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DISCLAIMER : This course is intended to educate employees of public transportation systems that have 

agreed to voluntarily participate in the Rail Car Training Consortium. It is intended only as informal 

guidance on the matters addressed, and should not be relied upon as the only method or manner for 

performing the tasks or work outlined in the materials. 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.  These materials are based on compendiums of knowledge from transit 

employees, manufacturers and outside consultants, each of whom may approach a repair, update, or 

maintenance in their own unique way. Always follow the safety and maintenance procedures from your 

own agency, union, relevant OEM(s) and/or regulatory organizations. In addition, the course materials 

include examples from member agencies, nomenclature, procedures, and configurations which can vary 

from one transit location to another. The document that you are now referencing may have been 

modified by the Consortium member. For the original versions, please go to TransitTraining.net or 

contact the Transportation Learning Center. 

 

The Rail Car Training 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 Rail Car Training Consortium, its participating agencies and 

labor unions, as well as the Transportation Learning Center, disclaim 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. 

 

Note: All images contained within this document were contributed by Rail Car Training Consortium 

members unless otherwise noted. 
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HOW TO USE THE PARTICIPANT GUIDE  

Purpose of the Course 

Course 100: Introduction and Overview to Rail Vehicle Systems, Operation and Maintenance 

provides participants with an overview to the rail vehicle systems as well as preparing to work on 

those systems in a rail car maintenance facility. 

Approach of the Book 

Each Module begins with an outline, a statement of purpose and objectives, and a list of key 

terms. The outline will discuss the main topics to be addressed in the Module. A list of key terms 

identifies important terminology that will be introduced in this Module. Learning objectives 

define the basic skills, knowledge, and abilities course participants should be able to demonstrate 

to show that they have learned the material presented in the Module. Exercises are built in 

throughout the course materials to assist the participants in learning and reviewing key 

information. 
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MODULE 1     

Introduction to the Rail Vehicle    

Outline  

1-1 Overview 

1-2 Classes of Rail Vehicles 

1-3 The Rail Vehicle Dynamic Envelope 

1-4 The Rail Vehicle Environment 

1-5 Summary  

Purpose and Objectives  

The purpose of this Module is to provide participants with an overview of rail vehicles and their 

environment for the purpose of inspection, maintenance and repair.   

Following the completion of this Module, the participant should be able to complete the objectives 

with an accuracy of 75% or greater: 

¶ Identify classes of rail. 

¶ Identify parts of the rail vehicle. 

¶ Explain the rail vehicle dynamic envelope. 

¶ Explain the rail vehicle environment. 

¶ Identify the Direct Current (DC) disconnect. 

 

Key Terms 

¶ Automated guided 

transit 

¶ Cable car 

¶ Commuter rail 

¶ Dynamic envelope 

¶ Heavy rail 

¶ Inclined plane 

¶ Light rail 

¶ Manual on Uniform Traffic 

Control Devices for Streets 

and Highways (MUTCD) 

¶ Pocket tracks 

 

¶ Running repair 

¶ Test tracks 

¶ Trolley bus 
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1-1 OVERVIEW 

Rail vehicle maintenance is a complex job involving knowledge of interrelated parts and systems 

that make up the rail vehicle and its environment. Understanding these inter-related parts and 

systems along with their reflective hazards concerns is key to ensuring the most effective 

inspection, maintenance and repair work is completed in the safest manner possible. Each agency 

establishes its own safety procedures for working on rail vehicles. The participant in this course 

should recognize that their agencyôs procedures supersedes the guidelines in the course. In fact, 

these guidelines and procedures are developed to enhance the agencyôs guidelines and policies. 

Several organizations exist and operate to ensure the safety of workers in the United States. 

Organizations and handbooks overseeing and defining safety as related to electricity along with 

other hazards are described below. These organizations and their acronyms are referenced 

throughout this series of courses. 

APTA American Public Transportation Association 

www.apta.com  

An industry association that has developed the Passenger Rail Equipment Safety 

Standards (PRESS).  

CFR Code of Federal Regulations 

http://www.ecfr.gov/cgi-bin/ECFR?page=browse  

Produced by the executive departments and agencies of the United States federal 

government and published by the Federal Registry, the Code of Federal 

Regulations, of CFR, is the set of general and permanent rules and regulations.  

Also offered on the Electronic CFR website, the code is updated daily.   

EPA Environmental Protection Agency 

https://www.epa.gov/ 

Headquartered in Washington, D.C., the EPAôs purpose is to protect human health 

and the environment by writing and enforcing regulations based on laws passed by 

the U.S. Congress.  

FRA Federal Railroad Administration 

https://www.fra.dot.gov/Page/P0001 

The FRA is an agency within the U.S. Department of Transportation providing 

oversight and regulation for intermodal rail transportation. The FRAôs mission to 

ensure standards are established and followed for the safe, reliable, and efficient 

movement of people and goods. 

MUTCD  Manual on Uniform Traffic Control Devices 

https://mutcd.fhwa.dot.gov/kno-overview.htm 

http://www.apta.com/
http://www.ecfr.gov/cgi-bin/ECFR?page=browse
https://www.epa.gov/
https://www.fra.dot.gov/Page/P0001
https://mutcd.fhwa.dot.gov/kno-overview.htm
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A result of years of collective experiences and research, The Manual on Uniform 

Traffic Control Devices (MUTCD) provides minimum standards and guidance for 

traffic control devices across the United States. The standardization provides 

consistency in traffic control devices (TCDs) which in turn helps to improve 

transportation systems while reducing accidents. Uniformity also helps reduce the 

cost of TCDs through standardization.  

NEC The National Electrical Code 

www.necconnect.org 

Adopted in all 50 states, the NEC is the benchmark for safe electrical design, 

installation, and inspection to protect people and property from electrical hazards. 

The NEC addresses the installation of electrical conductors, equipment, and 

raceways; signaling and communications conductors, equipment, and raceways; 

and optical fiber cables and raceways in commercial, residential, and industrial 

occupancies. While not a U.S. law, NEC use is commonly mandated by state or 

local law. The authority having jurisdiction inspects for compliance with these 

minimum standards.  

NIST National Institute of Standards and Technology 

https://www.nist.gov/ 

A non-regulatory agency of the United States Department of Commerce, the NIST 

is a measurement standards laboratory providing programs for the promotion of 

industrial standards, competitiveness, and innovation. The NIST provides over 

1300 standard reference materials to a variety of users. These standards are 

important for benchmark quality control and the measurement of equipment and 

procedures. 

NFPA National Fire Protection Association 

www.nfpa.org 

NFPA is an American organization charged with creating and maintaining 

minimum standards and requirements for fire prevention and suppression 

activities, training, and equipment, as well as other life-safety codes and standards. 

This includes the creation of NFPA 70, the National Electrical Code (NEC). 

NTSB National Transportation Safety Board 

https://www.ntsb.gov/Pages/default.aspx  

An independent Federal agency, the NTSB is responsible for investigating every 

civil aviation accident the United States as well as other accidents in railroad, 

highway, marine and pipeline forms of transportation. As part of the investigation, 

http://www.necconnect.org/
https://www.nist.gov/
http://www.nfpa.org/
https://www.ntsb.gov/Pages/default.aspx
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a probable cause(s) for the accidents is identified and subsequent safety 

recommendations are developed to help prevent the same accident from recurring.  

OSHA Occupational Safety and Health Administration  

www.osha.gov  

OSHA is an agency of the United States Department of Labor whose mission is to 

assure safe and healthful working conditions for working men and women by 

setting and enforcing standards and by providing training, outreach, education and 

assistance.  

 OSHA regulations are often described as the ñShallò and NFPA (NEC) as the ñHowò for 

electrical safety in the workplace. APTA, of which the participantôs agency is a member, 

suggests minimum standards by which its member organizations should meet. Most transit 

organizations exceeds these safety and operational standards which ensures worker and 

passenger safety on and around rail vehicles. 

Rail vehicle technicians will often hear terms used in their agency as related to the use of the 

vehicle when in service.  These terms often interrelate to inspection, maintenance and repair 

work being completed. Standard definitions offered by APTA for some of these terms are 

included below.   

Average Speed of a vehicle is the miles it operated in revenue service divided by the 

hours it is operated in revenue service.  

Miles of Track is a measure of the amount of track operated by rail systems where each 

track is counted separately regardless of the number of tracks on a right-of-way.  

Revenue Service is the operation of a vehicle during the period which passengers can 

board and ride on the vehicle. Revenue service includes the carriage of passengers who 

do not pay a cash fare for a specific trip as well as those who do pay a cash fare; the 

meaning of the phrase does not relate specifically to the collection of revenue.  

Revenue Vehicle is a vehicle in the fleet that is available to operate in revenue service 

carrying passengers, including spares and vehicles temporarily out of service for routine 

maintenance and minor repairs. Revenue vehicles do not include service vehicles such as 

tow trucks, repair vehicles, or automobiles used to transport employees.  

Running Rails are the two rails of the track upon which the wheels of the train rest and 

which provide the guidance for the train. 

Vehicles Available for Maximum Service are vehicles that an agency has available to 

operate revenue service regardless of the legal relationship thorough which they are 

owned, leased, or otherwise controlled by the agency. Also called revenue vehicles 

owned or leased.  

http://www.osha.gov/
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Vehicles Operated Maximum Service is the largest number of vehicles operated at any 

one time during the day, normally during the morning or evening rush hour periods.  

Vehicle Total Miles are all the miles a vehicle travels from the time it pulls out from its 

garage to go into revenue service to the time it pulls in from revenue service, including 

"deadhead" miles without passengers to the starting points of routes or returning to the 

garage. For conventional scheduled services, it includes both revenue miles and deadhead 

miles.  

Vehicle Revenue Miles are the miles traveled when the vehicle is in revenue service 

(i.e., the time when a vehicle is available to the general public and there is an expectation 

of carrying passengers). Vehicles operated in fare-free service are considered in revenue 

service. Revenue service excludes school bus service and charter service.  

Vehicle Total Hours are the hours a vehicle travels from the time it pulls out from its 

garage to go into revenue service to the time it pulls in from revenue service, including 

"deadhead" miles without passengers to the starting points of routes or returning to the 

garage. For conventional scheduled services, it includes both revenue time and deadhead 

time.  

Vehicle Revenue Hours are the hours traveled when the vehicle is in revenue service 

(i.e., the time when a vehicle is available to the general public and there is an expectation 

of carrying passengers). Vehicles operated in fare-free service are considered in revenue 

service. Revenue service excludes school bus service and charter service.  

For more terms or additional information provided by APTA, visit 

http://www.apta.com/resources/statistics/Pages/glossary.aspx. 

 

Classroom Activity 

With assistance from your instructor, list and describe other common acronyms 

and/or common terms used in your agency but not mentioned above. 

  

  

  

  

  
 

 

 

http://www.apta.com/resources/statistics/Pages/glossary.aspx
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1-2 THE RAIL VEHICLE  

The rail vehicle is the portion of the train system which transports people or goods from one 

location to another. In transit, the rail vehicle typically transports people and not goods as freight.  

The photo shown in Figure illustrates a rail vehicle in Dallas Area Rapid Transit (DART). The 

larger photo shows the rail vehicle from the outside and smaller insert photo shows the inside 

area of rail vehicle where people stand or sit during transportation. 

 

Figure 1.1 Rail Vehicle. Courtesy of DART 

The diagram below illustrates the various areas and equipment contained in the rail vehicle as 

introduced later in this course and then fully explained in subsequent later courses to follow: car 

body parts, doors, lighting, electrical systems, mechanical systems, comfort systems, pneumatic 

systems, hydraulic and suspension systems, and communication-based train control (CBCT).  

Areas of the rail vehicle related to these course sections include the trucks, battery, propulsion, 

auxiliary equipment box, low voltage power supply, auxiliary power, truck brakes, friction brake 
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system, coupler, carbody and articulation, pantograph, cab equipment, auxiliary, DC power 

supply, Cab heat/defrost/demist, PA/IC, ATP, and VBS.  

Figure 1.2 Rail Vehicle Areas and Equipment . Courtesy of DART 

 

The Rail Vehicle Dynamic Envelope 

Prior to recent revitalization of urban and metropolitan railways, very little thought was given to 

the area around the moving rail vehicle. However, with advancements in sciences and 

increasingly busier roads and rails, this area of the rail vehicle has become an increasingly 

important element of the rail vehicle itself as well as for traffic control considerations.  

The rail vehicle dynamic envelope, or kinematic envelope, is the clearance required for a train 

and its cargo to overhang due to any combination of loading, lateral motion, or suspension 

failure.  The dynamic envelope speed and specs will vary between properties and rail vehicles 

themselves. Rolling stock engineers in train design are responsible for ensuring the train does not 

impose on the space the train may occupy. 
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Figure 1.3 Train Dynamic Envelope. Source: Federal Highway Administration 

This clearance is also most commonly known as represented on roadways at highway grade 

crossings by traffic markings near rail tracks indicating the maximum space required for any rail 

vehicle dynamic envelope as recommended by the Manual on Uniform Traffic Control 

Devices for Streets and Highways (MUTCD) published by the Federal Highway 

Administration. These markings offer guidance to drivers of roadway vehicles on stopping 

distance from the tracks to allow maximum room for train passage over the grade crossing. 

Markings on roads are studied and carefully considered regarding the dynamic envelope and 

reduction of instances of stopped vehicles in the envelope zone.  

In the rail vehicle maintenance shop environment, as later described, the rail dynamic envelope is 

important for moving trains in and out of shop and ensuring proper clearances. 

 



COURSE 100: INTRODUCTION AND OVERVIEW OF 
RAIL VEHICLE SYTEMS, OPERATION AND MAINTENANCE 

 

 

Intended For Use by Rail Vehicle Consortium Members Only ǒ ©Transportation Learning Center 
Page 9 

 
Figure 1.4 Rail Vehicle being Moved out of Shop. Courtesy of SFMTA 

 

Civil engineers working to ensure the passage of trains is kept clear along the route of a railway 

will impose a ñstructure gaugeò representing the dynamic envelope which helps to creates limits 

for building inside the area where trains pass. This building limit includes not only things like 

walls, bridge sand columns but also pipes, cables, brackets and signal posts. The structure gauge 

will vary according to maximum speeds allowed and the curvature of the rail line.  

 

From time to time, and especially if new trains are being introduced, the structure gauge must be 

inspected to ensure the train passage path remains clear for the intended trains. Once done by hand, 

modern gauging is typically done by fitting trains with optical or laser equipment. Any breaks in 

the light beam will be recorded by mounted cameras.  

1-2 RAIL CLASSES 

Rail vehicles are organized by class, or type depending on their construction and use. Major 

types of rail passenger transportation for the purpose rail vehicle consortium courses include 

street car / light rail, subway, commuter rail, Amtrak / Intercity rail, and high-speed rail.   
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Figure 1.5 Scope of Rail Systems - ©Blue Green Alliance 

Mode is a system for carrying passengers described by specific right-of-way, technology, and 

operational features.  

 

Light Rail  is a mode of rail service that operates using either single, two or three vehicle 

passenger trains. Rails in this system are fixed and found in right-of-way and separated from 

other traffic. Light rail vehicles are usually on-board operator-driven and electrically powered 

from an overhead electric line via a trolley or a pantograph. Entering or exiting the rail vehicle is 

usually from a high platform loading area or from a low-level boarding area using steps.    

 

 
Figure 1.6 CATS Light Rail Vehicle. Courtesy of CATS 

Heavy rail, also known as the metro, subway, rapid transit, or rapid rail operates on an electric 

railway. Characterized by high speed and rapid acceleration, this type of transit has capacity for a 

heavy volume of passenger traffic. Rail vehicles are either single or multi-car trains on fixed 

rails. Right-of-way is separated from all road vehicle and pedestrian traffic. This type of rail 

requires sophisticated signaling. Boarding generally occurs on a high platform loading area.  
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Figure 1.7 Heavy Rail. Courtesy of WMATA 

Another mode of rail service is called commuter rail . Commuter rail is also sometimes known 

as metropolitan rail, regional rail, or suburban rail. This type of service used an electric or diesel 

electric railway for passenger trains. Operating on a regular basis, service consists of local short 

distance travel operating between a central city and adjacent suburbs with usually only one or 

two stations in the central business district. Intercity rail service is excluded, unless under 

contract with a public agency for predominantly commuter services. In many cases, this type of 

rail shares rail and routes with current or former freight railroads.  

 

 
Figure 1.8 Commuter Rail. Courtesy of MBTA 
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Intercity rail  services are express passenger train services that cover longer distances usually 

across several states is generally covers a larger geographic area than commuter or regional 

trains. Amtrak is an example of intercity rail service.  

 

 

 
 

Figure 1.9 Intercity Rail. Source: Amtrak Northeast Corridor 

Starting with Japanôs bullet train in 1964 and operating faster than traditional rail traffic, high-

speed rail uses an integrated system of specialized rolling stock and dedicated tracks. While 

there is no single standard that applies worldwide, new lines more than 160 miles per hour and 

existing lines more than 120 miles per hour are generally seen as high-speed. Some instances 

where lower speeds are still viewed as a significant upgrade may also be considered high speed 

rail. Rail vehicles in this system normally operate on standard gauge tracks of continuously 

welded rail located on grade-separated right-of-way. 

 

 
Figure 1.10 Japanese High-Speed Rail. Source: Fernquest 

https://en.wikipedia.org/wiki/Rolling_stock
https://en.wikipedia.org/wiki/Standard_gauge
https://en.wikipedia.org/wiki/Continuously_welded_rail
https://en.wikipedia.org/wiki/Continuously_welded_rail
https://en.wikipedia.org/wiki/Grade_separation
https://en.wikipedia.org/wiki/Right-of-way_(transportation)


COURSE 100: INTRODUCTION AND OVERVIEW OF 
RAIL VEHICLE SYTEMS, OPERATION AND MAINTENANCE 

 

 

Intended For Use by Rail Vehicle Consortium Members Only ǒ ©Transportation Learning Center 
Page 13 

Other Systems 

 

Cable Car is a railway with individually controlled vehicles that are attached to a moving cable 

that is located below the street surface and powered by engines or motors at a central location not 

on board the vehicle.  

 

 
Figure 1.11 Cable Car . Courtesy of SFMTA  

Also known as a trolley coach, the trolleybus uses vehicles propelled by a motor drawing 

current from overhead wires via connecting poles. These poles are called a trolley poles and 

provide power from a central power source not on board the vehicle.  

 

 
Figure 1.12 SFMTA Trolleybus, Courtesy of SFMTA  

Automated guideway transit is sometimes also called personal rapid transit, group rapid transit, 

or people mover. This mode of transit is an electric railway using single or multi-car trains of 

guided transit vehicles. This system operates without an onboard crew and usually operates on a 

fixed schedule or by a passenger activated call button. 
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Figure 1.13 BART Automated Guideway Transit . Courtesy of BART 

Inclined Plane is a railway operating over exclusive right-of-way on steep grades (slopes) with 

powerless vehicles propelled by moving cables attached to the vehicles and powered by engines 

or motors at a central location not on board the vehicle. The special tramway type of vehicles has 

passenger seats that remain horizontal while the undercarriage (truck) is angled parallel to the 

slope. 

  

  
 

Figure 1.14 Inclined Plane in  Johnstown, Pennsylvania. Source: Petrochko 

For more information on other rail classes not addressed in Course 100 

http://www.apta.com/resources/statistics/Pages/glossary.aspx. 

 

 

 

http://www.apta.com/resources/statistics/Pages/glossary.aspx
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Classroom Activity 

With assistance from your instructor, list and describe the type of rail system or 

systems used in your agency. 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 
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1-3 OVERVIEW OF RAIL CAR MAINTENANCE ENVIRONMENT 

Most of the time, a rail vehicle is on tracks moving from place to place to transport people or 

goods. When taken out -of-service, a rail vehicle will require special facilities for storage and 

maintenance. A typical layout for storage and maintenance of rail vehicles consists of a storage 

train yard, an inspection and running repair area, a heavy maintenance shop, the car cleaning bay 

or platform, and a paint bay and/or area.   

The Train Yard 

The train yard is an area to store out-of-service trains waiting for maintenance and repair or to be 

placed into service. A train is moved into this area by its own power or will either be pushed or 

pulled by another rail car with multiple rail cars coupled together. 

Figure 1.15 shows the Kimball Yard in CTAôs rail system. Three tracks entering and exiting the 

train yard and maintenance areas are indicated by ñYard Lead Trackò, N.B (north bound) Main, 

S.B (south bound) Main. The two maintenance shops adjacent to the train yard are connected via 

rails. Pocket tracks, tracks that are physically separate from revenue or normal maintenance 

tracks and intended to be a holding/parking area for rail cars that arenôt currently in revenue 

service or having maintenance performed on it, are adjacent to the maintenance shop. A test 

track , a track used for ensuring the train is ready for service after any work is completed, is 

between the maintenance shop and train yard.  
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Figure 1.15 Diagram of a Train Yard. Courtesy CTA 

 

 
Figure 1.16 Light Rail Trains Waiting for 

Maintenance, Courtesy of Denver RTD 

 
Figure 1.17 Train Yard . Courtesy of Denver 

RTD 
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The Maintenance Shop  

The shop is where rail vehicle maintenance takes place. Various types of and layouts of shops 

exist including a body shop, an inspection and light maintenance shop area where running repair 

takes place, a heavy repair maintenance shop area, a parts room, a paint bay, and a wash bay. 

A body shop is where inspection, preventive maintenance, diagnostics, troubleshooting and 

repair take place. A running repair  area is where a vehicle can be serviced with little 

interruption.   

 
Figure 1.18 Signage 

Alerting of Running Repair 

Work being Completed. 

Courtesy of SFMTA 

 
Figure 1.19 Running Repair Shop. Courtesy of Denver RTD 

Heavy repair facilities typically look like body shops, only these facilities are dedicated to mid-

life overhauls which may include, but are not limited to, replacing floors, replacing components, 

sanding down the vehicle for repainting, pressing wheels on axles, and repairing brake 

components and systems. 

Figure 1.20 below shows an area of track where a rail vehicle would be rolled in from the outside 

for temporary service. A truck turntable , as indicated, allows for one truck to be turned at a 

time within the shop. A truck  consists of one set of wheels and one or two motors. Depending 

on the location, two or three trucks may make up a rail vehicle. Some motors may be unpowered. 

Turntables may be found in heavy and running repair maintenance areas. 
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Figure 1.20 Truck Turntable. Courtesy of Denver RTD 

Pit areas consist of open areas below grade and below the rail vehicle allowing maintenance 

technicians to access the areas underneath the rail vehicle for running repair, overhaul, etc. In the 

figure below, rail vehicles are parked above maintenance shop pits so that maintenance 

technicians have access to the underside of the vehicles. Signs are usually placed in these areas 

alerting of the work being completed and the need to wear appropriate Personal Protective 

Equipment (PPE) such as safety vests, safety glasses, etc.  

 
Figure 1.21 Maintenance Shop Pits. Courtesy of 

Denver RTD  
Figure 1.22 Maintenance Pit Area. 

Courtesy of SFMTA 

 

 

 

Truck Turntable  
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A wheel lathe, as shown in the figure below, is an area where wheels are cut or measured and 

shaped to achieve optimum contact with the rail when put back into service. 

 
Figure 1.23 Wheel Lathe. Courtesy of  

SFMTA 

 
Figure 1.24 Wheel Lathe. Courtesy of 

SFMTA 

 
Figure 1.25 Wheel Lathe. Courtesy of SFMTA 

 
Figure 1.26 Wheel Lathe. Courtesy of 

SFMTA 
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The Direct Current (DC)  disconnect is the shop power supply for overhead and third rail 

power. Sometimes painted yellow, the DC disconnect is contained in a large box. A de-energize 

or energize switch to electronically open or close the switch for overhead power or third rail is 

contained within the box. 

 
Figure 1.27 DC Disconnect. Courtesy of 

DART 

 
Figure 1.28 DC Disconnect Side View. 

Courtesy of DART 

A parts room is a room containing parts for rail vehicles. These rooms are typically located near 

the shops with controlled access measures in place to safeguard inventory of parts and 

equipment. Parts are organized for each agency and shop need.  

 
Figure 1.29 Maintenance Parts Room. 

Courtesy of Denver RTD 

 
Figure 1.30 Maintenance Parts Room. 

Courtesy of Denver RTD 
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A paint bay is an area where the rail vehicle may be painted. Most often, paint bays are used for 

touch-up paining, but sometimes they can be used to paint an entire rail car.  

Paint bays have environmental controls for proper ventilation. Additionally, paint bays do not 

include additional rail vehicle power sources such as cantilevers or third rail power to keep the 

paint bays free from additional heat sources. Thus, rail vehicles entering or exiting the paint bay 

are typically pushed in or pulled out of the bay by a supporting rail vehicle.  

Figure shows an area of a paint bay used for the painting of rail vehicle parts, such as bumpers 

and doors.   

 
Figure 1.31 Paint Bay Area for Smaller Parts. 

Courtesy of Denver RTD 

 

 

A cleaning bay, or sometimes known as wash bay, is typically located on a separate track from 

maintenance pits and shops as well as away from paint bays. Cleaning bays provide an area 

where rail vehicles are cleaned on the outside before leaving the maintenance shop and being 

placed back in service. 
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Figure 1.32 Wash Bay. Courtesy of Denver 

RTD 

 

Another area of the shop sometimes for cleaning is sometimes referred to as a blow down pit. 

This area serves two primary purposes: To allow access to the roof of the railcar for maintenance 

work as well as the cleaning of the interior areas of the vehicle and/or exterior if not scheduled 

for wash bay cleaning.  

Figure 1.33 and 1.34 below show a blow down pit with Figure 1.33 showing the overhead 

walkways for top of vehicle access and Figure 1.34 showing the lower access and pit area with 

cleaning equipment available on either side of the tracks.  

 
Figure 1.33 Blow Down with Pit Area. 

Courtesy of Denver RTD 

 
Figure 1.34 Blow Down Area. Courtesy of 

SFMTA 

 

Maintenance Shop Headquarters  

The maintenance shop headquarters, or main office, is where administrative type activities are 

completed. These may include the tracking and/or management of rail vehicle movement in the 

shop and train yard areas; the location of time cards, OEM manuals, computerized shop-related 

resources, current OEM or agency bulletins for ongoing training purposes, Sometimes, manual 
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and other resources important for rail vehicle maintenance may also be kept in various locations 

around the shop. A yard master, someone who orchestrates and moves cars and trains in shop 

and yard, may also work in this office.  

 
Figure 1.35 SFMTA Employee Managing the 

Movement of Rail Vehicles in and Around the 

Shop Areas. Courtesy of SFMTA 

 
Figure 1.36 Maintenance Shop 

Headquarters in SFMTA. Courtesy of 

SFMTA 

Central Support  

Central support is the central location and office where all stations, vehicles, and maintenance 

shops communicate through. The location of all rail vehicles, power supply and other 

information are displayed on connected computer screens across the office wall(s) in a map-style 

presentation. Yard masters communicate with central support regarding the movement of all 

vehicles. 

 

Figure 1.37 Central Support. Courtesy of SEPTA 
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Classroom Activity 

With assistance from your instructor, list and describe the areas in and around 

the rail vehicle maintenance shop in your agency. 

 

 

 

 

 

 

 

 

 

1-5 SUMMARY 

Rail vehicle maintenance is a complex job involving knowledge of interrelated parts and systems 

that make up the rail vehicle and its environment. Understanding these inter-related parts and 

systems along with their respective hazards and concerns is key to ensuring the most effective 

inspection, maintenance and repair work is completed in the safest manner possible. Module 1 

explored basic terminology, a general introductory overview of the rail vehicle, oversight 

agencies, and the maintenance shop environment for the new rail vehicle mechanic. While this 

course provides general guidelines, every agency also establishes its own safety procedures for 

working on rail vehicles. It is critical for every rail vehicle mechanic and anyone else working in 

or around a rail vehicle maintenance shop know their agencyôs procedures and guidelines. 
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MODULE 2 

VEHICLE WORKER PROTECTION AND SHOP SAFETY    

Outline  

2-1 Overview  

2-2 Rail Vehicle Personal Protective Equipment (PPE) 

2-3 Shop Hazards 

2-4 Emergency Response Resources 

2-5 Job Safety Briefings 

2-6 Housekeeping 

2-7 Summary  

Purpose and Objectives  

The purpose of this Module is to provide participants with an overview of the principles of rail 

vehicle worker protection and shop safety. 

Following the completion of this Module, the participant should be able to complete the objectives 

with an accuracy of 75% or greater:   

¶ Identify general rail car PPE. 

¶ Identify shop and yard hazards and related safety. 

¶ Identify emergency response resources. 

¶ Explain the importance of a job safety briefing. 

¶ Identify methods for and explain importance of housekeeping. 
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Key Terms 

¶ Approach boundary 

¶ Arc blast 

¶ Arc flash 

¶ Automatic external defibrillator (AED) 

¶ Bump cap 

¶ Catwalk  

¶ Defective equipment 

¶ Emergency cutout switch 

¶ Emergency evacuation plan 

¶ Exposed 

¶ Eye wash station 

¶ Fire alarm system 

¶ Flash protection boundary 

¶ General first aid kit   

 

¶ Grounding 

¶ Hard hat 

¶ HazMat spill kit 

¶ High visibility vest 

¶ Housekeeping 

¶ Insulation  

¶ Job hazard analysis  

¶ Job safety briefing 

¶ Mushrooms 

¶ Personal protective equipment 

¶ Pinch point 

¶ Potential electrical hazard 

¶ Zero energy state 
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2-1 OVERVIEW 

Safety is at the core of the career of a rail vehicle technician and it should always be a priority on 

every project or work order. This Module explores safety in a general as well as safety specific for 

rail maintenance and repair work in terms of personal protective equipment, shop hazards, 

emergency response resources, job safety briefings, and housekeeping methods and guidelines.  

 

2-2 RAIL VEHICLE PERSONAL PROTECTIVE EQUIPMENT (PPE) 

Hazards exist in every workplace in many different forms: sharp edges, falling objects, flying sparks, 

chemicals, noise and a myriad of other potentially dangerous situations. The Occupational Safety 

and Health Administration (OSHA) requires employers to protect their employees from workplace 

hazards that can cause injury. 

 

Controlling a hazard at its source is the best way to protect employees. Depending on the hazard or 

workplace conditions, OSHA recommends the use of engineering or work practice controls to 

manage or eliminate hazards to the greatest extent possible. For example, building a barrier between 

the hazard and the employees is an engineering control; changing the way in which employees 

perform their work duties is a work practice control. 

 

When engineering, work practice and administrative controls are not feasible or do not provide 

sufficient protection, employers must provide personal protective equipment (PPE) to their 

employees and ensure its use. Personal protective equipment, commonly referred to as "PPE", is 

equipment worn to minimize exposure to a variety of hazards. Examples of PPE include such items 

as gloves, foot and eye protection, protective hearing devices (earplugs, muffs), hard hats, respirators 

and full body suits. 

OSHA Standard 1910.132(a) states that protective equipment, including protective equipment for 

eyes, face, head, and extremities, protective clothing, respiratory devices, and protective shields and 

barriers, shall be provided, used, and maintained in a sanitary and reliable condition whenever it is 

 

Warning: Safety Precautions!  

Follow all agency-specific policies, bulletins, rules and procedures. 
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necessary by reason of hazards or processes or environment, chemical hazards, radiological hazards, 

or mechanical irritants encountered in a manner capable of causing injury or impairment in the 

function of any part of the body through absorption, inhalation or physical contact.   

The following chart shows a general list and common symbols for PPE. 
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To ensure the greatest possible protection for employees in the workplace, the cooperative efforts of 

both employers and employees will help in establishing and maintaining a safe and healthful work 

environment. 

Employer Responsibility 

The employer is responsible to assess the workplace to determine if hazards are present, or are likely 

to be present, which necessitate the use of PPE. If such hazards are present, or likely to be present, 

the employer shall: 

¶ Select, and have each affected employee use the type of PPE that will protect the affected 

employee from the hazards identified in the hazard assessment. 

¶ Communicate selection decisions to each affected employee. 

¶ Select PPE that properly fits each affected employee. 

¶ Verify that the required workplace hazard assessment has been performed through a written 

certification that identifies the workplace evaluated; the person certifying that the evaluation 

has been performed; the date(s) of the hazard assessment; and, which identifies the 

document as a certification of hazard assessment. 

Employee Responsibility 

The employee is responsible for the following: 

¶ Properly wear PPE when required.  

¶ Attend training sessions on PPE. 

¶ Properly care for, clean and maintain PPE. 

¶ Inform a supervisor of the need to repair or replace PPE. 

PPE Training 

The employer shall provide training to each employee who is required to use PPE. Each employee 

shall be trained to know at least the following: 

¶ When PPE is necessary. 

¶ How to properly don, doff, adjust, and wear PPE. 

¶ The limitations of the PPE. 

¶ The proper care, maintenance, useful life and disposal of the PPE. 

¶ Defective or damaged PPE shall not be used. 

Each affected employee shall demonstrate an understanding of the training received, and the ability 

to use PPE properly, before being allowed to perform work requiring the use of PPE. 
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When the employer has reason to believe that any affected employee who has already been trained 

does not have the understanding and skill required to properly and effectively utilize the PPE, the 

employer shall retrain each such employee. Circumstances where retraining is required include, but 

are not limited to, situations where: 

¶ Changes in the workplace which renders previous training obsolete. 

¶ Changes in the types of PPE to be used which renders previous training obsolete. 

¶ Inadequacies in an affected employee's knowledge or use of assigned PPE indicate that the 

employee has not retained the requisite understanding or skill. 

Rail Vehicle PPE 

While PPE used in rail vehicle maintenance may vary depending on each type of maintenance or 

repair work completed, general PPE used in most rail vehicle PPE will be described in this section. 

PPE required for each specialized area of rail vehicle maintenance tasks will be described later in 

individual courses where applicable. 

General rail vehicle maintenance PPE may include, but not limited to, protection for the following 

areas of the body:   

¶ General head protection; 

¶ Face, eye, ear and respiratory protection; 

¶ Limb protection; 

¶ General body protection; and 

¶ Other. 

All rail vehicle maintenance personnel should ensure that their PPE, protective clothing, respiratory 

devices, and protective shields are used and maintained in a sanitary and reliable condition. Always 

carry your personal protective equipment with you. If you donôt have the proper PPE or the PPE is 

not in reasonable form or shape for use and protection, contact your supervisor before commencing 

work. 

General Head Protection   

General head protection includes protection for the top and sides of the head including the ears. For 

rail vehicle maintenance, general head protection may include but is not limited to hardhats and 

bump caps. 

A hardhat, or sometimes known as a safety helmet, protects the head from possible falling objects 

or to reduce the risk of electrical shock hazards. Hardhats should be worn when working or walking 

beneath an overhead structure, when working on all right-of-wayôs, while working near or around 
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electrical conductors that could encounter the head, while in areas where hardhat protection is 

require and posted, or when instructed by supervisors or management. 

Hardhats for the protection of falling objects shall be Type 1, Class E per ANSI Z89.1-1997 (or 

latest) and shall be in compliance with OSHA 1926.100 and 1910.135 for electrical shock protection 

purposes. 

Another type of head protection used in rail vehicle maintenance is a bump cap. A bump cap is a 

plastic protective cap that protects the head when there is a possibility of striking the head against a 

hard, stationary object or to reduce the risk of exposure to abrasions or lacerations. Bump caps are 

typically used for the repair and maintenance work under rail vehicles, while in areas where bump 

cap protection is required as posted, and when instructed by supervisors or management.    

Wearing hardhats and bump caps properly is important as improper use may offer little, if any, 

protection. Any protective helmet should be inspected prior to use to ensure the suspension system 

supporting the shell of the helmet is undamaged. Protective helmets with cracks or severe dents 

should be replaced. Rail vehicle maintenance technicians should also be avoid wearing anything 

under the protective helmet that may impair vision or a proper fit. Often, protective helmets are color 

coded according to purpose. For example, a yellow protective helmet may be worn by shop trades 

without right-of-way functions and a white protective helmet may be worn by managers or 

supervisors. 

 
Figure 2.1 Hardhat for a Supervisor in CTA as 

Indicated by Yellow. Courtesy of CTA 

 
Figure 2.2 Hardhat for a Shop Maintenance Employee 

in CTA as Indicated by White. Courtesy of CTA 

 

Face, Eye, Ear and Respiratory Protection  

A variety of hazards to the eyes, ears and face exist in the rail vehicle shop environment. Proper PPE 

for each of these areas must be used when these hazards exist.  

Eye Protection: Eye protection should be worn almost all the time, but especially when working 

overhead, when grinding, or when using chemicals or cleaners. Other work processes and 

environmental hazards can also cause injury, including drilling, chiseling, babbiting, welding, a 

dusty and windy atmosphere, etc. and eye protection should also be used in these instances as well. 
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To determine the correct eye and face protection, a hazard assessment should be conducted to 

ascertain which of several eye hazards exists for each job. 

Prior to any work completed, a rail vehicle technician should find the suitable eye protection for 

potential hazards and confirm with their supervisor before proceeding. Maintenance and repair work 

requiring specific eye protection will be covered later in the course in the respective modules. 

 

 

Figure 2.3 Safety Glasses or Goggles 

 

Contact lenses should not be used when working around face or eye hazards, and instead, 

prescription safety glasses should be used. Observe warning labels referring to specific 

manufacturersô safety procedures and precautions. 

Hearing Protection: Some rail vehicle work can create situations where hearing may be impacted. 

Thus, PPE for hearing protection should be considered in these instances. Hearing protection may 

include devices such as earplugs or muffs depending on your transit agency and tasks to be 

performed. Hearing protection is required in wheel dismount areas, wash rooms, and pressure 

washers, air test room, or in any situation that may exceed certain decibel limits as determined by 

each agency as well as OSHA oversight.  

Figure 2.4 Full Face Shield 

https://en.wikipedia.org/wiki/File:SafetyGlassesShield.jpg
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Figure 2.5 General Hear Protection  

Figure 2.6 Disposable Ear Plugs for Hearing Protection. Courtesy of 

SFMTA 

Respiratory Protection: Respiratory protection devices should be worn when working in an 

environment where you will be exposed to hazardous concentrations of dust, fumes, mists, gases, 

smoke, sprays, or vapors. Different levels of respiratory protection exist for different types of work 

Possible types of respiratory protection for rail vehicle work may include regular cloth masks, fitted 

masks, and portable breathing machines. Any respiratory protection device should be approved by 

the National Institute for Occupational Safety and Health (NIOSH). Always read the instructions on 

how to properly use your respirator or, if possible, attend a training session on their proper use. 

When in doubt whether to wear a respirator, contact you supervisor for clarification.  

Limb Protection  

Limb protection is the protection of the bodyôs extremities including hands, arms, feet and legs. 

Hand Protection: Wearing gloves should be worn to protect your hands from being burned or cut. 

Gloves give an added layer of protection that is needed when a rope slips through your hands, when 

something hot needs to be moved, or when something with sharp edges needs to be held. Proper 

hand protection is also needed when handling chemicals that can be absorbed through the skin, when 

working with some batteries, or during work that involves potential exposure to electrical hazards.  

Gloves should NOT be worn when working near moving machinery.  
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Figure 2.7 Hand Protection. Courtesy of ELES 

Consortium 

 
Figure 2.8  Safety Gloves for Electrical or Battery 

Work. Courtesy of ELES Consortium 

 

Foot protection: The protection of feet is accomplished by selecting the appropriate footwear, or 

shoes or boots, for working on the shop floor or other field locations such as the train yard. Footwear 

must protect from sharp objects. Generally, footwear should be non-slip and use shoe laces. Heals 

should be not reach higher than 1 inch, and soles should not be over 3/8 inch thick. For rail 

operations, heels must be a distinct 90°. 

Steel-toed shoes should be used if there is a possibility that something might accidentally fall on the 

toes causing them to be injured or even severed. Although these boots are heavy and sometimes 

uncomfortable, they are worth wearing if they can save you from severe foot injuries. If there is a 

possibility of an electrical hazard, it is recommended to wear ANSI-approved I75/C75 steel-toed 

shoes or boots. 

If out-of-doors work is required during winter months, then appropriate shoes or boots must be 

selected in accordance with the transit agency policy or recommendations.  

Shoes that should not be worn under any circumstances include gym shoes, high heel shoes, slip on 

shoes, sandals, or shoes that do not contain a continuous sole. 

NOTE: Always follow your agency policy regarding approved footwear.  
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Figure 2.9 Electrical Hazard Safety Shoes 

 

 
Figure 2.10 Hard Toe Safety 

Shoes. Courtesy of ELES 

Consortium 

 
Figure 2.11 

Insulated Safety 

Boots. Courtesy of 

ELES Consortium 

  

Other: Metal jewelry can conduct electricity and possibly get caught on moving parts. Therefore, 

rings and other jewelry should not be worn when working on rail vehicles. 

 
Figure 2.12 Metal and Other Jewelry Should NOT be Worn 

General Body Protection  

General body protection includes protection of the body itself or protection of person to alert others 

of their presence. For rail vehicle maintenance and repair, general body protection incudes the use of 

high visibility safety vests or jackets and thermal protection against arc flash.  

High Visibility Safety Vests: High visibility safety vests are typically required to be worn on the 

shop floor of any rail vehicle maintenance facility. These vests are critical in alerting of the presence 

of individuals in any area of the shop are or train yard.  

If the possibility of exposure to momentary electrical arcing or flames could be present, then these 

vests should be standard flame resistance meeting the NFPA 701-99 standard or should be high 

flame resistance meeting the ASTM F1506-2000 standard. Both standard flame resistance and high 

flame resistance vests should meet applicable ANSI/ISEA 107-1999 standards for Class 2 high 

visibility vests including a minimum square inch of reflective stripping and background fabric 

material, reflective and washing performance, and should be tested in accordance with the ASTM 

D6413-99 method.  



COURSE 100: INTRODUCTION AND OVERVIEW OF 
RAIL VEHICLE SYTEMS, OPERATION AND MAINTENANCE 

 

 

Intended For Use by Rail Vehicle Consortium Members Only ǒ ©Transportation Learning Center 
Page 39 

   
Figure 2.13 Standard Safety Vest Front View. 

Courtesy of CTA 

 
Figure 2.14 Standard Vest Back View. Courtesy of  CTA 

 
Figure 2.15 High Flame Resistance Safety 

Vest Front View. Courtesy of CTA 

 
Figure 2.16 High Flame Resistance Safety Vest Back View. 

Courtesy of CTA 

 

 
Figure 2.17 Long-sleeved Safety Jacket 

used in Cooler Weather Conditions. 

Courtesy of SFMTA 

 
Figure 2.18 Shop Sign for Safety Vest Requirements. Courtesy of 

SFMTA 
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Vests should be worn in compliance with all agency rules, SOPôs and safety bulletins. Vests should 

not be altered in any way, and nothing should be worn over the vest. For cleaning vests, follow all 

washing instructions on the label in the vest or as indicated by the agency. 

Thermal and Fire Protection: Arc or hazard rated clothing is required for anyone working with 

high voltage. Voltage levels requiring such clothing will vary among agencies. For instance, one 

agency may require arc or hazard rated clothing for any work completed above 50 volts while other 

agencies may require the clothing for work completed above 600 volts.   

Most rail vehicle maintenance technicians and mechanics have arc rated clothing unless they are 

vehicle body technicians such as sanders, painters, etc. 

Lifting Protection:  Rail vehicle maintenance and repair can sometimes require the manual lifting of 

components or equipment that may be light, heavy, or awkward. While lifting may not require 

specific PPE, proper lifting methods will protect the worker and those around them from potential 

injury. Proper lifting methods will also make the work easier to perform.  

Planning is the first step associated with safe material and equipment handling. Always think 

through any task prior to and decide steps to take to prevent potential injuries related to lifting. 

Some simple rules apply to safe lifting:  

¶ Slippery or dirty objects must be wiped off before lifting. 

¶ Always plan your lift deciding the path ahead of time, ensuring the path is clear of any 

obstacles or hazards, inspecting your load for any potential hazards, and checking the weight 

of your load before lifting. If a load is potentially too large to lift, break the object down into 

smaller parts, get a co-worker, or utilize approparite equipment such as a lift or dolly to assist 

in the lift. 

o A two person lift works best when both people are similar in height, one person is in 

charge providing commandes, both people lift and rise at the same time, the load is 

kept level at all times, and both people unload at the same time. 

¶ Before lifting, stretch to warm up your muscles, position the body close to and directly facing 

the load. Place feet flat on the floor in a staggered position and shoulder width apart. Your 

body will now be in a stable position to lift. Bend at the knees and hips, rather than the back, 

and utilize all joints to perform a lifting task. Donôt stoop at the waist. Avoid lifting from the 

floor and instead lift from wasit level whenever possible. 

¶ While lifting, keep the back straight at all times by remembering the basics: Head up, 

shoulders back, chest out, stomach and rear end in. Do not twist, especially while bending. 

Consider using a one knee kneeling lift (left knee down, right knee up). 

¶ Relax your shoulders. Grip the load firmly. Tuck in your chin again to make certain that your 

back is straight before starting to lift. 
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¶ Use your body weight to start the load moving. Lift by pushing up with your legs. This 

makes full use of the strongest set of muscles. 

¶ Keep your arms and elbows close to your body while lifting. Keep your elbows bent and 

your wrists straight. Balance the load between your arms and hands, then lift smoothly and 

gradually, bending your elbows at 90 degrees. This will allow the strongest arm muscles to 

work during the lift. Remember that strength decreases when the arms are fully extended. 

¶ Carry the load close to your body. Donôt twist your body while carrying the load. To change 

direction, shift your foot position and turn your entire body. Make sure that you can see over 

the load and move carefully to your destination. 

¶ To lower the object, bend at the knees. Donôt stoop at the waist. To deposit the load on a 

shelf or table, place it on the edge and push it into position with your arms and body. Make 

sure that your hands and feet are clear when placing the load.  

¶ If pain or discomfort is felt at any time, always stop. 

¶ Escalators should never be used to move equipment.  

 

 

 
Figure 2.19 Proper Lifting Technique. Courtesy of ELES Consortium 

For more information on proper lifting and recommended practices, see OSHAôs web page, 

ñMaterials Handling: Heavy Liftingò, at 

https://www.osha.gov/SLTC/etools/electricalcontractors/materials/heavy.html  

Usage and Handling of Rail Vehicle PPE  

PPE should always be verified as proper type intended work and inspected for quality and effective 

protection. If a rail vehicle technician through assessment determines PPE defective in any way, a 

supervisor should be consulted prior to PPE use.  

PPE is to be changed in a designated area. The designated area will be equipped to handle any 

contaminated PPE.  

Contaminated or used PPE should be removed and handled in the following order:  

https://www.osha.gov/SLTC/etools/electricalcontractors/materials/heavy.html
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1) Vacuum your entire person with a HEPA vacuum using the brush attachment.  

2) Move to an area designated as a PPE change area.  

¶ Remove the outer disposable coverall.  

¶ Remove the disposable booties.  

¶ Remove gloves. 

Do not shake clothes. 

If the garment will be reused during that shift, hang it in the immediate area. If the garment 

will not be re-used during the shift, then dispose in the waste PPE trashcan. Roll coveralls as 

to ensure they fit into the trashcan without having to compact them. Disposable coveralls and 

gloves may be reused up to one full week if  they are intact and cleaned after each use. 

Disposable booties may be reused up to one shift if  they are intact and cleaned after each 

use.  

Immediately proceed to a hand wash station and wash your hands and face.  

 

No contaminated PPE shall be worn or carried into other areas of the facility, especially areas 

where hand-mouth activities occur such as lunch or break areas.  

 

Personal PPE (such as safety glasses, boots, respirators, etc.) should be vacuumed or wet wiped daily 

after cleaning activities are performed.  

 

Work uniforms should be collected and managed as per standard practice.  

 

Workers are encouraged to shower daily as soon as arriving home. In some cases, rail vehicle 

technicians may be required to mandate daily showers prior to workers leaving the transit property. 

 

In addition to following all federal and state guidelines regarding PPE, a rail vehicle maintenance 

technician should also always follow agency-specific guidelines and procedures for the use and care 

of PPE.     
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Classroom Activity 

With the guidance of your instructor and as a class, list specific PPE used in 

your agency along with related agency-specific guidelines and procedures in the 

box below. 

 

 

PPE Used in Your 

Agency Agency-Specific Guidelines and Procedure 

  

  

  

  

  

  

  

  

 

 

For more information on PPE, see OSHAôs webpage at https://www.osha.gov/SLTC/index.html.  

 

 

 

 

  

https://www.osha.gov/SLTC/index.html
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2-3 SHOP HAZARDS 

Hazards exist in all types of work environments. A hazard is the potential for harm often related to a 

condition or activity that can result in injury or illness if not addressed. Recognizing the signs and 

understanding these hazards are very important in maintaining a safe environment for everyone. The 

figure below provides universal signs with corresponding explanations for general safety hazards 

that everyone should recognize and know for any work in any maintenance or industrial-type areas. 

These hazards are also found in most inspection, maintenance and repair environments, and 

particularly in the rail vehicle shop environment.  
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Job Hazard Analysis and Review  

Identifying a potential workplace or job hazard(s) is critical in any job. It is important to identify and 

address existing or potential workplace or job hazards as early as possible, preferably before the start 

of any work to be completed, to prevent injury and/or illness.  
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A job hazard analysis is a method of analyzing a workplace or job task to identify the existing or 

potential hazard(s). This analysis considers the relationship between the worker, task(s), tool(s) and 

workplace. Upon completion of a job hazard analysis, existing or potential hazard(s) can be 

addressed to eliminate or reduce the hazard(s) to an acceptable risk level.  

Prior to completing a job hazard analysis, careful thought should be given to workplace observations 

and job tasks or steps. This information will be critical in completing a thorough job hazard analysis.  

A job hazard analysis involves constant attention to playing ñdetectiveò with the goals of 

determining: 

1. What can go wrong? 

2. What are the potential consequences? 

3. How could the hazard arise? 

4. What are other contributing factors to the hazard? 

5. How likely is it that the hazard will occur? 

A good hazard analysis will include the identification of: 

¶ Where is it happening or what is the environment? 

¶ Who or what it is happening to or exposure? 

¶ What is the trigger for the hazard, or what causes the hazard to happen? 

¶ What is the outcome should the hazard occur? 

¶ Other contributing factors to consider? 

After a job hazard is completed, the rail maintenance technician should take the necessary steps to 

address, control and minimize the hazard and any potential consequences. These steps may include 

using the proper PPE, placing appropriate signage and barriers, etc. A supervisor should be 

consulted if there is any concern that a hazard has not been effectively addressed. 

Zero-Energy State  

Securing something in a zero-energy state means ridding it of any sort of potential or stored energy. 

This is often completed during rail vehicle maintenance and repair in various ways depend on work 

being completed. Securing something in a zero-energy state may include but not limited to:  

¶ Electrical energy 

¶ Spring pressure  

¶ Hydraulic (liquid) pressure  

¶ Pneumatic (air) pressure  

¶ Suspended weight  

¶ Chemical energy (flammable or otherwise reactive substances)  
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Securing a zero state of energy will be discussed further where applicable in later rail vehicle 

modules and maintenance courses. 

Common Hazards in Rail Vehicle Maintenance  

In addition to the general hazards illustrated in earlier figure, rail maintenance shop-specific hazards 

can be considered within the context of the following main categories or shop areas:  

¶ Noise Hazards 

¶ Slip, Trip and Fall Hazards 

¶ Respiratory and Eye Hazards 

¶ Pinch Points and Mechanical Hazards 

¶ Vehicle and Equipment Movement  

¶ Electrical Hazards  

¶ Cat Walks 

¶ Compressed Air Hazards 

¶ Pit Area Hazards 

¶ Hazardous and Flammable Storage 

¶ Refrigerant Hazards 

¶ Chemical Hazards 

Noise Hazards 

A rail vehicle maintenance shop may also present noise hazards. Tools and equipment such as 

blowers, compressors, and power tools can present noise that may be harmful to those in the area 

and especially the technicians using them. Proper PPE to protect hearing should be used when noise 

is expected to be harmful.  

 

 
Figure 2.20 Single Use and Reusable Earplugs. Source: Wikipedia 
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Slip-Trip -Fall Hazards 

Rail vehicle maintenance technicians should exercise caution regarding all potential trip, slip or fall 

hazards. Areas and equipment in the rail vehicle maintenance shop that present these hazards 

include: 

¶ Exposed pits without railing 

¶ Pit areas containing oil and condensation from AC units 

¶ Tracks 

¶ Air hoses 

¶ Chords 

¶ Fluids on the ground 

¶ Ladders 

¶ Stairs 

Rail vehicle technicians should be aware of these areas and take care for their own safety as well as 

others when possible. Be aware of signs alerting of these hazards, or place signs where needed 

according to agency policy and procedures. Fluids on the ground should be removed according to 

type and agency procedures. Likewise, chords should be properly contained. 

 

 
Figure 2.21 Pit Area. Courtesy of SFMTA 

 
Figure 2.22 Pit Area with Stairs and Ladders. Courtesy 

of SFMTA 

Respiratory and Eye Hazards   

Rail vehicle maintenance technicians can sometimes be exposed to respiratory and eye hazards that 

can include dust, sprayed chemicals, solvent fumes, airborne metal fragments, and pressurized air 

from hydraulics.  

Precautions to take include wearing the proper PPE for the type of work being performed as 

explained later in each specific course. Always take notice of signage and follow transit agency 
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policy for eye protection for various areas of the shop or specific work to complete. If an eye hazard 

is encountered and proper PPE was not effective, the nearest eye wash station should be located and 

utilized as per agency direction and policy. 

 

 
Figure 2.23 Sign Alerting of Required Eye Protection. 

Courtesy of SFMTA 

  
Figure 2.24 Eye-Wash Station. Courtesy of SFMTA 

Proper area ventillation will also be important for any potential respiratory hazard. It is improtant the 

ensure rea ventilation remains operatable and clear of equipment or items stored. 

 
Figure 2.25 Shop Ventilation Fan. Courtesy of SFMTA 

Pinch Points and Mechanical Hazards  

Inspection, maintenance and repair of mechanical systems typically present the possible exposure to 

pinch points. A pinch point is a place where it's possible for a body part to be caught between 

moving machine parts or between moving and stationary machine parts. 
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Figure 2.26 Pinch Point 

 

In rail vehicle inspection, maintenance and repair pinch points can be found in many areas and types 

of work. Pinch points in rail vehicle maintenance work include but are not limited to: 

 

Potential Pinch Point Hazard Pinch Point Location 

Areas of the Car ¶ where the wheels meet the rail 

¶ couplers (between rail vehicles) 

¶ doors/door mechanisms 

¶ rotating equipment such as motors and 

fan blades 

 

Tools and Machinery ¶ press machines (hydraulic, mechanical, 

pneumatic) 

¶ vehicle lifts 

¶ fork lifts 

¶ bench grinders 

¶ metal working equipment (shears, 

brakes, punch machines) 

 

The above chart illustrates some of the general pinch point hazards in rail vehicle inspection and 

maintenance. Additional pinch point hazards will be covered in later courses.  

 

The technician is exposed to several mechanical hazards when working around moving machine 

parts such as those in a rail maintenance shop. OSHAôs Concepts and Techniques of Machine 

Safeguarding, identifies three basic areas require safeguarding: 

1. The point of operation: that point where work is performed on the material, such as cutting, 

shaping, boring, or forming of stock. 

2. Power transmission apparatus: all components of the mechanical system which transmit 

energy to the part of the machine performing the work. These components include flywheels, 

pulleys, belts, connecting rods, couplings, cams, spindles, chains, cranks, and gears. 

http://www.osha.gov/Publications/Mach_SafeGuard/toc.html
http://www.osha.gov/Publications/Mach_SafeGuard/toc.html


COURSE 100: INTRODUCTION AND OVERVIEW OF 
RAIL VEHICLE SYTEMS, OPERATION AND MAINTENANCE 

 

 

Intended For Use by Rail Vehicle Consortium Members Only ǒ ©Transportation Learning Center 
Page 51 

3. Other moving parts: all parts of the machine which move while the machine is working. 

These can include reciprocating, rotating, and transverse moving parts, as well as feed 

mechanisms and auxiliary parts of the machine. 

There is a wide variety of mechanical motions and actions may present hazards to the worker. These 

can include the movement of rotating members, reciprocating arms, moving belts, meshing gears, 

cutting teeth, and any parts that impact or shear. These different types of hazardous mechanical 

motions and actions are basic in varying combinations to nearly all machines, and recognizing them 

is the first step toward protecting workers from the danger they present. 

OSHA defines mechanical actions as machines that cut, punch, shear, and bend materials. 

Requirements for Safeguards for Mechanical Hazards 

 

What must a safeguard do to protect workers against mechanical hazards? According to OSHA, 

safeguards must meet these minimum general requirements:  

¶ Prevent contact: The safeguard must prevent hands, arms, and any other part of a worker's 

body from making contact with dangerous moving parts. A good safeguarding system 

eliminates the possibility of the operator or another worker placing parts of their bodies near 

hazardous moving parts. 

¶ Secure: Workers should not be able to easily remove or tamper with the safeguard, because a 

safeguard that can easily be made ineffective is no safeguard at all. Guards and safety devices 

should be made of durable material that will withstand the conditions of normal use. They 

must be firmly secured to the machine. 

¶ Protect from falling objects: The safeguard should ensure that no objects can fall into moving 

parts. A small tool which is dropped into a cycling machine could easily become a projectile 

that could strike and injure someone. 

¶ Create no new hazards: A safeguard defeats its own purpose if it creates a hazard of its own 

such as a shear point, a jagged edge, or an unfinished surface and can cause a laceration. The 

edges of guards, for instance, should be rolled or bolted in such a way that they eliminate 

sharp edges. 

¶ Create no interference: Any safeguard which impedes a worker from performing the job 

quickly and comfortably might soon be overridden or disregarded. Proper safeguarding can 

actually enhance efficiency since it can relieve the worker's apprehensions about injury. 

¶ Allow safe lubrication: If possible, one should be able to lubricate the machine without 

removing the safeguards. Locating oil reservoirs outside the guard, with a line leading to the 

lubrication point, will reduce the need for the operator or maintenance worker to enter the 

hazardous area. 
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Vehicle and Equ ipment Moving Hazards  

The movement of heavy equipment and vehicles is a routine occurrence in a rail vehicle 

maintenance shop. Rail vehicles themselves are moved in and out of the shop on a daily routine 

basis. Vehicles are often lifted or may be mounted to overhead or pit areas for work required under 

the car. Heavy equipment related to the parts or work may also be moved throughout the shop.  

Caution for the rail vehicle shop regarding the movement of vehicles and equipment is important. 

Overhead clearance, especially doorways and frames must be identified and accounted for in any rail 

vehicle movement. Signs indicating the possible movement of rail vehicles should be used and 

followed as recommended every rail agency. Extreme care and caution must also be exercised when 

moving equipment and cars overhead via hoist. 

 

 

 

 
Figure 2.27 43 Signage Alerting to the Possibility of 

Moving Vehicles. Courtesy of SFMTA 

 
Figure 2.28 Rail Vehicle Proceeding to Move from the 

Shop to the Train Yard. Courtesy of SFMTA 
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Figure 2.29 Rail Vehicle Equipment and Components. 

Courtesy of SFMTA 

 

Rail vehicle lifts jack stands also pose a danger and hazard in the rail vehicle maintenance shop. 

Rail vehicle lifts include a variety of types from cranes to floor-based vehicle jacks. Each of these 

will be covered later in the course.  

 

 
Figure 2.30 Jack Stand. Courtesy of SFMTA 

The movement of vehicles and equipment will be covered in depth later in Module 4.  

Electrical Hazards  

Electrical hazards exist anytime work is being completed using or near an electrical supply. An 

estimated 30,000 non-fatal electrical shock accidents occur each year. Over 200 people die from 

electrocution each year on average in the United States. Electrocution remains the fourth highest 

cause of industrial fatalities and approximately 3000 flash burn incidents are reported annually along 

with approximately 200 deaths. 

Electricity is an ever-present energy agent to that many workers in different occupations and 

industries are exposed to daily in the performance of their duties. Many workers know that the 
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principal danger from electricity is that of electrocution, but few really understand just how minute a 

quantity of electrical energy is required for electrocution. In reality, the current drawn by a tiny 7.5 

watt, 120-volt lamp, passed from hand to hand or hand to foot across the chest is sufficient to cause 

electrocution. The number of people who incorrectly believe that normal household current is not 

lethal or that power lines are insulated and do not pose a hazard is alarming. Electrocutions may 

result from contact with an object as seemingly innocuous as a broken light bulb or as lethal as an 

overhead power line.  Electrocutions have affected workers since the first electrical fatality was 

recorded in France in 1879 when a stage carpenter was killed by an alternating current of 250 volts. 

Electrical injuries can occur in the form of electrocution, electric shock, burns, and falls because of 

contact with electrical energy. An electrically safe condition shall be achieved by completing all of 

the following: 

1. Determine all sources of electrical supply (drawings, diagrams). 

2. Open disconnecting device for each source. 

3. Visually verify all blades of disconnecting devices are fully open or drawout-type breakers 

are withdrawn. 

4. Apply lockout/tagout (LOTO) devices in accordance with policy. * 

5. Test each phase conductor using an adequately rated voltage detector. 

6. Ground phase conductors where the possibility exists for induced or stored energy. 

 

*LOTO will be further explained later in this course and when applicable in other courses. 

An electrically safe work condition does not exist until all the six steps have been completed. Until 

then, workers might contact an exposed live part. If an electrically safe work condition does exist, no 

electrical energy is in proximity of the work task(s). All danger of injury from an electrical hazard 

has been removed, and neither protective equipment nor special safety training is required. However, 

other hazards might remain. 

The implementation of the following preventive measures can also help to reduce or eliminate 

electrical hazards within the workplace: 

1. Extension cords should only be used for temporary power to equipment that is in use by 

someone ñNOWò. They should never be used: 

a) To power equipment on a semi-annual basis, in lieu of plugging the equipment 

directly into a proper outlet 

b) Run through walls, above ceilings, in standing water, etc. 

c) Attached to building surfaces. 

d) In a place where they me be subject to crushing or pinching. 

2. Extension cords should never be left coiled up while plugged into an outlet. This can cause 

inductive heating that will damage the insulation and can cause fires. 
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3. Multiple outlet strips should be used only where equipped with a surge suppressor and used 

to power only computer equipment. They must never be used to power appliances or other 

electrical equipment. Doing so can overload outlets and branch circuits. 

4. Circuits must not over-loaded. Warm or hot circuit breakers indicate an overloaded circuit 

and a serious fire hazard. 

5. Romex type wiring must be properly secured and supported. It should never be used as 

flexible temporary wiring. Damaged conduit, wires, junction boxes, outlets and switches 

must be de-energized and repaired by a qualified electrician immediately. 

6. Air vents on electrical and electronic equipment must never be blocked or obstructed and 

should be kept clear of dust and lint. 

7. Circuit breakers should be ñexercisedò every six months, by turning them off and on, to 

ensure proper function. 

8. Grounding ï Three prong plugs assure that the equipment is grounded. Do not modify a 

plug by cutting off the grounding prong. A two-prong adapter with grounding strap should 

be use instead. 

9. Lock-outs ï Distribution panels and/or fuse boxes can be fitted with key locks to add an 

additional safety measure. These panels/boxes should be locked to prevent unauthorized 

individuals from contacting the wiring inside. When working on an electrical circuit that is 

out of eye sight of the electrical panel/fuse box, the fuse box, panel, or controller should be 

locked to prevent accidental re-energizing of the circuit by another person. Refer to OSHA 

regulation governing Lockout/Tagout procedures. 

10. Underground Utilities ï Telephone, electrical, gas, satellite TV, and dog training wires may 

be buried on or near your planned worksite area. For public utilities, call before digging. 

Check with www.digsafe.com, a national directory and a free service, for the phone number 

in your state. 

Even when all steps have been taken to ensure electrical safety is in place other potential electrical 

hazards. These hazards include but are not limited to:  

¶ Defective equipment and insulation 

¶ Inadequate or overload wire hazards 

¶ Exposed electrical parts 

¶ Improper grounding hazards 

¶ Potential for inclement weather and wet condition hazards 

¶ Proximity of power lines and other high voltage situations 

¶ Shock boundaries 

¶ The possibility of arc blasts 

 

 

  

http://www.digsafe.com/
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Defective Equipment and Insulation: All electrical protection covered in previous courses 

applies to inspection and maintenance of rail vehicles as well, and this includes the 

possibility of defective equipment and insulation.   

In some instances, defective equipment may be present and unintentionally charged with 

hazardous voltage. Rail vehicle maintainers performing inspection and maintenance of rail 

vehicle systems must be aware of the potential for this problem to exist and work 

accordingly.  

Defective or inadequate insulation can also be a potential electrical hazard a rail vehicle 

maintainer may encounter during routine inspection and maintenance. Insulation, the plastic 

or rubber covering of bare wire, prevents conductors from coming in contact with each other 

as well as coming in contact with people. Possible damaged insulation may occur in 

extension cords or inside a damaged electrical tool or component.  

Damaged insulation may expose metal parts which could become energized by a live wire. If 

something with damaged insulation is touched, the person in contact with the damaged 

insulation will receive a shock. If damaged power tools or other damaged equipment are 

touched, the person in contact with the damaged tools or equipment may receive a shock. 

Grounded or double-insulated equipment will reduce the likelihood of exposure to defective 

insulation since double-insulated tools have two insulation barriers and no exposed metal 

parts.  

 

 

 

 

 

 

Warning: Safety Precautions!  

In event of electrical storm, it is recommended to avoid work on or 

around power. 

 

Warning: Safety Precautions!  

Treat every circuit as energized. 
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Inadequate Wiring and Overcurrent Protection Device Hazards: Wires must be of 

appropriate gauge and size for intended use as the wire must be able to handle the current 

safely. Likewise, the insulation must be appropriate for the intended voltage and 

environmental conditions with terminations reliable and protected. In the event wires are 

inappropriately sized or insulation is insufficient, an electrical hazard can occur. 

Overcurrent protection devices in a circuit, such as a fuse or circuit breaker, must be sized 

appropriately. If the breakers or fuses are too big for the wires they are supposed to protect, 

an overload in the circuit will not be detected and the current will not be shut off. 

Overloading leads to overheating of circuit components (including wires) and may cause a 

fire. 

 

A guide to the National 

Electric Code (NEC) rules 

for circuit conductor 

identification and sizing. 

http://ecmweb.com/qampa/code-qa-

identification-circuit-conductors 

Exposed and Energized Electrical Parts: When electrical parts or wires are exposed or 

easily accessible, an electrical hazard may exist. Electrical parts, as well as wires, may exist 

through a removed cover, by exposed terminals, or in older equipment or tools. Exposure and 

contact with live electrical parts will cause an electrical shock. 

All wires must be considered energized (LIVE), except when it is known they have been de-

energized and made safe by a qualified employee. Electrical conductors must be tested 

deenergized before any work commences. Only qualified employees may work on or near 

energized wires and/or equipment. It is recommended that employees notify the Power 

Dispatcher or similar department prior to beginning such work to obtain proper permits and 

apply required protection.   

Supervisors must know that employees working under their supervision understand and 

comply with these instructions. When inexperienced or unqualified employees or contractors 

are required to work in electrified territory, they must do so under the supervision of a 

qualified person. The qualified person in charge must remind them of the danger and hazards 

involved in their work.  

Employees must not touch dangling wires or foreign objects hanging from electric wires nor 

attempt to remove them by any means. An eight-foot clearance must always be maintained 

unless the voltage is known and proper distances are maintained accordingly. When possible, 

leave someone to warn others.  

http://ecmweb.com/qampa/code-qa-identification-circuit-conductors
http://ecmweb.com/qampa/code-qa-identification-circuit-conductors
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Insulation, weather proofing or covering on wire, electrical apparatus or equipment must not 

be depended upon for protection against shock. 

Improper Grounding Hazards: The improper grounding of electrical systems can create 

a hazard and parts may become energized. When a circuit is not grounded properly, a hazard 

exists because unwanted voltage cannot be safely eliminated. When no safe path to ground 

for fault currents exists, exposed metal parts in damaged equipment can become energized. 

Contact with a defective electrical device that is not grounded (or grounded improperly) will 

cause an electrical shock.  

The following guidelines should be considered for protective grounding procedures: 

¶ Where the possibility of inducted voltages or stored electrical energy exists, 

grounding of the phase conductors or circuit parts before touching them shall be 

done. 

¶ Temporary protective grounds shall be placed at such locations and arranged in such 

a manner as to prevent each employee from being exposed to hazardous differences 

in electrical potential.  

¶ Temporary protective grounds shall be capable of conducting the maximum fault 

current that could flow at the point of grounding for the time necessary to clear the 

fault.  

¶ Temporary protective grounds shall have an impedance low enough to cause 

immediate operation of protective devices in case of accidental energizing of the 

electrical conductors or circuit parts.  

¶ Temporary protective grounds shall be inspected before and after each use.  

¶ Temporary protective grounds shall be maintained in a safe working condition and 

shall meet the requirements for ASTM F 855. 

Electrical systems are often grounded to metal pipes. All pipes must be made of conductive 

material (a type of metal).  

Wet Condition Hazards: Wet conditions can provide an easy path for electrical current. 

Touching a live wire or other electrical component including live electrical parts causes by 

damaged insulation, while standing on a wet surface will cause a shock. Wet clothing, high 

humidity, and perspiration can also reduce resistance and increase the chances for 

electrocution.  

High Voltages and the DC Disconnect: Catenary wires and third rails are sometimes 

present in some rail installations and shops.  Careful consideration must be taken when 

performing inspection and maintenance around any high voltage power supply. Both 

catenary wires and third rails are high voltage and can produce fatal shocks.    
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In rail vehicle maintenance shops, high voltage power is managed by means of the earlier 

mentioned DC Disconnect. The DC disconnect and related safety steps will be thoroughly 

explained later in this course.  

Arc Flash and Approach Boundaries: As part of electrical safety, signal maintainers 

should be aware of arc flashes and blasts along with approach boundaries. Arc flashes and 

arc blasts consist of a luminous electrical discharge across a gap between conductors of high 

voltages and high-amperage currents arc, or travel, through the air. The arc flash is the 

luminous electrical discharge while the arc blast consists of the wave of energy produced. 

Some arc flashes and blasts have produced temperatures as high as 35,000°F. Typically, arc 

flashes and blasts occur because of equipment failure resulting from abuse or fatigue.  

Hazards associated with arc blasts include burns, wave blasts, and equipment meltdown. 

Burns that occur from arc blasts are due to thermal radiation and intense light. The use of 

proper clothing, work distances, and overcurrent protection can help reduce this risk. Wave 

blasts which can occur with a 25,000-amp arc can result in a force of approximately 480 

pounds on the front of the body at 2 feet away. While these wave blasts can throw individuals 

away from the arc and resulting thermal radiation, serious ear damage and memory loss due 

to concussion can still occur. The pressure waves can also send equipment flying and can 

knock over walls. An arc flash can also melt equipment. As equipment melts down, droplets 

of molten equipment metal can be projected by the arc blast. These droplets can cause burns 

and/or fires even at distances of 10 feet or more away. 

 

Arc Flash Safety by Eaton 

Videos 
https://www.youtube.com/watch?v=fZU06zNeICw 

 

As determined by the NFPA 70E, approach boundaries consist of four boundary levels determined 

by distance to protect from exposed live parts and arc flashes or blasts.   

The three boundaries used to protect individuals from exposure to live parts include the following: 

¶ Limited approach boundary ï The closest approach for unqualified person unless 

accompanied by a qualified person.  

¶ Restricted approach boundary ï The closest approach without proper PPE for a 

qualified person. Careful attention of tools and movements that could be exposed to 

live parts with unintentional movement. 

https://www.youtube.com/watch?v=fZU06zNeICw
https://www.youtube.com/watch?v=fZU06zNeICw
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¶ Prohibited approach boundary ï The distance a person must keep from live parts to 

prevent flashover or arcing in the air. A person closer than the prohibited approach 

boundary would essentially be in contact with a live part.  
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Electric Shock Boundaries to Live Parts 

300 ï 600 Volts 

Limited Approach 

Boundary 

3 feet 6 inches 

Restricted Approach 

Boundary 

1 foot 

Prohibited Approach 

Boundary 

1 inch 

Power Source 

 

The fourth boundary is intended to protect against arc flash and is known as the flash 

protection boundary. At this boundary, PPE is required to prevent incurable burns in the 

event of an arc flash. In many agencies, only qualified persons are allowed to enter areas 

identified as ñArc Flash and Shock Hazardò locations. 

Flash Protection Boundary to Live Parts 

300 ï 600 Volts 

Flash Protection Boundary 

4 feet 
Power Source 

 

Your Agency Policy and Procedures Regarding Approach Boundaries 

 

 

 

 

 

 

 

 

 

Pit Hazards  

Pit areas are the places in the shop that are below ground where rail vehicle mechanics can descend 

to complete work beneath the underside of the rail vehicle.  

 



COURSE 100: INTRODUCTION AND OVERVIEW OF 
RAIL VEHICLE SYTEMS, OPERATION AND MAINTENANCE 

 

 

Intended For Use by Rail Vehicle Consortium Members Only ǒ ©Transportation Learning Center 
Page 62 

 
Figure 2.31 Wheel Lathe with Pit. Courtesy of SFMTA  

Figure 2.32 Pit for Running Repair Area. Courtesy of 

SFMTA 

While most pit areas are protected by way of railings, some are open with no protection thus creating 

the possibility of a fall hazard. Stairs are also present in pit areas, some of which are open without 

railing. Care must always be taken to prevent falls into pit areas, especially those without railings. 

Other hazards may also exist in pit areas.  

The possibility of being struck by a vehicle in movement could occur. Also, and as mentioned 

earlier, water and oil may sometimes be found on pit floors thus creating slip, trip and fall hazards.  

Following proper communication procedures as established by your agency and cleaning any spills 

will help to minimize the potential of these pit hazards. 

Cat Walks 

A catwalk is a narrow walkway or bridge-type structure either suspended from a structure or self- 

supporting and often used in industrial installations to access areas high from ground. In rail vehicle 

maintenance, catwalks are used to access the top of rail vehicles for inspection and maintenance 

purposes. Some catwalks are permanent structures in a shop and some may be moveable to various 

areas as needed. 

Catwalks must be designed to meet OSHA standards. Catwalks are designed to help prevent slip, trip 

and fall accidents and typically contain railings to help in fall protect, toe boards to prevent tools and 

materials from falling to work areas below, and non-skid surfaces. In addition, catwalk areas are 

often locked to prevent unintended movement and access to these areas. This lock system will be 

explained later in the course.   
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Figure 2.33 Permanent Catwalk. Courtesy of 

SFMTA 

 

 
Figure 2.34 Moveable Catwalk. Courtesy of SFMTA 

Compressed Air  

Compressed air is used in rail vehicle maintenance for a variety of reasons including cleaning areas 

of the rail vehicle and to power certain tools.  

Compressed air hazards include the high pressurized air itself, the whipping of the hose, and blowing 

debris. 

Precautions to take when using compressed air include: 

¶ Always wear proper PPE when using compressed air which should include eye, face and 

respiratory protection meeting minimum ANSI or other applicable national industry 

standards. Work gloves should also be worn.  

¶ Never use compressed air for dusting or cleaning clothes.  

¶ Never dry off your body using compressed air as air may enter the blood stream through a 

scratch or wound and could result in death. 

¶ Always turn off the air supply valve before changing or disconnecting pneumatic tools.  

¶ Check the coupling and condition of the hose before opening the air valve into the hose. 

Always maintain a firm grasp of the discharge end of the hose to prevent the possibility of 

the whipping of the hose which could result in a possible injury. 

¶ If using compressed air to clean machines, tool tables or other work surfaces, ensure pressure 

is reduced to less than 30 psi, effective chip guarding and proper PPE is used, and ensure 

others in the area are protected from blown debris.   

¶ Use only those cleaning products and lubricants proven safe and authorized for use by the 

rail transit system. Consult OEM and MSDS references for suitability for each application to 

prevent personal injury and damage to the equipment 
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Overhead Door and Frame Familiarization  

Employees involved in rail vehicle inspection, maintenance and repair must be familiar with 

overhead doors and their frames located at the shop entrances and exits.    

 
Figure 2.35 Framed Doorway for the Movement of Rail 

Vehicles in and Out of Shop. Courtesy of SFMTA 

 
Figure 2.36 Door Movement Equipment with Signage. 

Courtesy of SFMTA 

 

Hazardous/Flammable Materials  

Proper hazardous and flammable material handling and storage is important for the safety of the 

shop environment. 
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Figure 2.37 Flammable Material in Shop. Courtesy of SFMTA 

 

Hazardous and flammable liquids can be categorized into three classes according to their flash point, 

or the minimum temperature at which a liquid gives off a vapor in sufficient concentration to ignite. 

Three classes of hazardous and flammable liquids include: 

¶ Class I ï any material with a flash point below 100°F 

¶ Class II ï any material with a flash point between 100°F and 140°F 

¶ Class III ï any material with a flash point between 140°F and 200°F 

 

Hazardous materials should be stored in containers appropriate for their class. Class I liquids should 

only be stored in one-gallon safety cans or sealed containers not larger than one gallon each and not 

exceeding a total of 10 gallons in the work area. Class II should be stored in sealed containers of not 

more than 5 gallons or in barrels, drums, or tanks not exceeding 60-gallon capacity. The maximum 

aggregate amount for any work area is 60-gallons. Class III liquids should be stored in sealed 

containers of not more than 5-gallon capacity or in barrels, drums, or tanks not exceeding one 

hundred twenty-gallon capacity. The maximum aggregate amount for any work area is 120 gallons.  

 

Up to ten, 55-gallon drums of oils, paints, varnishes and similar fluids having a flash point above 

200° F can be stored in a work area. Liquids having a flash point above 200° F can be stored in 

quantities less than 10 gallons in drums or ordinary tanks and if drawn on the premises, suitable drip 

pans shall be provided to catch the drips.  
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Hazardous materials should not be stored near floor drains or other connections to the city sewer 

system or the facilities oil/water separator. Flammable liquids shall not be stored in direct sunlight or 

near another heat source like electoral heaters (600-volt DC and various AC heaters). Flammable 

liquids shall not be stored next to an ignition source such as boilers, heaters with an open flame, 

combustion engines, cigarettes, and sparks from cutting and welding. Smoking, eating, drinking and 

food storage in a hazardous materials storage area or when working with hazardous materials is 

prohibited.  

All storage containers shall be labeled with the product name, lot number, and both chemical and 

physical health hazards. If labels are needed, request a label for the container from your supervisor 

or the appropriate agency department who will contact the manufacturer or vendor for the product 

label. When transferring a material from one container to another, always label the new container 

with the lot number and product name.  

 

 
Figure 2.38 Hazardous Waste Label. Courtesy of SFMTA 

All containers of hazardous materials shall be stored with lids, covers and/or bungs in place. When 

storing materials outside, plastic covers are available to protect drum tops from corrosion and 

accumulation of water in the drum.  

Every building, room or area that is used to store flammable liquids shall have a sign that says 

ñFlammable ï Keep Fire Awayò written with legible, bright, red letters on a white background. 

Refrigerant Hazards  

To avoid injuries and costly mistakes, technicians should consistently follow defined procedures, 

follow safety data sheet (SDS) guidelines, and use common sense when handling refrigeration 

equipment. Taking simple precautions can be a substantial leap toward industry-wide safety.  

 

Refrigerant safety is straightforward: If the refrigerant stays contained in the cylinder or in the 

system then it presents little danger to people. The hazard occurs when the refrigerant comes out of 

the container or system, often quickly and unexpectedly. Regular checks on containers and systems 
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for holding pressure, and preparing safety equipment and procedures to minimize personal exposure 

after unexpected releases should help avoid any injuries when handling refrigerants. 

 

Specific hazards from refrigerant fall into three categories: 

1. Toxicity 

2. Flammability/Combustion/Decomposition 

3. Pressure/ Refrigerant Gas 

Employees working with refrigerants must be certified. None-the-less, a rail vehicle mechanic who 

is not trained and working with refrigerants should still be aware of their use, potential hazards and 

precautions in the shop environment. 

Refrigerant hazards and required training will be further explained in Rail Vehicle Course 106: 

Introduction and Overview of HVAC Systems.  

Chemical Hazards  

Nickel-cadmium (NiCad) batteries are widely used in todayôs passenger rail cars and the Rail car 

Training Consortium has decided to focus on NiCad batteries and no other battery types. Some 

agencies may have other types of batteries in use on their rail cars and this section on chemical 

hazards may not therefore apply to all agencies and all rail cars. 

Working around batteries may expose the rail vehicle technician to various chemical hazards.  

Chemical hazards will be further covered in Course 104: Introduction and Overview of APS and 

Battery Systems. 

 

Classroom Activity  

With guidance from your instructor and as a class, fill in the table to identify the 

hazard sign, the location(s) of the hazard(s) in your agency, and appropriate PPE to 

use for each hazard.    
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Hazard 

Symbol 

Hazard 

Name 

Hazard Location(s) in 

Your Agency 

Agency 

Recommended PPE 
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2-4 EMERGENCY RESPONSE RESOURCES 

In the event of an emergency such as a rail vehicle crash or shop fire, every agency must have in 

place emergency response procedures. These procedures are to outline and explain various possible 

emergencies that may occur and approved procedures for response to those emergencies. Rail 

vehicle technicians should understand these procedures and related resources which include: 

¶ Emergency evacuation plan 

¶ Emergency response agencies and their contact information 

¶ Fire prevention and safety 

¶ Emergency Kits: First Aid, AED, Hazmat spill kits 

¶ Emergency cut-out switch 

¶ Emergency vehicles and re-railment trucks 

¶ Agency-Specific Locations for all Emergency Resources 
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An emergency evacuation plan and related 

plans provide direction for how to safely exit a 

building in an emergency that requires building 

inhabitants to leave. While the main manager of 

the building or facility always maintains 

detailed evacuations plans, agency workers will 

typically be most familiar with the emergency 

evacuation directions indicated on signage 

displayed throughout a facility. These signs 

usually provide the name and physical address 

of the building itself, indications of the 

particular location the sign is displayed which 

may include a map of the building and/or floor 

and floor level indication if needed, emergency 

contact numbers, any specific directions for 

disabled persons, and a description of what 

alarms will indicate the need to evacuate. These 

signs will also be displayed in braille for people 

who are visually impaired.  

 
Figure 2.39 Emergency Evacuation Plan. Courtesy of 

SFMTA 

Emergency Action Response  

If an emergency should occur, every employee in the rail maintenance shop and surrounding area 

should know who to contact and how to contact them. At a minimum, a supervisor should be 

contacted for any emergency. In some cases, other emergency response agencies should also be 

consulted. The agency to contact and when to contact depends on the type of emergency. For 

example, if a fire should occur, then the appropriate emergency response number to call would be 

911 and that should be done immediately.  

The phone numbers associated with each emergency response agency will vary according to 

location. The list of emergency response agencies should be kept in a centralized area, and it is the 

responsibility of each employee to know where to find this in their agency.  
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Class Activity   

In the space below -  

1. Describe organization or agencies in your local area that may be contacted 

during an emergency.  

2. Explain where to locate the emergency response contact information in your 

rail vehicle maintenance shop. 

 

 

 

 

 

 

 

Fire Prevention and Safety  

Fire safety equipment in the transit workplace is available for response to emergencies involving 

fire. In the event of a fire, a variety of responses may be possible depending on the type and location 

of the fire. General fire safety equipment transit workers should be able to understand, identify and 

can properly use include: 

¶ Fire alarm systems 

¶ Fire and extinguishing basics 

¶ Fire response equipment 

Fire Alarm Systems 

Fire alarm systems are found throughout the transit environment including transit work areas such 

as stations, central instrument areas, and maintenance shops. Fire alarm systems contain a various 

number of devices that work together to warn people both visually and audibly of the presence of 

smoke, fire or other possible emergencies. These devices are typically activated automatically 

through smoke or heat detectors, but sometimes they may be manually activated such as at a pull 

station. 
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Figure 2.40 Fire Alarm System with Loud Speaker and Pull Station. Courtesy of SFMTA 

Anyone working in an agency should immediately locate the manual pull-station alarms for their 

given work areas. Once activated, fire systems provide an audible alert such as a bell, buzzer, or 

horn. Sometimes the audible warning may also contain a voice evacuation message warning of the 

emergency and reminding those in the area not to use elevators. Visual alerts may include a flashing 

or strobe-type lighting that is strategically placed throughout the work space areas. Typically, a fire 

alarm that has been activated is also connected to central operations and local emergency agencies.  

All agencies maintain specific directions for response to fire alarms. Led by management, routine 

fi re drills are at a minimum held quarterly for each shift to ensure everyone is safe and prepared. 

Fire and Response Equipment 

A variety of fire response equipment is kept and maintained throughout the transit workplace. But, 

before identifying and discussing this equipment, it is important to review some fire basics.   

Fire burns when three basic elements are present: heat, fuel, and oxygen. If any one of these three 

elements are removed, then the fire is extinguished. For instance, heat can be removed through 

cooling, oxygen can be excluded, fuel can be removed, or the chemical reaction that is the origin of 

the fire itself is extinguished through by inhibiting the oxidation of the fuel.   
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Figure 2.41 Basic Elements Required for Fire. Source: Wikipedia 

To extinguish a fire through cooling, something must be applied to remove the heat. The most 

common method to cool a fire is through the application of water as the cooling agent. Water is 

typically applied in the form of a solid stream, finely divided spray, or incorporated as foam. 

Oxygen can be removed from a fire by covering it with a wet blanket, dirt, or foam that is either 

chemical or mechanical. In addition, other heavier gases, such as carbon dioxide and vaporizing 

liquid, can be used to extinguish the fire when applied as a ñblanketò and therefore preventing 

additional oxygen from reaching the fire.  

Removing fuel from a fire is difficult, dangerous. Only in certain instances is this method used to 

extinguish a fire. When flammable liquid storage tanks are arranged, they are set up so their contents 

can be pumped into an isolated empty tank in the event of a fire. If flammable gases catch fire when 

flowing from a pipe, the fire will go out when the valve controlling the flow is turned off.  

If dry chemicals or halogenated hydrocarbons are used as extinguishing agents, the flame reaction 

will be inactivated and combustion rate lowered thus extinguishing the fire.  

Fires themselves are classified depending on the source or materials involved. Each classification, or 

type of fire, requires certain types of extinguishing methods. In the table below, the classification of 

fires and methods for extinguishing are explained.  
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Fire Extinguisher Types 

Fire extinguishers are available throughout all facilities.  

Fire extinguishers are divided into five categories, based on the type of fires they are designed to 

extinguish: 

¶ Class A Fire Extinguishers 

¶ Class B Fire Extinguishers 

¶ Class C Fire Extinguishers 

¶ Class D Fire Extinguishers 

Each fire extinguisher also has a numerical rating that serves as a guide for the amount of fire the 

extinguisher can handle. The higher the number, the more fire-fighting power.  

The following provides guidance for choosing the right type of extinguisher.  

Class A Fire Extinguishers: For ordinary combustible materials such as paper, wood, cardboard, 

and most plastics.  

Class B Fire Extinguishers: For fires involving flammable or combustible liquids such as gasoline, 

kerosene, grease, and oil. The numerical rating for class B extinguishers indicates the approximate 

number of square feet of fire it can extinguish.  

Class C Fire Extinguishers: For fires involving electrical equipment, such as appliances, wiring, 

circuit breakers and outlets. The C classification means the extinguishing agent is non-conductive. 

Never use water to extinguish class C firesðthe risk of electrical shock is far too great. Class C 

extinguishers do not have a numerical rating.  

Class D Fire Extinguishers: For fires commonly found in a chemical laboratory. They are for fires 

that involve combustible metals, such as magnesium, titanium, potassium and sodium. These types 

of extinguishers also have no numerical rating, nor are they given a multi-purpose rating. They are 

designed for class D fires only.  

Class W Fire Extinguishers: Used at or around pre-plumbed fire suppression systems such as 

restaurant hood (Ansul) systems.  
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Figure 2.42 Fire Extinguisher Labeled for Use as Indicated by A, B and C. Courtesy of GCRTA 

The table below shows common symbols for each fire extinguisher type and summarizes their 

applications and use.  
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Table 1 Fire Class and Extinguisher Type 

Class of Fire Types of Fire 
Extinguisher Symbols 

Rating Symbol Picture Symbol 

A 
Ordinary 

Combustion 

Wood 

Cloth 

Paper 

Rubber 

Plastic   

B 
Flammable 

Liquids 

Liquids 

Greases 

Gasses 

Oil  

Tar  

Oil-based Paint 

Lacquer 

  

C 
Electrical 

Equipment 

Energized Electrical 

Equipment 

  

D 
Combustible 

Metals 

Magnesium 

Sodium 

Zinc 

Calcium 

Titanium 

Lithium 

Other Flammable Metals 
 

 

E 
Cooking 

Media 

Vegetable Oils 

Animal Oils 

Fats/Lards 

 
 

Fire Extinguisher Use 

The first step in fire extinguisher use is to identify the type of fire and what fire extinguisher is 

required. Typically, agencies will have identified the potential types of fires that may exist in various 

site locations and will have placed the appropriate fire extinguishers in those areas. None-the-less, 
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have knowledge of the types of fires and what extinguisher is required is important in the event a 

variation from expectation should ever occur. 

Different types of fire extinguishers may require different procedures for use. For example, a Class 

A fire extinguisher may require certain steps to initiate and use while a Class B fire extinguisher may 

require other steps to initiate and use. Depending on the job being performed, respective training for 

the types of fire extinguishers one may need to use in that job will be handled by each agency and 

their training procedures.  

None-the-less, a general principle for the use of any fire extinguisher is the PASS principle. The 

PASS principle consists of four steps for the use of any fire extinguisher: Pull the pin, aim low at the 

base of the fire, squeeze the lever slow and even, and sweep the nozzle side to side. 

 

Emergency Cut -Out Switch  

Emergency cut-out switches, sometimes known as ñmushroomsò are located throughout the rail 

vehicle maintenance shop. The purpose of these switches, or buttons, is to provide the means to stop 

power to the third rail or overhead catenary line. If a button is pushed, the power must be reset at the 

main disconnect.  
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Figure 2.43 Emergency Cut-Off Switch Exterior View. 

Courtesy of SEPTA 

 
Figure 2.44 Emergency Cut-Off Switch Interior View. 

Courtesy of SEPTA 

 

 
Figure 2.45 Emergency Cut-Off Button, or Mushroom. 

Courtesy of GCRTA 

 
Figure 2.46 Main Electrical Cut-Off Switches. 

Courtesy of GCRTA 

 

Emergency Kits: First Aid, AED, Hazardous Material ( HazMat) Spill Kits  

First aid equipment is located throughout transit agency operations such as in machine rooms, repair 

centers and shops, and signal central instrument locations. First aid equipment is strategically 

selected and placed in these areas depending on the types of risks and hazards existing there. General 

first aid equipment that may be present in transit could include general first aid kits, defibrillators, 

and eye wash stations.   
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General First Aid Kits  

General first aid kits are permanently located in all indoor work areas. For outdoor areas, general 

first aid kits may be in work vehicles or in the nearest indoor location. Containing items such as 

band aids, antiseptic wash, and ace bandages, general first aid kits can be accessed and used for 

minor injuries requiring minimum first aid. Always follow agency procedures for any on-the-job 

injury and for the care of these kits as items may be accessed and used.  

 
Figure 2.47 General First Aid Kit. 

Courtesy of SFMTA 

 
Figure 2.48 First Aid Instructional Sign. Courtesy of SFMTA 

    

Automated External Defibrillators  

Defibrillation is a treatment for life-threatening cardiac dysrhythmias. A defibrillator delivers a dose 

of electric current (often called a countershock) to the heart. The electrical shock does not have to be 

timed with the heart's intrinsic cardiac cycle. This depolarizes a large amount of the heart muscle, 

ending the dysrhythmia. Subsequently, the body's natural pacemaker in the heart is able to 

reestablish a normal rhythm.  

In situations where cardiac arrest may occur either naturally or due to an emergency such as electric 

shock, portable automated external defibrillators (AEDs) are usually located in work areas and 

can be helpful in ensuring the affected individual receives the immediate help they may need until 

emergency officials arrive.  

https://en.wikipedia.org/wiki/Cardiac_dysrhythmia
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Heart
https://en.wikipedia.org/wiki/Depolarization
https://en.wikipedia.org/wiki/Cardiac_muscle
https://en.wikipedia.org/wiki/Cardiac_pacemaker
https://en.wikipedia.org/wiki/Sinus_rhythm
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Figure 2.49 Sign Alerting of Portable AED Station. 

Courtesy of SFMTA 

 
Figure 2.50 Portable AED. Courtesy of SFMTA 

 

Eye Wash Stations 

As earlier described, eye wash stations are typically located in maintenance and repair areas where 

there may be exposure to materials hazardous to the eyes and sight. Agency workplace sites with 

these stations will have procedures and train employees for when the use of the stations may be 

necessary as well as any steps to take.  

 
Figure 2.51 Sign for Eye Wash Station. 

Courtesy of SFMTA 

 

 

Hazardous Material Spill Kits 

Hazardous material (HazMat) spill kits are typically found in rail vehicle maintenance work areas 

where hazardous materials are found. These kits are intended to centralize materials and PPE 

required for spill control.    
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Figure 2.52 HazMat Spill Kit. Source: Wikipedia 

Emergency Vehicles and Re -Railment Trucks  

In some agencies, emergency vehicles and re-railment trucks are part of rail vehicle shops. The 

emergency vehicles are vehicles instended to serve the sole purpose of providing support for 

emergency situations. Re-railment trucks serve to assist re-rail a train. In some agencies, all 

employees are trained in the use and application of these vehicles, while in other agencies only some 

employees are selected to operate the vehicles. In either case, additiona training beyond standard rail 

vehicle maintenance is required for any employee in their care and use.  

 
Figure 2.53 Re-Railment Truck. Courtesy of GCRTA 

 

  






































































































































































































