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Disclaimer: This course is intended to educate employees of transit agencies that have agreed to
voluntarily participate in the Signals Maintenance Consortium. It is intended only as informal
guide on the matters addressed, and should not be relied upon as legal advice. Anyone using this
document or information provided in the associated training program should rely on his or her
own independent judgment or, as appropriate, seek the advice of a competent professional in
determining the exercise of care in any given circumstances. The Signals Consortium, its
participating agencies and labor unions, as well as the Transportation Learning Center, make no
guaranty or warranty as to the accuracy or completeness of any information provided herein. The
Signals Congertium, its participating agencies and labor unions, as well as the Transportation
Learning € entep, disclaims liability for any injury or other damages of any nature whatsoever,
directly or indirectly, resulting from the use of or reliance on this document or the associated
training program.

© 2019 Transportation Learning Center
Content may have been modified by a member location. Original available on www.transittraining.net

1



http://www.transittraining.net/

TABLE OF CONTENTS PAGE

How to Use the Participant GUIAE...................cc.occuveeiiiieeiiieeiiee e e ivee e vi
Inspection and Maintenance of Switches and Derails...................cccoovcvevvieiiiniiiiiiaiieeeeeene. viii
Module 1 INTRODUCTION TO INSTALLATION AND CONSTRUCTION STANDARDS........... 1
I-1  OVERVIEW ..ottt ettt ettt ettt et se e a e et e s e nneeneeaneens 2
1-2 STANDARD SETTING AGENCIES.........cccoiiiiiiieieeeee et 3
1-3  PRACTICAL APPLICATIONS........ccooiiiiieieee ettt 11
1-4 (GENERAL SAFETY RECOMMENDATIONS..........c.cooooiiiiiiiieieie e 13
1=5 SUMMAR Y oottt ettt ettt et e sttt ettt neenneeneas 20
Module 2 CABLING CHARACTERISTICS ..ot 21
21 OVERVIEW . ettt ettt ettt ettt 22
2-2  CABLING STANDARDS ./ .ccee ittt 23
2-3  REPAIRING CABLES ../ ..ol ettt ettt 34
24 TESTING........cooiaiiieiieeeeecioeec ettt 36
2-5  SCENARIO-BASED EXAMELES .5 cci ittt 37
20 SUMMARY ..ottt 47
Module 3 INSULATED JOINTS ......ocoooeeeeee i e 48
31 OVERVIEW ..ot fo ettt 49
3-2  APPLICABLE STANDARDS .......cccocovmoiaiieiineeeeeee it B 49
3-3  INSULATED JOINT SPECIFIC SAFETY CONSIDERATIONS ........ccccovvvveaiiieenn, 51
3-4  RE-INSTALLATION AND TESTING........cccouiaiaeae et BB e 52
36 SUMMARY ..ot e e e 60
Module 4 IMPEDANCE BONDS..........cccoooiiiiiiiiieieeeieesieeeeee e bl 61
-1 OVERVIEW ..ottt ettt et e 62
4-2  APPLICABLE STANDARDS .........cccooioiiiiiiiiiieiiieeeeeseeeee et 64
4-3  BOND SPECIFIC SAFETY CONSIDERATIONS........cccocoiiiiiieeiiee e 64
-4 RE-INSTALLATION.........ccooooiiiiaiaieee ettt 67
4-5  TESTING BONDS........ccoiiiiiiiaeeeee ettt ettt 70
-0 SUMMARY ..ottt ettt ettt 71
Module 5 WAYSIDE SIGNALS .........cccooooiiaiieeeeeee ettt 72
ST OVERVIEW ..ottt ettt ettt ettt et enae e eneen 73

© 2019 Transportation Learning Center
Content may have been modified by a member location. Original available on www.transittraining.net

11



http://www.transittraining.net/

5-2  APPLICABLE STANDARDS .......cc..cooiiiiiiiiiiiieiteee e 74
5-3  WAYSIDE SIGNAL SPECIFIC SAFETY ......coooviiiiiiiiiiiiiiiiieeee e 76
5-4  RE-INSTALLATION AND TESTING........ccccccciiiiiiiiiiiiiiiiiiieiiecetee e 77
5-5  SCENARIO BASED EXAMPLES........c..cccooiiiiiiiiiiiiiiiiieitet et 83
520 SUMMARY ..ot 86
Module 6 SWITCH LAYOUTS......c..ccccooiiiiiiiiiiiiieieeeet ettt 87
6-1  OVERVIEIV (.o e 88
6-2 OSWITCH LAYOUT STANDARDS ........cccooiiiiiiiiiiiiiiiiieee et 91
6-3  RE-INSTALLATION OR REPLACEMENT.......ccoooiiiiiiiiiiieeeecee e 95
O-4  TESTING ... ..o 102
6-5  SCENARIO BASEDNEXANMPLES..........ccoooiiiiiiiiiiiiiiiiiiee e 104
6-6  SUMMARY ...l 108
Module 7 GRADE CROSSING ..o ettt 109
7-1  OVERVIEW ....ooviiiiiiniiieeediic e 110
7-2  APPLICABLE STANDARDS ... 00 i 110
7-3 GRADE CROSSING SPECIFIC SAFETY £ ioioooiiiiiiiiiiiiieicceeeeceee 116
7-4  RE-INSTALLATION OR REPLACEMEN T .l 122
7-5  TESTING......ccccovoiiiiiiiiiiiiiiiiiiiieiieeeeseeed cf et 129
7-6  SUMMARY .....c.cocviiiiiiiiiiiiiiiiiiiiiiieicieeeeeeeeeeees B, 130
GLOSSARY ..ot e e 131

© 2019 Transportation Learning Center
Content may have been modified by a member location. Original available on www.transittraining.net
il



http://www.transittraining.net/

LIST OF FIGURES
Figure 1.1 NFPA Web Page Highlighting the National Electrical Code (Source www.nfpa.org) 8

Figure 1.2 Railyard with No Indication of Location of Underground Cabling............................ 11
Figure 1.3 Railyard Showing Educated Estimate of Location of Underground Cabling............. 11
Figure 1.4 Switch Armature - Courtesy LIRR ..............ccccccoeviiiiiaiiiaiieee e 12
Figure 1.5 Train Crash (Source: Washington POSt)..............cccccovveeeueeeieeeiieeeiieeeeiee e 13
Figure 1.6 Pinch Points and the Wrong Way to Stand Near a Switch - Courtesy LIRR............... 14
Figure 1.7 Bonding Wires as a Trip, Slip and Fall Hazard - Courtesy LIRR ...............cc............ 14
Figure 1.8 onfined Space and Figure 1.9 Confined Space — Courtesy MD MTA...................... 17
Figure 201 Propulsion Rail-Web Bond Conductor Specifications © AREMA................cc........... 24
Figure 2.2 Design Plan Highlighting Type of Cable Used - Courtesy LACMTA.......................... 25
Figure 2.3 Desighi Plan Highlighting How to Secure Cable - Courtesy LACMTA ...................... 26
Figure 2.4 Stainless Stecl Conduit - Courtesy SACRT............cccooooveioiiiiieiieiieeeeeeeee e 28
Figure 2.5 PVC Conduit ~AC0urteSy SACRT ...........cccueviiiiiiiieeeiee et 28
Figure 2.6 Design Plan tiighlighting Conduit Specifications - Courtesy LACMTA..................... 30
Figure 2.7 Cable Trd) - COMrtes) SACRT ...........ccccoovuiieiiiieiieeeie et 31
Figure 2.8 Print Showing Where Cables are Buried - Courtesy MD MTA................ccccccveeeeeen... 32
Figure 2.9 Enlargement of Prini Showiiig Where Cables are Buried - Courtesy MD MTA......... 33
Figure 2.10 Bootleg in Ballast <iCOUrtest MeEtra ...............c.ccceeveeieiaiieeiieieee e 34
Figure 2.11 Frequency of Meg@er TesliNg 4. . ccc.ueuuueeaiieeeie e 36
Figure 2.12 Hurricane at Grade Cfossing (Source: YouTube).............c.cccoceeeecvaiceeniianiaaeanne.. 38
Figure 2.13 Hurricane (Source: Wikipedia). ...l ceeeiceiiiiieee e 38
Figure 2.14 Backhoe at Grade Crossing (Sources nttps://hiveminer.com) .................c.cccccon... 39
Figure 2.15 Cable Damage After Ice Storm (Solirce? niip://Www.njtransit.com)........................ 40
Figure 3.1 Insulated Joint Details © Agico (Source kitp://www.railway-fasteners.com/insulated-
FATIJOIMEREML) ... e 49
Figure 3.2 Labeled Track Circuit Wires and Traction Power Retuin Cables — Courtesy SacRTD

................................................................................................................................................... 52
Figure 3.3 Thermite Welding - Courtesy Metra ...................icccceeeef ... e 54
Figure 3.4 Bolt-on - Courtesy SACRT .............cccccouveveeeenennnn . N .................. 54
Figure 3.5 Punch Bond - Courtesy SACRT ............ccccccouvveeveeveanceeeeidioiii e 54
Figure 3.6 Insulated Joint Tester - Courtesy LACMTA. ................lccccco oo i, 56
Figure 3.7 Description and Instructions for Insulated Joint Tester - ColriesyLACMTA............ 56
Figure 3.8 Example of How to Perform a Figure Eight Test - Courtesy Metid............[h........... 57
Figure 3.9 Design Plan Highlighting Insulated Joints - Courtesy SacRT.....0u......cc....l oo 58
Figure 4.1 Untuned Imepedance Bond - Courtesy MBTA...........cccccooueeeeveenieiiieneeene gt 62
Figure 4.2 Tuned Impedance Bond with Substation Returns - Courtesy MD MTA < ................. 63
Figure 4.3 Tuned Impedance Bond (WEE Z) Damaged in Derailment - Courtesy MBTA .......... 65
Figure 4.4 Example of Impedance Bond Prints — Courtesy SEPTA..............cccccoovevvianiencnnanne.. 68
Figure 4.5 Impedance Bonds Location on Track Circuits ©TWINCO............ccceeveuveevivveeiireeieeanns 69
Figure 5.1 Wayside Signal - Courtesy SEPTA.............ccccooeiiiiiiiiiiieiieee e 73
Figure 5.2 Wayside Signals Print — Courtesy MD MBA .............ccccccooueeviiieeiiiieiiieeeiee e 79
Figure 5.3 Wayside Signals Print — Courtesy MD MTA ............c.ccccoovvieeiiaiieiieiieeieeeeeee 80
Figure 5.4 Wayside Signals Print — Courtesy MD MTA ............cccccccoueeeeieeiiieeiiieeiiieeeieeeieeens 81
Figure 5.5 Grade Crossing with Gate Down Indicator Light ..................cc.ccccoovveviiiniriniaainanne.. 82
Figure 5.6 Damaged Wayside Signal - Courtesy SEPTA ............ccccoooieeiiiieiiieeeiiieeiiee e 84

© 2019 Transportation Learning Center
Content may have been modified by a member location. Original available on www.transittraining.net

1v



http://www.transittraining.net/

How to Use the Participant Guide

Purpose of the Course

The purpose of the Installation and Constructions Standards course is to assist the participant in
orienting the signal maintainer to installation and construction standards that exist for railway
signaling equipment. This course also shows how to maintain safety while repairing and
reinstalling the signaling equipment and how to apply the standards while repairing and
reinstalling equipment railway signaling equipment.

Approach of the Book

This calirsabegiiis with an outline, a statement of purpose and objectives, and a list of key terms.
The outline wiil difcuss the main topics to be addressed in the course. A list of key terms
identifies imporfant terminology that will be introduced in this course. Learning objectives
define the baSic skillsgdinowledge, and abilities course participants should be able to demonstrate
to show that they have ledrned the material presented in the course. A list of key terms identifies
important terminology thatis inttoduced in this course. Review exercises conclude this course to
assist the participants in revicwini key information.

This course builds upon other courses in the curriculum. During this course there will be
references to materials already documentcdiin otiter courses. The following table is included and
shows the topic being presented in this coursc) as yell as the additional reference materials and
the location of the references in other coutses. Tlie first.column is the Module, Section and
Topic from this current course, Signals Course/250; inftallation and Constructions Standards.
The second column lists the reference materials from othef5ignals courses with the course,
module if applicable and course title. The third coltimii 1s the link to the reference course
materials on the Transit Training network web site.
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Module - Covergd inncourse, Module TTN Link to Course
Section Topic Course title
1-4 100 https://www.transittraining.net/courseware/details/course-100-
Communication Crientation orientation
Protocol
2-4 Megger 207,¢ https://www.transittraining.net/courseware/details/course-207-signal-
Testing Signal Power Distribution power-distribution-inspection-and-maintenance
Inspection and Maintenance
3-4 100 hitps://lwww.transittraining.net/courseware/details/course-100-
Communication Orientation orientation
protocol
3-4 Polarity 102 nttps.//www transittraining.net/courseware/details/course-10-
testing Introduction and Overview to intreduction-and-overview-to-switches-and-derails
Switches and Derails
3-4 Figure 8 202 https://lwww.trangittrairiing.net/courseware/details/course-202-
test Inspection and Maintenance of inspection‘and-maintenance-of-switches-and-derails

Switches and Derails

3-4 Shunt test

201, 2
Inspection and Maintenance of
Track Circuits

https://www.transittrairiing.riet/zourseware/details/course-201-
inspection-and-mairienarice-of-track-circuits

6-1 Switch
overview

102
Introduction and Overview to
Switches and Derails

https://www.transittraining.net/courseware/details/course-10-
introduction-and-overview-to-swiCries-and-derails
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6-2 Installation 202 https://www.transittraining.net/courseware/details/course-202-
Standards Inspection.and Maintenance of inspection-and-maintenance-of-switches-and-derails
Swiches and Derails
6-2 Switch 202 https://www.transittraining.net/courseware/details/course-202-
inspection, Inspection ant! Mairtenance of inspection-and-maintenance-of-switches-and-derails
testing, Switclies and. Derails
maintenance
and repair
6-4 Testing 202, 3 NOTE: Copies of Unit 3-8 Copies will need to be distributed during
Inspection and Maintenance of class for activity
Switches and Derailg
Hitps://lwww. transittraining.net/courseware/details/course-202-
Inspection-and-maintenance-of-switches-and-derails
7-4 Overview 104 https://www.transittraining.net/courseware/details/course-104-
of grade Introduction and Overview to ifitraGuction-and-overview-to-highway-grade-crossings
Crossings Highway Grade Crossings
7-4Testing and 204 https://www.transittraining.net/courseware/details/course-204-
maintenance of | Inspection and Maintenance of inspection-anti-mainiznance-of-highway-grade-crossings
grade Highway Grade Crossings
crossings

NOTE: All images contained within this document were contributed by Signals Training Consortium members unless otherwise

noted.
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COURSE 250: INSTALLATION AND CONSTRUCTION STANDARDS
MODULE 1: INTRODUCTION TO INSTALLATION AND CONSTRUCTION STANDARDS

Module 1

INTRODUCTION TO INSTALLATION
AND CONSTRUCTION STANDARDS

Outline

1-1  OvCiview

1-2 tandard Setting Agencies

1-3° Practical Applications

1-4  Generi¢ Safety Considerations
1-5  Suniinary

Purpose and Ubicctives

The purpose of this course is to assist the participant in being oriented to installation and
construction standards that exist for railway signaling equipment.

Following the completion of thii§ courses the participant should be able to complete the exercises
with an accuracy of 70% or greater:

e Identify national and local standard setting agencies

e @Given the appropriate documents; demongirate the ability to locate standards related to
railway signaling equipment

e Explain the importance of installation &iid construction standards for railway signaling
equipment to the job of the signal maintaines

e Describe generic safety considerations for troubleshooting.and re-installing railway
signaling equipment

e Demonstrate understanding of confined space compliance

Key Terms

American Railway

Federal Transit

Nautonal Fire

Engineering and Administration Protection Agency
Maintenance-of- (FTA) (NFPA)
Way Association Installation NFPA 70E
(AREMA) drawings Occupiitional
e Confined space Job Safety Briefing Safety and Health
e Federal Highway Manual on Uniform Administration
Administration Traffic Control (OSHA)
(FHWA) Devices (MUTCD) Roadway Worker
e Federal Railroad National Electrical in Charge (RWIC)
Administration Code (NEC)
(FRA)
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