" METROLINK

SCRRA
HIGHWAY T RAIL
GRADE CROSSING S

RECOMMENDED
DESIGN PRACTICES
AND STANDARDS
MANUAL

JUNE 30, 2009

© Copyright 2009, SCRRA. All Rights Reserved




—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

TABLE OF CONTENTS

1.0 INTRODUGCTION ...ttitiiiiiiiititttiessaessssassssssssssssessessssssssessssssessssssssssssssssssssssssssssssnnns 1
1.1 2 FoTod (o | (o 11 ] o I SURPPPPRPIN 1
1.2 Purpose and Use of the Manual ..., 2
1.3 Manual Limitations and DiSCIaIMEers ..., 4
1.4 System Safety Program Plan and SCRRA General Policies .................... 6
15 Essential Design Practices, Standards, and Deviations..................cccceee. 7
1.6 Manual Changes and Updates and the Manual Effective Date .............. 12
1.7 SCRRA Policy on New Highway-Rail Grade Crossings..........ccccccvvvvvnnnn. 12
1.8 Reference Standards ..........ooveiiiii i 12
1.9 Recommendations of SCRRA Peer Review Panel...........cccccvvveieneennn. 15
1.10  ACKNOWIEAQEMENLS .....coeiiiiiii i e e e e aaaeees 15

2.0 FEDERAL, STATE, AND LOCAL REGULATIONS AND SCRRA

AGREEMENTS ..ottt ettt et e e e e e e e e e e e e e e e e eeeaeees 17
2.1 INEFOAUCTION .. 17
2.2 =0 = | 17
2.3 ) = (<P UPPPRTRPPIN 18
2.4 L0 e 20
2.5 SCRRA . 20
3.0 HIGHWAY-RAIL GRADE CROSSINGS........cccoiiiiiiiieeeeeeeeeeeeeeeeee e 22
3.1 ST o] o1 TP PP PUPPPPPPPPTTRN 22
3.2 Design Process and SEQUENCE ......cccooeieeiieeieeeeeeeeee e 24
3.3 DESION GOAIS ...oeviiiiiiii e 26
3.4 HIGNWAY e 26
3.5 Highway and Railroad GEOMEetry........cccoeeeeiiiiieieeeeeeeeee e 27
3.6 MedIiaNn ISIaNAS ... 41
3.7 DIVEWAYS ... ittt e et e e e e e et a e e e e e e e e e et e e e e 44
3.8 Sidewalks and Pavement APProaches ...........ccccccvvvvvviiiiiiiiiiiiiiiiiiiiceeee, 48
3.9 VISIDIIY e 48
3.10  SIght THANGIES ...ceeeiiee e e 50
3.11 Passive Traffic CoNtrol DEVICES.......cccvvveeiiiiiie e 52
3.12  Active Traffic CONrol DEVICES .....coiieeeiieeeiiciee e 53
3.13  Adjacent CroSSWalKS...........couuiiiiiii i 62
3.14 Adjacent Highway-Rail Grade CrosSsings..........ccooveeeeiiiiiiiiieeeeeeeeeeeeeeen 63
315 Traffic SIGNAIS oo 64
700 K T €= T=T 0 01 1 [ T 76
3.17  Railroad FEALUIES. ..o 90
3.18  FUture IMProVEMENES .....cooiiiiiiiii et 96
4.0 PEDESTRIAN-RAIL GRADE CROSSINGS ..., 97
4.1 (7T a1 - | 97
4.2 Pedestrian-Rail Grade Crossings and Grade Separations (Stations)...... 97
4.3 Ten-Minute Walk RUIE...........oooiii e 97

© Copyright 2009, SCRRA. All Rights Reserved Page | ii June 30, 2009



—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

4.4 Pedestrian and Track Structure Interface .........coooooeviiiiiiiiiiiiincieeeeenn, 98
4.5 Americans With DiSabiliti@S ACT........couuiieniiiii e e 99
4.6 WaArNiNg DEVICES .......uuuiiiiiiiiiiiiiiiiiiiiiieeieseie bbb nnnnnnennnne 99
4.7 ChannNElIZAtION .....uiieeiii e e e e e e e 99
4.8 PaSSIVE DBVICES.....uniiiiiiiie et e e e e e e eaas 101
4.9 ACLIVE DBVICES ..onieiiiiit et e e e e s e s e e e eaas 101
4.10 Pedestrian-Rail Grade Crossing TYPES ....cevieeeviiviiiiiiieee e 102
4.11 Design Process and Consideration Table............ccccceeeiieieiiiiiiiiiinen e, 104
5.0 GRADE SEPARATIONS ... e e 107

6.0 RAILROAD ACTIVE WARNING AND TRAFFIC SIGNAL SYSTEM

INTERCONNECTION CIRCUITS ...itiiiiiiiiiiieiieineeeensnennsennnnennnnnnnnnsnemnmnmnmnnnnnnns 108
6.1 INtErcoNNECHION DESION. .. .ieeeiieeeee e 108
7.0 HIGHWAY-RAIL GRADE CROSSING PROJECT IMPLEMENTATION.......... 112
7.1 Highway-Rail Grade Crossing Design ProCess.......cccoevveeevvvvviiiiiieneeennn, 112
7.2 (DTS (o] g CToT= | E PSS 112
7.3 DIBGNOSTICS ... 113
7.4 New Highway-Rail Grade CroSsings ........ccoooeieeiiiiieieeeeeeeeeeeeeeeeeeeeee 116
7.5 Highway-Rail Grade Crossing Enhancements................cccoovvvvieeeneen, 117
7.6 Highway-Rail Grade Crossing ClOSUIeS ..........cooovveeiiiiiiiiieeeeeeeeeeeeeen 117
7.7 SY=T= 11Tl @do ] o (o] =SSP 117
7.8 (@10 1]=] o] o 1=T TR 118
7.9 SUDMILLAIS ..o 118
T.10  FUNAING e 119
8.0 SPECIAL ISSUES ... 122
8.1 Adjacent Freight or Transit Tracks........ccccceeevieeiiiiiiiiiien e, 122
8.2 Adjacent DeVEIOPMENT ........uuuiiiiiiiiiiiiiiiiii e 122
8.3 Light Rail TranSit........ccoeiiiiiiciee e 122
8.4 LanNdSCaPING.....ccuvuuiiiiieee i 123
8.5 Bikeways and TrailS .......ccooooeieeeeeee e 123
8.6 Fencing and Security Gates .........ccoovvvveiiieeeee e 124
8.7 LIgNtiNgG .o 125
9.0 CONSTRUCTION ... a e e e e e 126
9.1 GNEIAL ... 126
9.2 Excavation and Backfill ...........cccoooviiiiii e 127
9.3 =11 o] o 0] o i f ] I 127
9.4 Temporary Traffic Control ............cooi i 127
9.5 ULility AdJUSTMIENTS ... 128

© Copyright 2009, SCRRA. All Rights Reserved Page | iii June 30, 2009



—_—
Il‘”.ll SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

10.0 OPERATION AND MAINTENANCE..........ctttiiiieeeieiiiiiiiiiee e siirreee e e 129
10.1 Highway Agency INSPECLIONS..........cuuuiiiiie e e e e e eeeans 129
10.2  JOINE INSPECLIONS ... e e e e e e e e eeanes 129
10.3 Highway-Rail Grade Crossing Condition Changes...........cccccccvvvvvvenenen. 130

© Copyright 2009, SCRRA. All Rights Reserved Page | iv June 30, 2009



Figure 3-1.
Figure 3-2.
Figure 3-3.
Figure 3-4.
Figure 3-5.
Figure 3-6.

Figure 3-7.
Figure 3-8.

Figure 3-9.

Figure 3-10.
Figure 3-11.
Figure 3-12.
Figure 3-13.
Figure 3-14.
Figure 3-15.
Figure 3-16.
Figure 3-17.
Figure 3-18.
Figure 3-19.

Figure 3-20.
Figure 3-21.

Figure 3-22.
Figure 3-23.
Figure 3-24.
Figure 3-25.
Figure 3-26.

Figure 3-27.
Figure 3-28.
Figure 3-29.
Figure 3-30.
Figure 3-31.
Figure 3-32.
Figure 3-33.

Figure 3-34

Figure 3-35.
Figure 3-36.
Figure 3-37.

Figure 4-1.
Figure 4-2.
Figure 6-1.

Figure 7-1.
Figure 8-1.

—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

LIST OF FIGURES

Highway-Rail Grade Crossing Design Process Flow Chart..................... 25
Perpendicular Highway-Rail Grade Crossing .........cccceeeeieeeeeiiviiiiiineeeeenn, 28
Skewed Highway-Rail Grade Crossing (Left) ........ccccovvviiiieiiiieeeiieeiiinnn, 30
Skewed Highway-Rail Grade Crossing (Right) ..........coovvviiiiiiiiiiiiiiininnn. 30
Skewed Highway-Rail Grade Crossing (75° Minimum)..............cccoevvvunnnn. 31
Rate of Change in Pavement-Edge Elevation Changes for

Highway Approaches to Highway-Rail Grade Crossings ...............ccee.... 33
Highway Profile at Highway-Rail Grade Crossing...........ccccoeeeeveieeeeeeeenn. 34
Low-Ground Clearance Vehicle Template for Highway-Rail Grade
CroSSING DESIGN.....coiiiiiiiiiiiiiiieieeeeee et 35
Turning Radius of the WB-65 Design Vehicle..............ccccoviiiiiiiiiiiinnnnne 37
Raised Medians at a Highway-Rail Grade Crossing...........ccccccceeeeeennn.. 42
Effective Use of Medians and Signage...........ccoovvvviiiiii e, 42
Nearside Driveway at Highway-Rail Grade Crossing............cccoeeeveeeeeennn. 45
Farside Driveway at Highway-Rail Grade Crossing............ccccoeeeeeeeeeeeenn. 45
Use of a Shaped Median to Control ACCESS .........cuvviiiiiieeiiiiiiiiiiee e, 46
Loading Dock Adjacent to Right-of-Way ..., 48
Restricted Visibility at Highway-Rail Grade Crossing Approach.............. 50
Sight Triangle Impeded by Adjacent Buildings ............cccoeeeeeiieeniiiiiinnnnnn. 51

Sight Triangle Enhanced through Alternative Placement of Buildings.....52
Active Warning Device Mechanisms 1 Standard No. 8 (Left)

and Standard No. 8 with Additional Sidelights (Right) .............ccccevvnnnnan. 55
Active Warning Device Mechanisms 1 Standard No. 8-A....................... 56
Active Warning Device Mechanisms 1 Standard No. 9 (Left)

and Standard No. 9 with Additional Auxiliary Lights (Right) .................... 57
Active Warning Device Mechanisms 1 Standard No. 9-A....................... 58
Two-Quadrant Gate SYSTEIM.........uuuuuuuiiiiiiiiiiiiiiiiiiiieiiiieeeeeeeeereeeeeeeanee 59
EXit GatE SYSIEIM ... 60
Exit Gate Installation near an Intersection ..., 61
Pedestrian Crosswalk Parallel and Adacent to a Highway-Rail Grade

(O (01511 o PP PPPPPPPPPPPPPPP 63
Turning Movement Blank-Out and Associated Signs........cccooeevvvvvvvivnnnnn. 66
Turning Movement Blank-Out Sign.............ccoceiiiiiiiiiiiiiicee e, 66
Typical Pre-Signal LAYOUL ............uuuuuuueiiiiiiiiiiiiiiiiiiiiiiiiiniinnnnennennnnnnineeenn 69
Pre-Signal PIaCeMENT ......ccoiiiiieeeeee e 71
Pre-Signal Signs and Markings ..........oouuuiiiiiiiieiiieecices e 73
Queue-Cutter Signal Placement............covovvviiiiiiiiiiiiiiiiiie 74
Stations Near a Highway-Rail Grade Crossing............cceeeiiieeeereeeinnnnnnn. 90
Uneven Highway Surface Created by Superelevation ............................ 92
Superelevation with Rails in the Same Plane ............cccocooiiiiiienn. 93
Location of Adjacent Turnouts and CrOSSOVEIS ..........ceeveeeerveevviiniiieeeannn. 94
Billboard within the Right-0f-Way ..., 96
Pedestrian Channelization ... 100
Pedestrian-Rail Grade Crossing Design Consideration Flowchart........ 106
Interconnection Circuits with Supervision, Gate-Down

Circuitry, and Health CirCuit..............cooiii i 110
DiagnostiC Meeting PrOCESS ... .o i i i 115
Bikeway and Trail Separation. ... 124

© Copyright 2009, SCRRA. All Rights Reserved

Page | v June 30, 2009



—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

LIST OF TABLES

Table 1-1. Summary of SCRRA Highway-Rail Grade Crossings........ccccoeeeevvvvvvvnnnnnn. 2
Table 1-2. SCRRA Essential Design Practices, Standards and Policies.................... 8
Table 1-3. List of Highway-Rail Grade Crossing Engineering Standards................. 14
Table 2-1. SCRRA Subdivision 1dentifiers ... 19
Table 2-2. Highway-Ral Grade Crossing Type ldentifiers..........ccccoeeeeeeieeeeeeeeeee, 19
Table 3-1. Drainage ConsiderationS..........cooveeeerieeeiiiiiies e e e 39
Table 3-2. Standard SCRRA Applications of Medians.............ccccevvviieiiiieeevieviiinnnnn. 43
Table 3-3. Standard Mitigations for Driveways Adjacent to the Crossing................. 47
Table 3-4. SCRRA Standard for Gate Installations............ccoooevvvveiiiiiiinieeeeeeeeiiin, 62
Table 6-1. Interconnect Wire ASSIGNMENTS.........ccuuiiiiiiiieeee i 109

LIST OF APPENDICES

Appendix A SCRRA/Metrolink Fact Sheet

Appendix B Definitions of Key Terms and Standard Abbreviations

Appendix C References

Appendix D Diagnostic Form Instructions

Appendix D-1 Diagnostic Forms

Appendix E LADOT Railroad Preemption Worksheet

Appendix F SCRRA Design Exception Form

Appendix G SCRRA Highway-Rail Grade Crossing Check List

Appendix H SCRRA Board Highway-Rail Grade Crossing Resolutions

Appendix | SCRRA Standard Specifications

Appendix J SCRRA Engineering Standards related to Highway-Rail Grade
Crossings

Appendix K Sample Highway-Rail Grade Crossing Drawings

© Copyright 2009, SCRRA. All Rights Reserved Page | vi June 30, 2009



—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

1.0 INTRODUCTION
11 BACKGROUND

SCRRA (aka Metrolink) is a five-county joint powers authority, created pursuant to
California Public Utilities Code Section 130255 and California Government Code Section
6500 et seq., to plan, design, construct, and then maintain and administer the operation
of the regional passenger rail lines serving the counties of Los Angeles, Orange,
Riverside, San Bernardino, and Ventura.

The five-county SCRRA member agencies are comprised of the following: Los Angeles

County Metropolitan Transport "entura nCounyut hor ity
Transportation C o mnOrangei Gaunty (Trans@diftaBan) Authority

(A OCTJao BernardinoAss oci at ed Gover nmendRiersidé GoanyB A G0 )
Transportation Co m3CRRAsplaosn degigisk BUTdE, mperates, and

maintains a commuter rail system in the five-county area on rail rights-of-way owned by

the member agencies. Two major freight rail carriers, BNSF and UPRR, and the inter-

city passenger carrier Amtrak, operate on SCRRA tracks through shared track

agreements; SCRRA in turn operates on tracks owned by BNSF, UPRR, and North

County Transit District (NCTD).

SCRRA®S service territory is located in the Southern California metropolitan region. The
operating environment can be typically categorized as urban and suburban, with some
limited rural or undeveloped regions. SCRRA trains operate over 464 highway-rail grade
crossings; of these, SCRRA is jointly responsible, with the applicable highway agency,
for managing the design, construction, operation, and maintenance of over 312 highway-
rail grade and pedestrian-rail grade crossings.

Changes and modifications to S C R R Aéxisting and any proposed new highway-rail
grade crossings are subject to the regulations and approval of the California Public
Utilities Commission (CPUC) and also certain provisions of Federal Railroad
Administration (FRA) regulations. Most SCRRA highway-rail grade crossings are
operated under relatively dense (> 50 daily) mixed commuter, freight, and inter-city
passenger train traffic, with relatively high levels of motor vehicle, pedestrian, and
bicycle traffic.

A large proportion of SCRRA highway-rail grade crossings feature multiple tracks and
vehicle lanes. Table 1-1 summarizes the categories of highway-rail grade crossings over
which SCRRA operates. (More detailed information regarding the characteristics of
SCRRAOGs service patterns dedidAppeadixA). ce territory &
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TABLE 1-1 Summary of SCRRA Highway-Rail Grade Crossings

Crossing Type Owner and/or Operator/Maintenance Responsibility
Metrolink BNSF UPRR NCTD
Public Highway 255 64 66 3
Public Pedestrian 10 2 0 0
Private Highway 29 1 5 0
Private Pedestrian 0 0 0 0
Station Pedestrian 18 3 8 0
Total 312 70 79 3
1.2 PURPOSE AND USE OF THE MANUAL

The large number of SCRRA highway-rail grade crossings, combined with high and

increasing levels of train, motorized vehicle, and pedestrian traffic, has driven the need

for SCRRA to develop a new, comprehensive single document that incorporates current

and applicable highway-rail and pedestrian-rail grade crossing design standards and
recommended design practices. This document has been titted the i SCRRA Hi ghway
Rail Grade Crossing Recommended Design Practices and Standards Manualg or the
AManual 0 fThisrnewsMaoualtaddresses many of the unique and complex

planning, design, construction, maintenance and operational challenges associated with

highwayi rail grade crossings located on the SCRRAS6 Regional commuter rail network.

In this Manual, t he term -ikhi ghwayade shalt baves then game
meaning as rail-grade crossing, rail crossing, at-grade crossings, or crossing. The
term fhighwayo will be used to mean roadway, road, street, or approach road,
including medians, lighting, fencing, landscaping, sidewalks, traffic signs, traffic
signals, traffic striping and all other highway improvements. The t er m
agencyo s hthé dwnaneraowners of the highway including the property,
easements, licenses, and all highway improvements. Thefihi ghway agencyo wi
typically be a local municipality (a City), a County, the State, or in the case of a
private crossing, aprivateparty. The term firail roadod shall

Ahi ghway

mean t

One challenging aspect of highway-rail grade crossing design, particularly in urban
metropolitan areas, is that highway-rail grade crossings must typically be designed to
allow for the safe and efficient mobility of three entirely different and conflicting modes of
mobility: 1) the train; 2) the motor vehicle; and 3) non-motor vehicle pedestrians and
bicycles. Adding to the uniqueness and complexity associated with highway-rail grade
crossings is that the jurisdiction for the planning, design, maintenance and operations of
highway-rail grade crossings is jointly controlled by at least two, and in some cases as
many as four or five, owner/operators, and many other stakeholders.

Another contributing factor of complexity is that most SCRRA highway-rail grade
crossings have experienced significant train, motor vehicle and pedestrian traffic growth,
especially in the last two decades, and have high levels of traffic for all modes. National
and regional Southern California studies have indicated that the combined vehicle and
train use of most highway-rail grade crossings has increased by a factor of 2.5 over the
past two decades, and this growth is anticipated to continue.

Page 2 June 30, 2009
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A final factor contributing to the challenges associated with operating highway-rail grade
crossings is that a significant number of highway-rail grade crossings, as well as
highway and pedestrian approaches, are due, or will soon be due, for a cycle of major
rehabilitation and renewal (R&R). These R&R programs typically occur every 15 to 30
years and keep highway-rail grade crossings current with traffic growth, design
practices, technological improvements, and changes in regulations. For all the reasons
stated above, a new and improved Manual was developed.

The primary purpose of the new Manual is to educate its user on the improved
guidelines, practices, procedures, and policies that reflect current regulations, proven
and accepted technological developments, and best available highway and rail industry
design practices. Secondarily, the Manual user will apply these standards and
recommended design practices to SCRRA highway-rail grade crossings.

Applying the standards and recommend design practices in this Manual will enhance the

safety and efficiency of the highway-rail grade crossing and result in a highway-rail

crossing that reflects i b e s t por acct i @ enat i onal hebaomsidesring However,
the standards and recommended design practices in this Manual, any design team must

exercise sound judgment and take into consideration the particular and unique

conditions that may exist at a location.

For example (and as stated above), many highway-rail grade crossings and the
associated highway and pedestrian approaches have not been significantly rehabilitated
or renewed for two or three decades and often include design, right-of-way and
operational characteristics that have evolved over several years. Such highway-rail
crossings and approaches may not conform fully to current practices and standards as a
result. This new Manual provides general guidance on how to enhance the safety and
operations of a highway-rail grade crossing, in a relatively cost-effective manner and
with minimal right-of-way impact, while providing a design team the flexibility necessary
to meet site-specific and special flegacyocircumstances found at many crossings.

The new Manual will be used when significant changes and modifications are proposed
to the 300-plus existing SCRRA highway-rail and pedestrian grade crossings and the
approaches thereto. Another application of this Manual may arise when new SCRRA
service is proposed and changes and modifications to existing highway-rail grade
crossings may be warranted. Examples of new SCRRA service include start-up of
commuter rail service on the Perris Valley Line or Redlands Branch.

A less frequent application of the Manual will occur when temporary (12 to 36 month) or
permanent relocations are required of existing SCRRA highway-rail grade crossings.
These relocations are most often associated with the construction of a new grade
separation, railroad line change, or other similar major construction project. A very
infrequent use anticipated for this Manual would be for any new highway-rail grade
crossings. Any new highway-rail grade crossings are strongly discouraged by not only
the SCRRA but by the CPUC and FRA and other State and Federal Agencies. New
crossings typically require the closure of one or more nearby existing highway-rail grade
crossings (refer to Section 1.3).

In conjunction with developing this Manual and compiling frecommended design
practices and standardsg a thorough review was made of current standards, manuals,
regulations, handbooks and other documents available from other highway agencies and

© Copyright 2009, SCRRA. All Rights Reserved Page 3 June 30, 2009
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private sector railroads. A nation-wide literature search was made of highway-rail grade

crossing design practices, and site inspections were conducted of pubic agency and

private railroads in both Southern and Northern California and on several large
Northeastern Commuter Railroads to determinefibe st desi gmistpgndaads d i c e s
and application of new but proven technologies.

The costs of implementing the safety enhancements included within this Manual may be
50% to 100% higher than the Manual user has experienced in past grade highway-rail
grade crossing improvement project and programs. The significant increase in costs may
be due, in part, to the long time span since the last significant highway-rail grade
crossing and highway approach improvement project was performed and the resulting
backlog of required changes. The application of more costly and complex recommended
design practices and new technologies such as exit gates and advanced preemption
also contribute to increased costs.

A recent Orange County program involving nearly 50 highway-rail grade crossings
resulted in costs ranging from an average of $1.5 million to $2.5 million per crossing. In
some cases numerous minor righti of-way acquisitions (sliver or small takes less than
1,000 square feet) were also required.

Typical safety enhancements in the Orange County Program included: extended and
widened center medians; improved sidewalks; improved highway approach geometry;
four-quadrant pedestrian gates and flashers; exit gates; pre-signals; queue-cutter
signals; vehicle traffic signal system interconnections with simultaneous and advanced
preemption; and reconstructed and lengthened highway-rail grade crossing surfaces.

In addition to meeting or exceeding the recommended design practices and standards in
an interim version of this Manual, the Orange County program included an option to
allow local cities to apply for the crossings to be converted to a quiet zoneq but only
afterallthei nt er i m rdtammerdhatibns had been included in the program and
placed in-service, and the relevant Federal Quiet Zone application and approval process
had been completed.

1.3 MANUAL LIMITATIONS AND DISCLAIMERS

This Manual is not a textbook, nor a substitute for engineering knowledge, experience,
or judgment. This Manual provides specialized guidelines, standard drawings,
recommended design practices, procedures, and policies including graphs, tables,
flowcharts, and associ at e dnotfodieasily gontainadi inl many reference
documents or textbooks. Some of these fdesign aidsoare provided to facilitate solutions
to a particular aspect of highway-rail grade crossing design. Sound judgment by
experienced highway-rail grade crossing engineers and designers working as part of a
multi-disciplinary and multi-agency design team must be exercised in the application of
the Manual provisions to specific circumstances.

This Manual summarizes and outlines guidelines, recommended design practices and
standards, procedures, and policies that have been developed to increase highway-rail
grade crossing safety through treatments that generally reduce hazards and risks, while
still maintaining sufficient functionality for the motorized vehicle, non-motorized
pedestrian and bicycle, and train operations. These recommended design practices and
standards have been adopted to facilitate and promote uniformity and consistency to the

© Copyright 2009, SCRRA. All Rights Reserved Page 4 June 30, 2009
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design of SCRRA highway-rail grade crossing modifications. SCRRA assumes no
liability for the use of information contained in this Manual. It is not intended that any
standard of conduct or duty toward the public shall be created or imposed by the use of
the Manual. SCRRA does not warrant the accuracy or completeness of this Manual or
that the Manual does not contain errors and omissions. The Manual user shall
independently validate and verify the information in the Manual and promptly notify
SCRRA of any discrepancies or inconsistencies discovered in the course of utilizing this
Manual.

Except for new developments, no attempt is made to detail basic engineering
techniques; for these, existing design manuals (as provided in the Reference Standards
list) and applicable engineering textbooks should be used. For routine design processes
and procedures, the Manualé secommended design practices and standards should be
intuitive. The contents of this Manual do not preclude use of different methods when
special or highly atypical conditions arise, and when approval (through the design
exception process) is requested and approved. In any event, all highway-rail grade
crossing designs under the jurisdiction of SCRRA must be approved by SCRRA as well
as the local highway agency owner of the highway-rail grade crossing and highway
approaches. Additionally, all highway-rail grade crossing designs must comply with all
applicable CPUC, FRA, and Manual on Uniform Traffic Control Devices (MUTCD)
regulatory requirements.

It is not intended that all the recommended design practices and standards included in
this Manual be applied retroactively to minor physical or operational changes or to
routine maintenance upgrades to existing crossings and highway approaches, as this
would not be warranted or economically feasible.

It is intended that the recommended design practices and standards in this Manual be
applied when significant physical or operational changes have occurred or are proposed,
applicable regulatory approval has been received, realistic scopes and estimates have
been developed, the required funding has been obtained, and there is an agreement on
the scope, cost, schedule, responsibility and delivery of the proposed changes with the
principal highway-rail grade crossing stakeholders.

In most cases, the primary responsibility for funding highway-rail grade crossing safety
and operational changes does not reside with the SCRRA, but with the highway agency
that owns and maintains the approach highways and pedestrian paths. In many cases,
grade crossing safety enhancements are funded by applicable State and Federal grants
funding. The SCRRA or SCRRA member agencies may elect to participate in funding
improvements for a highway-rail grade crossing on a case-by-case basis or as part of a
corridor-wide program.

The designs applied to any proposed highway-rail grade crossing modification or new
highway-rail grade crossing should, to the maximum extent feasible, equal or exceed the
recommended design practices and standards provided in the Manual. When
considering changes and modifications to existing highway-rail grade crossings or if a
new grade highway-rail grade crossing is proposed, the highest priority should be given
first to treatments resulting in safety improvements and hazard reduction. After safety
enhancements and hazard reductions are prioritized, appropriate consideration should
then be equally given to: 1) availability of funding; 2) project costs’ both the initial and
the recurring operation and maintenance costs; 3) vehicular/pedestrian and train

© Copyright 2009, SCRRA. All Rights Reserved Page 5 June 30, 2009
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throughput, capacity, and operation; 4) short, mid-term, and long term maintenance
impacts; 5) socio-economic and environmental impacts, especially those associated with
noise (primarily locomotive horn blowing, but also warning bells)and the implementation
ofquidtzones d by | ocal ;and@)hghteofywaypagogisitiors.e s

In some cases, the recommended design practices and standards are subject to
amendment as conditions and experience seems to warrant. Special situations may call
for variation from the recommended design practices, standards, policies and
procedures, subject to SCRRA and CPUC or FRA approval, or such other approval as
may be specifically provided for in the Manual. A process for requesting deviations from
the recommended design practices and standards has been provided.

SCRRA advises the user to completely review the entire Manual and develop a thorough
level of understanding prior to beginning a project or study involving the design,
assessment, or diagnostic evaluation of a SCRRA highway-rail grade crossing.

Due to the complexity of intersecting train, vehicle, and pedestrian traffic, combined with

relatively high traffic and train volumes and the multi-jurisdictional ownership associated

with most SCRRA highway-rail grade crossings, SCRRA strongly recommends a flead

Engineeroor i | elesignero be designated and placedi n fir esponsi thé e char ge
inter-disciplinary team involved with any highway-rail grade crossing modification. The

lead Engineer shall be a registered California Civil or Traffic Engineer, and have at least

five (5) years of recent experience associated with California highway-rail grade

crossings.

Ideally, the lead Engineer or Designer, supported by the interdisciplinary and inter-
agency design team, should have a good understanding of, and significant experience
with, all aspects of the design, construction, operation, and maintenance of highways
and streets, traffic signals, railroad track, and railroad active warning devices, as well as
being very familiar with applicable CPUC, MUTCD and FRA regulations. Additionally, the
| ead Engi Designer® ®xpedence should include significant exposure to the
diagnostic processes, safety certification and hazard analyses, inter-disciplinary track
and highway geometric design, and rail and traffic signal system design.

1.4 SYSTEM SAFETY PROGRAM PLAN AND SCRRA GENERAL POLICIES

The Manual supports the goals and objectives included within SCRRA System Safety
Program Plan (SSPP). The goal of the SCRRA SSPP is the facilitation of a safe work
environment through the integration of Standard Operating Procedures (SOPs), System
Safety Standards (such as this Manual) and FRA/APTA (American Public Transportation
Association) Audit recommendations. Consideration will be given to incorporating critical
safety elements of this Manual intothe SOP6s within the SSPP.

SCRRA Board Resolutions 91-3 and 98-21 in Appendix Hprovi de SCRRAG6s high |
Board Policies with regard to high-rail grade crossings. Aside from section and

paragraph headings and table and figure descriptions within the Manual, SCRRA

general policy statements supporting the intent of Board Resolutions appear as italicized

dark blue text. Although these are not recommended design practices and standards, as

defined in the following paragraph, they are policies the lead Engineer should endeavor

to adhere to during the design of highway-rail and pedestrian-rail grade crossings.
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15 ESSENTIAL DESIGN PRACTICES, STANDARDS, AND DEVIATIONS

SCRRA intends to apply the recommended design practices and standards provided in
this Manual when a significant physical change is proposed, or occurs, to an existing
highway-rail grade crossing, including motor vehicle highway and non-motor vehicle
pedestrian and bicycle approaches.

In addition, SCRRA will apply the recommended design practices and standards
included in this Manual when a significant change in use is proposed, or occurs, to the
highway-rail grade crossing; especially changes in use resulting in significant increases
in vehicle, pedestrian, bicycle, and train traffic, or changes in traffic patterns.

Examples of changes in traffic patterns would include: the installation of a new left-turn
lane near the highway-rail grade crossing approach; installation of new traffic signals on
an adjacent intersection; or the opening of a hew passenger rail station near an existing
highway-rail grade crossing. It is not intended that the requirements in the Manual be
applied retroactively to existing highway-rail grade crossings absent any proposed major
physical or use changes, nor should they in the absence of an appropriate level of
funding.

Recommended design practices and standards identified in the Manual, and listed in
Table 1-2, are those considered most essential to enhancing and reducing the hazards
at highway-rail grade crossings. Aside from section and paragraph headings, and table
and figure descriptions, these essential recommended design practices, standards,
and policies are called out in the Manual in Boldface type.

Deviations from the recommended design practices and standards listed in this Manual
will require the approval of the SCRRA Director of Engineering and Construction, or a
Change Review Committee, designated by the Director. The Change Review committee
will typically include a cross section of senior managers representing the SCRRA Civil,
Signal, Safety and Rail Crossings groups.

The current procedure for requesting a deviation from the Manual is to prepare and then
request the necessary approvals by completing the SCRRA Design Exception form. This
form is included in the Manual as Appendix F. The request should be signed and sealed
by a registered engineer, preferably the lead Engineer for the highway-rail grade
crossing design.
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Table 1-2. SCRRA Essential Design Practices, Standards and Policies

Section List of Essential Design Practices, Standards and Policies

251 Maintenance costs for exit gate systems, if used solely for establishing a quiet zone,
shall be addressed in the C&M Agreement and shall not be funded by the SCRRA.

3.1.2 All private highway-rail grade crossings shall be subject to the recommended design

practices and standards included in the Manual and applied to permanent highway-rail
grade crossings.

3.14 Relocated or temporary highway-rail grade crossings shall be subject to the
recommended design practices and standards included this Manual and applied to
permanent highway-rail grade crossings.

3.2 Modifications of all highway-rail grade crossings or proposals for new highway-rail grade
crossings shall be subject to the CPUC approval process.
351 Active warning devices shall be installed 15 feet from the centerline of the track, as

measured from the center of the mast, at new or existing highway-rail grade crossings.
A design deviation may be requested for active warning devices installed less than 15
feet; in no case shall an active warning device be installed less than 12 feet from the
centerline of the track.

3.5.2 For skewed crossings, highway active warning devices shall be installed perpendicular
to the highway 15 feet from the centerline of the track, as measured from the tip of the
gate. If the geometry of the highway-rail grade crossing precludes installing the gates at
15 feet, then a design deviation may be requested to place the device closer to the
crossing, but in no case less than 12 feet.

3.5.2 When a right-angle highway-rail grade crossing cannot be achieved due to physical
constraints, the interior angle shall be designed as close to 90 degrees as practical, but
shall not be less than 75 degrees.

3.54 The AASHTO WB-65 semi-tractor-trailer shall be used as the highway-rail grade
crossing and grade crossing approach highway fdesign vehicleo f or hor i z
geometry.

3.5.5 The horizontal and vertical geometry of the approach highways and adjacent

intersections (immediately upstream and downstream of the highway-rail grade
crossing) shall safely accommodate all anticipated traffic movements and required
clearances of the h i g h wesign véhiclea

3.5.10 Vertical curves within the highway at a highway-rail grade crossing shall be avoided.

3.5.10 At multiple track highway-rail grade crossings, the tops of the rails for all tracks shall be
in the same plane.

3.5.10 The highway vertical profile grade at lip of gutter pan should be 0% within 10 feet of the
centerline of the nearest track and the grade can be increased to 1.11% up to 37.50 feet
from the centerline of the nearest track. Beyond 37.50 feet from the centerline of the
nearest track, the grade on the approach to the highway-rail grade crossing shall be
minimized, with due respect for low-ground-clearance vehicles, to allow maximum
acceleration by heavy trucks.

3.5.10 Highway-rail grade crossing vertical profiles shall be analyzed with the Low-Ground
Clearance Vehicle template, to determine the clearance for this vehicle type. The Lowi
Ground Clearance vehicle template has a nominal six (6) inch ground clearance.
Highway-rail grade crossings should provide a minimum clearance of three (3) inches
between the street surface and the lowest point on the Low-Ground Clearance vehicle
template.
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3.5.10

In the event site conditions do not allow for the design to meet the Low-Ground
Clearance vehicle template, a design exception may be requested to allow a W10-5 low-
ground-clearance sign (as specified in the CA MUTCD) to be installed on each
approach to the highway-rail grade crossing sufficiently in advance to allow the vehicles
to turn around in advance of the highway-rail grade crossing.

3.5.13

If the railroad geometry and facilities in the vicinity of the highway-rail grade crossing do
not meet current SCRRA standards, or the railroad facilities are not in acceptable
condition, the railroad should be reconstructed to correct any deficiencies.

3.5.16

Highway-rail grade crossings shall not be less than 24 feet wide and in addition shall be
of a width not less than the traveled approach portions of the adjacent sections of the
highway including usable shoulders, sidewalks, or pedestrian pathways.

3.5.16

A vehicle entering the footprint of the highway-rail grade crossing should have an
unimpeded means of clearing the crossing.

3.6.1

Raised median islands shall be used on both approaches to the highway-rail grade
crossing to constrain undesirable traffic movements, such as driving around the
automatic crossing gates or making U-turns in the vicinity of the highway-rail grade
crossing.

3.6.1

On each approach to the highway-rail grade crossing the raised median shall begin 10
feet from the centerline of the nearest track. The end of the median adjacent to the
highway-rail grade crossing shall be square, with a six (6) inch radius on the corners.

3.6.2

The preferred minimum length of the median as measured from the highway-rail grade
crossing gate shall be 100 feet. A design deviation may be requested where the 100
feet is unobtainable, but in no case shall the median be less than 60 feet. The width of
the median shall be nine (9) feet if a warning device is installed in the median and four
(4) feet if no warning device is installed in the median. The minimum width of the median
may be two (2) feet with the approval of SCRRA and the local highway agency. Raised
median curbs shall be eight (8) inches.

3.6.3

Trees, shrubbery, and similar view obstructing landscaping are not allowed on highway
approaches within 100 feet of a highway-rail grade crossing. Low maintenance stamped
concrete, pavers, or other hardscape materials shall be the standard landscape
treatment for median islands and sidewalk approaches.

3.7

Driveways (private or public) located within 100 feet of the nearest highway-rail grade
crossing active warning gate are strongly discouraged. Driveways within 100 feet of
highway-rail grade crossings shall be removed or appropriately reconfigured to achieve
safety objectives.

3.7

Driveways adjacent to a highway-rail grade crossing which require vehicle reversing
(backing) movements shall not be allowed and the local highway agency shall prohibit
the reversing movements.

3.7

The design and actual usage of the driveway shall preclude the movement of vehicles
over the tracks while ingressing or egressing the driveway.

3.7

Special traffic signage shall be installed to control undesirable traffic movements,
especially reverse or slow movements into or out of driveways near tracks.

3.8

Sidewalks and pavement approaches to the highway-rail grade crossing shall be
constructed using hot mix asphalt concrete between the zero curb line and the panels.

3.9

Vehicle parking within 100 feet of the highway-rail grade crossing, as measured from the
furthest automatic warning device from the tracks, shall be prohibited.

3.12.2

For intersections within 100 feet of a highway-rail grade crossing with multiple main
tracks, an exit gate shall be installed to prevent left turn movements accessing the track
area.
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3.13 Pedestrian crosswalks parallel and adjacent to highway-rail grade crossings are strongly
discouraged.

3.15.4 During the preemption hold interval, the traffic signal indications shall prevent vehicles
from moving toward the track area.

3.15.4 A blank-out, changeable message sign, appropriate highway signal indication, or other
similar control shall be used to prohibit turning movements toward the highway-rail
grade crossing during preemption.

3.15.5 In case there is an existing left-turn lane and it is not provided with a signal head
equipped with protected left-turn arrow, the traffic signal shall be modified to provide a
protected left-turn arrow, or a blank-out sign.

3.155 A left-turn lane pocket configuration extending across the tracks is not allowed.

3.15.6 The use of a Standard No. 9-A cantilever for a pre-signal is not allowed.

3.15.7 In all cases, pre-signal poles shall be positioned so as to maintain visibility of the
railroad flashing lights.

3.15.8 The farside intersection signal heads shall be equipped with programmed-visibility
heads or louvers to restrict visibility of the intersection signal displays to drivers at the
pre-signal stop line.

3.15.14 Backup or standby power systems shall be required at all traffic signals interconnected
with railroad signals.

3.16.4 Limited service shall be used for traffic signals interconnected to SCRRA active warning
devices.

3.16.5 The Los Angel es Depart ment of Transpo
Wo r k s h eoald b usedhto calculate the duration of the queue clearance interval.

4.1 Pedestrian treatments shall be installed at pedestrian grade crossings in accordance
with the Pedestrian-Rail Grade Crossing Design Consideration Flowchart in Figure 4-2.

4.5 ADA Guidelines must be incorporated into the overall design for pedestrian-rail grade
crossings.

4.6 Pedestrian-rail grade crossing active warning devices shall be installed 15 feet from the
centerline of the track, as measured from the center of the mast at new or existing
crossings. A design deviation may be requested for active warning devices installed less
than 15 feet, but in no case shall an active warning device be installed less than 12 feet
from the centerline of track.

47.1 At stations, track centers shall be a minimum of 18 feet but not more than 25 feet to
accommodate a center track fence.

4.10.3 Station pedestrian-rail grade cr ossi ngs shall provide
(signage, channelization, active pedestrian warning devices with gates, and swing
gates) and fencing, and shall not cross more than two (2) tracks.

4.10.3 Station pedestrian-rail grade crossings shall be installed approximately 60 feet from the
ends of the station platform, and include full pedestrian treatments.

4.10.3 New pedestrian-rail grade crossings in the middle of platforms shall not be allowed.

4.10.4 New pedestrian-rail grade crossings shall not be allowed unless one or more existing
pedestrian-rail or highway-rail grade crossings are closed.

4.11 AFul | pedestrian treatmentso shall , fencing)
active warning devices with gates, and swing gates.

411 The process in Section 4.11 and Figure 4-2 shall be used to determine the designs of
pedestrian-rail grade crossings and appropriate warning treatments.

8.3 LRT (Light Rail Transit) tracks located adjacent to SCRRA highway-rail and pedestrian-
rail grade crossings shall be analyzed as a joint system. If the combined number of
SCRRA and LRT tracks exceeds three (3), a grade separation shall be constructed.
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8.6

The height of the fence within 150 feet of highway-rail grade crossings shall be four (4)
feet. The height of the fence in the balance of the right-of-way shall be at least six (6)
feet.

9.1

Highway agency and its contractors shall comply with the rules and regulations
contained in the current editions of the SCRRA documents during construction of the
project.

9.4

When a highway-rail grade crossing exists either within, or in the vicinity of, a temporary
traffic control zone, lane restrictions, flagging, or other operations shall not be performed
in a manner that would cause vehicles to stop on the railroad tracks unless a law
enforcement officer or qualified flagger is provided at the highway-rail grade crossing to
minimize the possibility of vehicles stopping on the tracks.

10.1

Highway agency shall independently inspect the preempted traffic signals intersection a
minimum of every three (3) months, and shall report the results of this inspection to
SCRRA.

10.2

The highway-rail grade crossings with preempted traffic signals shall be jointly inspected
on a semi-annual basis.

10.3

Any changes to railroad or highway traffic conditions discovered during routine
inspection and tests shall be reported to each party.

© Copyright 2009, SCRRA. All Rights Reserved Page 11 June 30, 2009




—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

1.6 MANUAL CHANGES AND UPDATES AND THE MANUAL EFFECTIVE
DATE

The various sections of the Manual, as dated in the lower right hand footer of each page,
supersede all prior dated sections, Office Standards, Special Orders, and other
directives relating to material covered. Revisions and updates to the Manual will be
posted on the Metrolink website: Manual users shall be solely responsible for frequently
checking for updates to ensure the latest version is being used when performing design
or related work on SCRRA highway-rail grade crossings. The Manual is available on the
SCRRA Website: www.metrolinktrains.com. The user shall ensure the latest version of
the Manual, inclusive of any and all changes and updates, is being utilized. The
effective date of this Manual is June 30, 2009.

1.7 SCRRA POLICY ON NEW HIGHWAY-RAIL GRADE CROSSINGS

The SCRRA Board (Board) has passed Resolution 91-3 and Resolution 98-21 pertaining
to the establishment of a new highway-rail grade crossing on the SCRRA system.
SCRRA policy, in concert with State and National policy, strongly discourages the
construction of new highway-rail grade crossings and seeks to reduce the number of
active highway-rail grade crossing by promoting grade separation or closure of existing
highway-rail grade crossings. In accordance with Resolution 98-21, a new, additional
highway-rail grade crossing is not allowed unless the member agency of SCRRA
sponsors the request to construct it and the Board approves the request. This resolution
also requires the member agency to sponsor the closure of existing highway-rail grade
crossing(s) in order to open a new highway-rail grade crossing, so there will be no net
increase in the number of highway-rail grade crossings on SCRRA6 s commut er rai
system. These resolutions are attached as Appendix H. Any new highway-rail grade
crossings shall be consistent with the recommended design practices and standards in
this Manual and are subject to CPUC approval.

1.8 REFERENCE STANDARDS

The most current editions of the following standards, codes, specifications, and
guidelines shall be consulted in the design of highway-rail grade crossings:

Primary References

¢ The California Manual on Uniform Traffic Control Devices (CA MUTCD), issued
by the California Department of Transportation (Caltrans)

California Public Utilities Commission General Orders (CPUC GO)

California Public Utilities Code (PU Codes)

Code of Federal Regulations (CFR), Title 23 and Title 49

SCRRA Documents:

o Design Criteria Manual (specifically, the Signal Design Criteria and
Standard Drawings related to highway-rail grade crossings)

Design Procedures Manual

Landscape Design Guidelines

Form 36: Right-of-Way Encroachment Approval Procedures

Rails with Trails Guidelines

O o0oOo0o
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Quiet Zone Implementation Guidelines and Procedures

Track Maintenance and Engineering Instructions

CADD Standards

CADD Users Guide

SCRRA Temporary Traffic Control Guidelines for Highway-Rail Grade
Crossings

0 Grade Separation Guidelines

O O0OO0OO0Oo

Secondary References

e The Communications & Signals Manual issued by the American Railway
Engineering and Maintenance of Way Association (AREMA).

e The Document for Railway Engineering issued by the American Railway
Engineering and Maintenance of Way Association (AREMA).

e The Portfolio of Track Work Plans (companion volume to the Railway
Engineering Manual), issued by the American Railway Engineering and
Maintenance of Way Association (AREMA).

e Green Book Standard Specifications for Public Works Construction by the Green
Book Committee, BNI Building News.

e Railroad-Highway Grade Crossing Handbook, U.S. Department of
Transportation, Federal Highway Administration.

e The California Highway Design Manual published by the California Department of
Transportation (Caltrans).

e Caltrans Standard Plans (current edition).

e A Policy on Geometric Design of Highways and Streets, published by the
American Association of State Highway and Transportation Officials (AASHTO).

e Local jurisdictionsd standards and design cr

e Standard Specifications for Structural Supports for Highway Signs, Luminaires,
and Traffic Signals, 4th edition, 2006 Interim, published by the American
Association of State Highway and Transportation Officials (AASHTO).

e National Electrical Code.

¢ Preemption of Traffic Signals near Railroad Crossings, Institute of Transportation
Engineers (ITE).

e Standard Plans for Public Works Construction, American Public Works
Association.

e WATCH-Work Area Traffic Control Handbook.

¢ Americans with Disabilities Act Accessibility Guidelines for Buildings and
Facilities (ADAAG).

Detailed drawings related to highway-rail grade crossings, pedestrian crossings and
signal system automatic warning devices are included in SCRRA Engineering
Standards. Highway-rail grade crossing drawings are included in Appendix J. These
standards are not intended to replace existing regulatory standards or to be a substitute
for engineering knowledge, experience and judgment, but are requirements, which are
most important for safe construction, maintenance and operation of highway-rail grade
crossings. Since the actual design will typically be site specific, information shown on
these standard drawings will be modified as necessary in close collaboration with
SCRRA and as per diagnostic process mentioned in Section 7.3. SCRRA completed
design drawings and contract documents for 53 highway-rail grade crossings on
SCRRAOGs Or anw Subdiisidns i® Drange County in 2008-09. Some of the
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sample drawings are include in Appendix K for reference purposes. SCRRA requires the

highway agencies to prepare drawings and cost estimates showing highway, rail, traffic

signal, pedestrian, signal and other details similar to the one shown on the sample

drawings. Table 1-3 s hows t he i st of SCRRAOGS Engineer:i
highway-rail grade crossing which are included in Appendix J.

Table 1-3. List of Highway-Rail Grade Crossing Engineering Standards

STANDARD TITLE
NO.

ES4001 Highway-Rail Grade Crossing i Typical Sections

ES4002 Pedestrian Swing Gate Details

ES4004 Pedestrian Crossing Design Consideration Table

ES4005 Pedestrian Barricade and Metal Hand Railing Details

ES4011 Pedestrian Facilities at Vehicle Crossing - Entrance Gates Only

ES4012 Pedestrian Facilities at Vehicle Crossing - Entrance/Exit Gates

ES4013 Pedestrian Facilities at Acute Angle Vehicle Crossing - Entrance
Gates Only

ES4014 Pedestrian Facilities at Acute Angle - Vehicle Crossing Entrance/Exit
Gates

ES4015 Pedestrian Facilities at Obtuse Angle - Vehicle Crossing Entrance
Gates Only

ES4016 Pedestrian Facilities at Obtuse Angle - Vehicle Crossing Entrance/Exit
Gates

ES4017 Typical Pedestrian Treatment Details

ES4018 Pedestrian Crossing Only

ES4031 Pedestrian/Vehicle Crossing Adjacent to Station

ES4032 Pedestrian Crossing Adjacent to Station

ES8308 Typical Gate Assemblies for Pedestrian Treatments at Vehicle
Crossings

ES8309 Typical Gate Assemblies for Pedestrian and Bicycle Only Crossings

ES8350 Location Plan Flashing Light Signals with Entrance Gates

ES8355 Typical Location Plan Flashing Signals with Entrance and Exit Gates

ES8260 Typical Location Plan Cantilever Flashers with Entrance Gates

ES8365 Typical Location Plan Cantilever Flashers with Entrance and Exit
Gates

ES8370 Typical Location Plan Flashing Light Signals with Gates and Median

ES8375 Typical Location Plan Flashing Light Signals with Entrance and Exit
Gates and Median

ES8380 Typical Location Plan Cantilever Flashers with Entrance Gates and
Median

ES8385 Typical Location Plan Cantilever Flashers with Entrance and Exit
Gates and Median

ES8390 Typical Location Plan Pedestrian Flashing Light Signals with Gates
Crossing Configuration

ES8405 Vital Placement for Inductive Loops used with Exit Gates
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1.9 RECOMMENDATIONS OF SCRRA SAFETY PEER REVIEW PANEL

In January 2009, SCRRA received a report authored by the Metrolink Commuter Rail
Safety Peer Review panel entitled Metrolink Commuter Rail Safety Peer Review Panel:
Final Report. The subject and purpose of the report was to discuss the observations and
recommendations made by this Panel.

The Panel was appointed by a SCRRA Board Ad Hoc Subcommittee, and consisted of
experts and professionals from across the nation having diverse backgrounds and
experience from commuter rail and passenger agencies, private companies, and
members of academic society.

The report recommended the implementation of an fEnhanced Safety Action Plang
which included short, medium, and long term safety and operational enhancements to
the Metrolink System. This plan was organized into eight (8) key issues, the fifth being
Infrastructure and Maintenance. The importance of this report to the Manual is that
Grade Crossing Safety Enhancements and Sealed Corridors were included in the
recommendations for Infrastructure Safety Improvements. Recognizing the importance
of grade crossing to overall system safety, the Panel report recommended that SCRRA
continue with its programs to enhance safety at highway-rail grade crossings and
continue programs to either close or grade separate existing grade crossings.
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2.0 FEDERAL, STATE, AND LOCAL REGULATIONS AND SCRRA
AGREEMENTS
2.1 INTRODUCTION

Regulatory agencies include those agencies with jurisdiction for modifications to existing
and private highway-rail grade crossings, as well as any proposed new high-rail grade
crossings. Highway-rail grade crossing closures, quiet zones, and grade separation are
issues that may arise and need to be addressed in detail in conjunction with the
modification of an existing or proposed new highway-rail grade crossing.

With regard to modifications and changes to existing SCRRA highway-rail grade
crossings, the primary regulatory agency and point of contact will always be the
California Public Utilities Commission (CPUC). Federal Railroad Administration (FRA)
applicable regulations will also apply, especially in those instances when a quiet zone
may be under consideration. The principal CPUC General Orders (G.O.) associated with
highway-rail grade crossings are G.O. 72, 75 and G.O. 88.

In accordance with CPUC and Federal Highways Administration (FHWA) guidelines,
representatives from both railroad and local highway agencies are required to participate
with the regulatory authorities in all activities that involve the analysis and design of
proposed changes to a highway-rail grade crossing. The SCRRA will be the regulatory
point of contact, in the lead railroad role for highway-rail grade crossings it maintains and
operates. The most likely other agency to be involved with highway-rail grade crossings
will be the highway owner, which in most cases is the local City who owns and maintains
the grade highway-rail grade crossing highway approaches. In some cases the highway
owner is the County, or the State of California (Caltrans). Other stakeholders in the
process of modifying, closing an existing highway-rail grade crossing or proposing a new
highway-rail grade crossing may include local emergency services (fire and police),
school districts, neighborhood associations, and nearby businesses. Technical, funding,
or planning r epr es e nember agendes (METR®, OSTARKCAG, s
SANBAG, and RCTC) will often participate in the grade crossing planning, design, and
funding process, and will also participate in discussions with the regulatory agencies.

2.2 FEDERAL

The SCRRA rail network is regulated by the FRA. FRA regulations are included in 987
pages in Title 49, Parts 200 to 299 of the Code of Federal Regulations (CFR). The
purpose of the FRA is to: enforce rail safety regulations; administer railroad assistance
programs; conduct research and development in support of improved railroad safety and
national rail transportation policy; and consolidate government support of rail
transportation activities.

The FRA maintains the federal database of highway-rail grade crossings in the United
States. A US DOT crossing number identifies each public highway-rail grade crossing in
the United States. This crossing number is a random number issued by the FRA to the
operating railroad. The number consists of seven characters: six numerical characters,
followed by one letter (e.g. 123456A). The US DOT and the FRA use this number to
maintain the federal crossing inventory. The available statistics applicable to a particular
crossing can be found by using its number to search the federal database for accident,
traffic, and basic inventory information. The user should verify this information with the
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railroad and the highway agency. The operating railroad is responsible for supplying
current information regarding the highway-rail grade crossing to the FRA. Information
regarding a particular highway-rail grade crossing can be found on the FRA website at
http://www.fra.dot.gov.

The AnSafetydo page on the FRA website includes
highway-rail grade crossings, as well as important database information. To access the
desired information, the user is able to search using a number of different queries.

The principal FRA regulations associated with highway-rail grade crossings in CFR Title
49 are Parts 222 (ii | o otiwenhours at public highway-rail grade crossings Yoand Part
234 (fgrade crossing signal system safetyd. Other Parts in CFR 49 also apply.

In October 2008, the Rail Safety Improvement Act of 2008 was passed and includes new
provisions addressing grade crossing safety. The FRA also sponsors a number of
programs promoting safety, inspection, highway-rail grade crossing safety, and trespass
prevention. Additional details regarding FRA programs involving safety can be found on
the FRA website.

2.3 STATE

In the State of California, the CPUC has regulations and standards governing many
aspects of highway-rail grade crossings design, construction, maintenance and
operation. The Rail Crossing Engineering Section (RCES) of the CPUC is the primary
point of contact within the CPUC for issues involving highway-rail grade crossings.
General Orders (GO) of the CPUC, combined with regulations contained in the California
Manual on Uniform Traffic Control Devices (MUTCD), defines the requirements for
application of warning devices and traffic control. In most cases, the highway agency
has jurisdiction on the highway and pedestrian approaches outside of the crossing, in
accordance with the standards of the agency and the CA MUTCD.

The criteria established within the GOs are developed through a formal rule-making
process to become part of the standards. Each GO has a revision letter appended to the
end of its number. For example, GO 88-B refers to revision B of GO 88. In the Manual,
revision letters that apply to each referenced GO have been omitted, with the
understanding that the user will refer to the latest version.

The construction or modification of any new highway-rail grade crossing must comply
with regulatory process defined in Sections 120171 1205 of the Public Utilities Code.
Construction of improvements cannot begin until authorization is received from the
CPUC.

In most cases, the modification of an existing highway-rail grade crossing shall be
applied for through the CPUC GO 88 process.

Each highway-rail grade crossing in California has a CPUC-issued identification number.
Unlike the random nature of the FRA numbering system, the CPUC numbers identify the
railroad, branch or subdivision, milepost, and nature of the track (main or branch track,
pedestrian crossing, etc.).
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By way of example, 101VY-123.40-A is a typical CPUC highway-rail grade crossing
number array. That number is obtained as follows:

101 = Railroad company/authority

VY = Subdivision and branch/line (see Table 2-1)

123.40 = Railroad milepost (to the nearest hundredth of a mile)
A, B, C, D = Type of crossing (see Table 2-2 below)

Each SCRRA highway-rail grade crossing CPUC number uas @ refi, 1 01 0
assigned by CPUC on behalf of SCRRA.

The following tables list some of the more commonly used highway-rail grade crossing
identifiers:

Table 2-1. SCRRA Subdivision Identifiers

Subdivision Identifier
River RI

Valley VY
Ventura VE
Orange OR

Olive oL
Montalvo MO

San Gabiriel SG
Pasadena PA

Table 2-2. Highway-Rail Grade Crossing Type ldentifiers

Overhead (RR under), grade-separated highway over railroad A
Underpass (RR over), grade-separated highway under railroad B
Spur Track (Industry Track) crossing C
Pedestrian crossing D
Railroad-railroad crossing (track over track) T
Private crossing X
Overhead pedestrian crossing AD*
Underpass pedestrian crossing BD*
Pedestrian private crossing DX*
Overhead pedestrian private crossing ADX*
Underpass pedestrian private crossing BDX*

*Note: these are combinations of the above identifiers

As another example of how these identifiers are generated, crossing humber 101VYi
18.40-A is an overhead highway crossing in the SCRRA Valley Subdivision at mile post
18.40.
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24 LOCAL

A highway agency or municipality has ownership and jurisdiction over the highway and
highway approaches on which the highway-rail grade crossing is located. While
agreements between the railroad and the agency define the physical limits of the
highway-rail grade crossing, the approach highways and sidewalks outside of those
defined limits falls under the jurisdiction of the local highway agency. (The lead Engineer
is referred to CPUC General Order 72 for a description of these limits).

In carrying out this responsibility, the highway agency will define the engineering
standards and design practices to be used in the development of designs for the
highway-rail grade c r o s s apprapéhss. These standards must be minimally compliant
with CA MUTCD and should be consistent with the recommended design practices and
standards in this Manual.

Highway-rail grade crossing and the associated highway and sidewalk approaches
typically involve the intersection of three transportation modes (rail, motor vehicles, and
non-motor vehicle pedestrian and bicycles) and include overlapping ownership, design,
construction, maintenance, operation and funding responsibilities. SCRRA, the local
highway owner, CPUC, and other stakeholders should develop highly-collaborative
approaches when planning and designing highway-rail grade crossing modifications or
new crossings.

The local highway agency responsible for the highway approach is strongly encouraged
to follow the recommended design practices and standards included within this Manual
when planning and designing physical or use changes to the highway-rail grade crossing
and highway approaches.

2.5 SCRRA
251 Construction and Maintenance Agreements

The construction or modification of a highway-rail grade crossing within the SCRRA
system shall be defined in one or two agreements, ultimately culminating in a
Construction and Maintenance (C&M) Agreement. In many cases, the C&M Agreement
will be preceded by simple letter agreements to initiate the review of the conceptual
plans, followed by more detailed agreements addressing complicated design services
support, including scope development, full design, cost estimates and schedules,
construction, and construction management of the railroad improvements.

Typical changes and modifications that trigger SCRRA review and approval to highway-
rail grade crossings include, but are not limited to: 1) interconnections with traffic signals
and traffic signal preemption; 2) making enhancements to the railroad warning devices
or traffic controls associated with the highway-rail grade crossing; 3) performing
significant highway or pedestrian pathway work on the approaches and within the limits
of the crossing; 4) adding pedestrian or bicycle paths parallel and intersecting grade
crossings; 5) creating significant changes in the use of the highway approaches; and 6)
implementing other projects that may have a significant effect on the traffic patterns over
the crossing.
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Before any designs can be finalized and before any construction work can begin, an
agreement that includes a detailed work description must be executed by the SCRRA
and the highway agency and any other outside parties participating in the funding. This
agreement specifies the method of payment; assigns responsibility for design,
construction, funding, and maintenance; provide cost estimates of the SCRRA work; and
specifies the form, duration, and amount of insurance and liability. The CPUC must also
approve the final design of changes and modifications to existing crossings before any
construction can begin.

It is important that the development of documents outlining the responsibilities of the
parties and SCRRA begin early, as the design is established in order to properly define
the scope of work and the project cost. A new C&M Agreement will typically supersede
any existing railroad/highway agency agreement. The SCRRA will require that the
funding for SCRRA services associated with highway-rail grade crossing agreements
(includngiLett er Ag DesignnBermide sAgreemeftso or fDesign Scoping and
Cost Estimating Agreementso as well as C&M Agreements) be deposited with SCRRA
upon execution of the Agreement and in advance of SCRRA incurring any costs.

The maintenance costs associated with automatic warning devices is partially
reimbursed by the CPUC for highway agencies and shall be in accordance with CPUC
Code Section 1202.2. Maintenance costs for exit gate systems, if used solely for
the establishing a quiet zone, shall be addressed in the C&M agreement and shall
not be funded by the SCRRA.

SCRRA has developed standard specifications that define the responsibilities of
contractors working within rights-of-way operated and maintained by SCRRA. The local
highway agency should be familiar with these specifications and include these
specifications with any bid documents associated with the work at the crossing. A list of
these specifications can be found in Appendix I.

All project maintenance shall be conducted in accordance with the C&M Agreement. The
local highway agency shall maintain and keep in a state of good repair the traveled way,
fence, gates, signs, traffic signals, landscaping, and any other improvements within the
jurisdiction and ownership (or easement, or licensed traveled-way) of the local highway
agency.

As part of the C&M agreement, the highway agency shall notify SCRRA within five (5)
working days in advance of any maintenance activity, and within thirty (30) days in
advance of any construction activity to occur within the right-of-way. The highway
agency shall be required to reimburse SCRRA the actual cost and expense incurred by
SCRRA for all services and work performed in connection with the project, including a
computed surcharge representing SCRRAOGs costs foc

25.2 Right-of-Entry Agreements

In order to perform work on a right-of-way operated and maintained by SCRRA, Right-of-
Entry Agreements are required. For temporary or short-term uses of rights of way (such
as surveying activities and shallow geotechnical investigations), the highway agency or
contractor is required to submit SCRRA Form 51 Indemnification and Assumption of
Liability Agreement. For projects involving construction on the SCRRA rights-of-way, the
highway agency or contractor is required to enter into SCRRA Form 6 i Temporary
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Right-of-Entry Agreement. This agreement defines the nature of the work, the flagging
requirements, and the appropriate safety measures that must be in place during the
work. This includes all work within the right-of-way, from initial design through the
completion of construction. Additionally, the movement of oversize vehicles over
SCRRA-maintained and operated crossings requires a fully executed Form 4 1
Agreement for Moving Oversized Loads Over Highway-Rail Grade Crossings. These
agreements are available on the SCRRA website: http://www.metrolinktrains.com.

253 Rights-of-Way

In many cases, railroad right-of-way is maintained by SCRRA and owned in fee by the
member agencies. Highway agency or third party projects that affect the right-of-way
mustbecoor di nat ed with SCRRAO6s Rail Corridor C&E Di

The modification of highway-rail grade crossings often has an effect on the existing right-
of-way defining the crossing. At the earliest stages of the project, the highway agency
shall determine the status of the right-of-way within the limits of the project in order to
properly identify the encumbrances and issues related to the crossing.

In cases where additional right-of-way is required, the lead Engineer shall develop the
appropriate mapping and right-of-way definitions in accordance with SCRRA or local
highway agency standards for the proper definition of the right-of-way. The application of
the SCRRAO srecommended design practices and standards in this Manual to a
highway-rail grade crossing will likely result in the need for additional right-of-way for
sidewalks, highways, or other civil features related to safety enhancements.

In most cases, the local highway agency takes the lead for land acquisition. The lead

Engineer shall properly define the necessary right-of-way, provide legal descriptions,

and wor k wi t h-ofSveyrRaBinissatoraingdhtt he member agencyos
department, as needed, to forward the process of property acquisition, easement, or

preparing a license agreement.

In some cases, SCRRA also shares the right-of-way with the BNSF Railway Company
(BNSF) and the Union Pacific (UPRR) railroads; in order to perform work on their rights-
of-way, approval shall be obtained from BNSF and UPRR.

The procedures for applying for right-of-way encroachment, and the appropriate forms,
are found in Form 36: Right-of-Way Encroachment Approval Procedures, available on
the SCRRA website: http://www.metrolinktrains.com.

3.0 HIGHWAY-RAIL GRADE CROSSINGS
3.1 SCOPE

Highway-rail grade crossings are the level intersection of the railroad and highway, and
include the pedestrian and bicycle paths located at the edges and parallel to the
highway. Pedestrian-rail grade crossings and station pedestrian-rail grade crossings are
discussed in Section 4.0. Grade separations are discussed briefly in Section 5.0. Section
3.0 of the Manual provides the design process for modifying and enhancing existing
highway-rail grade crossings or constructing new highway-rail grade crossings.

© Copyright 2009, SCRRA. All Rights Reserved Page 22 June 30, 2009


http://www.metrolinktrains.com/
http://www.metrolinktrains.com/

—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

3.1.1 Public Highway-Rail Grade Crossings

A fpublic highway-rail grade crossingo is a highway-rail grade crossing where the
highway is owned or controlled by a highway agency; typically a city, in some cases a
county, and less frequently, the state. fiAt-graded public highway-rail grade crossings,

al so known as nl evel-@i cossiogs,sarenogationsowherehtiaigsh wa y
intersect with other modes of transportation, including motor vehicles, pedestrians, and
bicycles.

In this Manual, t he t er m-rail gradg b wa g s i rbg used woi mean rail-grade
crossing, rail crossing, at-grade crossings, or crossing. The term fhighwayo will be used
to mean highway, road, or approach road. Over 250 (about 90%) o f S C RHghAwaw
rail grade crossings are categorized as public highway-rail grade crossings. The chance
for conflict at public highwayi rail grade crossings increases whenever other modes of
transportation are introduced which cross the traveled path of a train, and when the
guantity or volume of modal traffic increases. To reduce the chance of such a conflict,
appropriate warning treatments are applied to warn motorists and pedestrians of
oncoming trains. Highway-rail grade crossing conflicts at public highways are
exacerbated by the fact that highway agencies have a very limited ability to control the
p ub | acceéssto highway-rail grade crossings; additionally, the nature of railroad
operating mode does not permit trains to stop in same relative distances as vehicles.

In order to provide a consistent and minimal level of safety at the highway-rail grade
crossing, warning devices such as vehicle gates, flashing lights, bells, signage, and
pavement markings are incorporated to warn users of the highway-rail grade crossing of
approaching trains.

3.1.2 Private Highway-Rail Grade Crossings

A fprivate crossingois a highway-rail grade crossing in which the highway is owned or
controlled by a private party, and not a highway agency. Private highway-rail grade
crossings are generally on highways or at driveways to private property, and in many
cases are used by the general public essentially in the same manner as a public
crossing. A private party normally owns the highway on at least one side. SCRRA has
29 private highway-rail grade crossings.

In many cases, the SCRRA, or the member agency, provides access to private property
under an agreement between the property owner and the SCRRA or SCRRA member
agency. These highway-rail grade crossings are prevalent where a highway or driveway
is used as the means of accessing private property that would otherwise be landlocked.
A private highway-rail grade crossing might also be used in cases where the railroad
intersects private property and the private crossing allows necessary access between
sections of the private property divided by the railroad (e.g., farmland). All private
highway-rail grade crossings shall be subject to the recommended design
practices and standards included in this Manual and applied to permanent
highway-rail grade crossings.

3.1.3 Temporary Construction Highway-Rail Grade Crossings (Not Public)

Temporary Construct i onnor@allygsted andglacked ih€h@étén) ar e
use. Access acr os siscontraledavith SCRRA Employee-in-Charge (EIC).
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Temporary highway-rail grade crossings are generally not open to the public and shall
be designed and constructed in accordance with SCRRA Engineering Standards.

3.14 Temporary Highway-Rail Grade Crossings (Used by the Public)

A temporary highway-rail grade crossing occurs when the highway, railroad, or both is
temporarily relocated to a new location which, in turn, triggers the temporary relocation
of the highway-rail grade crossing. The temporary relocations can be due to the
construction of a grade separation, a railroad line change, or some other major
construction project that requires the relocation of road or track. Relocated or
temporary highway-rail grade crossings shall be subject to the recommended
design practices and standards included in this Manual and applied to permanent
highway-rail grade crossings.

3.2 DESIGN PROCESS AND SEQUENCE

The process and sequence for the proper analysis and design of highway-rail grade
crossing improvements involves several different engineering disciplines. A typical
highway-rail grade crossing design considers motorist and pedestrian behaviors; civil,
railroad, and railroad signal design; safety and risk analysis; land use and right i of-way
issues; and traffic engineering. This design process involves all engineers and other
professionals that participate in the ultimate configuration of the crossing, from the onset
of design. The process is outlined in Figure 3-1.

Modifications of all highway-rail grade crossings or proposals for new highwayi
rail grade crossings shall be subject to the CPUC approval process. The lead
Engineer and grade crossing design team should allow ample time [at least four (4)
weeks] in the design process for Conceptual (5%) and Pre-Final Design (90%)
diagnostic reviews by the engineering team (refer to Section 7.1). All major elements
including rail and traffic signals of highway-rail grade crossing project shall be at the at
the 90% design, calculation, and cost estimate level before conducting the per-final
design level diagnostic review. After Pre-Final Design diagnostic reviews, the ultimate
scope of the project, and ultimately the final design scope, will be i | o cdovend These
diagnostics are an important part of the design process and require the necessary input
from stakeholders to determine the effectiveness of the changes proposed. The lead
Engineer shall take note of the results of the diagnostic meetings, record all comments,
and incorporate the appropriate recommendations and changes into the design.

The design of the highway-rail grade crossing shall be circulated for review and approval
within SCRRA in order to include the input received from various departments or
functional groups (signals, track, safety, rail crossings) within SCRRA, as well as from
the highway agency and CPUC. The overall functionality and effectiveness of a highway-
rail grade crossing will be determined by operational and maintenance needs as well as
engineering design needs. The input from these departments early in the engineering
process will provide important information that will affect the overall design of the
crossing.

A design checklist (included in Appendix G) shall be signed by the lead Engineer in
responsible charge for the design of the project. This checklist defines what is expected
to have been included in each of the design level submittals, and shall be submitted with
each of the submittals listed below (Figure 3-1). In general:
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Project Concept & Design Criteria (5% Design) submittal will incorporate
alternative design solutions, program cost estimates, and confirm the correctness
and completeness of project objectives.

Preliminary Design (30% Design) submittal will advance the design to a level in
which: potential impacts to the environment, utility lines, and drainage can be
identified; traffic and pedestrian counts, and traffic engineering analysis have
been performed; construction staging and sequencing alternatives have been
identified,; and a preli minar ycaneba grovidede A &C&M
Agreement may be developed and executed between the 30% and 90% designs.
Pre-Final Design (90% Design) submittal will incorporate comments and
advance the design to the near-completion level. Designs for all functional areas,
including highway, traffic signals, track, signals, utilities, and right-of-way, will be
complete and coordinated. Specifications will be complete. The design scope

esti

should be @l ock e d: thd methodof cantract delivesy hgs daem t

indentified; the roles and responsibilities of the parties have been determined;
and a realistic funding plan developed. Only minor revisions should be expected
in response to comments at this level.

Determine Purpose
and Need

CPUC
Application
Concept Diagnostic
5% Engineering 1

Final Engineering

(100%)
Conceptual /Preliminary 1
Engineering
(30%) SCRRA Review
and Approval
[, SCRRA
Review —

Final Construction
Documents

|

Construction

Pre Final Engineering
(90%)

N SCRBA
Review

Final Diagnostic 1

As-Built
Diagnostic

Figure 3-1. Highway-Rail Grade Crossing Design Process Flow Chart

Final Design (100% Design) submittal incorporates the 90% comments and will
be signed and sealed by a registered engineer. Comments may be generated
and must be incorporated and resubmitted to SCRRA as Camera Ready Bid
Documents.

Typically, the railroad signal (active warning device) design for a highway-rail
grade crossing shall be performed by a different design firm than the civil design.
The signal design will often lag the civil design. However, at the Pre-Final (90%)
and Final (100%) design phases, both civil, traffic and signal design shall be at
the same level of completion.
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3.3 DESIGN GOALS

The purpose of, and need for, modifications should be set forth at the start of design.
This will form the basis for the overall design of the project, and set the ultimate goals for
the improvements. The purpose and need of the project will be developed taking into
consideration the overall safety aspects of the crossing, as well as its operational and
maintenance aspects. In addition, the source of funding for the improvements and the
stakeholders involved with the project, will be defined. The evolving diagnostic process
may define changes in those ultimate goals; changes that will ultimately decide the
outcome of the final design.

The initial efforts of design should include:

e Meetings and field surveys with SCRRA engineering and maintenance staff to
determine existing conditions of the project site that could affect the construction
of the proposed improvements.

o Determination and understanding of the site characteristics and condition of the
railroad facilities, including track, crossing and wayside signals, and the railroad
operating environment. The railroad operating environment (train speeds,
number of trains, train operating patterns) may have a major impact on the
means and methods for construction and any proposed permanent grade
crossing improvements. In addition, the designer will need to coordinate with
SCRRA ongoing maintenance planning so the construction schedule can be
incorporated into a regular maintenance cycle. This is especially important in
areas where heavy rail traffic minimizes opportunities to remove tracks from
service in order to perform construction and maintenance.

3.4 HIGHWAY

The overall design of the highway (and requirements for that design) is set forth in the
requirements of the highway local agency, in AASHTO Publications, in the CA MUTCD,
and in Caltrans Standards, and should be consistent with the requirements of this
Manual. In most cases, the local highway agency has jurisdiction over the highway
outside of the immediate area of the crossing. SCRRA and local highway agency
jurisdictional limits are generally defined by the CPUC and covered in more detail in the
C&M Agreement, which may include project plans as an attachment.
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The overall quality of the constructed highway, including approaches to the highway-rail
grade crossing and the crossing itself, shall be sufficient to:

Provide for a smooth ride for motor vehicles at the posted speed limit.

Provide a smooth ride for train traffic at the designated operating speeds.

Provide safe stopping sight distances (in keeping with the posted speed limit).
Provide adequate highway and adjacent intersection capacity so motor vehicles
do not queue on the tracks.

Include the display of appropriate signing and pavement markings.

Provide for ADA compliance for pedestrians through the crossing.

Minimize sight restrictions for highway users and train operations.

Allow highway users to make clear and informed decisions that will minimize
traffic congestion and the potential for conflict.

¢ Comply with the recommended design practices and standards in this Manual.

On the approaches to a crossing, the characteristics of the approach highway, traffic
signals, and approach sidewalks are an extremely important factor in developing an
effective design of the highway-rail grade crossing.

3.5 HIGHWAY AND RAILROAD GEOMETRY

As applied to highways and railroads, geometry defines the horizontal and vertical

curvature. fCrossing geometry0d efers to the geometrical relationship between the

alignment of the crossing highway and the railroad. This horizontal relationship may be
perpendicul ar or skewed. The wvertical relation
curves. These geometric features can affect traffic operations at a highway-rail grade

crossing. Additional geometric concerns, such as the elevation of the crossing and the

number of lanes, are also aspects that shall be considered during the crossing design.

The geometric characteristics of a highway-rail grade crossing greatly affect the visibility

of the crossing to users’ drivers and pedestrians alike.

Sight distance requirements for horizontal and vertical highway geometry are defined
within the Caltrans Highway Design Manual, the AASHTO Manual, the CA MUTCD, and
local jurisdiction standards and regulations. The lead Engineer shall consider sight
distance to the extent possible within the design of the highway-rail grade crossing
geometry, and provide horizontal and vertical curves that provide an unobstructed view
of the crossing. The horizontal and vertical alignment of the highway at the approaches
to the crossing’ in addition to the geometry of the railroad tracks’ are major factors in
considering sight distance and overall visibility at the crossing.

3.5.1 Perpendicular Highway Rail Crossings

It is SCRRAOGs policy, w hheghway irtarsecp tbesralrodal latea , to hav
right angle. This highway-rail grade crossing configuration allows the most direct and
consequently the safest means of traversing the railroad right-of-way. An example of a
perpendicular highway-rail grade crossing is shown on Figure 3-2. Active warning
devices shall be installed 15 feet from the centerline of the track, as measured
from the center of the mast, at new or existing highway-rail grade crossings. A
design deviation may be requested for active warning devices installed less than
15 feet; in no case shall an active warning device be installed less than 12 feet
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from the centerline of the track. This standard is consistent with the requirement of
Part 8 of the CA MUTCD. The benefits of a perpendicular highway-rail grade crossing
are as follows:

e Shortest route across the crossing.
¢ Minimal gate-arm length and standard location for placement.
e Decreased opportunity for the wheels to become caught in the flangeways.
¢ Improved visibility of the highway-rail grade crossing and all approaches.
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\
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Figure 3-2. Perpendicular Highway-Rail Grade Crossing
3.5.2 Skewed Crossings

A skewed highway-rail grade crossing is one where the highway intersects the track at
an obtuse or acute angle. Although this is undesirable highway-rail grade crossing
geometry, it is often unavoidable. Examples of the standard layouts for a skewed
highway-rail grade crossing are shown in Figures 3-3 and 3-4. A skewed highway-rail
grade crossing has several undesirable characteristics, including the following:

e Increased time for motor vehicles and pedestrians to traverse the highway-rail
grade crossing.

e Highway geometry may significantly increase the length of the gate arms.

e Often results in undesirable locations of highway-rail grade crossing devices that
may affect overall design needs.

¢ Increased opportunity for wheels to become caught in the flangeways.

© Copyright 2009, SCRRA. All Rights Reserved Page 28 June 30, 2009



—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

A skewed highway-rail grade crossing injects additional complicating factors into the
design of the overall highway-rail grade crossing. Where standard applications of
warning devices may be applied without modification at perpendicular highway-rail grade
crossings, the skewed highway-rail grade crossing requires adapting the standard
design to meet the highway-rail grade crossing angle. For example, an angled crossing
may require that gates be placed at greater, nonstandard distances from the track in
order to provide proper lane coverage.

For skewed crossings, highway active warning devices shall be installed
perpendicular to the highway 15 feet from the centerline of the track, as measured
from the tip of the gate. If the geometry of the highway-rail grade crossing
precludes installing the gates at 15 feet, then a design deviation may be requested
to place the device closer to the crossing, but in no case less than 12 feet.
Application of these recommended design practices and standards: 1) minimizes the
length of gate arms; and, 2) directs the lights on the arm along the highway approaches
for maximum visibility.

When a right-angle highway-rail grade crossing cannot be achieved due to
physical constraints, the interior angle shall be designed as close to 90 degrees
as practical, but shall not be less than 75 degrees. Refer to Figure 3-5. In instances
where this crossing geometry is satisfied, the gates shall be installed perpendicular to
the highway-rail grade crossing highway. If the angle of skew must be less than 75
degrees due to physical constraints, then the lead Engineer shall develop highway-rail
grade crossing geometry that will maximize the angle of skew.

A significant challenge that arises with modified, nonstandard gate placement is the
increased travel distance for pedestrians and vehicles traversing the highway-rail grade
crossing. The lead Engineer shall develop configurations that will minimize pedestrian
travel time between pedestrian gates over the highway-rail grade crossing, while
providing pedestrian gate arms of minimum length.
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Figure 3-3. Skewed Highway-Rail Grade Crossing (Left)
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Figure 3-4. Skewed Highway-Rail Grade Crossing (Right)
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Figure 3-5. Skewed Highway-Rail Grade Crossing (75° Minimum)
3.5.3 Highway Features

Several highway features pertinent to the design of the highway-rail grade crossing must
be considered to ensure an adequate design. The design should satisfy both the
physical and operational needs of the railroad, as well as accommodate the traffic
(vehicles, pedestrians, and bicycles) that must safely traverse the highway-rail grade
crossing.

3.54 Highway Design Vehicles

Both the highway horizontal and vertical design criteria and the design vehicles are
established by the highway agency having jurisdiction over the highway. The highway
shall be designed to accommodate the largest, longest, and lowest ground clearance
vehicle that may be expected to traverse the highway-rail grade crossing. These
vehicles and their characteristics are discussed in the AASHTO publication, A Policy on
Geometric Design of Highways and Streets. In the State of California, and for SCRRA
highway-rail grade crossings, the AASHTO WB-65 semi-tractor-trailer shall be used
as the highway-rail grade crossing and grade crossing approach highway fidesign
vehicleo for horizontal highway geometry. In locations where the WB-65 vehicle may
be prohibited access, the mere posting of signage restricting access to a highway-such
as ANO TRUCKS OVER 3 AXLES, 0 or dhow@noflRUCKS OVE
considered a reliable deterrent for controlling truck access to a SCRRA highway-rail
grade crossing.

3.55 Horizontal and Vertical Alignment

The horizontal and vertical geometry of the approach highways and adjacent
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intersections (immediately upstream and downstream of the highway-rail grade
crossing) shall safely accommodate all anticipated traffic movements and
required clearances of the highway fidesign vehicleo.

3.5.6 Proximity to Adjacent Traffic Outlets

The design must consider highway-rail grade crossing proximity to highway
intersections, alley intersections, and driveways, and the impact of adjacent traffic
control devices on the operation of the highway-rail grade crossing. Refer to Section 3.7
for additional information on driveways.

3.5.7 Drainage and Highway Pavement

The proper drainage of both the highway and the track structure shall be considered by
the lead Engineer at all phases of the design. Improper drainage can lead to failure of
the track and highway approach pavement, which in turn may affect the overall
operations. The pavement near (within 50 feet) of the highway-rail grade crossing should
be fover dadesigneddaadvery high standards in terms of thickness, materials,
and quality of construction, in order to minimize or prevent the need for any future
repairs or rehabilitation. The need for a high quality low maintenance pavement is
particularly important where any exit gate loop detectors are located. Pavement repairs
and rehabilitation in the vicinity of a highway-rail grade crossing can be extremely
difficult, disruptive (both to motor vehicle users and to the railroad), and costly to
perform, due to the difficulty of coordinating traffic outages of both the highway and
railroad.

3.5.8 Design Speed

The design speed of the highway-rail grade crossing highway is usually equal to or
slightly above the posted speed limit that is set by the highway agency. If the posted
speed limit cannot readily be determined, the lead Engineer shall inquire with the
highway agency having jurisdiction over the highway-rail grade crossing.

3.5.9 Highway Horizontal Curves

Horizontal curves in the highway may create overall visibility challenges to the lead
Engineer. In many cases, enhancements to highway-rail grade crossings do not include
modifications to the existing highway geometry. Often, the existing highway geometry
cannot be modified due to limited right-of-way or other reasons. In cases where existing
horizontal curves in the highway affect the overall visibility of the crossing, the lead
Engineer shall adhere to the following process:

e Analyze the sight distance through the approaches to the highway-rail grade
crossing, utilizing highway design criteria defined by the agency having
jurisdiction over the highway.

o Determine the feasibility of highway geometry modifications to enhance the
visibility of the crossing.

e Use additional signaling or warning devices as necessary to mitigate the effects
of horizontal curves on visibility.

© Copyright 2009, SCRRA. All Rights Reserved Page 32 June 30, 2009



—_—
Il‘”hl SCRRA Highway-Rail Grade Crossings Recommended Design Practices and Standards Manual

3.5.10 Vertical Profile of the Highway and Highway Cross Slope

The vertical profile of the highway is often a matter of matching existing topography with
the surface geometry of the railroad highway-rail grade crossing. As a result, the lead
Engineer may be faced with several design options in order to design an efficient and
safe crossing. The following items shall be followed when developing the design of the
vertical profile of the highway:

e The approach grades to the highway-rail grade crossing shall be minimized. This
is to allow large vehicles to properly accelerate and quickly traverse the highway-
rail grade crossing when stopped before the highway-rail grade crossing warning
gates. A steeper slope on the approaches to the highway-rail grade crossing will
increase the acceleration time and, consequently, will increase preemption time
for the traffic signals related to the crossing. Refer to Section 3.16 for additional
information on preemption.

e Transitions of the edges of the pavement (EP) of the highway-rail grade crossing
approach highway' from the normal 2% cross-fall (from centerline to EP) to the
track grade (where both halves of the highway will slope to match the profile of
the railroad track)’ shall be accomplished in a manner that will not create any
abrupt changes in the highway. The lead Engineer shall follow the guidelines
shown in Figure 3-6 below, to determine the length of the EP transition.
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Figure 3-6. Rate of Change in Pavement-Edge Elevation Changes for Highway

Approaches to Highway-Rail Grade Crossings
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e Vertical curves within the highway at a highway-rail grade crossing shall be
avoided. If necessary, vertical curves should meet the Stopping Sight Distance
requirements from the Caltrans Highway Design Manual, or AASHTO publication
entitled A Policy on Geometric Design of Highways and Streets.

e At multiple track highwayi rail grade crossings, the tops of the rails for all
tracks shall be in the same plane. If this is not accomplished, traffic tends to
slow down as vehicles traverse the uneven crossing. This leads to traffic
congestion and increases the probability of rear-end accidents. In addition,
highway-rail grade crossing maintenance requirements shall increase due to the
need for pavement repairs adjacent to, and in between, highway-rail grade
crossing panels.

¢ The intersection of highway and railroad shall be as level as possible.

e The highway vertical profile grade at lip of gutter pan should be 0% within
10 feet of the centerline of the nearest track and the grade can be increased
to 1.11% up to 37.50 feet from the centerline of the nearest track. Beyond
37.50 feet from the centerline of the nearest track, the grade on the
approach to the highway-rail grade crossing shall be minimized, with due
respect for low-ground-clearance vehicles, to allow maximum acceleration
by heavy trucks. This shall minimize track clearance time during railroad
preemption. Refer to Figure 3.7, SCRRAGs Engi neer iaddgiongddt andar d
details. Refer to Section 3.16 for additional information on preemption and
highway-rail grade crossing profiles.

Often railroad tracks are constructed higher than adjacent topography to allow for proper

drainage of the railroad right-ofway . Thi s often creates a vertical
A severe hump may cause long and lowtrail er s t o become fAhigh centere
on the crossing. A similar situation can occur with long limousines. These trapped

vehicles, in addition to stopping or slowing traffic, represent a serious hazard to both the

vehicle and train.
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Figure 3-7. Highway Profile at Highway-Rail Grade Crossing
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MM, 37 CLEARAMCE TO CROSSING SURFACE

Figure 3-8. Low-Ground Clearance Vehicle Template for Highway-Rail Grade
Crossing Design

Highway-rail grade crossing vertical profiles shall be analyzed with the Low-
Ground Clearance Vehicle template to determine the clearance for this vehicle
type. The Lowi Ground Clearance Vehicle template has a nominal six (6) inch
ground clearance. Highway-rail grade crossings should provide a minimum
clearance of three (3) inches between the street surface and the lowest point on
the Low-Ground Clearance Vehicle template as illustrated in Figure 3-8.

The lead Engineer shall consider all vehicles that may utilize the crossing, regardless of
posted signs prohibiting access.

In the event site conditions do not allow for the design to meet the Low-Ground

Clearance Venhicle template, a design exception may be requested to allow a W10-

5 low-ground-clearance sign (as specified in the CA MUTCD) to be installed on

each approach to the highway-rail grade crossing sufficiently in advance of the

crossing to allow low-ground clearance vehicles to turn around in advance of the

highway-rail grade crossing. In addition, as recommended by the CA MUTCD, a

suppl ement al message such as fAAhead, 06 ANext Cro
appropriate arrows) should be placed at the nearest intersecting road where a vehicle

can detour, or at a point on the highway wide enough to permit a U-turn.

3.5.11 Truck Turning Capabilities

The design of improvements to the highway-rail grade crossing must factor in all likely
means by which the highway-rail grade crossing shall be traversed. The design shall
allow for the free movement of all motor vehicles throughout the highway-rail grade
crossing envelope. In areas of heavy industrial use, truck size becomes a factor in the
design of the crossing. A truck that cannot safely traverse the highway-rail grade
crossing represents a serious hazard. The lead Engineer shall apply the turning radius of
the horizontal design vehicle for all allowable turning movements, superimposing the
vehicle wheel paths and vehicle body paths onto the proposed highway-rail grade
crossing design. This shall be accomplished using the appropriate truck turning
templates or computer software.

Figure 3-9 shows the turning radii of the AASHTO WB-65 design vehicles when
traversing a designed crossing. As shown in this figure, the characteristics of the design
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vehicle have a major impact on the design of the crossing. Issues such as curb return
radius, the placement of medians, and the overall length of medians are affected by this
placement. In some cases, the installation of additional traffic control methods such as
medians may not be recommended if the median (or other control measure) would
prevent a design vehicle from safely exiting the crossing.

The lead Engineer shall provide for the effective egress of the typical design vehicle
traversing the crossing. The following steps shall be followed during the design process:

e Determine the proper design vehicle expected to traverse the crossing. The
design vehicle to be used as a standard is determined by the municipality having
jurisdiction over the highway.

¢ Analyze the turning radius of this vehicle within the proposed design.

e Mitigate the effects of insufficient turning radius within the design.

e The lead Engineer shall demonstrate the effects of the vehicle turning radius and
the swept path of the wheels and body of the vehicle on the overall design of the
highway and crossing.

3.5.12 Turning Radius Mitigations

The following mitigations shall be implemented to cope with an inadequate turning
radius:

e Where multiple lanes are involved, provide f or a unhabstructednsovement,
so it may easily traverse the highway-rail grade crossing without being impeded
by cross traffic. This may include the use of additional traffic signaling to control
cross traffic.

e Consider revising a proposed median design to allow the free movement of the
truck. This may require a request for design exception.

Figure 3-9 demonstrates an effective mitigation for an inadequate turning radius. In this
example, the AASHTO WB-65 design vehicle is unable to remain in the curb lane
throughout its right turn after exiting the crossing. The traffic signal at the intersection,
which controls both the movement of the vehicle over the crossing and the cross traffic
(and therefore the mitigation), was to modify the signal phasing so that the truck has a
clear movement path over the highway-rail grade crossing and onto the adjacent street.
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Figure 3-9. Turning Radius of the WB-65 Design Vehicle
3.5.13 Railroad Geometry and Condition of Railroad Facilities

In conjunction with investigating and analyzing the highway geometry in the vicinity of
the highway-rail grade crossing, the railroad geometry and condition of the railroad
facilities should also be investigated and analyzed to determine compliance with current
SCRRA standards and design practices. If the railroad geometry and facilities in the
vicinity of the highway-rail grade crossing do not meet current SCRRA standards,
or the railroad facilities are not in acceptable condition, the railroad should be
reconstructed to correct any deficiencies. It is very important to bring the railroad up
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to current standards and good condition as part of the overall grade crossing safety
enhancement project: it is extremely difficult and costly to coordinate the simultaneous
closure of both the railroad and highway for repair, rehabilitation, and construction
activities. The overall objective should be to reconstruct both the highway and railroad
elements of the highway-rail grade crossing so major repairs or rehabilitation will not be
required for 20 to 30 years. Additional information regarding the design of the railroad
tracks and highway-rail grade crossing facilities is included in Section 3.17.

A review and analysis of the railroad geometry is particularly important if the highway-rail
grade crossing is located within, or near, a railroad curve; or if other special railroad
facilities exist near the crossing such as special trackwork (turnouts and crossovers), a
passenger station, or a railroad bridge. Preliminary surveys, aerial photographs, and
detailed topographic maps of the grade crossing should extend outward along the
railroad alignment for 1000 feet or to the end of any curves in both directions for the
crossing. The survey should include: the top of rail of any track(s); the amount and
location of superelevation; the beginning and end of any spirals and curves; the distance
(every 100 feet) between track centerlines; and the limits of the existing grade crossing
surface.

Additionally, the location of special trackwork, station platforms, bridges, wayside
signals, signal or communication houses, pull boxes, longitudinal utilities (both surface
and underground), and the location of all existing active warning devices should be
determined. The mapping accuracy of the railroad facilities should be as accurate as the
highway facilities: typically one-inch per 40-foot scale. The SCRRA should also be
consulted to determine the likelihood of needing additional track or other railroad
facilities, or if SCRRA plans include future tracks or other facilities; the lead Engineer
should incorporate these future facilities into the plans.

After the survey of the existing railroad geometry and facilities is conducted, the lead
Engineer and SCRRA will perform the necessary engineering and condition analysis to
determine the changes and modifications required to bring the railroad facilities into
compliance with current standards (and to an acceptable condition).

3.5.14 Highway and Railroad Drainage

All surface drainage along the highway approaches to the highway-rail grade crossing
and across the crossing itself shall be channeled away from the highway-rail grade
crossing to minimize opportunities for hydroplaning within the highway-rail grade
crossing and approaches. In particular, the following conditions shall apply to surface
drainage within the area of highway-rail grade crossings:

e All surface runoff within the highway-rail grade crossing shall be collected by
appropriate drainage devices outside the limits of the track structure. No surface
flow shall be allowed to enter the area of the track structure.

e For all approaches to the highway-rail grade crossing, the lead Engineer shall
consider highway cross-fall and cross-slope transition at a nominal 2% to the
highway gutter.

e The lead Engineer shall demonstrate sufficient drainage and cross-flow within the
design drawings.
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e Highway and track drainage systems shall be continuous within the limits of the
crossing.

Poor drainage is the primary cause of track structure and highway pavement failure. In
the initial analysis of a crossing, the lead Engineer shall examine the existing conditions
to determine the effectiveness of existing drainage and correct any deficiencies, and
shall also produce a Hydraulics and Hydrology (H&H) Report, to be reviewed and
approved by SCRRA, which studies onsite and offsite flows, and recommends drainage
improvements to be incorporated into the project. Table 3-1 below lists possible drainage
issues that warrant consideration, but the scope of the improvements should follow the

H&H Report.
Table 3-1. Drainage Considerations
Condition Possible Reason Solution
Rough crossing Track settlement and | Reconstruct track structure and
tie or roadbed failure | improve drainage and roadbed
AAl 1l i gat or dPoordrainage of Install additional catch basins.
adjacent to the | highway and Re-profile highway to affect
highway-rail crossing | insufficient pavement | surface flow. Reconstruct
panels. structure highway with high quality low
maintenance pavement
Rough pavement on | Highway structure Reconstruct highway profile to
approaches failing, or in poor affect surface flow. Reconstruct
condition highway with high quality low
maintenance pavement.

3.5.15 Level of Service

The term fALevel of Serviceodo (LOS) is normally
road or street in terms of its operational ability to meet traffic volume demands. LOS

describes the operational characteristics of the traffic stream, based on qualitative

measures of the highway facility. Factors that characterize LOS include vehicle speed,

travel time, freedom to maneuver, traffic interruptions, comfort, and convenience. LOS is

a mechanism used by highway departments, or local jurisdictions, to determine if a road

is operating at ideal, average, or poor efficiency. The LOS relates the quality of traffic

service to given traffic volumes. The Highway Capacity Manual defines six levels of

service, designated A through F, with A being the highest (free flow) and F the lowest

(extreme congestion). The following factors are used to determine LOS:

Highway Factors
¢ Number and width of lanes
Exclusive turn lanes
Lateral clearance
Horizontal and vertical alignment
Number of access points (driveways, alleys, side streets, etc.)
Drainage
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Traffic Factors

e Free-flow speed
Heavy vehicles
On-street parking
Bus stops
Peak hour factor
Turning movements

Traffic Control Factors
e Signal phasing
Signal timing
Signal cycle length
Signal coordination
Pedestrian phasing at crosswalks

Factors other than LOS will affect the overall operation of traffic at a highway-rail grade
crossing. For example, a highway may have a LOS of #Abbut also have a downstream
driveway that will force traffic to queue back onto the tracks in the event of a right turn
into the driveway. To accommodate traffic-related issues, the design of a highway-rail
grade crossing should include all aspects affecting the flow of traffic’ regardless of LOS.

The LOS is affected by warning devices and sighage associated with highway-rail grade
crossings. Also, the LOS may directly affect the coordination between traffic signals at
adjacent intersections with the highway-rail grade crossing signaling system. Refer to
Section 3.14 for additional information.

3.5.16 Traffic Lanes

The following highway-rail grade crossing requirements are contained in General Order
72 of the CPUC:

e Highway-rail grade crossings shall not be less than 24 feet wide and in
addition shall be of a width not less than the traveled approach portions of
the adjacent sections of the highway including usable shoulders and
sidewalks or pedestrian pathways.

e Deceleration and acceleration lanes for vehicles required to stop at highway-rail
grade crossings should be provided wherever highway agencies determine such
lanes are necessary.

e At the time of construction, the surface of the highway shall be installed to
conform substantially to the plane of the rails for the entire area between rails,
between tracks, and to lines two (2) feet outside the rails.

e \Where crossings involve two or more tracks, the top of rails for all tracks are
normally in the same plane. The surface of the highway shall be at the same
plane as the top of rails for a distance of at least two feet outside of rails for either
multiple or single-track highway-rail grade crossings. The top of rail plane shall
be connected with the grade line of the highway each way by vertical curves of
such length as is required to provide riding conditions and sight distances
normally applied to the highway under consideration, per the Caltrans Highway
Design Manual or AASHTO publication entitled fA Policy on Geometric Design of
Highways and Streetsa
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e Approach grades of less than 6% are desirable, but where not reasonably
obtainable due to local topographical conditions, the gradients in the vicinity of
the rails shall be kept as low as feasible.

Often a highway intersection may be immediately adjacent to the highway-rail grade
crossing. It is important that vehicles traversing the highway-rail grade crossing be given
a clear avenue of escape after or downstream of the highway-rail grade crossing. To
clarify, a vehicle entering the footprint of the highway-rail grade crossing should
have an unimpeded means of clearing the crossing. In cases where there is an
intersection adjacent to the crossing, it may be necessary to add a refuge in the cross-
traffic direction to allow a design vehicle to clear the intersection and move onto the
cross street without constraining the movement of cross traffic.

3.6 MEDIAN ISLANDS
3.6.1 General

Installing raised medians at the centerline of highway approaches to highway-rail grade

crossings is an effective way to discourage gate circumvention or making U-turns in the

vicinity of the highway-rail grade crossing. As shown in Figure 3-10, the use of a median

island(s) minimizes opportunities for violations by creating a well-defined corridor across

the tracks. For a two-gate system, installation of median barriers can reduce violations

up to 80%t (source: National Safety Council and National Highway Traffic Safety

Administration i Cost-Effectiveness Analysis). | n addi ti on, FRAGs Final R
Locomotive Horns lists gates with median islands, or channelization devices, as an

approved supplementary safety measure for a quiet zone.

Raised median islands shall be used on both approaches to the highway-rail
grade crossing to constrain undesirable traffic movements, such as driving
around the automatic crossing gates or making U-turns in the vicinity of the
highway-rail grade crossing.
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Figure 3-10. Raised Medians at a Highway-Rail Grade Crossing

Criteria for the design of islands is set forth in an AASHTO publication titled A Policy on
Geometric Design of Highway and Streets.

Figure 3-11.  Effective Use of Medians and Sighage
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To be effective, a raised median should be centered on the street between both
directions of traffic. On each approach to the highway-rail grade crossing the raised
median shall begin 10 feet from the centerline of the nearest track. The end of the
median adjacent to the highway-rail grade crossing shall be square, with a six (6)
inch radius on the corners to discourage motorists from making left or U-turns
between the medians. Figure 3-11 shows an effective use of median islands.

3.6.2 Median Islands versus Exit Gates
Two mitigation methods can minimize the opportunities for motorists to violate gates:

e The use of a median of sufficient length and height, preferably 100 feet long
(measured from the gate) and eight (8) inches high, to prevent motorists from
driving around the lowered gate.

e The installation of exit gates, as discussed later in the Manual, at the crossing,
blocking motorists from entering the highway-rail grade crossing when gates are
lowered.

The preferred minimum length of the median as measured from the highway-rail
grade crossing gate shall be 100 feet. A design deviation may be requested where
the 100 feet is unobtainable, but in no case shall the median be less than 60 feet.
The width of the median shall be nine (9) feet if a warning device is installed in the
median and four (4) feet if no warning device is installed in the median. The
minimum width of the median may be two (2) feet with the approval of SCRRA and
the local highway agency. Raised median curbs shall be eight (8) inches. The
median island shall be continuous throughout its length without any breaks. However,
there may be instances where an existing manhole or valve box must remain in its
current location. In this case, the median shall be designed to accommodate access to
these facilities. The lead Engineer shall consider the elimination of manholes, valve
boxes, or other features requiring regular maintenance within the approaches to the
highway-rail grade crossing

Table 3-2 can be used in the selection and design of medians:

and shaped to limit

vehicular movements

Table 3-2. Standard SCRRA Applications of Medians
Hazard Option 1 Option 2 Notes
Adjacent Medians to extend Medians extending The use of the median shall
driveways past driveway past the driveway, effectively control vehicular

activity at the driveway

Multiple lanes

Install raised
medians for
additional highway-
rail grade crossing

N/A

Medians are mandatory in
instances where additional
gates and lights are needed
for proper lane coverage

gates
Light traffic or Install raised The use of the median shall
rural area medians effectively control vehicular

activity
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turning radius

maximum length that
still accommodates
truck movements,
and consider exit
gates

Limited highway | Install raised Install raised The installation of medians

right-of-way medians delineators can require the acquisition of
additional highway right-of-
way

Insufficient truck | Extend median to the | N/A Truck turning radius may be a

defining component on the
use of exit gates

Insufficient right-
of-way for a
raised median

Acquire additional
right-of-way for the
installation of the
raised median

Consider the use of
raised delineators, but
only if right of way
acquisition is not

The installation of delineation
between traffic directions may
be needed if the acquisition of
additional right-of-way is not

possible. an option

The primary median width requirement, per CPUC, is that there shall be a minimum
horizontal clearance of two (2) feet between the flashing beacon backplate and the face
of the curb. The lead Engineer shall plan for future highway uses when considering the
ultimate width of the median. The position of the median gate counterweight, when the
gate is in the horizontal position, must be considered.

3.6.3 Median Landscaping

In general, trees, shrubbery, and similar view obstructing landscaping are not
allowed on highway approaches within 100 feet of a highway-rail grade crossing.
Low maintenance stamped concrete, pavers, or other hardscape materials shall
be the standard landscape treatment for median islands and sidewalk approaches.
3.7 DRIVEWAYS

The location of driveways, alleys, or similar facilities (with respect to the highway-rail
grade crossing) can significantly affect the safety associated with highway-rail grade

crossing operations. Driveways associated with railroad-highway crossings are defined
as nearside or farside.

e A nearside driveway is defined as a driveway that is located on the crossing
approach prior to, or upstream of, the crossing. An example of this type of
driveway is shown in Figure 3-12.

e A farside driveway is defined as a driveway located beyond, or downstream of,
the highway-rail grade crossing as shown in Figure 3-13.

Driveways (private or public) located within 100 feet of the nearest highway-rail
grade crossing active warning gate are strongly discouraged. Driveways within
100 feet of highway-rail grade crossings shall be removed or appropriately
reconfigured to achieve safety objectives.
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Figure 3-12. Nearside Driveway at Highway-Rail Grade Crossing
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Figure 3-13. Farside Driveway at Highway-Rail Grade Crossing
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In addition to preventing vehicles from driving around gates, well designed medians limit
movements out of these driveways, thus minimizing vehicle queuing hazards associated
with cross-traffic vehicle movements.

Vehicles entering and exiting a driveway immediately adjacent to a highway-rail grade
crossing can affect the traffic flow over that crossing. In particular, vehicles making right
or left turns into, or out of, the downstream driveway may force approaching traffic to
slow or stop, which may result in queuing over the crossing. Where there is an existing
nearside or farside driveway, the first choice is to eliminate the left turn into, and out of,
the driveway by providing raised median islands, and using other measures coordinated
between the highway agency and the property owner. This shall minimize the
opportunity for vehicles to be stopped on the tracks by uncontrolled cross traffic.

Another solution for the mitigation of an existing driveway adjacent to a highway-rail
grade crossing is the use of a shaped median that allows for a right turn out of the
driveway while eliminating turning movements toward the highway-rail grade crossing.
An example of this is shown in Figure 3-14, below:

FENCING (TYP) ! SWING GATE (TYP)

) STEEL TUBE RAIL,
VS WIRE MESH FENCE
OR OTHER (TYP)
et s

PCC SIDEWALK

PEDESTRIAN GATE ARM
(TYP)

< ¢ TRACK VEHICULAR <=
N | GATE ARM (TYP)
X -
- -
X | " >
" RAISED MEDIAN — : " RAISED MEDIAN —
\, | : N
= —
s | PEDESTRIAN GATE ARM N
— ; (TYP) T
=)
- .

STEEL TUBE RAIL,
WIRE MESH FENCE
OR OTHER (TYP)

SWING GATE (TYP) = FENCING (TYP)

Figure 3-14. Use of a Shaped Median to Control Access

Table 3-3 below shall be consulted for the design of mitigations when driveways are
located adjacent to the crossing:
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Table 3-3. Standard Mitigations for Driveways Adjacent to the Crossing

Driveway | Medians Signage Warning Gates Traffic
Location Control
Nearside | e Yes R3-5 (RT) e Installed at Consider
ARi ght entrance traffic signals
Onl yo quadrant in cases of
large
driveway
volumes
Farside e Yes R3-5 (RT) e Installed at Consider
e Install island at the | fRight Turn entrance traffic signals
driveway to Onl yo quadrant in cases of
prohibit left turns s As a last option, | large traffic
toward the tracks consider exit volumes
(see Figure 3-14) gates if there is a
possibility of
unsafe access
through the
median

During the design of the crossing, consider the type of vehicle that will use the driveway
and how the driveway will be used. The actions of vehicles and motorists using the
highway-rail grade crossing should be observed during the diagnostics and field reviews,
and findings incorporated into the design.

Driveways adjacent to a highway-rail grade crossing which require vehicle
reversing (backing) movements shall not be allowed and the local highway agency
shall prohibit the reversing moves. To clarify, if the driveway can only be accessed by
a backing movement by the design vehicle, then this driveway will need to receive one of
the following mitigations to eliminate this unsafe and illegal way to access the driveway:
¢ Relocate the driveway so as to provide sufficient turning capability for the design
vehicle.
e Modify the loading/unloading area/location so as to provide sufficient turning
capability for the design vehicle.
¢ Widen the highway so the design vehicle can exit the travelled way, and provide
sufficient turning capability for the design vehicle.

In some instances, there may be a nearside driveway that leads to a truck loading dock
(See Figure 3-15 for an example of this). In this case, the truck may drive past this
nearside driveway, back over the tracks and, while backing up, turn into the nearside
driveway to line up to access the loading dock. The design and actual usage of the
driveway shall preclude the movement of vehicles over the tracks while
ingressing or egressing the driveway.

In such instances, the agency shall endeavor to close the nearside driveway or work
with the adjacent property owner to control this access or address the unsafe practices.
Special traffic signage shall be installed to control undesirable traffic movements,
especially reverse or slow movements into or out of driveways near tracks.
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Figure 3-15. Loading Dock Adjacent to Right-of-Way

3.8 SIDEWALKS AND PAVEMENT APPROACHES

Sidewalks and pavement approaches to the highway-rail grade crossing shall be
constructed using hot mix asphalt concrete between the zero curb line and the
panels. Refer to SCRRA Engineering Standards for the location of the zero curb line.

3.9 VISIBILITY

It is SCRRAG6s policy t o withohighwayjagencies, bng otken d r espor
adjacent private property owners, to ensure that proper visibility is maintained. Buildings,
fences, walls, billboards, highway geometry, trees, vegetation, natural or man-made
embankments, or other man-made structures will play a significant role in the overall
visibility at the highway-rail grade crossing, and these features will become important in
the geometric design process. The vehicle operator should detect the presence of the
highway-rail grade crossing, identify and react to the type of traffic control devices at the
crossing, and determine whether a train is approaching or occupying the crossing.
According to CA MUTCD, all advance warning signing, pavement markings, and
highway-rail grade crossing warning devices should be clearly visible to the approaching
motorist.

Horizontal and vertical curves within the highway near, or at, the crossing create
additional concerns. In cases where the sight distance is not sufficient to allow adequate
braking prior to the crossing, the lead Engineer should examine the need for advance
warning devices.
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Of particular concern is stopping sight distance near and across the highway-rail grade
crossing. Refer to Sections 3.5.7 and 3.5.8 for highway geometry. The lead Engineer
shall examine all aspects of the highway geometry and follow the Caltrans Highway
Design Manual or AASHTO publication titled fA Policy on Geometric Design of
Highways and Streetso for stopping sight distance requirements. The railroad right-of-
way often abuts developments consisting of structures which prevent the motorist from
clearly seeing down the tracks when approaching the crossing. During the design phase,
the lead Engineer shall endeavor to investigate all measures for improving visibility at
these crossings, and mitigate any detected hazards.

The following actions should be taken during the design of a grade crossing to preserve
visibility:

¢ Prohibit new trees at highway-rail grade crossing approaches and medians, and
ensure existing trees are trimmed for proper visibility.

¢ Prohibit new ground covers or shrubs exceeding 36 inches in height, and ensure
the existing trees are trimmed for proper visibility.

¢ Investigate the possibility of mitigating the effects of adjacent development on
overall visibility at the crossing.

e Ensure stopping sight distances are per the Caltrans Highway Design Manual or
the AASHTO publication titled fA Policy on Geometric Design of Highways and
Streetsa

e Vehicle parking within 100 feet of the highway-rail grade crossing, as
measured from the furthest automatic warning device from the tracks, shall
be prohibited.

Figure 3-16 is an example of how visibility can be impaired at a highway-rail grade
crossing by highway geometry and landscaping. Note the following items:

e Advance signs are obscured by trees.

Mitigations:  Avoid the planting of trees adjacent to advance signs.
Work with the highway agency to adequately maintain trees and
landscaping.

e Advance visibility of vehicles downstream of the highway-rail grade crossing is
impeded by geometry. The vertical curve at the highway-rail grade crossing may
prevent the motorist from seeing possible highway obstructions concealed by the
highway profile.

Mitigations:  To the extent possible, design highway geometry to eliminate
these cases.
Install advance warning to warn motorists.
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Figure 3-16. Restricted Visibility at a Highway-Rail Grade Crossing Approach

Regular trimming of vegetation along the approaches to the highway-rail grade crossing
is an important responsibility of the highway agency or private property owner.

3.10 SIGHT TRIANGLES

It is SCRRAG6s policy to wohighwayjagencies, bng otkend r espor
adjacent private property owners, to ensure that improvements to properties adjacent to

the railroad corridor, and particularly at highway-rail grade crossing, are designed so as

to mitigate the effects of the development on highway-rail grade crossing safety.

A sight triangle is the triangular area of visibility required to allow a driver to see an
oncoming train (approaching from either direction) in advance of the crossing. The
stopping sight distance is measured along the highway and is a function of the distance
required for the design vehicle, traveling at the posted speed limit, to stop safely.

The use of the sight triangle for highway-rail grade crossing design is an effective tool for
the development of the overall design, as well as to mitigate the effects of restricted
visibility. The FHWA handbook shows a calculation used to determine sight triangle
distances. Unfortunately, urban areas seldom have the proper site triangle (as shown in
the FHWA handbook). In these cases, signal timing, and highway-rail grade crossing
warning device timing, must provide adequate warning to enable the motorist to stop
prior to the crossing.
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The effects that commercial or residential development can have on the visibility at a

highway-rail grade crossing are shown in Figure 3-17. The sight triangles for this

highway-rail grade crossing show the effective visibility of the highway-rail grade

crossingf rom the motoristbds perspective. This figur
visibility when buildings are placed adjacent to the right-of-way. The solid green fill

shows a constricted sight triangle resulting from the location of proposed buildings on a

development site adjacent to the railroad right-of-way.

Figure 3-18 demonstrates the same building configuration relocated to the backside of
the property, which results in much improved visibility of the track area. Although this
realignment of the buildings does not alter or impair the overall use of the property, it is
an effective way of improving visibility and places driveways away from the highway-rail
grade crossing.

Figure 3-17.  Sight Triangle Impeded by Adjacent Buildings
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Figure 3-18.  Sight Triangle Enhanced through Alternative Placement of
Buildings

3.11 PASSIVE TRAFFIC CONTROL DEVICES

Passive warning devices are traffic control warning devices not activated by trains,
vehicles, or pedestrians. Passive warning devices provide static messages of warning,
guidance, and (in some instances) mandatory action for the driver. Their purpose is to
identify and direct attention to the location of a highway-rail grade crossing in order to
permit motorists, bicyclists, and pedestrians to take appropriate action. Passive warning
devices consist of regulatory, warning, and guide signs, along with supplemental
pavement markings. These basic devices are incorporated into the design of active
traffic warning devices. The application of passive devices is defined in Part 8 of the CA
MUTCD.

3.11.1 Sighage

The application of signage at highway-rail grade crossings is defined in Part 8 of the CA
MUTCD. The lead Engineer shall follow the requirements within this section for the
proper application of highway signs at the crossing.

In addition to highway signs to be installed at the highway-rail grade crossing, there may
be additional signs required, such as, i No T r e s pnatallationrofgiioN Trespassingo
signs on the SCRRA member-owned right-of-way shall be installed per SCRRA
Standards.

The highway agency is responsible for approving the use of highway signs, and
coordination between highway agency and the lead Engineer is required.
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3.11.2 Pavement Markings

Striping and pavement marking are defined within Part 8 of the CA MUTCD. SCRRA has
defined additional striping and delineation requirements that apply to highway-rail grade
crossings. These measures include the following:

e Striping along edge of travel way: (SCRRA Engineering Standards 4004)
e Striping between medians: (SCRRA Engineering Standards 4004)
e Possible use of nAKeep :QQalrans)d0 pavement mar ki n

Maintenance responsibilities for striping and pavement markings are to be defined in the
C&M. Also, refer to CPUC GO 75. Generally, the highway agency maintains the highway
striping. The lead Engineer is to refer to the configuration and location of striping shown
in Chapter 8 of the CA MUTCD. In addition, the lead Engineer is directed to SCRRA
Engineering Standards for pavement markings within the limits of the crossing.

The highway agency is responsible for approving the use of highway pavement
markings, and coordination between highway agency and the Engineer is required.

3.12 ACTIVE TRAFFIC CONTROL DEVICES

All SCRRA fi ma i n highveag-rkilograde crossings should be equipped with active

warning devices used to warn vehicles and pedestrians of potential hazards at the

crossing, in accordance with the GO 75 of the CPUC, this Manual, and the CA MUTCD.

Further more, it i's SCRRAOGs SPRRA imaip tratkoprivate qui r e t h
highway-rail grade crossing shall be so equipped with standard equipment at the private

owner 0s efereorAgpendix B for the definition of S C R R Aairfitrackd.

Each of these types of devices is designed to fill a need at the highway-rail grade
crossing to effectively warn of approaching trains. The placement of these devices is an
important factor in the development of the highway-rail grade crossing, and must be
considered during design. It should be noted that these devices may be installed at
locations other than at highway-rail grade crossings to ensure proper advance warning
of oncoming trains.

Each warning device is constructed on a substantial foundation required for the safe
support of the device. These foundations may take up a broad area and must be
considered in the placement of the device. The utilities and drainage associated with the
highway-rail grade crossing shall be considered when developing the overall layout of
the devices. Additionally, the position of present and future foundations must be taken
into account when considering utility encroachment’ it may be necessary to relocate
utilities and other facilities that could interfere with these foundations.

The placement of active warning devices is an important factor in the overall design
process. Baseline criteria have been developed to use for guidance in the placement of
the highway-rail grade crossing devices.

Warning gates are physical barriers that obstruct the entrance to the highway-rail grade
crossing upon activation by an approaching train. The railroad signaling system
activatingthesedevi ces is further defined within the SC
standards. Standard applications of warning gates and flashing signals (Automatic
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Warning Devices) are shown in Figure 3-19 through Figure 3-22. In addition, a cross-
buck, and a sign indicating the presence of multiple tracks at the crossing, would be
mounted on each gate to indicate the presence of multiple tracks at the crossing.

Flashing signals are mounted on the mast or on an overhead cantilever to provide a
visual warning of an oncoming train. These lights are directed toward the approach. In
some cases (such as with adjacent driveways and highway), additional auxiliary lights
are necessary to provide visual warning for each approach to the crossing.

Some applications of flashing signals include backlights mounted on the mast in addition

to the standard flashing signal configuration. SCRRA6s policy is to discoul
backlights on exit gates to avoid motorist confusion. The use of backlights shall be

evaluated to determine the necessity of their use and the possibility for motorist

confusion.
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Figure 3-19.  Active Warning Device Mechanisms i Standard No. 8 (Left) and
Standard No. 8 with Additional Sidelights (Right)
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