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The overall purpose of this study is to set forth a logical procedure for the engineering analyses of highway-railroad grade separation proposals.  The suggested procedure is based upon analysis techniques tested through past application and as modified by recent guidelines and requirements.  The resulting procedure, requested by Trans Tech Group’s clients, is sufficiently flexible to encompass a broad range of applications, but also will result in comparable decisions covering the many variables associated with such programs.

Three documents present study results:

1. Work Paper 1 (this document), summarizes a literature survey concerning grade separated highway railroad crossing separations.

2. Work Paper 2, Survey of State DOT Procedures Regarding Highway-Railroad Grade Separation, summarizes results of a brief survey of state departments of transportation concerning written guidelines, policies, or procedures regarding the subject.

3. Final Report, A Procedure for the Provision of Highway-Railroad Grade Separations, presents a recommended procedure, and summarizes the entire study.

For further information, contact:
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Palm Harbor, FL 34683
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Accidents That Shouldn’t Happen, A Report of the Grade Crossing Safety Task Force to Secretary Federico Peña (1996).

This report is a summary of a grade crossing task force appointed by U.S. DOT Secretary Federico Peña following a highway-rail crossing crash in Fox River Grove, Illinois. The charge of the Task Force was to review the decsionmaking process for designing, construction, and operating rail crossings. While it is disappointing that the subject of grade separations was not included, the report of the Task Force, dated March 1, 1996, identified five problem areas and presented recommendations for action. 

The five areas are:

1. Interconnected Highway Traffic Signal and Highway-Rail Crossing Warning Devices (Interconnected Signals)

2. Available Storage space for Motor Vehicles Between Highway-Rail Crossings and Adjacent Highway-Highway Intersections (Storage Space)

3. High-Profile Crossings and Low-Clearance Vehicles (High-Profile Crossings)

4. 
Light Rail Transit Crossings (Light Rail)

5. Special Vehicle Operating Permits and Information (Special Vehicles)

The report presents a number of short- and long-term recommendations concerning the five areas noted above. However, the subject of grade separations is not mentioned. For purposes of this study, the report does present a concise statement of current responsibilities and standards for highway-railroad crossing intersections: 

Grade Crossing Standards
Guidance to the highway community is provided by the American Association of State Highway and Transportation Officials (AASHTO) through its publication entitled A Policy on Geometric Design of Highways and Streets. This provides guidance on highway design in the form of recommended thresholds for critical dimensions. Further guidance is provided by FHWA by the Manual on Uniform Traffic Control Devices (MUTCD). The MUTCD provides national standards for traffic control devices at highway-rail crossings. The FHWA also publishes the Railroad-Highway Grade Crossing Handbook, which offers general guidance for making physical and operational improvements to grade crossings.

While this guidance exists, States and localities have flexibility to develop independent designs for each grade crossing.

In practice, the construction and maintenance of highways and the laws regulating the vehicles which operate on them, are considered to be State and local responsibilities. This has produced a regulatory framework and decisionmaking process for building, maintaining, and inspecting rail crossings, and controlling the traffic which traverses them, that are largely inconsistent from State to State.

Reference:

Accidents That Shouldn’t Happen, A Report of the Grade Crossing Safety Task Force to Secretary Federico Peña. U.S. Department of Transportation, Washington, D.C. (1996).

Development of Evaluation Tools for Road - Rail Crossing Consideration for Grade Separation

(Hakkkert and Gitelman, 1997)

This study reports on the development of a procedure to rank at-grade crossings in Israel for grade separation. The study includes a survey of techniques used in several other locations, which include the following:

Country
Source of

Regulation
Criteria for Grade Separation



Train Speed

Over MPH
Other

Instructions

Austria
RC
100


Germany
MOT
125


Great Britain
MOT
125


Holland
RC
100-125
According to track types and train speeds

U.S.A.
MOT
100


U.S.A.
Separate

Studies

According to train speeds or the product of road traffic and train number per day.

Japan
MOT

If the product of road traffic and the hours of crossing closing per day over 10,000

Japan
RC

If train braking distance over 2,000 ft.

Spain
RC
100


Canada
MOT
125


Sweden
RC
125
Double new track

Source of Regulation: RC-Railway Company, MOT-Ministry of Transport
The study, which was based on analysis of 31 crossings in Israel, concluded that the cost of accident risk did not significantly influence the ranking of the crossings for grade separation, but that the latter is based primarily on road traffic delay cost. The authors postulated four criteria for consideration:

5. The volume of daily vehicle traffic at the crossing

5. The product of daily vehicle traffic and the number of trains (or crossing blockages) per day, as used in the United States

5. The product of daily vehicle traffic and the number of hours per day the crossing is closed for road traffic, as used in Japan

5. The total daily vehicle delays at the crossing. 

In reporting their conclusions, the authors point out that “the road traffic volumes on the most problematic Israeli crossings are very high in comparison with those in other countries; that, in combination with the essential train movement, yields very high vehicle delays. According to the literature the accident costs are generally greater [in other countries] than road vehicle delay costs.”
Based on a statistical analysis, the authors chose Criteria 3 to rank the Israeli grade crossings. They further concluded that with a “product of daily vehicle traffic and the number of hours per day when the crossing is closed for road traffic is over 13,000, then the crossing needs a grade separation.”

The authors conclude their article by reemphasizing that an in-depth investigation is required for their grade separation issue, including such factors as:

. . . the exact evaluation of the cost of building a tunnel or bridge on the site, which sometimes exceeds the approximate value, and the consideration of other aspects, such as the need for emergency access, land use access, and environmental concerns, that have not been estimated previously but, as a rule, strengthen the decision to grade separate the crossing.

Reference:

Hakkkert, A.S., and Gitelman, V., “Development of Evaluation Tools for Road-Rail Crossing Consideration for Grade Separation” Transportation Research Record 1605, Research on Traffic Control Devices. Transportation Research Board, National Research Council, Washington, D.C. (1997).

Railroad-Highway Grade Crossing Handbook, 2nd ed. (1986)
The Railroad-Highway Grade Crossing Handbook, Second Edition, provides guidance on the provision of traffic control elements at highway-railroad crossing intersections. However, this publication provides little information on when to provide certain types of traffic control, and practically no guidance on when to provide a grade separation. 

The following advice is provided in Chapter IV, Identification of Alternatives:

1. Grade Separation

The Traffic Control Devices Handbook suggests that grade separations be considered specifically in the design of new highway routes and improvements to railroad facilities. A grade separation is recommended for highways that must cross high speed railroad passenger routes.

While no Federal criteria for grade separations exist, many States have developed their own criteria or warrants. Specific criteria provide a means to justify the expenditure of funds for separating grades at some crossings while not separating grades at others. Obviously, costs and benefits should be considered in the decision-making process; however, as discussed in Chapter V, some costs and benefits are difficult to quantify. Thus, engineering judgment plays a major role in selecting the grade separation alternative.

A few States consider the grade separation alternative for a crossing if its priority index is above a specified value. A few other States utilize an exposure index such that if the product of train and highway traffic is above a specified value a separation of grade is considered.

It is recommended that grade separations be considered as an alternative for heavily traveled crossings. However, costs and benefits should be carefully weighed as grade separations are expensive to construct and maintain. In some cases, it may be feasible to separate grades at one crossing in a community or town and close most of the remaining crossings.

Reference: 

Tustin, B.H., Richards, H. McGee, and R. Patterson, Railroad-Highway Grade Crossing Handbook, 2nd ed. U.S. Department of Transportation, Federal Highway Administration, Washington, D.C. (1986).

Evaluating Grade-Separated Rail and Highway Crossing Alternatives

(NCHRP 288)

This report, published in 1987, provided systematic methodology to study alternatives for improving deteriorated bridges at highway-railroad grade separated intersections. The report is divided into two parts, the first presenting a research effort and recommended procedure “regarding the decision-making processes used by state governments and railroads regarding deteriorated grade-separated rail/highway crossings.” The second part, a user’s guide, “presents the decision-making framework in detail . . . [including] a step-by step description of how one may use the framework.”
The report presents many useful techniques, including analysis methodology for grade-separated crossings being considered for modernization, replacement, or abandonment. The techniques are also “designed to be applied in the evaluation of alternatives for new crossings and for changes to existing at-grade crossings.” Even though much useful information is presented, the report does not present any guidance as to how a particular decision might be reached, standards or recommended policy regarding the decision to provide a new grade-separated crossing, including both new crossings and conversion of at-grade crossings to separations.

Current practice for 1987 was determined by a literature survey (little was found) and a questionnaire/telephone survey on the then-current methodology used by states and other transportation authorities.

Basic information included the following:

1. Five factors were found to be important in the grade-separation decision process: cost, safety, rail and highway operations, land use and environmental concerns, and institutional issues.

2. Safety and cost were normally of most concern, but other factors also are of importance.

3. Procedures varied among the states, ranging from a policy that all grade separations will be replaced regardless of circumstances, to warrants based upon exposure index. The authors note that most states had “no set analytical approach to resolving the issue.”
4. The survey found that there was “very strong reluctance on the part of railroads and highway agencies to replace a grade-separated rail/highway crossing with an at-grade crossing.”


Alternatives or options involved in improving a deteriorated or functionally obsolete grade separated crossing included the following:

1 Rehabilitate the structure

1 Replace the structure at same location

1 Relocate grade-separation, demolishing old and replacing with new structure

1 Replace with an at-grade crossing

1 Demolish old structure and close the crossing

1 Demolish old structure and close the rail line. 

Choice of a specific alternative was to be made depending upon a systematic consideration of the various factors affecting the particular decision. The authors recommended a three level analysis, with each level being more comprehensive than the preceding. Level 1 is a general review of each alternative.  Level 2 allows more detailed analysis, and subsequently requires more detailed data.  Level 3 is the most comprehensive.  Unacceptable or inferior alternatives are discarded after each level of analysis.  Level 3 is designed to reveal the “single best alternative.”  This approach results in a process: “(1) to expend as little effort as possible in eliminating the clearly inferior alternatives, and (2) to focus the bulk of the effort on examining closely the differences between truly competitive alternatives.” The factors were stratified by level, based on the relative importance for decision-making and the level of precision. The following table presents the factors by level, as recommended for the analysis, with each factor being discussed in detail in the remainder of the report.

The following table summarizes the general subject areas or factors in each analysis level.

Analysis Factors by Analysis Level
Procedure Proposed in NCHRP Report 288
Subject Areas/Factors
Decision Framework Analysis


Level 1
Level 2
Level 3

COSTS




Physical Feasibility
X



Capital Costs

X
X

Operations and Maintenance Costs


X

SAFETY




Accident Exposure
X



Accident Frequency

X
X

Fatal Accidents

X
X

Injury Accidents

X
X

School Bus Crossings


X

Hazardous Materials Crossings


X

Pedestrian/Bicyclist Accident Potential Crossings


X

RAIL AND HIGHWAY OPERATIONS




Vehicular Delay




Probability
X
X
X

Number
X
X
X

Duration
X
X
X

Emergency Response Time

X
X

Traffic Operations




Vehicular Queuing

X
X

Capacity Constraint

X
X

Street/Highway Classification


X

Signalization


X

Patterns


X

Rail Operations




Disruption
X



Quality

X
X

Cost

X
X

Rail Yard Access

X
X

Switching Operations

X
X

COMMUNITY AND ENVIRONMENTAL CONSIDERATIONS




Land Use




Displacement
X
X
X

Disruption


X

Activity Patterns


X

Noise


X

Air Quality


X

Water Quality


X

Aesthetics


X

INSTITUTIONAL CONSTRAINTS




Laws
X



Warrants
X



Policies and Guidelines
X
X
X

Contractual Obligations
X
X
X

Cost Disruption

X
X

Ease of Implementation

X
X

Availability of Funds

X
X

Reference:

Taggart, R.C., P. Lauria, G. Groat, C. Rees, and A. Brick-Turin, Evaluating Grade-Separated Rail and Highway Crossing Alternatives, National Cooperative Highway Research Project (NCHRP) Report 288, TRB, Washington, D.C., 1987.

A Policy on Geometric Design of Highways and Streets

(AASHTO, 1990 and 1994)
A Policy on Geometric Design of Highways and Streets (“AASHTO Policy”) provides extensive guidance on design of all types of streets and roads, including grade crossings and separations. The text is developed by the Highway Subcommittee on Design, with the 1994 edition being the latest version. The 1994 edition is essentially the same as the 1990 edition, with the exception that the 1994 version is in metrics, while the 1990 version is in International (SI) Units.

The AASHTO Policy is incorporated by reference in 23 CFR 625.4(a), Standards, Policies, and Standard Specifications for Roadway and Appurtenances, and is widely used in matters of roadway design.  The AASHTO Policy contains the following general advice on the subject of highway-railroad grade separations:

1. Local Roads

No specific advice is given for grade separations for local roads and streets. However, the AASHTO Policy notes:

Appropriate grade-crossing warning devices shall be installed at all railroad-local-road grade crossings.  . . .  Sight distance is an important consideration at railroad grade crossings. There must be sufficient sight distance on the road for the driver to recognize the crossing, perceive the warning device as well as the trains, and stop if necessary. [AASHTO Policy, 432]

2. Collector Roads and Streets (Urban)

The same advice as noted above is provided for this category of roads.

3. Rural and Urban Arterials (Urban)

Desirably, all railroad crossings should be separated on the rural arterial system. Practical aspects of the problem, however, require that many crossings will be at-grade. Crossings can be treated in various ways, including adequate signing, signals, signals with gates, and finally separations. Judgement must be used in the selection process, which will involve the amount and speed of traffic on both the roadway and railroad and the available sight distance, and safety benefits. The tendency must always be to attempt to provide the best protection possible. [AASHTO Policy, 522]

Railroad crossings on an urban arterial can often be the most disruptive feature affecting the operation of an urban arterial. Crossings that are frequently occupied or those that are occupied during high-volume traffic periods can only be effectively treated by providing a separation. Crossings that are only occupied infrequently during off-peak traffic periods may be provided with high type at-grade treatments and are normally provided with gate-equipped automatic flashing signals. [AASHTO Policy, 533]

The AASHTO Policy provides analysis and design guidance for at-grade highway-railroad crossings, but does not provide any advice for grade separations beyond that noted above.

Reference:

A Policy on Geometric Design of Highways and Streets, 1990 and 1994 eds. American Association of State Highway and Transportation Officials (AASHTO), Washington, D.C.

Rail-Highway Crossing Allocation Procedure

User’s Guide, 3rd ed.

(Farr, 1987)

The User’s Guide provides two procedures regarding the allocation of highway-railroad grade crossing traffic control elements (noted as “warning devices”): an accident and casualty prediction formula, and a resource allocation model. While the report does not deal with the subject of grade separations, it provides a series of useful tools in regard to accident prediction formulas for at-grade intersections. However, the methodology considers only safety matters, excluding such factors as delay or operating cost reductions.

The User’s Guide was developed to “assist in determining how limited safety improvement funds should be allocated to specific crossings and warning device improvements to achieve the greatest reduction in accidents and casualties.” The first step called for in the overall procedure is to predict the number of expected accidents, and then to balance the availability of improvement funds with the expected reduction in accident costs. For the subject research, the accident prediction methodology is useful, while the resource balancing procedures do not apply. The subject of grade separations as an improvement alternative is not addressed.

Accident predictions using the procedures described in the User’s Guide are made by combining two independent prediction methods:

3. An initial unnormalized prediction of accidents based on the characteristics of the crossing.

3. A second prediction postulated upon the crossing’s accident history.

These are then combined as a weighted average.

The basic accident prediction formula is given as:

a = K x EI x DT x MS x MT x HP x HL

where:

a = unnormalized initial accident prediction, in accidents per year at the crossing.

K = formula constant

EI = Factor for exposure index based on product of highway and train traffic

DT = factor for number of thru trains per day during daylight

MS = factor for maximum timetable speed

MT = factor for number of main tracks

HP = factor for highway paved (yes or no)

HL = factor for number of highway lanes 

Three sets of equations are used for crossings with passive, flashing lights, and gate traffic controls, respectively.

As noted in a discussion of the formulas:

. . . exposure index (EI), based on the product of annual average daily highway traffic (c) and average daily train traffic (t), has the strongest relationship to predicted accidents. All other factors can be seen as having a weaker relationship to predicted accidents.

The initial procedure is then improved by including the number of accidents (accident history) for the past five years. The report notes that the improvement results “because accident history serves as a surrogate for other characteristics which affect crossing hazards but are not included in the Inventory; e.g., sight distance, or the timing of highway and train traffic.”

Using the crossing accident history, the general formula for accidents is given as:
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Where  

A = accidents per year at the crossing

F = factor depending upon whether the crossing has passive, flashing lights, or gates

a = initial unormalized accident prediction from basic formula

N/T = accident history prediction, accidents per year, where N is the number of observed accidents in T years at the crossing,

To = formula weighting factor = 1.0 / (0/05 + a).

Once the number of accidents has been predicted, the type of casualty can then be predicted. Two casualty prediction formulas are given: fatal accidents and casualty accidents.

The probability of a fatal accident is:

P(FA/A) = 12/(1 + KF x MS x TT x TS x UR)

where

P(FA/A) = probability of a fatal accident, given an accident

KF = formula constant (440.9)

MS = factor for maximum timetable train speed

TT = factor for thru trains per day

TS = factor for switch trains per day

UR = factor for urban or rural crossing

For casualty accidents, the formula is:

P(CA/A) = 1/(1 + KC x MS x TK x UR)

where

P(CA/A) = probability of a casualty accident, given an accident

KC = formula constant (4.481)

MS = factor for maximum timetable train speed

TK = factor for number of tracks

UR = factor for urban or rural crossing

The authors note:

In the case of fatal accident severity maximum timetable train speed has a factor values which range over two orders of magnitude while the other factor values range over less than one order of magnitude. Maximum timetable train speed, therefore, has a much stronger influence on fatal accident severity than the number of trains or the urban-rural location of the crossing. For casualty accident severity the number of tracks has slightly greater influence on severity than maximum timetable train speed. The urban-rural location of the crossing has the least influence on casualty accident severity.

The number of expected fatal and casualty only accidents can then be calculated from the product of the number of accidents times either the probability of fatal or casualty accidents. Full values of constants and examples of the use of the formulas are given in the User’s Guide.

Reference:

Farr, E., Rail-Highway Crossing Allocation Procedure, User’s Guide, 3rd. ed. U.S. DOT, FRA/FHWA, Washington, D.C. (1987).
Priority Programming Methodology for Rail-Highway Grade Crossings

(Ryan, 1991)
The author’s stated purpose in this research was to “develop a comprehensive methodology to assist in setting priorities for improvements to rail-highway grade crossings.” The paper contains a brief literature survey. The author notes that while accident costs are normally considered very important, other costs such as the cost of delay, reduction of highway vehicle speed at the crossing, diversion costs, and costs of delay to emergency vehicles are also important.

The author’s methodology considers several potential improvements, including upgraded traffic control, grade separations, providing additional travel lanes, and closing the crossings. Cost savings, as well as costs of implementing the improvements are evaluated, with the “net benefit (the cost of operation with the proposed improvement minus the cost of operation with existing conditions minus the cost of implementation) is computed for each improvement option, and a list of projects with net benefits greater than zero is compiled. Finally . . . the set of improvements that optimize net benefits subject to a budget constraint is selected . . . . “ The methodology uses data known to be easily accessible including the DOT Rail Highway Grade Crossing Inventory and the FRA accident/incident files.

The author developed a VAX-based Fortran program for calculation of the cost assessment, and used a linear programming procedure in the analysis of improvements for specific crossings.

Reference:

Ryan, T.A., “Priority Programming Methodology for Rail-Highway Grade Crossings.” TRR 1327, Visibility, Rail-Highway Grade Crossings, and Highway Improvement Evaluation, TRB (1991).

Roadway Vehicle Delay Costs at Rail-Highway Grade Crossings

(Ryan, 1990)

This paper is of value to the current research effort because it presents a methodology of computing the vehicular delay at rail-highway grade crossings. The author notes that information concerning the diurnal (daily) distributions and speeds (trains and highway vehicles) and lengths (trains) at crossings is lacking in typical crossing inventories. As a result, the author’s research included analyses of train lengths, train speeds, diurnal distributions of trains, diurnal distributions of highway vehicles, and other similar factors.

The following conclusions are presented:

1. Train Speeds - the default value is recommended to be the arithmetic mean of the typical minimum speed and the typical maximum speed of trains.

2. Diurnal Distribution of Trains - the author made the following assumptions:

All trains cross RHGCs on weekdays

Daylight trains cross from 6 A. M. to 6 P.M.

Night trains cross from 6 P.M. to 6 A.M.

Train arrivals are uniformly distributed across each 12-hour period.

3. Diurnal Distribution of Roadway Traffic - based on an analysis of roadway traffic in the Maryland area, the author postulated a percentage hourly distribution of roadway traffic, ranging from a peak of about 8.5 percent for the evening peak hour to a typical low of less than one percent for the early morning hours (3 - 4 A.M.).Based on the accuracy of the railroad traffic, the percentages were then averaged for an average for the 6 A.M. to 6 P.M., and the 6 P.M. to 6 A.M. periods.

4. RHGC Advance Blockage Time - this is to be composed of two times: the time the train is physically present, and the time the crossing is blocked prior to arrival of the train. Blockage time varies with the type of traffic control, and is given from 5 to 20 seconds.

5. Roadway Factors - these include an assumed directional split of 60/40 percent during all hours and a roadway speed limit of 25 mph (urban) and 30 mph (not urban).Based on the above average factors, the cost of delay was calculated for each public grade crossing in the State of Maryland for 1985 conditions. The cost of accidents were also calculated, and a comparison indicates they generally are greater than vehicle delay costs, with the average being almost four times greater. The author concludes that even with the simplifying assumptions, while “roadway vehicle delay costs may be substantial, [they] are generally lower than accident costs.”

Reference:

Ryan, T.A., “Roadway Vehicle Delay Costs at Rail-Highway Grade Crossings.” TRR 1262, Planning, Management, and Economic Analysis, TRB (1990).

Rail-Highway Crossing Safety, Action Plan Support Proposals

(U.S. DOT, FRA, 1994)
This report presented a “multi-faceted, multi-modal approach for improving safety at [the] Nation’s highway-rail crossings and for the prevention of trespassing on the rights-of-way of . . . railroads.” The report summarized the efforts of the National Highway Traffic Safety Administration, the Federal Transit Administration, the Federal Highway Administration and the Federal Railroad Administration, along with ideas from outside sources, including the public, railroads and states.

The Action Plan identified six major initiatives, including:

5. Increased Enforcement of Traffic Laws at Crossings

5. Rail Corridor Crossing Safety Improvement Reviews

5. Increased Public Education and Operation Lifesaver

4. 
Safety at Private Crossings

5. 
Data and Research

6. 
Trespass Prevention.

Although crossing consolidating and closure was addressed, grade separation of existing at-grade crossing intersections was not. Appendix II of the report contains a capsule summary of crossing improvements required on high-speed rail lines. This is reprinted in the following section:

b.
High Speed Rail
The FRA's office of safety has established guidelines for crossings on high speed rail corridors.

If rail speeds are to exceed 200 kph (125 mph), no at-grade (level) crossings, public or private, will be permitted across the rail right-of-way. All crossings in such high speed rail corridors must be closed or grade separated (a bridge built).
1. Public Crossings:


Where trains will be operating at speeds between 176 and 200 kph highway-rail crossings must be equipped with impenetrable barriers capable of precluding intrusion onto an operating track, i.e, stopping highway vehicles short of fouling the operating track(s). Such a barrier must be operated in conjunction with intrusion detection and train stop technology. This implies track circuits of sufficient length that logic circuitry can verify and communicate to the locomotive that: 1) the barriers are closed; and, 2) the crossing is clear of vehicles, while the train is still a sufficient distance from the crossing that a full service brake application (non emergency) would bring the train to a stop before reaching the crossing if either indicator was not favorable. (See requirement for “grade crossing protection" in the context of operating speeds above 110 mph (49 CFR 213.9(c)).)

In this context, the term “grade crossing protection" is separate and distinct from conventional “warning devices." Warning devices, which are defined by the Manual on Uniform Traffic Control Devices (MUTCD), are intended to warn motorists of the presence of a crossing and of impending rail activities for the purpose of highway traffic control at and over the crossing. Concerns for the safety of the motorist and the efficiency of highway traffic flow are the motivating factors, and the FHWA has taken the lead in establishing requisite standards. However, these concerns pale in comparison to concern for the safety of the rail operation (for passengers, crews and trains) where rail speeds exceed 176 kph. Conventional warning devices do not protect the integrity or safety of the rail movement at any speed, and this failure would be catastrophic at speeds above 176 kph. Thus, “protection" is defined to mean an effective barrier, i.e., one which precludes intrusion onto the rail right-of-way. The closest parallel to this situation currently addressed within the MUTCD is the reference to resistance gates" for closing roads on approaches to movable bridges. See MUTCD Section 4E-13. The role of “highway traffic control” in such a setting is to alert the highway vehicle driver that an obstruction or barricade lies ahead, i.e., that the road is temporarily closed. The MUTCD currently defines the necessary elements for properly closing and/or barricading a road.

For new service on designated corridors at or above 128 kph (80 mph) to 176 kph, FRA's guidelines call for the completion of a corridor analysis leading to elimination of not less than 25% (50% as the target) of crossings, with separation or active warning devices, to include gates, at the remainder. Constant warning time upgrades would be required, where not present. As warranted at selected crossings, encourage use of median barriers, special signing (e.g., active advance) and/or four quadrant gates.

If lightweight train sets are introduced, additional protection might be required for rail movements.

2.
Private Crossings:
We recommend that private crossings be individually analyzed, and closed as warranted. In addition, private crossings should be subject to safety measures comparable to public crossings and equipped with manual gates (normal position being closed and locked).

For train speeds from 176 to 200 kph, accidental intrusion on the rail right-of​-way must be absolutely precluded. This means that private crossings must be equipped with locked gates linked to the train signal and control system, along with telephones and a fail safe vehicle (obstruction) detection at the crossing. Gates should be substantially constructed, i.e., able to absorb a moderate speed collision from vehicles likely to be using the crossings without fracturing. If the gate/barrier is opened (e.g.,to accommodate an emergency) it can not be done until track clearance has been received from the railroad and trains in the territory have been advised.

Where passenger trains are scheduled to operate at speeds from 128 to 176 kph, private crossings should either be closed, grade separated, provided with a secured barrier, or equipped with automatic visual and audible traffic control devices which provide a minimum of 20 seconds warning of the impending presence of a train to users of the crossing. The traffic control device should include a full barrier gate system (covering all lanes, approach and exit) on each side of the rail right-of-way. The barrier (gate) will normally be closed (down) and will open on request (manually or automatically), if no train is approaching, for a period of time sufficient for the crossing user to negotiate the crossing.

[Summary ]

Rail Speed KPH 128 (80 MPH) to 176 (110 MPH)

Public Crossings
Eliminate all redundant or unnecessary crossings. Install most sophisticated traffic control/warning devices compatible with the location, e.g., median barriers, special signing (possibly active advance warning), four-quadrant gates. Automated devices should be equipped with constant warning time equipment.

Private Crossings
Close, grade separate, and provide a secured barrier or automatic devices for private crossings. Device or barrier should extend across the entire highway on both sides of the track, should normally be closed and opened on request, if no train is approaching, for a period of time sufficient to cross the track(s).

Rail Speed KPH 177 (111 MPH) to 200 (125 MPH)
Public Crossings
Protect rail movement with full width barriers capable of absorbing impact of highway vehicle. Include a fail safe vehicle detection capability between barriers. Notify approaching trains of warning device or barrier failure or of an intruding vehicle in sufficient time for the train to stop short of the crossing without resorting to emergency brake application.

Private Crossings
Protect rail movement with full width barrier or gate, normally closed and locked, capable of absorbing impact of a highway vehicle. Gate lock or control should be interlocked with train signal and control system and released by a railroad dispatcher. A fail safe vehicle detection or video system should monitor the area between the barriers. The crossing should be equipped with a direct link telephone to the railroad dispatcher.

Rail Speed KPH Above 200 (125 MPH)
Public Crossings
Close or grade separate all highway-rail crossings.

Private Crossings
Close or grade separate all highway-rail crossings.

Reference:
Rail-Highway Crossing Safety, Action Plan Support Proposals, U.S. DOT, FRA (1994).

Note:

The Rail-Highway Crossing Safety, Action Plan Summary summarizes the above report, and presents several objectives for each initiative. 

Enhancing Rail Safety Now and Into the 21st Century: The Federal Railroad Administration’s Safety Programs and Initiatives

(U.S. DOT, FRA, 1996).
This report, submitted to the U.S. Congress, has the noted objective of summarizing benefits from the Federal Railroad Administration’s Safety Assurance and Compliance Program, which was noted to be a “comprehensive approach to systemic safety issues.” 

The report presents a brief compilation of certain train-related accidents through the year 1986, including an allocation of type. In its compilation of accident types, it is noted that:  “Certain highway rail collisions qualify under technical definition of ‘train accident.’ However, to avoid double counting and because they stem from different causes, FRA has excluded those occurrences from the ‘train accident’ number that follow.” Thus, the report does not deal with grade crossing accidents. The report does note:

The proportional rise in human factor caused accidents, since 1986, now comprise the largest single causal factor for railroad accidents. they also represent a disproportionate number of the most serious accidents. There is no doubt that increasing safety through infrastructure investment is a more clear-cut and quantifiable safety challenge than is the challenge of effectively dealing with human factor issues. [pg. 4]

Reference: 
Enhancing Rail Safety Now and Into the 21st Century: The Federal Railroad Administration’s Safety Programs and Initiatives. U.S. DOT, Federal Railroad Administration (FRA), Washington, D.C., 1996.

Highway-Railroad Grade Crossings, A Guide to Crossing Consolidation

and Closure

(U.S. DOT, FRA/FHWA,1994)

The stated purpose of this publication is to address “the main obstacle to the rationalization of redundant crossings, namely local opposition. . . . The Guide provides a model for working effectively with local communities to successfully implement a grade crossing consolidation program.”

Although the subject of grade crossing separation is not specifically addressed, the value of this publication lies in the model for public involvement that is presented, and that would likely be applicable in addressing community concerns for grade separation, relocation of a roadway to a more desirable location for separation, and obviously closing corridor crossings in conjunction with provision of a grade separation.

The recommended model for the approach is as follows:

1. Screen Projects - this step involves evaluation of the safety, redundancy, and traffic safety aspects of the proposal.

1. Coordinate State And Railroad Efforts - this step stresses a team effort, and a corridor analysis approach in analyzing the proposal.

1. Know the Community - a logical first step in a public involvement program, this step calls for developing a knowledge base for the affected community.

1. Build Community Support - to include briefings for local public works officials, coordination with emergency response personnel, and use of Operation Lifesaver Volunteers.

1. Include Incentives - when the closure proposal may include community or financial incentives.

This report also presents a discussion of each of the steps listed above, a compilation of arguments for and against crossing closure, and a grade crossing consolidation checklist.

Reference:

Highway-Railroad Grade Crossings, A Guide to Crossing Consolidation and Closure. U.S. DOT, FRA/FHWA (1994).

Safety of Highway-Railroad Grade Crossings

(Carroll and Helser, FRA, 1996)
This report summarizes the multi-participant, multi-agency, FRA Highway-Railroad Grade Crossing Safety Needs Workshop held in 1995. This conference addressed research needs concerning highway-rail grade crossing safety, and was a follow-up to the Rail-Highway Crossing Safety: Action Plan Support Proposals (1994).

Conference participants identified research needs, as follows:

Unranked Research Needs

Highway-Railroad Grade Crossing Safety Needs Workshop

April 10-13, 1995
Initiative
Total Research Needs
Specific Need and Rank Identified in Top Ten Research Needs *

Driver Education
10
None

Enforcement
8
(9) Photo Enforcement

Human Factors
38
(5) Factors Affecting Credibility of Grade Crossing Warning Devices

(7) Effectiveness of Low-Cost Countermeasures for Passive Crossings

(8) Effects of Sight Distance on Driver Behavior

(10) Applicability of Highway Traffic Control Devices at Railroad Grade Crossings

Crossing Improvement (Engineering) Programs
21
(1) Highway Traffic Control Engineering Technology Transfer

(2) Low-Cost Alternatives to Conventional Warning Devices

(3) Proper Warning Time with Credibility

(6) Four Quadrant Gate Systems

Data
15
(4) Data Requirements for Highway-Rail Grade Crossing Safety

*  Ranked by Weighted Scores

One research need related to grade separations was identified. Need # CIP - 17, Innovative Low-Cost Grade Separation, were called for. The problem statement and objective of this need, respectively, notes:

Problem Statement:
Grade separation is the only completely effective protection for grade crossings, especially for high speed full service. The cost of grade separation must be decreased before it can be more fully implemented.

Research Objective:

Develop innovative designs, materials, construction practices, etc., to lower the cost of grade separations. 

This need was identified as high cost (>$500,000) and appropriate for high speed rail, but obviously did not appear in the top ten needs identified above.

Volume II of the report series contains background papers. Appendix II, Status of Current Programs, and presents a discussion on crossing consolidation and closure including Federal initiatives:

Currently, there are no Federal restrictions or standards on how many or what types of crossings should be consolidated within a given area. However, some jurisdictions have found the following criteria useful for selecting crossings for consolidation:

1. Consolidate crossings where there are more than four per mile in urban areas, and one per mile in rural areas and an alternate route is available;

2. Consolidate crossings which have fewer than 2,000 vehicles per day and more than two trains per day and an alternate route is available;

3. Eliminate crossings where the road crosses the tracks at a skewed angle or where the track is curved;

4. Link construction work with eliminations. This linkage will be especially important when upgrading rail corridors for high speed trains;

5. When improving one crossing (by grade-separation or installation of automated warning devices), consider eliminating adjacent crossings and rerouting traffic from these crossings to the improved crossing;

6. For every new crossing built, consolidate traffic from two or three other crossings; and

7. Eliminate complex crossings where it is difficult to provide adequate warning devices or which have severe operating problems (e.g., multiple tracks, extensive switching operations, long periods blocked, etc.).

Before consolidation, identify alternate routes for ambulances, fire, and other emergency vehicles. Past experience shows that even when communities support crossing consolidation, they may oppose proposed changes in traffic patterns. In these cases, "trade-offs," such as upgrading other crossings in the area of the targeted closure, have been successful.

When set against the backdrop of current high speed rail proposals, all this is particularly timely. Crossings are the major impediment to the realization of true wide spread high speed rail operations, both passenger and intermodal, in this country. The crossing problem must be solved, or we will not realize full potential. Consolidating crossings is the safest and only long term solution. [pg. C-65].

Reference:

Carroll, A.A. and Helser, J.L., Safety of Highway-Railroad Grade Crossings (Vols. I and II), U.S. DOT, FRA (1996).

GradeDec, Version 2.0

Highway-Rail Gradecrossing Investment Tool

Federal Railroad Administration, 1998
This program, developed by Hickling Lewis Brod Inc. for the Federal Railroad Administration, is “a decision support tool designed to assist public decision makers in evaluating the benefits and costs of highway-rail grade crossing upgrades, separations and closures.  The model adopts standard benefit-cost techniques which are currently used by the public sector to evaluate highway-rail grade crossing investment alternatives at the corridor level.”

GradeDec requires use of a personal computer, using the Microsoft Windows or DOS ® operating systems.  GradeDec is discussed further for this project in Work Paper 3, A Procedure for the Provision of Highway-Railroad Grade Separations.

Reference:

User’s Manual for GradeDec (Ver. 2.0),  Federal Railroad Administration, 1998.

______________________
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