7.4.2.3 Safe Braking Calculations

For the calculation of worst case stopping distances of the Edmonton LRV on level track and
on downgrade refer to the Signals Engineering Standards Manual, Section 3.6.

For the definition of Approach Track (call-on) Circuit and the calculation of the approach
circuit distance refer to the Signals Engineering Standards Manual, Section 3.11.

743 Speed Restrictions

As indicated in Section 7.3 the maximum allowable operating speed of the LRV on main line
is based on a variety of safety factors. It is therefore necessary to have speed enforcement
devices installed to minimize the potential for errors or operating procedure violations.

Speed Enforcement

A speed check enforcement device must be installed along the main line to ensure that a
posted speed is not exceeded if it is determined that excessive speed at this location may
pose a threat to public or passenger safety. The speed check must trigger the LRV’s
automatic braking system once the train exceeds the posted speed limit.

For a list of conditions that necessitate the installation of a speed check refer to the
Engineering Standards Manual, Section 3.13

Note: The maximum allowable operating posted speed is 70 km/hr.

Maximum Speed

The maximum LRV run speed is limited to approximately 75km/hr.

74.4 Automatic Fixed Block Signaling

Each track is divided into discrete sections called blocks. Each block is equipped with failsafe
track circuit devices that sense and indicate the presence of a LRV within the block. A red and
green block signal light is placed at the entrance of each block.
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With a two-aspect (red and green) block signal system, each block overlaps the next signal
block by the worst case stopping distance. This is referred to as signal block overlap. The
block overlap is provided to prevent a collision with the train ahead in case the following train
over-runs a block signal. The standard block overlap used on the Edmonton LRT System is
316 m based on level tangent track.

Refer to the Signals Engineering Standards Manual, Section 3.10 for more detailed
information and the block overlap distance to be used on future LRT extensions.

7.4.4.1 Design Safety Requirements

The condition of the block signal is a RED (stop) indication. The signal will not turn GREEN
(go) unless it is safe to enter the block and the signal light is operating properly. Trains
attempting to enter the block that has a red block signal will be stopped automatically by the
train stop magnet associated with the block signal. Vital Software must be designed using the
check-redundancy principles as defined in Section 7.2.3. These systems must be proved to
be independently safe from external influences such as, but not limited to, EMI, interfaced
system or sub-systems, and human operation from either the local control panel or central
train control.

7.4.4.2 Train Routing

A Route is an interlocking of power track switches, track, and field devices that allows a train
to pass through a switching area according to the designated signal system design.

A route is established when the turnouts (switches) are lined and locked and all conflicting
traffic is prevented from violating the “route”. Normally a route path will start from the block
entrance, through the next block signal into the overlap block. It will end at the end of the
overlap block in the direction of current traffic.

Refer to the Signals Engineering Standards Manual, Section 3.12 for further detailed
information and standards.

Switch Position

The actual field track switch position must be reported to the territory vital logic in order to
determine whether the requested route is safe or not. Once the track switches are lined
properly for the route, the switch will be locked both electrically and mechanically.

All track switches must utilize vital-circuits to report the position of the switch points to the
controlling vital logic. Power operated switches must not indicate position until mechanical
locking is in effect. A requested route must not be granted until all track switches in the route
are lined and mechanically locked in the position requested. Power switches must also be
electronically locked before a route is granted.

Interlocking

Conflicting routes must not be allowed into a particular territory at any one time. The block
signal will display GREEN once a route is confirmed. However, before the GREEN indication
can be displayed, the following conditions must be satisfied:

e Track circuits within the block and the overlap block areas in the direction of the current
traffic are not occupied (track circuits are up).
e Track switches are lined and locked both electrically and mechanically

Sectional Release on Interlocking

The release point of all switches in the interlocking must occur after a train vacates the last
detector circuit (switch track circuit) in the route, unless this point Is foul of conflicting
movements. In the latter case, vacating the next track circuit (first track circuit aft the switch)
must be used as the release point.
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Sequential Track Circuit Clearing

This is a feature that ensures the track circuit that is left unoccupied behind a proceeding train
will not be cleared automatically unless the track circuit ahead is occupied

This type of design is also sometimes referred to as a “tumble down track circuit clearing”
system. When sequential track circuit clearing is used in the signal design circuitry, a false
occupancy of a track circuit occurs when:

¢ The Work Train enters into a territory and then backs out the same way as it entered. This
is because the last track circuit it occupied as it moved forward cannot be cleared
because it backs out the same way as it came in.

e A NB train enters onto the SB track at Clareview Station. If this train continues to travel
north onto the unmonitored track (“dark” track), the NB track circuit next to the Clareview
platform (Track Circuit TC S13) will remain occupied until the next train goes south and
occupies track TC S14 (track circuit ahead of TC S13) and un-occupies TC S13.

In these situations, a “track circuit reset” command can be issued from the ETS Control
Centre in an attempt to clear the false occupancy. While executing this command in a territory
utilizing power frequency track circuits, all track circuits in that relay room territory will drop
momentarily. This would cause a GREEN block signal to drop to RED momentarily in front of
an oncoming train. if there were no Therefore delaying circuitry is in place on the GREEN
signal controls.

When “sequential track circuit clearing” design is used in conjunction with power frequency
track circuits, it is essential to provide delay circuitry on the GREEN block signals to prevent
the GREEN signal from dropping to RED while executing the “track circuit reset” command.

For installations utilizing audio frequency (AF) track circuits, the concept of sequential track
circuit clearing will continue to be utilized. It will continue to be possible for a false occupancy
to occur so some form of track circuit reset must still be provided. This will not involve the
momentary dropping of track circuits but rather a vital software function that is capable of
detecting and removing a false occupancy.

Track Circuit Loss-Of-Shunt Timers

This feature ensures that momentary removal of shunt must not allow a track circuit to be
declared unoccupied. Any potential loss-of-shunting event is usually of brief duration but may
be adequate to allow the signal system to initiate un-safe events. This feature may be used in
conjunction with Sequential Track Circuit Clearing to enhance safety.

Self Clearing

A train entering a route must clear sequentially all track circuits within the path of the route
before another train can be routed through the same territory. Once a train accepts a route,
the route must not be cancelable by the LRT Controller.

7.4.5 Determination of Block Location

Blocks can be made as short as the safe stopping distance or as long as the station-to-
station spacing. Refer to the Signals Engineering Standards Manual, Section 3.4.4 for the
determination of block locations.

7.4.6 Prevention of Side Collisions and Derailments

The signal system must ensure track switches are lined correctly and locked before a train is
allowed to travel through. Refer to Signals Engineering Standards Manual, Section 3.4.5 for
additional detail.
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7.4.7 Grade Crossings

At all locations where LRT trains cross streets or sidewalks at grade level adequate steps
must be taken to ensure that a collision between the LRT train and vehicular or pedestrian
traffic does not occur. This is done by incorporating the measures as described below into the
design,

7.4.7.1 Levels of Protection

Generally, there are four levels of protection provided at grade crossings depending on the
traffic conditions. Refer to the Signals Engineering Standards Manual, Section 6.2 for the
levels of protection categories and their description.

7.4.7.2 Mandatory Protection

For LRT tracks crossing roadways, other than railroad right-of-way, the Canadian Transport
Commission has no jurisdiction, however it is ETS’s practice to adhere to the intent of the
regulations. Refer to Section 6.3 of the Signals Engineering Standards Manual for additional
detail.

7.4.7.3 Control Design Criteria

Grade crossing signal control systems must be based on a failsafe design principle. This
ensures that any failure of the grade crossing signal control system must activate the red
flashing lights and bells and causes the all equipped gate arms to descend.

Grade crossing protection must provide a minimum of 20 seconds warning time prior to the
arrival of a train at the nearest edge of the crossing. Refer to the Signals Engineering
Standards Manual, Section 6.4.2 for more detailed criteria for warning time.

All grade crossing protection must be activated by track circuits to allow adequate warning
time for trains approaching from either direction on all tracks. A combination of track circuits
and magnetic wheel detection and timers must be employed if track circuits alone fail to meet
the operating requirements. Refer to Chapter 18 Streets Design, Section 18.5 Grade
Crossing Safety.

7474 Power

All grade crossing protection equipment must provide failsafe operation on a DC power
system with battery back-up. Normal power to the enclosure that houses all the control
equipment and batteries can be AC power. To charge the batteries the AC power must be
rectified. Refer to the Signals Engineering Standards Manual for detailed information on grade
crossing protection and the number of hours of back-up battery power that must be provided.

7.4.7.5 Call-On Signals

A two aspect (amber and green) call-on signal must be provided at the wayside to inform the
Motorman that the grade crossing protection has been activated as requested. The call-on
signal must be located at a distance from the crossing that is greater than the worst-case
braking distance for a train traveling at posted speed. A train stop magnet associated with the
call-on signal will initiate train braking if the train has failed to stop for the amber signal.

7.4.7.6 Pedestrian-Only Grade Crossings

Call-on signals are not required at pedestrian-only grade crossings but Crossing Warning
Indicators (CWI) must be provided to inform motormen that crossing protection has been
activated. A CWI is a white dwarf signal mounted to the outside of the track and is illuminated
when the crossing protection has been activated.

For detailed design criteria on grade crossing protection, refer to the Signals Engineering
Standards Manual, Section 6.0. Also refer to Chapter 18, Streets Design, Section 18.5.
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7.4.7.7 Clearances

The location of all grade crossing protection equipment must comply with the static and
dynamic clearance requirements presented in Chapter 3 of these Guidelines.

748 LRT Operational Functional Requirements

LRT Controllers are trained to ensure that LRT service is provided in the safest manner
possible. The key operational functions required by the LRT Controllers to operate the LRT
Signals System are as follows:

Turn CTC ON/OFF

Emergency CTC Control Take Over.
This enables the LRT Controller to take control of the CTC system directly from the LRT
signal operator in the relay room at all times and under all conditions.

Automatic Operation ON/OFF. CTC command will not be executed unless the Signal
Control System is operating in AUTO-OFF mode.

Route Setting

Emergency Route Cancellation.
This enables the LRT Controller to cancel the route even after the train has taken the
route. This feature does exist in the original Siemens portion of the system but will not be
permitted in any subsequent extensions.

Common Track Switch Move

Emergency Track Switch Move.
This is an action that allows the LRT Controller to move the track switch even after the
train occupies the switched track circuit but not standing on the actual track switch. The
LRT SOP prohibits the operation at the “Emergency Track Switch Move” function, unless
the Motorman has confirmed by radio communication to the LRT Controller that the train
has stopped and is not sitting on the actual track switch. This feature does exist in the
original Siemens portion of the system but will not be permitted in any system subsequent
extensions.

Track Switch Trailing Reset

Common Signal Block

Emergency Signal Block.
This enables the LRT Controller to drop the GREEN signal and block it to RED, even after
the train has taken the GREEN signal to proceed. The LRT controller can exercise this
control only when the train is going slow enough to stop in front of the stop magnet
associated with the signal.

Signal De-Block

Common Track Block

Common Track De-Block

Territory Track Circuit Reset. This allows the LRT Controller to remove certain specified
false track circuit occupancy described in Section 7.4.4.2.
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749 Wayside LRT Signal Equipment

All wayside LRT signals equipment must be controlled by a stand-alone vital electronic
interlocking computer system located in the relay room or associated Wayside Cabinets
(WSC), which is not encouraged by ETS. Each vital computer system in the signal relay room
must operates all wayside signals equipment and within its territory independently. If
communication is lost to neighbouring territories block information cannot be conveyed to or
from adjacent territories. With a safety critical and failsafe LRT signal design system, the
block signal at the border of the Territory must stay RED. This means a train must not be
routed in or out of the territory automatically. If, however it is determined that the condition is
safe, the LRT Controller may issue a Manual Route Clearance to the Motorman. This will
allow the train at the border of the territory to proceed in or out of the territory with caution and
at a restricted speed. ETS prefers to have a highly reliable signal control system. Therefore
the control system must be a redundant, stand-alone, vital electronic interlocking computer
system, with hot standby capability.

7.410 Communication Requirements for LRT Control

For the existing LRT signal system, multi-conductor cables are used to transmit vital block
information between the signal relay rooms. In each relay room, the vital relay logic, which
operates independently within its own territory, is connected to the non-vital computerized
CTC system via fiber optic cables. The existing fiber optic strands are single mode, 1310 nm
bi-direction type, with fusion splices and SC connectors at patch panels located in LRT station
communication rooms and LRT Signals Relay rooms along the LRT mainline.

For the SLRT extension, multi strand, single mode, fiber optic cables must be provided
between the relay rooms. Fiber optic strands must be used to add the new signal system
elements to the existing CTC fiber loop. Existing CTC graphic display and its remote control
command capability are to be expanded to include the new LRT territories. In the event of a
power failure all new additional or existing CTC fibre node system must be on DC power and
provide adequate battery backup power to keep the system operational. Refer to the Signals
Engineering Standards Manual.

In addition to the existing multi conductor cables and fiber optic cables to link
control/monitoring signals between the ETS Control Center and the individual relay rooms
along the mainline, radio and telephone lines are also used as part of the LRT communication
system. Chapter 8, Communications and Control provides the design guidelines for these and
other related communications systems.

7.411  Signal Aspects

Wayside signals provide information and authorization to the Motorman. The signal indication
provides status of block ahead, grade crossing protection, and track switch position.

For detailed information on LRT wayside signals, refer to the of the Signals Engineering
Standards Manual, Section 3.7

Note: A three aspect signal must not be used in the extension south of University Station or other future
LRT extensions.

7412  Compatibility

The existing CTC system is connected to the individual vital relay logic in each relay room via
a Field Code Unit. The FCU is a Modicon Compact Programmable Logic Control unit that
receives the status of the wayside equipment. It reports to the CTC servers at the D.L.
Macdonald Maintenance Facility server room. They in turn update the graphic indications on
the display monitors at the ETS Control Centre.
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When the CTC system controlling the territory within a particular relay room is in manual
operating mode, the LRT Controller can issue commands via the CTC system to each
individual relay room. The CTC will activate the output points at the FCU. They in turn will
convey commands to the vital relay logic that activates the wayside equipment. Only one
command can be sent at a time.

Existing communications between the CTC system and the vital relay logic in each relay room
is via fiber optic cable strands (*collapsible fibre loops) and Omnilynx fibre node relay.

*Note: A collapsible fibre ring consists of two fibre loops. All fibre nodes located in the Communication
and Signal Rooms are linkded together by fibre loops. One is referred to as a normal working loop and
the other is a protected loop. If the working loop is broken the protected loop will perform the
communication. If both are broken at one location the fibre nodes will continue to communicate. When
new fibre nodes are added to the system the existing collapsible fibre loop system must be expanded to
include new fibre nodes.

All signal system extensions must be compatible with the existing CTC system in order to
expand the existing CTC system to include additional territories.

7.5 EQUIPMENT REQUIREMENTS
7.51 General

Due to the harsh weather conditions all new outdoor wayside equipment must be rated for
temperatures that exceed the summer and winter conditions normally expected in Edmonton
(refer to Chapter 1 General, Section 1.3 for local climatic conditions).

In addition all outdoor equipment must meet the following requirements:

¢ Must be highly reliable i.e. the equipment has been used and is proven by other Transit
properties operating in an environment similar to the Edmonton LRT System.
¢ Must be rustproof

From an equipment maintenance perspective it is desirable to keep the number of different
equipment suppliers to minimum for the following reasons:

To eliminate interfacing requirements (the black conversion box)

To minimize spatial requirements

To minimize the amount of additional staff training (required for new systems)
To maintain consistency in operational functionality

To consolidate spares inventory and control

7.5.2 Numbering Schemes

All equipment, relay, contacts and terminals for all LRT extensions must be identified, located
and numbered with a numbering scheme in accordance with of the Signals Engineering
Standards Manual, Section 2.0.

It is through the numbering system that a signal maintenance technician is able to identify
where a specific point or piece of equipment is located within the system.

7.5.2.1 Designation

Most equipment on the main line of the existing LRT system is identified by the chainage
location of the equipment in reference to the ETS Control Centre at Churchill Station.

Signals (Block and call-on) and speed checks have a unique identifier, indicating the track
(NB or SB) and the distance it is from the Churchill LRT Station. For detailed information on
the identification of signal equipment refer to the LRT Signals Engineering Standards Manual,
Section 2.
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Track switches are identified by a 3 digit number as follows:

e Even numbers are on the SB tracks i.e. Switch #488 is the switch on the SB track north of
University Station

e Odd numbers are on the NB tracks i.e. Switch #533 is the switch on the NB track south of
Clareview Station

As the LRT is extended southward the switch number will get smaller.

7.5.2.2 Consistency

The numbering system for all new wayside signal equipment must be consistent with the
existing numbering scheme as described above.

The numbering scheme for control wiring terminations and signal control must be also be
consistent with the existing system (refer to the LRT Signals Engineering Standards Manual).

7.5.2.3 Switches and Signals

Refer to detailed information provided in the Signals Engineering Standards Manual, Sections
2.7.1 and 2.7.4 as well as the previous Section 7.5.2.1.

7.5.2.4 Track Circuits

Track circuits are designated by the track direction (NB or SB) plus an arbitrary number. The
number of track circuits must be sequential and in an ascending order in one direction. For
example, TC S10 to TC S22 or TC N10 to TC N22 runs from Central Station to University
Station.

For a track switch, where the switch is, must be named after the switch number i.e. TC488 for
SW #488.

New straight run track circuits must carry on with the existing numbering system, starting from
TC S23 and TC N23 in an ascending order going south.

For additional detail, refer to the Signals Engineering Standards Manual, Section 2.7.2.

7.5.2.5 Cases and housing

As the track extends further south, junction boxes or splitter boxes for the signal system
located in a vault within the mainline ROW will have the vault designated by a 3 digit number
in an ascending order. The vault number should start at 600.

7.5.3 Wayside Signals

7.5.3.1  Color light signals

Based on failsafe signal design principles, all signal lights must be monitored by the current
flowing through the signal lamp element. A RED light or an AMBER light must have double
element incandescent lamp, the principal and the secondary element. A “signal disturbed”
alarm must be issued as soon as the principal element has burnt out.

For LED signal aspects, light-out detection must be provided with status information sent to
the CTC system. LED light-out alarm must be failsafe. LED light-out must be equivalent to a
red signal.

All signal lights must be lit and complete with proper lenses and filters. The power supply for
the LRT signal lights must come directly from the relay room or WSC controlling that particular
signal. The outgoing power must not be grounded (isolated power). Shields on signal lights
must be provided so that glare from the sun will not interfere with the Motorman’s vision. For
additional detail refer to the Signals Engineering Standards Manual, Section 5.4.
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7.5.3.2 Equipment Labeling

Label all new block signal and grade crossing protection call-on signal lights with white letters
and numbers on black background to match existing.

Provide clear labeling for all new track switches and speed checks so that it is easily identified
by the Motorman.

7.5.3.3 Location of Wayside Equipment

Location of all wayside equipment must be clear from the dynamic movement of the LRV’s.
For detailed information of on static and dynamic clearances (refer to Chapter 3, Clearances
and Right-of-way and the figures contained therein).

7.5.4 Track Circuits
7541 General

Each track circuit along the LRT ROW must be monitored by a vital track circuit device in the
relay room. A power frequency track circuit injects an AC signal from the relay room to the
insulated double rail track. If the track is not occupied, the AC signal will return to the vital
track relay in the relay room thus keeping the vital track relay in a supervised and up position.
However, when that track is occupied, the axle of the train will shunt across the double rail
with a resistance less than 0.2 Ohms. Once the track is shunted, the vital track circuit relay
will lose the return AC signal and will go into its failsafe position (down) indicating that the
track is occupied.

An audio frequency track circuit operates in a similar fashion but uses a much higher
frequency signal on the rail. Adjacent track circuits utilize different frequencies so that track
circuits can be distinguished from one another without the need for an insulated joints. The
occupancy is picked up in the relay room by a solid-state circuit board rather than a physical
relay but it too must operate in a failsafe manner. Audio frequency track circuits can be used
in conjunction with insulated joints to improve the resolution of the track circuit limits. This is
generally done at block signals and within special trackwork (crossovers).

7.5.4.2 Impedance Bonds

An Impedance Bond is a transformer that injects a track circuit signal (60 Hz AC or audio
frequency) onto the track so that it can be monitored in the relay room to detect the presence
of a train. The impedance bond also allows the 660 Vdc nominal traction power return via the
tracks. The ftraction return power can be of a magnitude of thousands of amperes so
impedance bonds must be rated accordingly.

All LRT extensions must be provided with the following:

* Impedance bonds and insulated joints to define the limits of track circuits.
e Vital track circuit devices for the detection of train occupancy.

7.5.4.3 Switch and Rail Bonding

Between each set of adjoining insulated tracks, impedance bonds must be installed with the
center taps via high current carrying cables (i.e. 4 x 535 MCM diesel locomotive multi-
stranded flexible cable) to carry the 660 Vdc nominal traction power return from track to track
and back to the traction power substation rectifiers. Cable connections must be corrosion
protected.
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At a cross-over, the SB track and NB track are physically jointed. Insulated joints must be
installed at both rails midway of the cross-over between the SB straight run track and NB
straight run track in order to keep the two straight run track circuit separate. The track switch
associated with each straight run track must be bonded to the rails with 4 x 535 MCM diesel
locomotive multi-stranded flexible cables to ensure low resistance for the traction return power
at the switch. Thermite-welding or approved bolt-on technologies are used to connect the
bonding cable to rails. For detailed information on location of bonding cables refer to the
Signals Engineering Standards Manual.

7.5.4.4 Cross-bonding

Cross-bonding consists of a number of multi-stranded, flexible cables in the traction power
return of the 660 Vdc nominal traction power distribution system. 4 x 535 MCM diesel
locomotive cables are required in this case. They are connected between the impedance
bonds of a track and the impedance bonds of the adjoining tracks separated by insulated
joints.

This bonding is required at the mid point of the track cross-over; and at the end station rails
for the SB track and NB track (refer to the arrangement at Clareview Station). The purpose of
the cross-bonding is to equalize the rail voltage drop between the NB and SB tracks. 2 x
1000 MCM copper cables are required between the end impedence bonds in this case.

7.5.4.5 Rail Connections
Where there is an insulated joint, the rails must be insulated from the steel bolts and nuts.

Bonding cables must be connected to rails with thermite-welded connectors, where possible.
Other rail connection technologies may be considered as an option provided that the
connector is rated for minimum 1000 amp DC current.

7.5.4.6 Broken Rail detection

When AC (power frequency) track circuits are used, a broken rail will show up as a track
circuit occupancy. Any other track circuit technology utilized on the system must also provide
broken rail detection.

7.5.5 Powered Track Switches

7551 Mainline Power

Power feeding the wayside powered track switch motor must come directly from the relay
room controlling that particular switch machine. The status of the powered track switch must
be reported to the relay room at all times. Status condition must include switch normal, switch
reverse, switch locked, and alarm status. Alarm status must include switch disturbed or
trailed conditions

All motorized track switches must also allow manual operation. To operate the motorized
track switch manually, a key is required. This key is used to disengage operating power from
the switch motor and allows a hand crank to be inserted to the gear box for manual cranking
of the track switch. Operating power for the switch motor must not be re-connected until it is
reset to automatic operation on-site, by first removing the hand crank and then the key, in that
order.

7.5.5.2 Embedded in Street

Power switches are located within the existing LRT ROW so that road traffic cannot run over
them. If there is a need, however, for a motorized track switch to be located in the roadway
the track switch must be corrosion-proof and well protected from road traffic and vandalism.
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7.5.5.3 Insulation

The motorized track switch must be well protected so that the public is not exposed to live
power. The motorized track switch gear must be insulated and heated to allow -40°C ambient
temperature operation. The switch gear assembly must also be rust-proof and weather-proof.

7.5.6 Manual Track Switches with Switch Point Indication Interlocks

For a manually operated track switches, a switch point indicator must be installed. This switch
point indicator provides the status of the switch conditions i.e. switch normal, switch reverse,
switch disturbed, trailed or failed (not normal & not reverse). If it is out of its normal position,
the signal system must be able to stop all train movements routed through that particular
switch.

7.5.7 Route Key Switch

Provision must be made to allow the Motorman to manually line a route from an LRT station
or from a block signal on the mainline. The route request can to be done via a keyed push
button inside a locked enclosure. The Motorman must not operate the route key switch
without the approval of LRT Control. The special key for the route selection enclosure must
match existing key used by the Motorman.

7.5.8 Interlocking
7.5.8.1 General

The LRT signal system consists of a vital logic control system which controls the following:

Train traffic and wayside signals.
A non-vital system for train movement display, wayside equipment status display and
command control during manual operation

s A communication system that inter-connects the vital and non-vital system to allow it to
function as an integrated system.

7.5.8.2 Vital System

The existing vital logic control system is a relay control system in the signal rooms at
Belvedere, Colesium, Churchill, Corona and University stations.

The vital logic control system for the proposed SLRT extension from University to Century
Park stations will be a computerized control system. The new vital computerized control
system consists of an ElectroLogIXS VLC microprocessor with both vital and non-vital
processing capability. Vital input/output (I/O) cards must be utilized for driving signals and
switch machines while non-vital 1/0 cards must be used to provide an interface to the CTC
system. Power for the total system must be backed-up by UPS or generator backup power.

The new vital computerized control system must be able to communicate with its adjacent
relay rooms to exchange vital block information. This communication will be via fiber optic
cable with primary and hot-standby secondary communication system. This is a fully
redundant network ring. The communication between territories must be considered as an
integral part of a vital system.
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7.5.8.3 Non Vital System

The existing CTC system is classed as a non vital system. Because it does not have the
capability to directly control wayside equipment the system is not considered to be safety
critical. The vital logic system directly controls the wayside equipment. However, when the
vital logic system in the relay room requires human intervention, the existing CTC system
must be able to put the territorial vital logic system in manual operating mode. LRT Control
must be able to send control command from ETS Control Centre to the territorial vital logic
control system for execution. The vital control system must mitigate any controls received to
ensure only safe results occur. Refer to the following section 7.5.9 for additional details.

7.5.9 Central Traffic Control System

7.5.9.1 System Configuration

General

The Edmonton LRT CTC system is typical of the general class of train control systems
currently being installed by transit authorities in North America. It carries out data acquisition,
processing, monitoring, presentation, and archiving function for train system data received
from field code units (FCU's). It must include complete centralized traffic control, train routing,
train tracking functions, and processing of train and crew data. Functions also exist for
information storage and retrieval, playback of rail operations, and simulation of rail operations.
The CTC system must include report generation functions, extensive user interface displays
of the LRT network, interfaces to train control status boards, and a repository of online
documentation.

System Software

The CTC software must be built on the ARINC Advanced Information Management (AIM) or
ETS approved platform. The CTC application software components must include the following
functions:

Communication Processing (the extension of data acquisition and control functions)
System Processing (data processing and calculations, control processing, centralized
traffic control, train tracking, train routing, train scheduling, event and alarm processing,
data recording archival playback)

Display Processing (console management)

Maintenance Processing (graphic editor, dialog editor, database and display linking,
database management, simulation, configuration tools)

Management Processing (forms and reports)

User processing (graphical user interface)

Network Infrastructure

The CTC system must be distributed over several LRT facilities consisting of the following:

s A real time redundant computer server system in the D. L. Macdonald Maintenance
Facility server room operating in a hot standby mode.

* An Emergency Backup computer server at the University Station facility serving in cold
standby mode.

e The equipment directly available to the LRT Control Centre personnel consists of two (2)
consoles, each with multiple monitor workstations.

e Four (4) FCUs, one in each in relay rooms at Belvedere, Coliseum, Churchill, and Corona
Stations. This FCU is a Modicom 984 mini-PLC system that receives status indications
from the territorial wayside equipment and conveys commands from the ETS Control
Centre to the territorial vital logic control system.
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e Four (4) Protocol Converters, one in each relay rooms at University, South Campus,
Southgate, and Century Park Stations. The Protocol Converter is a Moxa programmable
network gateway device (Modbus TCP to Genysis protocols) that provides a nonvital
interface to the Signal System by receiving status indications from and conveying
commands from the ETS Control Centre to the territorial Vital Logic Controller (VLC).
Only the VLC interfaces with territorial wayside LRT signaling equipment

e A dual channel Ethernet fiber optic communication network. System servers, and user
workstations are connected in redundant fashion via the dual channel Ethernet LAN.

e UPS power for centralized servers, emergency backup server, communication networks,
station and Control Centre LAN’s, FCUs, Protocol Converters, and the LRT control
stations.

o Network Connections between facilities are via redundant Ethernet tributary interfaces
within SONET OC-3 ADMs in Station Communications Rooms and LRT Signal Rooms.
Tributaries must have a minimum of 6 X VT1.5 for bandwidth.

A configuration block diagrams showing scheduled hardware upgrades and communications
for the system can be found in Figures 7.1 and 7.2.

CTC Workstation Specifications

The workstations used for operation of the Edmonton CTC system must be from the latest
generation of PC based equipment and software. The current generation of workstation
equipment must have the following minimum specifications:

Intel Core 2 Duo Processor based workstation

3 GB RAM

High performance video board

200 GB Ultra SCSI hard drive

SCSI controller

Dual Network Interface Controllers

Windows XP Professional or the latest version compatible with the CTC client software

CTC Server Specifications

The servers used for operation of the Edmonton CTC system must be from the latest
generation of PC based equipment and software. The current generation of server equipment
must have the following minimum specifications:

Intel Core 2 Duo Processor based workstation

8 GB RAM

1 TB SCSI hard drive

SCSI controller

Dual Network Interface Controllers

Windows Server 2008 or latest version compatible with the CTC server software

Field Code Units

The Field Code Units (FCU's) currently utilized in the existing LRT CTC system are the
Modicon 984-A 120 compact PLC system. Redundant communications is established via the
Optical Fiber Node Multiplexers (SONET OC-3 ADMs) to the FCU using Moxa ModBus Serial
to ModBus TCP network conversion devices. For details on this equipment, refer to the
ARINC user manual for the PLC system. As the LRT system is expanded the Vital relay logic
and FCU interface will be phased out with the use of VLCs and gateway Protocol Converters
or other compatible systems approved by ETS.
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Protocol Converters

The Protocol Converters currently utilized in the existing LRT CTC system to interface to
VLCs are the Moxa ModBus gateway M-Gate devices. These devices are configured in a
redundant pair for each VLC to CTC Interface. For details on this equipment, refer to the
Signal System Operations and Maintenance Manual for the CTC Interface. Gateway devices
must support real-time transmission of all required CTC indications and controls as well as
health status.

7.5.9.2 User Interface
The CTC User Interface must allow Controllers at the LRT Control Centre to:

Monitor all train movements on the system

Monitor train schedule adherence

Receive alarms from the LRT signal system

Observe wayside signal statuses

Observe track switch position, correspondence, and locking statuses
Observe grade crossing warning system statuses

Switch system control between the CTC system and the local control panels in the relay
rooms

Activate and de-activate automatic routing functions

Line or cancel routes

Throw track switches

Block and de-block track sections

Block and de-block wayside signals

Reset false occupancies on track circuits

Control Functions

The CTC control console will enable a control operator or technician located at the LRT
Control Centre to issue all operational commands accepted by the signal system, including:

Turn CTC on for a signaling territory

Turn CTC off for a signaling territory

Put the system in Automatic routing mode for a signaling territory
Put the system in Manual mode for a signaling territory

Line any available routes via entrance/exit selection

Cancel a route

Throw a switch to reverse

Throw a switch to normal

Clear a trailed switch (if available in that signaling territory)
Reset false occupancies on track circuits (if available in that signaling territory)
Block a track

De-block a track

Block a signal

De-block a signal

Acknowledge/reset an alarm

Monitoring Functions

The CTC control console must enable a control operator or technician located at the LRT
Control Centre to monitor field conditions of the signal system, including:

e Communication status between CTC server and Signal Room control system (rotating
world for each Signal Room)
e Occupancy on all track circuits

Final Issue July 2011 7.21



CITY OF EDMONTON — LRT DESIGN GUIDELINES
SIGNALS

Route entrance selected

Route exit lined

Track switch normal position/correspondence for all track switches
Track switch reverse position/correspondence for all track switches
Track switch locking status for all track switches

Red aspect status for all block signals

Green aspect status for all block signals

Amber aspect status for all call-on signals

Green aspect status for all call-on signals

Blocked status for all block signals

Blocked status for all call-on signals

Blocked status for all track sections

CTC status (On or Off)

Routing status (Auto On or Off)

Alarm statuses (Loss of line power, Ground faults, Trailed switches. Burnt signal
filaments, Fiber network status)

Grade crossing warning system status for all grade crossings
Pedestrian crossing warning system status for all pedestrian crossings

Train Tracking

Train tracking functionality must be included in the CTC system to permit identification and
tracking of trains operating over the LRT including unscheduled trains, test cars, training cars,
work trains and maintenance equipment The train tracking function includes the following
features:

Assigns, verifies, and modifies train ID's (6 digit alphanumeric characters)
Continually monitors the location and train ID of all trains and maintains correlation of
each track occupancy with the proper train ID and schedule

e Reports train locations and train ID'S to the PA/VMS system which predicts the train
location to support the announcement of an imminent train arrival at a station

e Displays the location of all trains, including train ID's, on control consoles and the status
board.
Updates the tracking database as new data is received.
Provides the Controller with the capability to correct problems in the locations and
identities of trains including assigning train ID's, changing train ID'S, moving train ID's
from one occupancy to another, deleting train ID'S, swapping train ID'S and entering and
changing train consists.

s Provides a convenient initialization procedure to allow the Controller to establish the train
ID'S of all trains when the CTC system is initialized.

Schedule Adherence and Monitoring Functions

Schedule Adherence and Monitoring functionality must be included in the CTC system to work
with and interface to the PA/VMS system to permit schedule performance monitoring of trains
operating over the LRT as well as drive related automated visual and audible messaging at
the station platforms. The schedule adherence and monitoring function includes the following
features:

e Report track occupancies and interlocking switch states in real-time required by the
PA/VMS system for the proper triggering of next train and estimated time of arrival audible
and visual train destination messages at passenger station platforms.

e Report train ID sequences and changes thereof required by the PA/VMS system for the
proper triggering of next train and estimated time of arrival audible and visual train
destination messages at passenger station platforms.

o Receive PA/VMS health status messages and annunciate all alarm states.
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Display Conventions

Alarms are sub-divided into categories that are defined by the priority and urgency. Alarm
categories must define what level of audible and visual indications are to be presented to the
system Controller. Alarms that are reported by the system are:

Red signal overruns

Non-commanded or unexpected changes of a train control system devices
Loss of an FCU

Application program errors

Data source communication errors

CTC system hardware or software errors

Detection of a Controllers attempt to log off before releasing control of the territory
Loss of normal power to a CTC system UI'S power unit

Field red signal filament open

Track switch failed

Track circuit reset fault

Ground fault on signal control circuit

Main control power off

7.5.9.3 Event Recorders

Basic Requirements

The existing CTC servers at the D.L. MacDonald Maintenance Facility record the status of all
wayside signal equipment and all control activities on the CTC system. Administrators of the
CTC system can retrieve all recorded data or play back the event recorded in the system.
Any proposed LRT extensions must be able to provide the same information to the existing
CTC system.

Data Recording

A data-logger must be installed in each relay room to prevent the loss of data between the
relay room to the CTC servers located at the D.L. Macdonald Maintenance Facility in the
event of a communication line breakdown.

The data-logger must record all changes on the status of all wayside signal equipment within
the territory covered by the relay room signal control system. It must also record the
commands being executed within its territory in response to the command issued via the CTC
System from the LRT Control Centre or the Local Control Panel in the signal room.

The data-logger in each signal room must have the capacity to store a minimum of 60 days of
data collected from the signal room. It should be capable of storing data in a First-In-First-Out
(FIFO) methodology within the 60 day frame period. All events recorded in the Signal Room
data-logger must be date and time stamped. It must be on UPS power that is capable of
supplying 6 hours of power after normal power supply failure.

The data logger can be included in the VLC or it may be contained in a separate processing
unit that monitors the CTC interface and stores a history of controls and indications for future
recall.
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7.5.9.4 Future Extensions

Signal System Requirement

The existing CTC fiber network consists of 9 fiber nodes (8 relay rooms and 1 server facility)
with each node interconnected by a single SONET OC-3 Unidirectional Path Switched Ring
(UPSR). The Churchill node serves both the relay room and the LRT Control Centre. The
University node serves both the relay room and the Emergency Backup Facility. Each fiber
node consists of the Intelect Omnilynx OC-3 SONET Add- Drop Multiplexer (ADM) each
configured with Ethernet tributary modules. Normally the ADM’s maintain the signal
communication in a working ring. Should there be a break in the working fiber ring, the OC-3
controllers will switch the operation to the protect ring as indicated in the CTC Fiber Network
Loops drawing (refer to Figure 7.3). If there is a cut in both working and protect rings at a
certain location of the ring, OC- 3 controllers will loop back the signal at the fiber node nearest
to the cable cut, thus maintaining the communication flow between nodes. For future
extensions to the existing CTC System, new fiber nodes must be added to the existing fiber
ring system in the same manner as existing. Since the Intelect SONET System is a
proprietary fiber network system, future expansion to the network must match the existing
system. Alternatively, redundant network technologies using rapid switchover technologies
(e.g., IEEE 802.17, MPLS/RSVP, etc.) can also be employed. The use of the 802.1w, Rapid
Spanning Tree Protocol, is prohibited because of the unacceptable network convergence time
during failover switching.

System Uniformity

Any new signal systems connected to the CTC system must function identically to the existing
systems. The steps that a Controller must perform to execute a command on the CTC control
board must be the same, regardless of the signal system to which the command is being
issued. All future LRT Signal control systems must be compatible with the existing CTC
system in all aspects. Any signal contractor commissioned to extend the existing signal
system must budget funds to the supporting CTC software vendor to perform any required
software updates to the CTC software, graphical user interface and gateway devices.
Whenever possible, the communications protocol between the vital field processing
equipment and the CTC must be a common protocol (e.g. Genisys) whenever native
equipment hardware and software elements are capable of supporting it.

7.5.9.5 Local Control Panel

In addition to the existing vital relay logic in each relay room, a local control panel is provided.
The local control panel is hard wired into the vital relay logic for emergency use in case the
CTC communication to the relay room is interrupted and is unable to convey status or
command from the ETS Control Centre to the relay room vital relay logic. It can also be
utilized for maintenance and trouble-shooting.

For any new vital computerized signals system a local emergency control terminal (computer)
must be provided in the relay room to provide the same functionality. The local control
terminals must be able to function even if the CTC communication system is not functioning.

7.510 Grade Crossings Equipment
7.5.10.1 Grade Crossing Warning Devices

LRT trains must have absolute priority and pre-emption at all grade crossings. To ensure
LRT priority, all grade crossing signals must be equipped with red flashing lights and bells. If
a road crossing includes a pedestrian crossing, additional protection must be added as
described in section 7.5.10.2.

Crossing construction must be in accordance with the Signals Engineering Standards Manual.
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Flashers

12” LED Red flashing lights along with railroad crossing signs must be installed to provide
grade crossing protection for roads and sidewalks as indicated in the Signals Engineering
Standards Manual.

Bells

Grade crossing bells in accordance with the AREMA standard or that have a proven service
record in Edmonton’s environmental conditions must be installed on every crossing signal
mast adjacent to sidewalks (refer to Signals Engineering Standards Manual). A minimum of
two bells at every grade crossing must be provided. Each bell must have an adjustable
volume and be set at a level of 90dB at a distance of 3.0 m or at a level applicable to the
neighborhood in which the crossing is located and approved by the ETS/LRT authority. Where
LRT crossings are adjacent to residential communities or other noise-sensitive facilities, the
City may seek to minimize the impact of warning bells. The placement, direction, and sound
level of the bells may be considered. Safety of pedestrians at LRT crossings is the priority and
will be the determining factor in reviewing their operation.

Gate Arms

Grade crossings protecting roadways must be equipped with active grade crossing gate arms.
Gate mechanism and gate arm assembly construction must be in accordance with the Signals
Engineering Standards Manual. Gate arms must be perpendicular to the roadway while in the
horizontal position. The tip of the gate arm must be a minimum of 3.66 m (12 ft.) away from
the nearest rail while in the horizontal position.

7.5.10.2 Pedestrian-Only Grade Crossings

For pedestrian-only grade crossings, protection must be added in the form of crossing signals
equipped with 5-1/2” to 8-3/8” red flashing lights, railway crossing signs (80% size), bells and
either pedestrian swing gates or active grade crossing gate arms.

7.5.11 Cases and Housing

All cases and housings must be corrosion and weather-proof with heat and insulation
provided, if necessary.

All cases and housings for the wayside LRT signal equipment must be clear of the dynamic
clearance envelope as described in Chapter 3, Clearances and Right-of-Way.

7.5.12  Signal Room
7.5.121 General

The existing signal control system is divided into five (5) territories as described in Section
7.1.2.1.

For LRT extensions (refer to Section 7.1.2.2), the vital logic signal control system (also
referred to as the “vital computerized signal control system”) must be an electronic
interlocking installed in a new signal relay room controlling the wayside signal equipment for
that specific territory. It will be integrated with the existing vital relay logic system and the CTC
system to form an integrated LRT signal system compatible to the existing system.

Refer to the Sign