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CHAPTER 10 DIVISION OF DESIGN Topic 11 - Organization and Functions Index 11.1 - Organization The Division of Design (DOD), a part of Project Delivery, is comprised of the Engineering Program with the following offices: CADD and GIS, Highway Drainage Design, Innovative Design and Delivery, Performance Management, Project Support, Standards and Procedures, Storm Water Management Design; as well as the Landscape Architecture Program with the following offices: Landscape Architecture Standards and Procedures, Landscape Architecture Support and Planning, Professional Development, and Strategic Information & Business Management. Additionally, the Project Delivery Coordinators, with the assistance from the Office of Project Support, represent the Chief, DOD, in the California Department of Transportation (Department) Districts, maintaining liaison and coordinating District and Headquarters activities, ensuring consistent and uniform application of statewide policies, standards, procedures, guidelines and practices. See Figure 11.1 for information on the functional duties performed by the various offices in the DOD. As the Chief Design Engineer within the DOD, the Chief, Division of Design provides technical and procedural advice and assistance to the Districts in support of the development of transportation projects as follows: establishes, maintains and monitors the project development process in accord with all applicable State and Federal laws and regulations; establishes engineering standards and procedures for application of standards on a statewide basis; approves exceptions to nondelegated mandatory design standards; monitors project development related reports, facilitates performance management and process improvement activities. The Chief, DOD also is a member of the AASHTO Subcommittee on Design.
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Figure 11.1 Division of Design Functional Organization Chart
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CHAPTER 40 FEDERAL-AID Topic 41 - Enabling Legislation Index 41.1 - General The Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991 is the first transportation legislation since the Interstate System was enacted. ISTEA has changed the established Federal-Aid system. During the 20 years prior to ISTEA there were four Federal-Aid systems: Interstate, Primary, Secondary, and Urban. Now, instead of four Federal-aid systems there are two, the National Highway System (NHS) and the Interstate System, which is a component of the National Highway System. In 2005, the Safe, Accountable, Flexible, Efficient Transportation Enhancement Act, Legacy for the Users, better known as SAFETEA-LU, was passed. SAFETEA-LU, invests in highway, transit and safety programs. While ISTEA created new federalaid programs, SAFETEA-LU continued those programs such as the Surface Transportation Program, National Highway System, Congestion Mitigation and Air Quality Improvement Program and the Bridge Replacement and Rehabilitation Program. A variety of other programs also continued to exist to provide flexibility in determining transportation solutions and promote a multi-modal system approach. Some of these programs include those that target funding for rail and transit projects while others provide funds for environmental enhancement such as habitat mitigation and wetland banking. Numerous other funding categories are also available for use during the six year term of the act.



Topic 42 - Federal-Aid System 42.1 National Highway System After consultation with the States, in 1995 the Secretary of Transportation proposed a National Highway System (NHS) consisting of approximately 160,000 miles across the United States. The NHS consists of all Interstate routes, a large percentage of urban and rural principal



arterials, the defense strategic highway network, and strategic highway connectors.



42.2 Interstate As a result of ISTEA the Interstate System is a part of the NHS, but will retain its separate identity and receive separate funding. SAFETEA-LU continued those funding programs for the Interstate and NHS; however, SAFETEA-LU concentrated on safety and congestion. SAFETEA-LU also addressed other important aspects of an effective and efficient highway program.



Topic 43 - Federal-Aid Programs 43.1 Surface Transportation Program (STP) The Surface Transportation Program is a funding program which may be used for roads (including NHS) that are not functionally classified as local or rural minor collectors. These roads are now collectively referred to as Federal-aid roads. The STP includes safety and enhancement programs. Ten percent of the STP funds must be used for safety construction activities, hazard elimination and rail-highway crossings. Another ten percent of the program is designated for transportation enhancement, which encompasses a broad range of environmental related activities. The remainder of the STP funds are divided as follows; 50 percent is to be divided between areas of the State based on population; the remaining 30 percent can be used in any area.



43.2 California Stewardship & Oversight Agreement with FHWA The goal under the Stewardship and Oversight Agreement (Agreement) is to document the roles and responsibilities of the FHWA’s California Division Office and Caltrans with respect to project approvals and related responsibilities, and to document the methods of oversight which will be used to efficiently and effectively deliver the Federal-aid Highway Program. The Agreement states that “Caltrans [Department] and the FHWA will jointly determine which projects are considered to be projects of Division or Corporate Interest (PODI and/or POCI). The initial PODI and POCI determination will be made at the Caltrans [Department] District level in conjunction with the
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FHWA.” Projects not selected as PODIs or POCIs will be considered as Delegated Projects and, the Department will have approval authority for all aspects of a Federal-aid project, except those which may not be delegated by federal law (requiring FHWA approval). For the Delegated Projects, FHWA will verify compliance with federal regulations via annual program and process reviews. See the Project Development Procedures Manual for other essential procedures regarding the Stewardship and Oversight Agreement between the Department and FHWA. For additional information see the FHWA webpage on Stewardship and Oversight.



43.3 Congestion Mitigation and Air Quality Improvement Program (CMAQ) The Congestion Mitigation and Air Quality Improvement Program directs funds toward transportation projects in Clean Air Act nonattainment areas for ozone and carbon monoxide. Projects using CMAQ funds contribute to meeting the attainment of national ambient area air quality standards. CMAQ funds may not be used for projects which will increase capacity for single occupant vehicles. Exceptions might include HOV lanes which allow single occupant vehicles at other than peak travel times or auxiliary lanes.



43.4 Bridge Replacement and Rehabilitation Program The Bridge Replacement and Rehabilitation Program was continued in order to provide assistance for any bridge on public roads. Caltrans, Division of Engineering Services, Office of Structures Maintenance and Investigation, develops the bridge sufficiency rating for bridges on the State system and sets a sufficiency threshold for the use of Bridge Replacement and Rehabilitation Funds.



43.5 Federal Lands Program The Federal Lands Program authorizations are available through three categories: Indian Reservation roads, Parkways and Park roads, and Public Lands Highways (which incorporates the previous Forest Highway category).



43.6 Highway Safety Improvement Program SAFETEA-LU established the Highway Safety Improvement Program (HSIP) as a core Federal-aid program for safety funding to achieve a significant reduction in traffic fatalities and serious injuries on all public roads. The state apportionment of funds is subject to a set aside for construction and operational improvements on high risk rural roads (HRR). HRR are functionally classified as rural major or minor collectors or rural roads with a fatal or injury crash rate above statewide average for those functional classes of roadways, injury crash rates above those functional classes of roadways, or those roads which are likely to experience an increase in traffic volumes that could lead to a crash rate in excess of the statewide rate. The HSIP also created a planning process for safety which is overseen by the Department. The Strategic Highway Safety Plan is developed with input from stakeholders to better coordinate funding and safety efforts on the State highway system



43.7 Special Programs Special Program funds are allocated for projects which generally fall into the following groups: Special Projects-High Cost Bridge, Congestion Relief, High Priority Corridors on the NHS, Rural and Urban Access, Priority Intermodal and Innovative Projects; National High Speed Ground Transportation Programs; Scenic Byways Program; Use of Safety Belts and Motorcycle Helmets; National Recreational Trails Program; Emergency Relief.



Topic 44 - Funding Determination 44.1 Funding Eligibility Each Federal program has certain criteria and requirements. During design the project engineer is to consult with the FHWA reviewer to determine the appropriate Federal program each individual project is eligible for and the level of future Federal involvement. The final determination to request Federal participation will be made by Caltrans, Budgets Program, Federal Resource Branch.
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CHAPTER 60 NOMENCLATURE Unless indicated otherwise in this manual, wherever the following abbreviations, terms, or phrases are used, their intent and meaning shall be as identified in this Chapter.



Topic 61 - Abbreviations Index 61.1 - Official Names AASHTO



Caltrans or Department CFR CTC or Commission DES District DOT DOD FAA FHWA GS METS



OAP OCPPF



American Association of State Highway and Transportation Officials California Department of Transportation Code of Federal Regulations California Transportation Commission Division of Engineering Services Department of Transportation Districts U.S. Department of Transportation Division of Design Federal Aviation Administration Federal Highway Administration Geotechnical Services Office of Materials Engineering and Testing Services Office of Asphalt Pavement Office of Concrete Pavement and Pavement Foundations Pavement Program Plans, Specifications, and Estimate Public Utilities Commission Structure Design State Highway Operation and Protection Plan State Transportation Improvement Program



PP PS&E PUC SD SHOPP STIP



Topic 62 - Definitions 62.1 Geometric Cross Section (1) Lane. (a) Auxiliary Lane--The portion of the roadway for weaving, truck climbing, speed change, or for other purposes supplementary to through movement. (b) Lane Numbering--On a multilane roadway, the lanes available for through



travel in the same direction are numbered from left to right when facing in the direction of travel. (c) Multiple Lanes--Freeways and conventional highways are sometimes defined by the number of through lanes in both directions. Thus an 8-lane freeway has 4 through lanes in each direction. Likewise, a 4-lane conventional highway has 2 through lanes in each direction. Lanes that are not equally distributed to each direction would otherwise be described as appropriate. (d) Median Lane--A speed change lane within the median to accommodate left turning vehicles. (e) Speed Change Lane--An auxiliary lane, including tapered areas, primarily for the acceleration or deceleration of vehicles when entering or leaving the through lanes. (f) Traffic Lane/Vehicle Lane--The portion of the traveled way for the movement of a single line of vehicles, both motor vehicle and bicycle. (2) Bikeways. (a) Class I Bikeway (Bike Path). Provides a completely separated facility for the exclusive use of bicycles and pedestrians with crossflow by vehicles minimized. (b) Class II Bikeway (Bike Lane). Provides a striped lane for one-way bike travel on a street or highway. (c) Class III Bikeway (Bike Route). Provides for shared use with pedestrian or motor vehicle traffic. (d) Class IV Bikeway (Separated Bikeway). Provides for the exclusive use of bicycles and includes a separation (e.g., grade separation, flexible posts, inflexible physical barrier, or on-street parking) required between the separated bikeway and the through vehicular traffic. (3) Maintenance Vehicle Pullout (MVP). Paved areas, or appropriate all weather surfaces, adjacent to the shoulder for field personnel to
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park off the traveled way and access the work site.



construction. This nomenclature must be used in all phases of planning.



(4) Median. The portion of a divided highway separating the traveled ways in opposite directions.



(2) Bridges. A structure including supports erected over a depression or an obstruction, such as water, highway, or railway, and having a track or passageway for carrying traffic or other moving loads; and having an opening measured along the center of the roadway of more than 20 feet between undercopings of abutments or spring lines of (buried) arches, or extreme ends of openings for (buried) multiple boxes. It may also include (buried) multiple pipes, where the clear distance between openings is less than half of the smaller contiguous opening.



(5) Outer Separation. The portion of an arterial highway between the traveled ways of a roadway and a frontage street or road. (6) Roadbed. That portion of the roadway extending from curb line to curb line or shoulder line to shoulder line. Divided highways are considered to have two roadbeds. (7) Roadside. A general term denoting the area adjoining the outer edge of the roadbed to the right of way line. Extensive areas between the roadbeds of a divided highway may also be considered roadside. (8) Roadway. That portion of the highway included between the outside lines of the sidewalks, or curbs and gutters, or side ditches including also the appertaining structures, and all slopes, ditches, channels, waterways, and other features necessary for proper drainage and protection. (9) Shoulder. The portion of the roadway contiguous with the traveled way for the accommodation of stopped vehicles, for emergency use, for errant vehicle recovery, and for lateral support of base and surface courses. The shoulder may accommodate onstreet parking as well as bicyclists and pedestrians, see the guidance in this manual as well as DIB 82. (10) Sidewalk. A surfaced pedestrian way contiguous to a roadbed used by the public where the need for which is created primarily by the local land use. See DIB 82 for further guidance. (11) Traveled Way. The portion of the roadway for the movement of vehicles and bicycles, exclusive of shoulders.



62.2 Highway Structures (1) Illustration of Types of Structures. Figure 62.2 illustrates the names given to common types of structures used in highway



(3) Culverts. A type of buried structure without a bridge number, see Index 806.2. Any structure that fits the definition of a bridge shall be assigned a bridge number by Structure Maintenance and Investigation. Buried structures that meet the definition of a bridge but are made of a collection of culverts will only be considered as bridges for the purposes of design and structural maintenance record, not for definitions in specifications. Buried structures, with or without bridge numbers, covered by Caltrans Standard Plans can be designed by the District. Culvert modifications to Standard Plans can be designed by the District and shall be reviewed by the Division of Engineering Services. Buried structure with a bridge number but not covered by Standard Plans shall be designed by the Division of Engineering Services.



62.3 Highway Types (1) Freeway. A freeway, as defined by statute, is a highway in respect to which the owners of abutting lands have no right or easement of access to or from their abutting lands or in respect to which such owners have only limited or restricted right or easement of access. This statutory definition also includes expressways. The engineering definitions for use in this manual are:
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these urbanized areas where growth is expected to continue. Bicycling, transit, and walking are important transportation modes in these areas and as the facilities for pedestrians, transit and bicyclists expand in these areas, the percentage and number of travelers walking, using transit and bicycling is also likely to increase. State agencies and the local governmental entities, the business community and citizens groups, congestion management agencies and the local/regional metropolitan planning organization (MPO) need to all agree upon the concept of the transportation facilities being provided so that the community needs can be met. Urban areas are typically high-density locations such as central business districts, downtown communities, and major activity centers. They have a full range of land uses and are associated with a large diversity of activities. For the use of place types in this manual, urban areas have been categorized as Lower Density Parklands and Residential Neighborhoods and Higher Density Urban Main Streets. Higher Density Urban Main Streets have been further characterized as Community Centers and Downtown Cores. (a) Lower Density Parklands and Residential Neighborhoods. Large numbers of people live in these urbanized areas and bicycling, transit and walking are important transportation modes in these areas. Parklands can enhance these neighborhoods and parkland preservation is a concern, as well as, access to support travel and tourism to the parklands. (b) High Density Urban Main Streets. •



Community Centers or Corridor. Strategically improving the design and function of the existing State highways that cross these centers is typically a concern. Providing transportation options to enhancing these urban neighborhoods that combine highway, transit, passenger rail, walking, and biking options are desirable, while they also help promote tourism and shopping.



•



Downtown Cores. Similar to community centers, much of the transportation system has already been built and its footprint in the community needs to be preserved while its use may need to be reallocated. Successfully meeting the mobility needs of a major metropolitan downtown core area requires a balanced approach. Such an approach is typically used to enhance the existing transportation network’s performance by adding capacity to the highways, sidewalks, and transit stations for all of the users of the system, and/or adding such enhancement features as HOV lanes, BRT, walkable corridors, etc. Right of way is limited and costly to purchase in these locations. Delivery truck traffic that supports the downtown core businesses can also create problems.



The HEPGIS tool on the FHWA website is available to determine if the project is in an urban area. Urban areas are found on the Highway Information tab of the tool.



81.4 Type of Highway Much of the following terminology is either already discussed in Chapter 20 or defined in Topic 62. The additional information in this portion of the manual is being provided to connect these terms with the guidance that is being provided. (1) Functional Classification. One of the first steps in the highway design process is to define the function that the facility is to serve. The two major considerations in functionally classifying a highway are access and throughput. Access and mobility are inversely related; as access is increased, mobility decreases. In the AASHTO “A Policy on Geometric Design of Highways and Streets”, highways are functionally classified first as either urban or rural. The hierarchy of the functional highway system within either an urban or rural area consists of the following:
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•



Principal arterial - main movement (high mobility, limited access) Typically 4 lanes or more;



•



Designers have the ability to design for all modes of travel (vehicular, bicycle, pedestrian, truck and transit); and,



•



Minor arterial - interconnects principal arterials (moderate mobility, limited access) Typically 2 or 3 lanes with turn lanes to benefit through traffic;



•



Designers have the flexibility to tailor a project to the unique circumstances that relate to it and its location, while meeting driver expectation.



•



Collectors - connects local roads to arterials (moderate mobility, moderate access) with few businesses; and,



•



Local roads and streets - permits access to abutting land (high access, limited mobility).



The California Road System (CRS) maps are the official functional classification maps approved by Federal highway Administration. These maps show functional classification of roads. (2) Interstate Highways. The interstate highway system was originally designed to be highspeed interregional connectors and it is a portion of the National Highway System (NHS). In urban and suburban areas, a large percentage of vehicular traffic is carried on the interstate highway system, rather than on the local arterials and streets. (3) State Routes. The State highway system is described in the California Streets and Highway Code, Division 1, Chapter 2 and they are further defined in this manual in Topic 62.3, Highway Types which provides definitions for freeways, expressways, and highways.



81.5 Access Control Index 62.3 defines a controlled access highway and a conventional highway. The level of access control plays a part in determining the design standards that are to be utilized when designing a highway. See Index 405.6 for additional access control guidance.



81.6 Design Standards and Highway Context The design guidance and standards in this manual have been developed with the intent of ensuring that:



Designers should balance the interregional transportation needs with the needs of the communities they pass through. The design of projects should, when possible, expand the options for biking, walking, and transit use. In planning and designing projects, the project development team should work with locals that have any livable policies as revitalizing urban centers, building local economies, and preserving historic sites and scenic country roads. The “Main Streets: Flexibility in Planning, Design and Operations” published by the Department should be consulted for additional guidance as should the FHWA publication “Flexibility in Highway Design”. Early consultation and discussion with the Project Delivery Coordinator and the District Design Liaison during the project initiation document (PID) phase is also necessary to avoid issues that may arise later in the project development process. Design Information Bulletin 78 “Design Checklist for the Development of Geometric Plans” is a tool that can be used to identify and discuss design features that may deviate from standard.



Topic 82 - Application of Standards 82.1 Highway Design Manual Standards (1) General. The highway design criteria and policies in this manual provide a guide for the engineer to exercise sound judgment in applying standards, consistent with the above Project Development philosophy, in the design of projects. This guidance allows for flexibility in applying design standards and approving design exceptions that take the context of the project location into consideration; which enables the designer to tailor the design, as appropriate, for the specific circumstances while maintaining safety.
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The design standards used for any project should equal or exceed the minimum given in the Manual to the maximum extent feasible, taking into account costs (initial and lifecycle), traffic volumes, traffic and safety benefits, right of way, socio-economic and environmental impacts, maintenance, etc. Because design standards have evolved over many years, many existing highways do not conform fully to current standards. It is not intended that current manual standards be applied retroactively to all existing State highways; such is neither warranted nor economically feasible. However, when warranted, upgrading of existing roadway features such as guardrail, lighting, superelevation, roadbed width, etc., should be considered, either as independent projects or as part of larger projects. A record of the decision not to upgrade the existing nonstandard mandatory or advisory features are to be provided through the exception process (See Index 82.2). Deviation from permissive standards and the disclosure of the engineering decisions in support of the deviation are to be documented in the project file as a memo to file. This principle of documentation also applies when following other Division of Design guidance, e.g., Design Information Bulletins and Design Memos. This manual does not address temporary construction features. It is recognized that the construction conditions encountered are so diverse and variable that it is not practical to set geometric criteria. Guidance for use of traffic control devices for temporary construction zones can be found in Part 6 – Temporary Traffic Control of the California Manual on Uniform Traffic Control Devices (California MUTCD). Guidance for the engineering of pavements in temporary construction zones is available in Index 612.6. In this manual, design standards and guidance are categorized in order of importance in development of a State highway system. See Index 82.4 for other mandatory procedural requirements. (2) Absolute Requirements. Design guidance related to requirements of law, policy, or



stature that do not allow exception are phrased by the use of “is required”, “without exception”, “are to be”, “is to be”, “in no event”, or a combination of these terms. (3) Controlling Criteria. The FHWA has designated thirteen controlling criteria for selection of design standards of primary importance for highway safety, listed as follows: design speed, lane width, shoulder width, bridge width, horizontal alignment, vertical alignment, grade, stopping sight distance, cross slope, superelevation, horizontal clearance, vertical clearance and bridge structural capacity. All but the last of these criteria are also designated as geometric criteria. The design standards related to the 12 geometric criteria are designated as mandatory standards in this manual (see Index 82.1(2) and Table 82.1A). (4) Mandatory Standards. Mandatory design standards are those considered most essential to achievement of overall design objectives. Many pertain to requirements of law or regulations such as those embodied in the FHWA's 13 controlling criteria (see above). Mandatory standards use the word "shall" and are printed in Boldface type (see Table 82.1A). (5) Advisory Standards. Advisory design standards are important also, but allow greater flexibility in application to accommodate design constraints or be compatible with local conditions on resurfacing or rehabilitation projects. Advisory standards use the word "should" and are indicated by Underlining (see Table 82.1B). (6) Decision Requiring Other Approvals. There are design criteria decisions that are not bold or underlined text which require specific approvals from individuals to whom such decisions have been delegated. These individuals include, but are not limited to, District Directors, Traffic Liaisons, Project Delivery Coordinators or their combination as specified in this manual. These decisions should be documented as the individual approving desires.
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(7) Permissive Standards. All standards other than absolute requirements, mandatory, advisory, or decisions requiring other approvals, whether indicated by the use of “should”, “may”, or “can” are permissive. (8) Other Caltrans Publications. In addition to the design standards in this manual, see Index 82.7 for general information on the Department’s traffic engineering policy, standards, practices and study warrants. Caution must be exercised when using other Caltrans publications which provide guidelines for the design of highway facilities, such as HOV lanes. These publications do not contain design standards; moreover, the designs suggested in these publications do not always meet Highway Design Manual Standards. Therefore, all other Caltrans publications must be used in conjunction with this manual. (9) Transportation Facilities Under the Jurisdiction of Others. Generally, if the local road or street is a Federal-aid route it should conform to AASHTO standards; see Topic 308 – Cross Sections for Roads Under Other Jurisdictions. Occasionally though, projects on the State highway system involve work on adjacent transportation facilities that are under the jurisdiction of cities and counties. Some of these local jurisdictions may have published standards for facilities that they own and operate. The guidance in this manual may be applicable, but it was prepared for use on the State highway system. Thus, when project work impacts adjacent transportation facilities that are under the jurisdiction of cities and counties, local standards and AASHTO guidance must be used in conjunction with this manual to encourage designs that are sensitive to the local context and community values. Agreeing on which standards will be used needs to be decided early in the project delivery process and on a project by project basis.



82.2 Approvals for Nonstandard Design (1) Mandatory Standards. Design features or elements which deviate from mandatory standards indicated herein require the



approval of the Chief, Division of Design. This approval authority has been delegated to the District Directors for projects on conventional highways and expressways, and for certain other facilities in accordance with the current District Design Delegation Agreement. Approval authority for mandatory design standards on all other facilities has been delegated to the Project Delivery Coordinators except as noted in Table 82.1A where: (a) the mandatory standard has been delegated to the District Director and (b) the mandatory standards in Chapters 600 through 670 requires the approval of the State Pavement Engineer, or, (c) specifically delegated to the District Directors per the current District Design Delegation Agreements and may involve coordination with the Project Delivery Coordinator. See the HQ Division of Design website for the most current District Design Delegation Agreements. The current procedures and documentation requirements pertaining to the approval process for those exceptions to mandatory design standards as well as the dispute resolution process are contained in Chapter 21 of the Project Development Procedures Manual (PDPM). Design exception approval must be obtained pursuant to the instructions in PDPM Chapter 9. The Moving Ahead for Progress in the 21st Century Act (MAP-21) of 2012 allowed significant delegation to the states by FHWA to approve and administer portions of the Federal-Aid Transportation Program. MAP21 further allowed delegation to the State DOT’s and in response to this a Stewardship and Oversight Agreement (SOA) document between FHWA and Caltrans was signed. The SOA outlines the process to determine specific project related delegation to Caltrans. In general, the SOA delegates approval of exceptions to mandatory design standards related to the 13 controlling criteria on all Interstate projects whether FHWA has oversight responsibilities or not to Caltrans. Exceptions to this delegation would be for
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high risk projects which are determined on a project by project basis. See Index 43.2 for additional information. Consultation with FHWA should be sought as early in the project development process as possible. However, formal FHWA approval, if applicable, shall not be requested until the appropriate Caltrans representative has approved the design exception. FHWA approval is not required for exceptions to "Caltrans-only" mandatory standards. Table 82.1A identifies these mandatory standards. For local facilities crossing the State right of way see Index 308.1.



82.3 FHWA and AASHTO Standards and Policies The standards in this manual generally conform to the standards and policies set forth in the AASHTO publications, "A Policy on Geometric Design of Highways and Streets" (2011) and "A Policy on Design Standards-Interstate System" (2005). A third AASHTO publication, the latest edition of the "Roadside Design Guide", focuses on creating safer roadsides. These three documents, along with other AASHTO and FHWA publications cited in 23 CFR Ch 1, Part 625, Appendix A, contain most of the current AASHTO policies and standards, and are approved references to be used in conjunction with this manual.



(2) Advisory Standards. The authority to approve exceptions to advisory standards has been delegated to the District Directors. A list of advisory standards is provided in Table 82.1B. Proposals for exceptions from advisory standards can be discussed with the District Design Liaison during development of the approval documentation. The responsibility for the establishment of procedures for review, documentation, and long term retention of approved exceptions from advisory standards has also been delegated to the District Directors.



AASHTO policies and standards, which are established as nationwide standards, do not always satisfy California conditions. When standards differ, the instructions in this manual govern, except when necessary for FHWA project approval (Index 108.3, Coordination with the FHWA).



(3) Decisions Requiring Other Approvals. The authority to approve specific decisions identified in the text are also listed in Table 82.1C. The form of documentation or other instructions are provided as directed by the approval authority.



82.4 Mandatory Procedural Requirements



(4) Local Agencies. Cities and counties are responsible for the design decisions they make on transportation facilities they own and operate. The responsible local entity is delegated authority to exercise their engineering judgment when utilizing the applicable design guidance and standards, including those for bicycle facilities established by Caltrans pursuant to the Streets and Highways Code Sections 890.6 and 890.8 and published in this manual. For further information on this delegation and the delegation process, see the Caltrans Local Assistance Procedures Manual, Chapter 11.



The use of publications and manuals that are developed by organizations other than the FHWA and AASHTO can also provide additional guidance not covered in this manual. The use of such guidance coupled with sound engineering judgment is to be exercised in collaboration with the guidance in this manual.



Required procedures and policies for which Caltrans is responsible, relating to project clearances, permits, licenses, required tests, documentation, value engineering, etc., are indicated by use of the word "must". Procedures and actions to be performed by others (subject to notification by Caltrans), or statements of fact are indicated by the word "will".



82.5 Effective Date for Implementing Revisions to Design Standards Revisions to design standards will be issued with a stated effective date. It is understood that all projects will be designed to current standards unless an exception has been approved in accordance with Index 82.2. On projects where the project development process has started, the following conditions on the
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effective date of the new or revised standards will be applied:



publications must be used in conjunction with this manual.



•



82.7 Traffic Engineering



•



For all projects where the PS&E has not been finalized, the new or revised design standards shall be incorporated unless this would impose a significant delay in the project schedule or a significant increase in the project engineering or construction costs. The Project Delivery Coordinator or individual delegated authority must make the final determination on whether to apply the new or previous design standards on a project-by-project basis for roadway features. For all projects where the PS&E has been submitted to Headquarters Office Engineer for advertising or the project is under construction, the new or revised standards will be incorporated only if they are identified in the Change Transmittal as requiring special implementation.



For locally-sponsored projects, the Oversight Engineer must inform the funding sponsor within 15 working days of the effective date of any changes in mandatory or advisory design standards as defined in Index 82.2.



82.6 Design Information Bulletins and Other Caltrans Publications In addition to the design standards in this manual, Design Information Bulletins (DIBs) establish policies and procedures for the various design specialties of the Department that are in the Division of Design. Some DIBs may eventually become part of this manual, while others are written with the intention to remain as design guidance in the DIB format. References to DIBs are made in this manual by the “base” DIB number only and considered to be the latest version available on the Department Design website. See the Department Design website for further information concerning DIB numbering protocol and postings. Caution must be exercised when using other Caltrans publications, which provide guidelines for the design of highway facilities, such as HOV lanes. These publications do not contain design standards; moreover, the designs suggested in these publications do not always meet Highway Design Manual Standards. Therefore, all other Caltrans



The Division of Traffic Operations maintains engineering policy, standards, practices and study warrants to direct and guide decision-making on a broad range of design and traffic engineering features and systems, which are provided to meet the site-specific safety and mobility needs of all highway users. The infrastructure within a highway or freeway corridor, segment, intersection or interchange is not “complete” for drivers, bicyclists and pedestrians unless it includes the appropriate traffic control devices; traffic safety systems; operational features or strategies; and traffic management elements and or systems. The presence or absence of these traffic elements and systems can have a profound effect on safety and operational performance. As such, they are commonly employed to remediate performance deficiencies and to optimize the overall performance of the “built” highway system. For additional information visit the Division of Traffic Operations website at http://www.dot.ca.gov/hq/trafficops/
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CHAPTER 100 BASIC DESIGN POLICIES Topic 101 - Design Speed Index 101.1 - Highway Design Speed (1) General. Highway design speed is defined as: "a speed selected to establish specific minimum geometric design elements for a particular section of highway". These design elements include vertical and horizontal alignment, and sight distance. Other features such as widths of pavement and shoulders, horizontal clearances, etc., are generally not directly related to highway design speed. A highway carrying a higher volume of traffic may justify a higher design speed than a lower classification facility in similar topography, particularly where the savings in user operation and other costs are sufficient to offset the increased cost of right of way and construction. A lower design speed, however, should not be assumed for a secondary road where the topography is such that drivers are likely to travel at higher speeds. It is preferable that the design speed for any section of highway be a constant value. However, during the detailed design phase of a project, situations may arise in which engineering, economic, environmental, or other considerations make it impractical to provide the minimum elements for other design standards (e.g., curve radius, stopping sight distance, etc.) established by the design speed. See Topic 82 for documenting localized exceptions to features preventing the standard design speed. The cost to correct such restrictions may not be justified. Technically, this will result in a reduction in the effective design speed at the location in question. Such technical reductions in design speed shall be discussed with and documented as required by the District Director or Project Delivery Coordinator depending upon the current District Design Delegation Agreement.



Where a reason for limiting speed is obvious to approaching drivers or bicyclists, these users are more apt to accept a lower operating speed than where there is no apparent reason for it. (2) Selection. Selecting the design speed for a highway is part of the Project Development Team process. See the Project Development Procedures Manual for additional guidance. (a) Considerations--The chosen design speed, for a highway segment or project, needs to take into consideration the following: •



The selected design speed should be consistent with the operating speeds that are likely to be expected on a given highway facility. Drivers and bicyclists adjust their speed based on their perception of the physical limitations of the highway and its vehicular and bicycle traffic. In addition, bicycling and walking can be encouraged when bicyclists and pedestrians perceive an increase in safety due to lower vehicular speeds.



•



In California the majority of State highway projects modify existing facilities. When modifying existing facilities, the design speed selected should reflect the observed motor vehicle speed (operating speed) or the anticipated operating speed upon completion of modifications. Generally the posted speed is a reliable indicator of operating speed although operating speeds frequently exceed posted speeds. Speed limits and speed zones are discussed in Chapter 2 of the California MUTCD, which include references to the California Vehicle Code. For existing limited access highways and conventional highways in rural areas other than Main Streets, the selected design speed for these higher-speed facilities typically is 15 to 20 mph higher than the observed motor vehicle speed (operating speed).
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For conventional highways and expressways, District Planning and Traffic Operations should be consulted. Automobile traffic volumes can be adjusted for the effect of grades and the mix of automobiles, trucks, and recreational vehicles if a more refined calculation is desired. In those cases, consult the "Highway Capacity Manual", published by the Transportation Research Board.



102.2 Design Capacity and Quality of Service (Pedestrians and Bicycles) Sidewalks are to accommodate pedestrians at a Level of Service (LOS) equal to that of vehicles using the roadway, or better. More detailed guidance on design capacity for sidewalks is available in the “Highway Capacity Manual” (HCM), published by the Transportation Research Board. The HCM also has guidance regarding LOS for bicycle facilities for both on- and off– street applications. The LOS for on-street bicycle facilities should be equal to that of vehicles using the roadway or better. The design of off-street bicycle facilities can use the LOS methodology in the HCM when conditions justify deviations from the standards in Chapter 1000.



Topic 103 - Design Designation 103.1 Relation to Design The design designation is a simple, concise expression of the basic factors controlling the design of a given highway. Following is an example of this expression: ADT (2015) = 9800



D = 60%



ADT (2035) = 20 000 DHV = 3000



T = 12% V = 70 mph



ESAL = 4 500 000 TI20 = 11.0 CLIMATE REGION = Desert



establishing design requirements for the project, this information is used by the Resident Engineer during construction to determine which clauses in the Standard Specifications apply to the project. DHV -- The two-way design hourly volume, vehicles. D -- The percentage of the DHV in the direction of heavier flow. ESAL -- The equivalent single axle loads forecasted for pavement engineering. See Topic 613. T -- The truck traffic volume expressed as a percent of the DHV (excluding recreational vehicles). TI20 -- Traffic Index used for pavement engineering. The number in the subscript is the pavement design life used for pavement design. See Index 613.3(3). V -- Design speed in miles per hour. Within a project, one design designation should be used except when: (a) The design hourly traffic warrants a change in the number of lanes, or (b) A change in conditions dictates a change in design speed. (c) The design daily truck traffic warrants a change in the Traffic Index. The design designation should be stated in Project Initiation Documents and Project Reports and should appear on the typical cross section for all new, reconstructed, or rehabilitation (including Capital Preventative Maintenance) highway construction projects.



103.2 Design Period



ADT (2035) -- The average daily traffic for the future year used as a target in design.



Geometric design of new facilities and reconstruction projects should normally be based on estimated traffic 20 years after completion of construction. With justification, design periods other than 20 years may be approved by the District Director with concurrence by the Project Delivery Coordinator.



CLIMATE REGION -- Climate Region as defined in Topic 615. In addition to



For roundabout design period guidance, see Index 405.10.



The notation above is explained as follows: ADT (2015) -- The average daily traffic, in number of vehicles, for the construction year.
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funding source. It further states that the Uniform Federal Accessibility Standards (UFAS) and the Americans with Disabilities Act Accessibility Guidelines for Buildings and Facilities (ADAAG) are acceptable design guidelines that may be used. However, FHWA has directed Caltrans to use the ADAAG as the Federal design guidelines for pedestrian accessibility. (b) California Government Code 4450 et seq. Highlights. •



Sections 4450 (through 4461) of the California Government Code require that buildings, structures, sidewalks, curbs, and related facilities that are constructed using any State funds, or the funds of cities, counties, or other political subdivisions be accessible to and usable by persons with disabilities.



(2) Policy. It is Caltrans policy to: • Comply with the ADA and the Government Code 4450 et seq. by making all State highway facilities accessible to people with disabilities to the maximum extent feasible. In general, if a project on State right of way is providing a pedestrian facility, then accessibility must be addressed. (3) Procedures. (a) The engineer will consider pedestrian accessibility needs in the Project Initiation Documents (PSRs, PSSRs, etc.) for all projects where applicable. (b) All State highway projects administered by Caltrans or others with pedestrian facilities must be designed in accordance with the requirements in Design Information Bulletin 82, “Pedestrian Accessibility Guidelines for Highway Projects.” (c) The details of the pedestrian facilities and their relationship to the project as a whole



should be discussed with the District Design Liaison for the application of DIB 82, the guidance of this manual, as well as other required design guidance. ADA compliance must be recorded on the Ready-to-List certification for Stateadministered projects. Appropriate project records should document the fact that necessary review and approvals have been obtained as required above. In addition to the above mentioned Design procedures, the District’s have established procedures for certifying that the project “asbuilt” complies with the ADA standards in DIB 82 before a project can achieve Construction Contract Acceptance (CCA) or before the Notice of Completion is provided for a permit project.



105.5 Guidelines for the Location and Design of Curb Ramps (1) Policy. On all State highway projects adequate and reasonable access for the safe and convenient movement of persons with disabilities are to be provided across curbs that are constructed or replaced at pedestrian crosswalks. This includes all marked and unmarked crosswalks, as defined in Section 275 of the Vehicle Code. Access should also be provided at bridge sidewalk approaches and at curbs in the vicinity of pedestrian separation structures. Where a need is identified at an existing curb on a conventional highway, a curb ramp may be constructed either by others under encroachment permit or by the State. (2) Location Guidelines. When locating curb ramps, designers must consider the position of utilities such as power poles, fire hydrants, street lights, traffic signals, and drainage facilities. On new construction, two curb ramps should be installed at each corner as shown on the Standard Plans. The usage of the one-ramp design should be restricted to those locations where the volume of pedestrians and vehicles making right turns is low. This will reduce the potential frequency of conflicts between
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turning vehicles and persons with disabilities entering the common crosswalk area to cross either street.



to the use of the public for purposes of vehicular travel. Highway includes street. •



Ramps and/or curb openings should be provided at midblock crosswalks and where pedestrians cross curbed channelization or median islands at intersections. Often, on traffic signalization, channelization, and similar projects, curbs are proposed to be modified only on portions of an existing intersection. In those cases, consideration should be given to installing retrofit curb ramps on all legs of the intersection.



Section 365 - An “intersection” is the area embraced within the prolongations of the lateral curb lines, or, if none, then the lateral boundary lines of the roadways, of two highways which join one another at approximately right angles or the area within which vehicles traveling upon different highways joining at any other angle may come in conflict.



•



(3) Ramp Design. Curb ramp designs should conform to current Standard Plans. See Index 105.4(3) for review procedures.



Section 530 - A “roadway” is that portion of a highway improved, designed, or ordinarily used for vehicular travel.



•



Section 555 - A “sidewalk” is that portion of a highway, other than the roadway, set apart by curbs, barriers, markings or other delineation for pedestrian travel.



105.6 Pedestrian Crossings The designer needs to be aware of the California Vehicle Code (CVC) provision for pedestrian crossings as a marked or unmarked crosswalk in order to consistently provide pedestrian facilities in their projects. There are various standards related to pedestrian crossings in this manual (e.g., the two curb ramps at each corner and pedestrian refuge island standards), as well as in DIB 82 (e.g., the curb ramp requirement) depending on the existence of a pedestrian crossing as prescribed in the CVC. Pedestrian crossings are provided across highways as marked or unmarked crosswalks, thereby requiring vehicles to yield to pedestrians per CVC 21950. Except for CVC 21955 and CVC 21961, it should be noted that the CVC does not prohibit a pedestrian from crossing a highway in other situations (e.g., where there is no unmarked crosswalk at a rural intersection and with no sidewalks). The two examples in Figure 105.6 clarify the existence of unmarked crosswalks at “T” intersections, but may also apply to four legged intersections. This example is based on the following CVC citations: •



Section 275 - For the definition of crosswalk, see Index 62.4(4).



•



Section 360 - A highway is a way or place of whatever nature, publicly maintained and open



Topic 106 - Stage Construction and Utilization of Local Roads 106.1 Stage Construction (1) Cost Control Measures. When funds are limited and costs increase, estimated project costs often exceed the amounts available in spite of the best efforts of the engineering staff. At such times the advantages of reducing initial project costs by some form of stage construction should be considered by the Project Delivery Team as an alternative to deferring the entire project. Stage construction may include one or more of the following: (a) Shorten the proposed improvement, or divide it into segments for construction in successive years; (b) Reduce number of lanes for initial construction. For example, a 4-lane freeway in a rural area with low current traffic volumes might be staged for two lanes initially with capacity adequate for at least 10 years after construction. Similarly, a freeway might be constructed initially four or six lanes wide with provision for future widening in the median to meet future traffic needs.
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Figure 105.6 Unmarked Crosswalks
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Prior to the public meeting, the District should prepare geometric designs of the transit loading facilities for the purpose of making cost estimates and determining the feasibility of providing the facilities. Transit loading facilities must be approved by the District Director with concurrence from the Project Delivery Coordinator (see Topic 82 for approvals). (c) Justification. General warrants for the provision of transit loading facilities in terms of cost or number of passengers have not been established. Each case should be considered individually because the number of passengers justifying a transit loading facility may vary greatly between remote rural locations and high volume urban freeways. Transit stops adjacent to freeways introduce security and operational concerns that may necessitate relocating the stop at an off-freeway location. These concerns go beyond having a facility located next to high speed traffic, but also entail the pedestrian route to the facility through a low density area removed from the general public. It may be preferable for patrons to board and leave the bus or transit facility at an off-freeway location rather than use stairways or ramps to freeway transit stops. Where existing highways with transit service are incorporated into the freeway right of way, it may be necessary to make provisions for bus service for those passengers who were served along the existing highway. This may be accomplished either by providing freeway bus and/or transit loading facilities or by the bus leaving and re-entering the freeway at interchanges. See "A Policy on Geometric Design of Highways and Streets", AASHTO, and “Guide for Geometric Design of Transit Facilities on Highways and Streets”, AASHTO for a discussion of transit design and bus stop guidelines. (d) Reports. On projects where all the agencies contacted have expressed the



view that transit stops are not needed, a report to the Division of Design is not required. However, a statement to the effect that the PUC, bus companies, and local governmental agencies have been contacted regarding transit stops and have made no request for their provisions should be included in the final environmental document or the PS&E submittal, whichever is appropriate. For projects where one or more of the agencies involved have requested transit loading facilities either formally or informally during public meeting(s), a complete report should be incorporated in the final environmental document. It should include: •



A map showing the section of freeway involved and the locations at which transit loading facilities are being considered.



•



A complete discussion of all public meetings held.



•



Data on type of transit service provided, both at present and after completion of the freeway.



•



Estimate of cost of each facility, including any additional cost such as right of way or lengthening of structures required to accommodate the facility.



•



Number of transit trips or buses per day and the number of on and off passengers per day served by the transit stops and the number estimated to use the proposed facilities.



•



District's recommendation as to the provision of transit loading facilities. If the recommendation is in favor of providing transit loading facilities, drawings showing location and tentative geometric designs should be included.



(e) The DES-Structure Design has primary responsibility for the structural design of transit loading facilities involving
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maintenance and operations requirements should be addressed in a maintenance agreement or encroachment permit as necessary.



108.6 High-Occupancy Toll and Express Toll Lanes (1) General. This guidance is applicable to projects involving High-Occupancy Toll (HOT) and Express Toll Lanes on freeways. These facilities are operated by a regional transportation agency or Caltrans under statutory authority or with the approval of the California Transportation Commission. The HOV Guidelines are to be consulted when considering the design and operation of these facilities. (2) Design Standards. HOT and Express Toll Lane facilities are to comply with the standards contained elsewhere in this manual. Exceptions are to be documented as discussed in Chapter 80. Therefore, caution must be exercised when using other Department publications such as the HOV Guidelines if conflicts in design standards are identified. (3) Cooperative Agreements. For HOT or Express lane facilities sponsored by a regional transportation agency, a cooperative agreement is to be used to document the understanding between the Department and the regional transportation agency. The agreement must address all matters related to design, construction, maintenance, and operation of the toll facility, including, but not limited to, liability, financing, repair, rehabilitation, and reconstruction. The regional transportation agency must also enter into an agreement with the California Highway Patrol that addresses all law enforcement matters related to the toll facility.



108.7 Coordination with the FHWA FHWA representatives should be contacted as indicated by the Joint Stewardship and Oversight Agreement. (1) General. As early in the design process as possible, FHWA should be kept informed of proposed activities on Federal-aid routes. See the Appendix of the Project Development



Procedures Manual for a complete list of FHWA involvement. (2) Approvals. The District Directors are responsible for obtaining formal FHWA approval for the following items on Federalaid routes, see the Project Development Procedures Manual and the FHWA Joint Stewardship Oversight Agreement for a more complete list: (a) Route Adoption. See the Project Development Procedures Manual for a discussion of procedures to be followed to NEPA and design approvals. (b) Exceptions to design standards are required for all design elements which do not meet minimum standards related to any of the FHWA's 13 controlling criteria for projects which are on the Interstate System. See Index 82.2. (c) Changes in access control lines, changes in locations of connection points, adding connection points, or deleting connection points on the Interstate System (even when no Federal money is involved). (d) Addition of or changes in locked gates under certain conditions See Index 701.2. (a) Partial interchanges on the Interstate system. See Index 502.2. (b) Design-life on Interstates System projects. Major nonparticipating items are normally identified at the time of design approval to resolve any differences or to determine if additional FHWA approvals are necessary. Approximately twelve months prior to PS&E submittal, a project review should be arranged by the District with the Project Delivery Coordinator and, as required, the FHWA per the Stewardship & Oversight Agreement, see Index 43.2, to discuss nonparticipating items and unusual or special design features. The importance of early contact is emphasized to avoid delays when final plans are prepared. For additional information, see the Project Development Procedures Manual.
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economic impacts some additional expenditure may be justified.



•



Separation of opposing vehicular streams (See 23 CFR 630J).



110.7 Traffic Control Plans



•



Maximum lengths of lane closures.



This section focuses mainly on providing for vehicular traffic through the work zone; however, providing for bicyclists, pedestrians, and transit through the work zone is also necessary when they are not prohibited.



•



Speed limits and enforcement.



•



Use of COZEEP (see Construction Manual Section 2-215).



•



Use of pilot cars.



A detailed plan for moving all users of the facility through or around a construction zone must be developed and included in the PS&E for all projects to assure that adequate consideration is given to the safety and convenience of motorists, transit, bicyclists, pedestrians, and workers during construction. Design plans and specifications must be carefully analyzed in conjunction with Traffic, Construction, and Structure personnel (where applicable) to determine in detail the measures required to warn and guide motorists, transit, bicyclists, and pedestrians through the project during the various stages of work. Starting early in the design phase, the project engineer should give continuing attention to this subject, including consideration of the availability of appropriate access to the work site, in order that efficient rates of production can be maintained. In addition to reducing the time the public is exposed to construction operations, the latter effort will help to hold costs to a minimum.



•



Construction scheduling.



•



Staging and sequencing.



•



Length of project under construction at any one time.



•



Methods of minimizing construction time without compromising safety.



•



Hours of work.



•



Storage of equipment and materials.



•



Removal of construction debris.



•



Treatment of pavement edges.



•



Roadway lighting.



•



Movement of construction equipment.



•



Access for emergency vehicles.



•



Clear roadside recovery area.



•



Provision for disabled vehicles.



•



Surveillance and inspection.



•



Needed modifications of above items for inclement weather or darkness.



•



Evaluate and provide for as appropriate the needs of bicyclists and pedestrians (including ADA requirements; see Index 105.4).



•



Provisions to accommodate continued transit service.



The traffic control plans should be consistent with the California MUTCD, and the philosophies and requirements contained in standard traffic control system plans developed by the Headquarters Division of Traffic Operations for use on State highways and should cover, as appropriate, such items as:



traffic



•



Signing.



•



Flagging.



•



Geometrics of detours.



•



•



Methods and devices for delineation and channelization.



Consideration of complete facility closure during construction.



•



Application markings.



Consideration of ingress/egress requirements for construction vehicles.



•



Any other matters appropriate to the safety objective.



• •



and



Placement and barricades.



removal design



of



of



pavement



barriers



and
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Normally, not all the above items will be pertinent to any one traffic control plan. Depending on the complexity of the project and the volume of traffic affected, the data to be included in the traffic control plan can vary from a simple graphic alignment of the various sequences to the inclusion of complete construction details in the plans and special provisions. In any event, the plans should clearly depict the exact sequence of operation, the construction details to be performed, and the traveled way to be used by all modes of traffic during each construction phase. Sufficient alignment data, profiles, plan dimensions, and typical sections should be shown to ensure that the contractor and resident engineer will have no difficulty in providing traffic-handling facilities. In some cases, where the project includes permanent lighting, it may be helpful to install the lights as an early order of work, so they can function during construction. In other cases, temporary installations of high-level area lighting may be justified. Temporary roadways with alignment and surfacing consistent with the standards of the road which has just been traveled by the motorist should be provided if physically and economically possible. Based on assessments of safety benefits, relative risks and cost-effectiveness, consideration should be given to the possibility of including a bid item for continuous traffic surveillance and control during particular periods, such as: (a) When construction operations are not in progress. (b) When lane closures longer than a specified length are delineated by cones or other such nonpermanent devices, whether or not construction operations are in progress. (c) Under other conditions where the risk and consequences of traffic control device failure are deemed sufficient. Potentially hazardous working conditions must be recognized and full consideration given to the safety of workers as well as the general public during construction. This requirement includes the provision of adequate clearance between public traffic and work areas, work periods, and lane closures based on careful consideration of



anticipated vehicle traffic volumes, and minimum exposure time of workers through simplified design and methods. If a Transportation Management Plan (TMP) is included in the project, the traffic control plans (TCP) may need to be coordinated with the public information campaign and the transportation demand management elements. Any changes in TMP or TCP must be made in harmony for the plans to succeed. The “TMP Guidelines”, available from the Headquarters Division of Traffic Operations should be reviewed for further guidance. Traffic control plans along with other features of the design should be reviewed by the District Safety Review Committee prior to PS&E as discussed in Index 110.8. The cost of implementing traffic control plans must be included in the project cost estimate, either as one or more separate pay items or as extra work to be paid by force account. It is recognized that in many cases provisions for traffic control will be dependent on the way the contractor chooses to execute the project, and that the designer may have to make some assumptions as to the staging or sequence of the contractor's operations in order to develop definite temporary traffic control plans. However, safety of the public and the workers as well as public convenience demand that designers give careful consideration to the plans for handling all traffic even though a different plan may be followed ultimately. It is simpler from a contract administration standpoint to change a plan than to add one where none existed. The special provisions should specify that the contractor may develop alternate traffic control plans if they are as sound or better than those provided in the contract PS&E. See Section 2-30, Traffic, of the Construction Manual for additional factors to be considered in the preparation of traffic control plans.



110.8 Safety Reviews Formal safety reviews during planning, design and construction have demonstrated that safety-oriented critiques of project plans help to ensure the application of safety standards. An independent team not involved in the design details of the
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Figure 110.12 California Mining and Tunneling Districts
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(2) Drainage Culverts or Other Materials. The Materials Report must contain a sufficient number of alternatives that materially meet or exceed the culvert design life (and other drainage related) standards for the Project Engineer to establish the most maintainable, constructable, and cost effective alternative in conformance with FHWA regulations (23 CFR 635D). (3) Corrosion. Corrosion studies are necessary when new culverts, culvert rehabilitation, or culvert extensions are part of the scope of the project. Studies should satisfy the requirements of the “Corrosion Guidelines”. Copies of the guidelines can be obtained from the Corrosion Technology Branch in DES Materials Engineering and Testing Services or on the DES Materials Engineering and Testing Services website. (4) Materials or Disposal Sites. See Topic 111 “Material and Disposal Sites” for conditions when sites need to be identified and how to document.



114.4 Preliminary Materials Report Because resources and/or time are sometimes limited, it is not always possible to complete all the tests and studies necessary for a final Materials Report during the planning/scooping phase. In these instances, a Preliminary Materials Report may be issued using the best information available and good engineering judgment. Accurate traffic projections and design designations are still required for the Preliminary Materials Report. Preliminary Materials Reports should not be used for project reports or PS&E development. When used, Preliminary Materials Reports must document the sources of information used and assumptions made. It must clearly state that the Preliminary Materials Report is to be used for planning and initial cost estimating only and not for final design. The Department Pavement website contains supplemental guidance for developing preliminary pavement structures.



114.5 Review and Retention of Records A copy of the Draft Materials Report is to be submitted for review and comment to the District Materials Engineer. The District Materials Engineer reviews the document for the Department



to assure that it meets the standards, policies, and other requirements found in Department manuals, and supplemental district guidance (Index 604.2(2)). If it is found that the document meets these standards, the District Materials Engineer accepts the Materials Report. If not, the report is returned with comments to the submitter. After resolution of the comments, a final copy of the Materials Report is submitted to the District Materials Engineer who then furnishes it to the Project Engineer. The original copy of the Materials Report must be permanently retained in the District’s project history file and be accessible for review by others when requested.



Topic 115 - Designing for Bicycle Traffic 115.1 General Under the California Vehicle Code, bicyclists generally have the same rights and duties that motor vehicle drivers do when using the State highway system. For example, they make the same merging and turning movements, they need adequate sight distance, they need access to all destinations, etc. Therefore, designing for bicycle traffic and designing for motor vehicle traffic are similar and based on the same fundamental transportation engineering principles. The main differences between bicycle and motor vehicle operations are lower speed and acceleration capabilities, as well as greater sensitivity to out of direction travel and steep uphill grades. Design guidance that addresses the safety and mobility needs of bicyclists on Class II bikeways (bike lanes) is distributed throughout this manual. See Chapter 1000 for additional bicycle guidance for Class I bikeways (bike paths) and Class III bikeways (bike routes). See Design Information Bulletin (DIB) 89 for Class IV Bikeways (Separated Bikeways) guidance. All city, county, regional and other local agencies responsible for bikeways or roads except those freeway segments where bicycle travel is prohibited shall equal or exceed the minimum bicycle design criteria contained in this and other chapters of this manual (see the Streets and Highways Code, Section 891). The decision to develop bikeways should be made in consultation
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and coordination with local agencies responsible for bikeway planning to ensure connectivity and network development. Generally speaking, bicycle travel can be enhanced by bikeways or improvements to the right-hand portion of roadways, where bicycles are required to travel. When feasible, a wider shoulder than minimum standard should be considered since bicyclists are required to ride to as far to the right as possible, and shoulders provide bicyclists an opportunity to pull over to let faster traffic pass. All transportation improvements are an opportunity to improve safety, access, and mobility for the bicycle mode of travel.



Topic 116 - Bicyclists and Pedestrians on Freeways 116.1 General Seldom is a freeway shoulder open to bicycle, pedestrian or other non-motorized travel, but they can be opened for use if certain criteria assessing the safety and convenience of the freeway, as compared with available alternate routes, is met. However, a freeway should not be opened to bicycle or pedestrian use if it is determined to be incompatible. The Headquarters Traffic Liaison and the Project Delivery Coordinator must approve any proposals to open freeways to bicyclists, pedestrian or other non-motorized use. See the California MUTCD and CVC Section 21960. When a new freeway segment is to remain open or existing freeway segment is to be reopened to these modes, it is necessary to evaluate the freeway features for their compatibility with safe and efficient travel, including: •



Shoulder widths



•



Drainage grates; see Index 1003.5(2)



•



Expansion joints



•



Utility access covers on shoulders



•



Frequency and spacing of entrance/exit ramps



•



Multiple-lane entrance/exit ramps



•



Traffic volumes on entrance/exit ramps and on lanes merging into exit ramps



•



Sight distance at entrance/exit ramps



•



Freeway to freeway interchanges



•



The presence and design of rumble strips



•



Longitudinal edges and joints



If a freeway segment has no suitable non-freeway alternative and is closed because certain features are considered incompatible, the feasibility of eliminating or reducing the incompatible features should be evaluated. This evaluation may include removal, redesign, replacement, relocation or retrofitting of the incompatible feature, or installation of signing, pavement markings, or other traffic control devices. Where no reasonable, convenient and safe nonfreeway alternative exists within a freeway corridor, the Department should coordinate with local agencies to develop new routes, improve existing routes or provide parallel bicycle and pedestrian facilities within or adjacent to the freeway right of way. See Project Development Procedures Manual Chapter 1, Article 3 (Regional and System Planning) and Chapter 31 (Nonmotorized Transportation Facilities) for discussion of the development of non-freeway transportation alternatives.
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cost where crest cuts are involved. Passing sight distance for crest vertical curves is 7 to 17 times longer than the stopping sight distance. Ordinarily, passing sight distance is provided at locations where combinations of alignment and profile do not require the use of crest vertical curves. Passing sight distance is considered only on 2-lane roads. At critical locations, a stretch of 3- or 4-lane passing section with stopping sight distance is sometimes more economical than two lanes with passing sight distance. Passing on sag vertical curves can be accomplished both day and night because headlights can be seen through the entire curve. See Part 3 of the California Manual on Uniform Traffic Control Devices (California MUTCD) for criteria relating to the placement of barrier striping for no-passing zones. Note, that the passing sight distances shown in the California MUTCD are based on traffic operational criteria. Traffic operational criteria are different from the design characteristics used to develop the values provided in Table 201.1 and Chapter 3 of AASHTO, A Policy on Geometric Design of Highways and Streets. The aforementioned table and AASHTO reference are also used to design the vertical profile and horizontal alignment of the highway. Consult the Headquarters (HQ) Traffic Liaison when using the California MUTCD criteria for traffic operating-control needs. Other means for providing passing opportunities, such as climbing lanes or turnouts, are discussed in Index 204.5. Chapter 3 of AASHTO, A Policy on Geometric Design of Highways and Streets, contains a thorough discussion of the derivation of passing sight distance.



201.3 Stopping Sight Distance The minimum stopping sight distance is the distance required by the user, traveling at a given speed, to bring the vehicle or bicycle to a stop after an object ½-foot high on the road becomes visible. Stopping sight distance for motorists is measured from the driver's eyes, which are assumed to be 3 ½ feet above the pavement surface, to an object ½-foot high on the road. See Index 1003.1(10) for Class I bikeway stopping sight distance guidance.



The stopping sight distances in Table 201.1 should be increased by 20 percent on sustained downgrades steeper than 3 percent and longer than one mile.



201.4 Stopping Sight Distance at Grade Crests Figure 201.4 shows graphically the relationships between length of highway crest vertical curve, design speed, and algebraic difference in grades. Any one factor can be determined when the other two are known.



201.5 Stopping Sight Distance at Grade Sags From the curves in Figure 201.5, the minimum length of vertical curve which provides headlight sight distance in grade sags for a given design speed can be obtained. If headlight sight distance is not obtainable at grade sags, lighting may be considered. The District Director or Project Delivery Coordinator, depending upon the current District Design Delegation Agreement, and the HQ Traffic Liaison shall be contacted to review proposed grade sag lighting to determine if such use is appropriate.



201.6 Stopping Sight Distance on Horizontal Curves Where an object off the pavement such as a bridge pier, building, cut slope, or natural growth restricts sight distance, the minimum radius of curvature is determined by the stopping sight distance. Available stopping sight distance on horizontal curves is obtained from Figure 201.6. It is assumed that the driver's eye is 3 ½ feet above the center of the inside lane (inside with respect to curve) and the object is ½-foot high. The line of sight is assumed to intercept the view obstruction at the midpoint of the sight line and 2 feet above the center of the inside lane when the road profile is flat (i.e. no vertical curve). Crest vertical curves can cause additional reductions in sight distance. The clear distance (m) is measured from the center of the inside lane to the obstruction. The design objective is to determine the required clear distance from centerline of inside lane to a retaining wall, bridge pier, abutment, cut slope, or other obstruction for a given design speed. Using
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Figure 201.6 Stopping Sight Distance on Horizontal Curves Line of sight is 2.0 feet above the centerline inside lane at point of obstruction. R = Radius of the centerline of the lane nearest the obstruction (feet). S = Sight Distance (feet) V = Design Speed for “S” in mph



m = Clear distance from centerline of the lane nearest the obstruction (feet). Notes: • For sustained downgrades, see Index 201.3. • Formulas apply only when “S” is equal to or less than length of curve. • Angles in formulas are expressed in degrees.



  28.65S  m = R 1 - COS   R   R   R - m  COS -1  S=   28.65   R 
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Such conditions may justify a reduction in the superelevation rate, different rates for each half of the roadbed, or both. In any case, the superelevation rate provided should be appropriate for the conditions allowing for a smooth transition while providing the maximum level of comfort to the driver. Where standard superelevation rates cannot be attained, discussions should be held with the District Design Liaison and/or the Project Delivery Coordinator to determine the proper solution and the necessity of preparing a design exception fact sheet. In warping street or ramp surface areas for drainage, adverse superelevation should be avoided (see Figure 202.2).



202.4 Axis of Rotation (1) Undivided Highways. For undivided highways the axis of rotation for superelevation is usually the centerline of the roadbed. However, in special cases such as desert roads where curves are preceded by long relatively level tangents, the plane of superelevation may be rotated about the inside edge of traveled way to improve perception of the curve. In flat country, drainage pockets caused by superelevation may be avoided by changing the axis of rotation from the centerline to the inside edge of traveled way. (2) Ramps and Freeway-to-freeway Connections. The axis of rotation may be about either edge of traveled way or centerline if multilane. Appearance and drainage considerations should always be taken into account in selection of the axis of rotation. (3) Divided Highways. (a) Freeways--Where the initial median width is 65 feet or less, the axis of rotation should be at the centerline. Where the initial median width is greater than 65 feet and the ultimate median width is 65 feet or less, the axis of rotation should be at the centerline, except where the resulting initial median slope would be steeper than 10:1. In the latter case, the axis of rotation should be at the ultimate median edges of traveled way. Where the ultimate median width is greater than 65 feet, the axis of rotation should



normally be at the ultimate median edges of traveled way. To avoid sawtooth on bridges with decked medians, the axis of rotation, if not already on centerline, should be shifted to the centerline. (b) Conventional Highways--The axis of rotation should be considered on an individual project basis and the most appropriate case for the conditions should be selected. Aesthetics, grade distortion, superelevation transitions, drainage, and driver perception should be considered when selecting the axis of rotation (see Index 204.2).



202.5 Superelevation Transition (1) General. The superelevation transition generally consists of the crown runoff and the superelevation runoff as shown on Figure 202.5A and 202.5B. A superelevation transition should be designed in accordance with the diagram and tabular data shown in Figure 202.5A to satisfy the requirements of safety, comfort and pleasing appearance. The length of superelevation transition should be based upon the combination of superelevation rate and width of rotated plane in accordance with the tabulated superelevation runoff lengths on the bottom of Figure 202.5A. Edge of traveled way and shoulder profiles should be plotted and irregularities resulting from interactions between the superelevation transition and vertical alignment of the roadway should be eliminated by introducing smooth curves. Edge of traveled way and shoulder profiles also will reveal flat areas which are undesirable from a drainage standpoint and should be avoided. (2) Runoff. Two-thirds of the superelevation runoff should be on the tangent and one-third within the curve. This results in two-thirds of the full superelevation rate at the beginning or ending of a curve. This may be altered as required to adjust for flat spots or unsightly sags and humps, or when conforming to existing roadway.
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guideline values are typically used in retrofit or restricted right-of-way situations, and are acceptable for the specific conditions stated in the guidelines. Figure 405.9 shows the standard taper to be used for dropping an acceleration lane at a signalized intersection. This taper can also be used when transitioning median acceleration lanes. Figures 405.2A, B and C show the recommended methods of transitioning pavement back into the median area on conventional highways after the elimination of left-turn lanes. (3) Lane Reductions. At any location where lane widths are being reduced, the minimum length over which to accomplish the transition should be equal to WV. See Index 504.6 for mainline lane reductions at interchanges. (4) Shoulder Reduction. Shoulder reductions should typically occur over a length equal to ¾WV. However, when shoulder widths are being reduced in conjunction with a lane addition or widening (as in Alt. A of Figure 504.3K), the shoulder reduction should be accomplished over the same distance as the addition or widening.



206.4 Temporary Freeway Transitions It is highly desirable that the design standards for a temporary transition between the end of a freeway construction unit and an existing highway should not change abruptly from the freeway standards. Temporary freeway transitions must be reviewed by the District Director or Project Delivery Coordinator, depending upon the current District Design Delegation Agreement.



Topic 207 - Airway-Highway Clearances 207.1 Introduction (1) Objects Affecting Navigable Airspace. An object is considered an obstruction to air navigation if any portion of that object is of a height greater than the approach and transverse surfaces extending outward and



upward from the airport runway. These objects include overhead signs, light standards, moving vehicles on the highway and overcrossing structures, equipment used during construction, and plants. (2) Reference. The Federal Aviation Administration (FAA) has published a Federal Aviation Regulation (FAR) relative to airspace clearance entitled, “FAR Part 77, Obstructions Affecting Navigable Airspace”, dated March 1993. This is an approved reference to be used in conjunction with this manual.



207.2 Clearances (a) Civil Airports--See Figure 207.2A. (b) Heliports--See Figure 207.2B. (c) Military Airports--See Figure 207.2C. (d) Navy Carrier Landing Practice Fields-See Figure 207.2D.



207.3 Submittal of Airway-Highway Clearance Data The following procedure must be observed in connection with airway-highway clearances in the vicinity of airports and heliports. Notice to the FAA is required when highway construction is planned near an airport (civil or military) or a heliport. A "Notice of Proposed Construction or Alteration" should be submitted to the FAA Administrator when required under criteria listed in Paragraph 77.13 of the latest Federal Aviation Regulations, Part 77. Such notice should be given as soon as highway alignment and grade are firmly established. It should be noted that these requirements apply to both permanent objects and construction equipment. When required, four copies of FAA Form 7460-1, “Notice of Proposed Construction”, and accompanying scaled maps must be sent to the FAA, WesternPacific Regional Office, Chief-Air Traffic Division, AWP-520, 15000 Aviation Boulevard, Hawthorne, CA90260. Copies of FAA Form 74601 may be obtained from the FAA, Western-Pacific Regional Office or Caltrans, Division of Aeronautics.
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208.4 Bridge Sidewalks Sidewalks on bridges should be provided wherever there are sidewalks or other pedestrian facilities that follow the highway. The minimum width of a bridge sidewalk shall be 6 feet. The recommended width should be 8 feet for pedestrian comfort. Bridges sidewalks in area types (see Index 81.2) with high levels of pedestrian activity may need to be greater than 8 feet (see Figure 208.10B).



208.5 Open End Structures Embankment end slopes at open end structures should be no steeper than 1½:1 for all highways.



208.6 Bicycle and Pedestrian Overcrossings and Undercrossings A bicycle overcrossing (BOC) or undercrossing (BUC) is a facility that provides a connection between bikeways or roads open to bicycling. They are considered Class I bikeways, or may be considered Class IV bikeways. See Index 1003.1 for Class I bikeway guidance or DIB 89 for Class IV bikeway (separated bikeways) guidance. A pedestrian overcrossing (POC) or undercrossing (PUC) is a facility that provides a connection between pedestrian walkways. The minimum width of walkway for pedestrian overcrossing should be 8 feet. The minimum vertical clearance of a pedestrian undercrossing should be 10 feet. Skewed crossings should be avoided. Class I bikeways are designed for the exclusive use of bicyclists and pedestrians; equestrian access is prohibited. See Chapter 1000 for Class I bikeway design guidance and Index 208.7 for equestrian undercrossing guidance. For additional information about the need to separate bicyclists from equestrian trails, see Index 1003.4. POC’s and PUC’s must be designed to comply with DIB 82. See Topic 309 for vertical clearances.



crossings should be avoided. The structure should be straight so the entire length can be seen from each end. Sustained grades should be a maximum of 10 percent. Decomposed granite or similar material should be used for the trail surface. While flexible pavement is permissible, a rigid pavement should not be used. See Index 1003.4 for separation between bicycle paths and equestrian trails. See DIB 82 for when trails are open to pedestrians. Design guidance for equestrian overcrossings is pending.



208.8 Cattle Passes, Equipment, and Deer Crossings Private cattle passes and equipment crossings may be constructed when economically justified by a right of way appraisal, as outlined in Section 7.09.09.00 of the Right of Way Manual. The standard cattle pass should consist of either a standard box culvert with an opening 8 feet wide and 8 feet high or a metal pipe 120 inches in diameter. The invert of metal pipe should be paved with concrete or bituminous paving material. If equestrian traffic is expected to use the culvert a minimum 10 feet wide by 10 feet high structure may be provided. However, the user of the facility should be contacted to determine the specific requirements. If conditions indicate a reasonable need for a larger than standard cattle pass, it may be provided if economically justified by the right of way appraisal. In some cases the installation of equipment or deer crossings is justified on the basis of public interest or need rather than economics. Examples are: (a) A deer crossing or other structure for environmental protection purposes. (b) Equipment crossings for the Forest Service or other governmental agencies or as a right of way obligation.



208.7 Equestrian Undercrossings and Overcrossings



These facilities should be installed where necessary as determined by consultation with the appropriate affected entities.



Such structures should normally provide a clear opening 10 feet high and 10 feet wide. Skewed



A clear line of sight should be provided through the structure.
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CHAPTER 300 GEOMETRIC CROSS SECTION The selection of a cross section is based upon the joint use of the transportation corridor by vehicles, including trucks, public transit, cyclists and pedestrians. Designers should recognize the implications of this sharing of the transportation corridor and are encouraged to consider not only vehicular movement, but also movement of people, distribution of goods, and provision of essential services. Designers need also to consider the plan for the future of the route, consult Transportation Concept Reports for state routes.



Topic 301 - Traveled Way Standards The traveled way width is determined by the number of lanes required to accommodate operational needs, terrain, safety and other concerns. The traveled way width includes the width of all lanes, but does not include the width of shoulders, sidewalks, curbs, dikes, gutters, or gutter pans. See Topic 307 for State highway cross sections, and Topic 308 for road cross sections under other jurisdictions.



Index 301.1 – Lane Width The minimum lane width on two-lane and multilane highways, ramps, collector-distributor roads, and other appurtenant roadways shall be 12 feet, except as follows: •



For conventional State highways with posted speeds less than or equal to 40 miles per hour and AADTT (truck volume) less than 250 per lane that are in urban, city or town centers (rural main streets), the minimum lane width shall be 11 feet. The preferred lane width is 12 feet. See Index 81.3 for place type definitions. Where a 2-lane conventional State highway connects to a freeway within an interchange, the lane width shall be 12 feet. Where a multilane State highway connects to a freeway within an interchange, the outer most lane of the highway in each direction of travel shall be 12 feet.



•



For highways, ramps, and roads with curve radii of 300 feet or less, widening due to offtracking in order to minimize bicycle and vehicle conflicts must be considered. See Index 404.1 and Table 504.3A.



•



For lane widths on roads under other jurisdictions, see Topic 308.



301.2 Class II Bikeway (Bike Lane) Lane Width (1) General. Class II bikeways (bike lanes), for the preferential use of bicycles, may be established within the roadbed and shall be located immediately adjacent to a traffic lane as allowed in this manual. A buffered bike lane may also be established within the roadbed, separated by a marked buffer between the bike lane and the traffic lane or parking lane. See the California MUTCD for further buffered bike lane marking and signing guidance. Contraflow bike lanes are designed for bike travel in the opposite direction as vehicular traffic, and are only allowed on oneway streets. See the California MUTCD for contraflow bike lane marking and signing guidance. Typical Class II bikeway configurations are illustrated in Figure 301.2A. A bikeway located behind on-street parking, physical separation, or barrier within the roadway is a Class IV bikeway (separated bikeway). See DIB 89 for Class IV bikeway (separated bikeway) design guidance. The minimum Class II bike lane width shall be 4 feet, except where: • Adjacent to on-street parking, minimum bike lane should be 5 feet.



the



• Posted speeds are greater than 40 miles per hour, the minimum bike lane should be 6 feet, or • On highways with concrete curb and gutter, a minimum width of 3 feet measured from the bike lane stripe to the joint between the shoulder pavement and the gutter shall be provided. Class II bikeways may be included as part of the shoulder width See Topic 302.
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Table 302.1 Mandatory Standards for Paved Shoulder Widths on Highways Highway Type Freeways & Expressways 2 lanes (1) 4 lanes (1) 6 or more lanes (1) Auxiliary lanes Freeway-to-freeway connections Single and two-lane connections Three-lane connections Single-lane ramps Multilane ramps Multilane undivided Collector-Distributor Conventional Highways Multilane divided 4-lanes 6-lanes or more Urban areas with posted speeds less than or equal to 45 mph and curbed medians Multilane undivided 2-lane RRR New construction Slow-moving vehicle lane Local Facilities Frontage roads Local facilities crossing State facilities NOTES:



Paved Shoulder Width (ft) Left Right (8) -5 10 --



8(6) 10 10 10



5 10 4(2) 4(2)



10 10 8 8(3)



-5



10 10



5 8



8(7) 8(7)



2(4) --



8(7) 8(7)



See Index 307.3 See Table 307.2 --



4(5)



See Index 310.1 See Index 308.1



(1) Total number of lanes in both directions including separate roadways (see Index 305.6). If a lane is added to one side of a 4-lane facility (such as a truck climbing lane) then that side shall have 10 feet left and right shoulders. See Index 62.1. (2) May be reduced to 2 feet upon concurrence from the Project Delivery Coordinator that a restrictive situation exists. 4 feet preferred in urban areas and/or when ramp is metered. See Index 504.3. (3) May be reduced to 2 feet or 4 feet(4 feet preferred in urban areas) in the 2-lane section of a non-metered ramp, which transitions from a single lane upon concurrence from the Project Delivery Coordinator that a restrictive situation exists. May be reduced to 2 feet in ramp sections having 3 or more lanes. See Index 504.3(b). (4) For posted speeds less than or equal to 35 mph, shoulder may be omitted (see Index 303.5(5)) except where drainage flows toward the curbed median. (5) On right side of climbing or passing lane section only. See Index 301.2(1) for minimum width if bike lanes are present. (6) 10-foot shoulders preferred. (7) Where on-street parking is allowed, 10 feet shoulder width is preferred. Where bus stops are present, 10 feet shoulder width is preferred for the length of the bus stop. If a Class II bikeway is present, minimum shoulder width shall be 8 feet where on street parking is provided plus the minimum required width for the bike lane. (8) Shoulders adjacent to abutment walls, retaining walls in cut locations, and noise barriers shall be not less than 10 feet wide. See Index 303.4 for minimum shoulder adjacent to bulbouts.
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away from traffic in the same plane as the traveled way. This design permits the snowplowing crew to remove snow fromthe lanes and the shoulders with the least number of passes.



•



On undivided roadways.



•



On roadways with unpaved shoulders or where paved shoulders width is less than 5 feet.



•



On roadways with Class II Bikeways.



•



For 2-lane roads with 4-foot shoulders, see Index 307.2.



The tapered edge is not to be placed on roadways:



•



If shoulders are Portland cement concrete and the District plans to convert shoulders into through lanes within the 20 years following construction, then shoulders are to be built in the plane of the traveled way and to lane standards for width and structural section. (See Index 603.4).



•



Deciding to construct pedestrian facilities and elements, where none exist, is an important consideration. Shoulders are not required to be designed as accessible pedestrian routes although it is legal for a pedestrian to traverse along a highway. In urban, rural main street areas, or near schools and bus stops with pedestrians present, pedestrian facilities should be constructed. In rural areas where few or no pedestrians exist, it would not be reasonable or cost effective to construct pedestrian facilities. This determination should involve the local agency and must be consistent with the design guidance provided in Topic 105 and in Design Information Bulletin 82, "Pedestrian Accessibility Guidelines for Highway Projects" for people with disabilities.



Shoulder slopes for superelevated curves are discussed in Index 202.2. See Index 307.2 for shoulder slopes on 2-lane roads with 4-foot shoulders.



302.3 Tapered Edge The tapered edge is a sloped edge that is placed at the edge of the paved roadbed to provide a smooth reentry for vehicles that leave the roadway. Its design is based on research performed by the FHWA. The tapered edge is placed on all traversable pavement edges either during new construction or on overlay projects irrespective of pavement types and is most useful:



•



Next to curbs, dikes, guardrails, barriers, walls, right-turn lanes, accelerations lanes and landscape paving.



•



Where the distance from the edge of the paved roadbed to the hinge point is less than 1 foot and there is not enough room to place the tapered edge.



•



Within 3 feet of driveways or intersections.



•



Where pavement overlay thickness is less than 0.15 feet.



Tapered edge is optional when the distance between consecutive minor roads or driveways is less than 30 feet. See the Standard Plans for design and construction details regarding tapered edge.



Topic 303 - Curbs, Dikes, and Side Gutters 303.1 General Policy Curb (including curb with gutter pan), dike, and side gutter all serve specific purposes in the design of the roadway cross section. Curb is primarily used for channelization, access control, separation between pedestrians and vehicles, and to enhance delineation. Dike is specifically intended for drainage and erosion control where stormwater runoff cannot be cost effectively conveyed beyond the pavement by other means. Curb with gutter pan serves the purpose of both curb and dike. Side gutters are intended to prevent runoff from a cut slope on the high side of a superelevated roadway from running across the pavement and is discussed further in Index 834.3. Aside from their positive aspects in performing certain functions, curbs and dikes can have undesirable effects. In general, curbs and dikes should present the least potential obstruction, yet perform their intended function. As operating speeds increase, lower curb and dike height is
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desirable. Curbs and dikes are not considered traffic barriers. On urban conventional highways where right of way is costly and/or difficult to acquire, it is appropriate to consider the use of a “closed” highway cross section with curb, or curb with gutter pan. There are also some situations where curb is appropriate in freeway settings. The following criteria describe typical situations where curb or curb with gutter pan may be appropriate: (a) Where needed for channelization, delineation, or other means of improving traffic flow and safety. (b) At ramp connections with local streets for the delineation of pedestrians walkways and continuity of construction at a local facility. (c) As a replacement of existing curb with gutter pan and sidewalk. (d) On frontage roads on the side adjacent to the freeway to deter vehicular damage to the freeway fence. (e) When appropriate to conform to local arterial street standards.



The use of curb should be avoided on facilities with posted speeds greater than or equal to 40 miles per hour, except as noted in Table 303.1. For projects where the use of curb is appropriate, it should be the type shown in Table 303.1.



303.2 Curb Types and Uses Depending on their intended function, one of two general classifications of curb design is selected as appropriate. The two general classifications are vertical and sloped. Vertical curbs are nearly vertical (approximate batter of 1:4) and vary in height from 4 inches to 8 inches. Sloped curbs (approximate batter of 2:3 or flatter) vary in height from 3 inches to 6 inches. Sloped curbs are more easily mounted by motor vehicles than vertical curbs. Since curbs are not generally adequate to prevent a vehicle from leaving the roadway, a suitable traffic barrier should be provided where redirection of vehicles is needed. A curb may be placed to discourage vehicles from intentionally entering the area behind the curb (e.g., truck offtracking). In most cases, the curb will not prevent an errant vehicle from mounting the curb.



(g) In freeway entrance ramp gore areas (at the inlet nose) when the gore cross slope exceeds standards.



Curb with gutter pan may be provided to enhance the visibility of the curb and thus improve delineation. This is most effective where the adjacent pavement is a contrasting color or material. B2-4 and B4 curbs are appropriate for enhancing delineation. Where curb with gutter pan is intended as delineation and has no drainage function, the gutter pan should be in the same plane as the adjacent pavement.



(h) At separation islands between a freeway and a collector-distributor to provide a positive separation between mainline traffic and collector-distributor traffic.



The curb sections provided on the Standard Plans are approved types to be used as stated below. The following types are vertical curb, (for information on side gutters, see Index 834.3):



(i)



Where sidewalk is appropriate.



(j)



To deter vehicular damage of traffic signal standards.



(1) Types A1-6, A2-6, and A3-6. These curbs are 6 inches high. Their main function is to provide a more positive deterrent to vehicles than provided by sloped curbs. Specifically, these curbs are used to separate pedestrians from vehicles, to control parking of vehicles, and to deter vehicular damage of traffic signal standards. They may also be used as raised median islands in low speed environments (posted speed < 35 miles per hour). These curbs do not constitute a barrier as they can be



(f)



Where it may be necessary to solve or mitigate operational deficiencies through control or restriction of access of traffic movements to abutting properties or traveled ways.



Dike is appropriate where controlling drainage is not feasible via sheet flow or where it is necessary to contain/direct runoff to interception devices. On cut slopes, dike also protects the toe of slope from erosion. Dike may also be necessary to protect adjacent areas from flooding.
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Table 303.1 Selection of Curb Type



Location Freeways and Expressways



< 35



Posted Speeds (mph) 40



> 45



Collector-distributor Roads See Index 504.3(11)



Ramps Conventional Highways - Frontage Roads (1)



A or B-6



B-6



B-4



- Traffic Signals



A or B-6



B-6



B-4



A or B-6



B-6



B-4 or D



A (3)



A-6



B-6



A



NA



NA



H, A3, or B3



H or B3



B3



- Raised Traffic, Median Islands & Pedestrian Refuge Islands (2) - Adjacent to Sidewalks - Bulbouts/curb extensions - Bridges (4) NOTES:



(1) Based on the posted speed along the frontage road. (2) See the National Cooperative Research Program Report 672 entitled “Roundabouts: An Informational Guide, 2nd ed.” for information on curbs at roundabouts. (3) Type A curb includes Types A1-6, A2-6, A1-8, and A2-8. (4) Type H curb typically used in conjunction with Type A curbs next to sidewalks on approach roadway. Type A3 curbs typically used with corresponding Type A curbs on median island of approach roadway. Type B3 curbs typically used with corresponding Type B curbs on approach roadway.
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Where an undercrossing is involved, the initial structure construction should provide for ultimate requirements. Where a local facility crosses over or under a freeway or expressway and connects to the State facility (such as ramp terminal intersections), the minimum design standards for the cross section of the local facility shall be at least equal to those for a conventional highway with the exception that the outside shoulder width shall match the approach roadway, but not less than 4 feet, and as shown below. Where the 2-lane local facility connects to a freeway within an interchange, the lane width of the local facility shall be 12 feet. Where a multilane local facility connects to a freeway within an interchange, the outer most lane in each direction of the local facility shall be 12 feet. Shoulder width shall not be less than 5 feet when railings or other lateral obstructions are adjacent to the right edge of shoulder. If gutter pans are used, then the minimum shoulder width shall be 3 feet wider than the width of the gutter pan being used. The minimum width for two-lane overcrossing structures at interchanges shall be 40 feet curbto-curb.



Topic 309 - Clearances 309.1 Horizontal Clearances for Highways (1) General. The horizontal clearance to all roadside objects should be based on engineering judgment with the objective of maximizing the distance between roadside objects and the edge of traveled way. Engineering judgment should be exercised in order to balance the achievement of horizontal clearance objectives and reduction of maintenance cost and exposure to workers, with the prudent expenditure of available funds. Certain yielding types of fixed objects, such as sand filled barrels, metal beam guardrail, breakaway wood posts, etc. may encroach within the clear recovery zone (see Index



309.1(2)). While these objects are designed to reduce the severity of accidents, efforts should be made to maximize the distance between any object and the edge of traveled way. Horizontal clearances are measured from the edge of the traveled way to the nearest point on the obstruction (usually the bottom). Consideration should be given to the planned ultimate traveled way width of the highway facility. Horizontal clearances greater than those cited below under Subsection (3) "Minimum Clearances" shall be provided where necessary to meet horizontal stopping sight distance requirements. See subsection (4) for high speed rail clearance guidance. See discussion on "... technical reductions in design speed..." under Topic 101. (2) Clear Recovery Zone (CRZ). The roadside environment can and should be made as safe as practical. A clear recovery zone is an unobstructed, relatively flat (4:1 or flatter) or gently sloping area beyond the edge of the traveled way which affords the drivers of errant vehicles the opportunity to regain control. The AASHTO Roadside Design Guide provides detailed design guidance for creating a forgiving roadside environment. See also Index 304.1 regarding side slopes. The following clear recovery zone widths are the minimum desirable for the type of facility indicated. Consideration should be given to increasing these widths based on traffic volumes, operating speeds, terrain, and costs associated with a particular highway facility: •



Freeways and Expressways – 30 feet



•



Conventional Highways – 20 feet*



* On conventional highways with posted speeds less than or equal to 35 miles per hour and curbs, clear recovery zone widths do not apply. See minimum horizontal clearance, Index 309.1(3)(c). (a) Necessary Highway Features. Fixed objects, when they are necessary highway features, including bridge piers, abutments, retaining walls, and noise barriers closer to the edge of traveled way
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than the distances listed above should be eliminated, moved, redesigned to be made yielding, or shielded in accordance with the following guidelines: •



Fixed objects, when they are necessary highway features, should be eliminated or moved outside the clear recovery zone to a location where they are unlikely to be hit.



•



If necessary highway features such as sign posts or light standards cannot be eliminated or moved outside the clear recovery zone, they should be made yielding with a breakaway feature.



•



If a fixed object, when they are necessary highway features, cannot be eliminated, moved outside the clear recovery zone, or modified to be made yielding, it should be shielded by guardrail, barrier or a crash cushion.



Shielding and breakaway features must be in conformance with the guidance found in Chapter 7 of the Traffic Manual. For input on the need for shielding at a specific location, consult District Traffic Operations. When the planting of trees is being considered, see the additional discussion and standards in Chapter 900. (a) Discretionary Fixed Objects. Discretionary fixed objects are features or facilities that are not necessary for the safety, maintenance or operation of the highway, but may enhance livability and sustainability. These may include, but are not limited to, transportation art, gateway monuments, solar panels, and memorial/historical plaques or markers. See Subsection (4) for high speed rail clearance guidance. When discretionary fixed objects are constructed on freeways, expressways or conventional highways without curbs and posted speeds over 35 mph, they should be located well beyond the clear recovery zone, at a minimum of 52 feet horizontally or 8 feet



vertically up-slope from the planned ultimate edge of traveled way. If discretionary fixed objects are to be placed less than the 52 feet horizontally or less than the 8 feet vertically up-slope, they are to be made breakaway or shielded behind existing guardrail, barrier or other safety device. Where compliance with the guidelines stated in Subsections (2)(a) and (b) are impractical, the minimum horizontal clearance cited in Subsection (3) Minimum Clearances shall apply to the unshielded fixed object. These minimum horizontal clearances apply to yielding objects as well. (3) Minimum Clearances. The following minimum horizontal clearances shall apply to all objects that are closer to the edge of traveled way than the clear recovery zone distances listed above: (a) The minimum horizontal clearance to all objects, such as bridge rails and safetyshaped concrete barriers, as well as sand-filled barrels, metal beam guardrail, etc., on all freeway and expressway facilities, including auxiliary lanes, ramps, and collector-distributor roads, shall be equal to the standard shoulder width of the highway facility as stated in Table 302.1. A minimum clearance of 4 feet shall be provided where the standard shoulder width is less than 4 feet. Approach rail connections to bridge rail may require special treatment to maintain the standard shoulder width. (b) The minimum horizontal clearance to walls, such as abutment walls, retaining walls in cut locations, and noise barriers on all facilities, including auxiliary lanes, ramps and collector-distributor roads, shall not be less than 10 feet per Table 302.1. (c) On conventional highways, frontage roads, city streets and county roads within the State right of way (all without curbs), the minimum horizontal clearance shall be the standard shoulder
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vertical clearance over the roadbed of the State facility.



shall be considered to be covered by the "new construction" standard.



(c) Conventional Highways, Parkways, and Local Facilities, All Projects – 15 feet shall be the minimum vertical clearance over the traveled way and 14 feet 6 inches shall be the minimum vertical clearance over the shoulders of all portions of the roadbed.



When approved by a design exception (see HDM Index 82.2) clearances less than the values given above may be allowed on a case by case basis given adequate justification based upon engineering judgment, economic, environmental or right of way considerations. Typical instances where lesser values may be approved are where the structure is protected by existing lower structures on either side or where a project includes an existing structure that would not be feasible to modify to the current standard. In no case should vertical clearance be reduced below 15 feet over the traveled way or 14 feet 6 inches over the shoulders over any portion of a State highway facility.



(2) Minor Structures. Pedestrian over-crossings shall have a minimum vertical clearance 2 feet greater than the standard for major structures for the State facility in question. Sign structures shall have a vertical clearance of 18 feet over the roadbed of the State facility. (3) Rural Interstates and Single Routing in Urban Areas: This subset of the Interstate System is composed of all rural Interstates and a single routing in urban areas. Those routes described in Table 309.2B and Figure 309.2 are given special attention in regards to minimum vertical clearance as a result of agreements between the FHWA and the Department of Defense. Vertical clearance for structures on this system shall meet the standards listed above for freeways and expressways. In addition to the standards listed above, vertical clearances of less than 16 feet over any portion of this system must be approved by FHWA in coordination with Surface Deployment and Distribution Command Transportation Engineering Agency (SDDCTEA). Documentation in the form of a Design Exception Fact Sheet must be submitted to FHWA to obtain approval for less than 16 feet of vertical clearance. Vertical clearances of less than 16 feet over any Interstate will require FHWA/SDDCTEA notification. See http://www.fhwa.dot.gov/design/090415.cfm (4) General Information. The standards listed above and summarized in Table 309.2A are the minimum allowable on the State highway system for the facility and project type listed. For the purposes of these vertical clearance standards, all projects on the freeway and expressway system other than overlay projects



Efforts should be made to avoid decreasing the existing vertical clearance whenever possible and consideration should be given to the feasibility of increasing vertical clearance on projects involving structural section removal and replacement. Any project that would reduce vertical clearances below 16 feet 6 inches or lead to an increase in the vertical clearance should be brought to the attention of the Project Delivery Coordinator or District Director, depending upon the current District Design Delegation Agreement, the District Permit Engineer and the Regional Permit Manager at the earliest possible date. The Regional Permit Manager should be informed of any changes (temporary or permanent) in vertical clearance. (5) Federal Aid Participation. Federal-aid participation is normally limited to the following maximum vertical clearances unless there are external controls such as the need to provide for falsework clearance or the vertical clearance is controlled by an adjacent structure in a multi-structure interchange: (a) Highway Facilities. •



17 feet over expressways.



freeways



and
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Multilane undivided intersections, even with signalization, are more difficult for pedestrians to cross. Providing pedestrian refuge islands enable pedestrians to cross fewer lanes at a time. See Index 403.7 for traffic island guidance when used as pedestrian refuge. Curb extensions shorten crossing distance and increase visibility. See Index 303.4 for curb extensions.



403.3 Angle of Intersection A right angle (90°) intersection provides the most favorable conditions for intersecting and turning traffic movements. Specifically, a right angle provides: •



The shortest crossing distance for motor vehicles, bicycles, and pedestrians.



•



Sight lines which optimize corner sight distance and the ability of motorists to judge the relative position and speed of approach traffic.



•



Intersection geometry that can reduce vehicle turning speeds so collisions are more easily avoided and the severity of collisions are minimized.



•



Intersection geometry that sends a message to turning bicyclists and motorists that they are making a turning movement and should yield as appropriate to through traffic on the roadway they are leaving, to traffic on the receiving roadway, and to pedestrians crossing the intersection.



Minor deviations from right angles are generally acceptable provided that the potentially detrimental impact on visibility and turning movements for large trucks (see Topic 404) can be mitigated. However, large deviations from right angles may decrease visibility, hamper certain turning operations, and will increase the size of the intersection and therefore crossing distances for bicyclists and pedestrians, may encourage high speed turns, and may reduce yielding by turning traffic. When a right angle cannot be provided due to physical constraints, the interior angle should be designed as close to 90 degrees as is practical, but should not be less than 75 degrees. Mitigation should be considered for the affected intersection design features. (See Figure 403.3A). A 75 degree angle does not unreasonably increase the crossing distance or generally decrease visibility. Class II



bikeway crossings at railroads follow similar guidance to Class I bikeway crossings at railroads, see Index 1003.5(3),and Figure 403.3B. A characteristic of skewed intersection angles is that they result in larger intersections. When existing intersection angles are less than 75 degrees, the following retrofit improvement strategies should be considered: •



Realign the subordinate intersection legs if the new alignment and intersection location(s) can be designed without introducing new geometric or operational deficiencies.



•



Provide acceleration lanes for difficult turning movements due to radius or limited visibility.



•



Restrict problematic turning movements; e.g. for minor road left turns with potentially limited visibility.



•



Provide refuge areas for pedestrians at very long crossings.



For additional guidance on the above and other improvement strategies, consult with the District Design Liaison or HQ Traffic Liaison. Particular attention should be given to skewed angles on curved alignment with regards to sight distance and visibility. Crossroads skewed to the left have more restricted visibility for drivers of vans and trucks than crossroads skewed to the right. In addition, severely skewed intersection angles, coupled with steep downgrades (generally over 4 percent) can increase the potential for high centered vehicles to overturn where the vehicle is on a downgrade and must make a turn greater than 90 degrees onto a crossroad. These factors should be considered in the design of skewed intersections.



403.4 Points of Conflict Channelization separates and clearly defines points of conflict within the intersection. Bicyclists, pedestrians and motorists should be exposed to only one conflict or confronted with one decision at a time. Speed-change areas for diverging traffic should provide adequate length clear of the through lanes to permit vehicles to decelerate after leaving the through lanes.
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challenges with visibility between turning vehicles and pedestrians. Multiple right-turnonly lanes should not be free right-turns when there is a pedestrian crossing. If there is a pedestrian crossing on the receiving leg of multiple right-turn-only lanes, the intersection should be controlled by a pedestrian signal head, or geometrically designed such that pedestrians cross only one turning lane at a time. Locations with right-turn-only lanes should provide a minimum 4-foot width for bicycle use between the right-turn and through lane when bikes are permitted, except where posted speed is greater than 40 mph, the minimum width should be 6 feet. Configurations that create a weaving area without defined lanes should not be used. For signing and delineation of bicycle lanes at intersections, consult District Traffic Operations. Figure 403.6B depicts an intersection with a left-turn-only bicycle lane, which should be considered when bicycle left-turns are common. A left-turn-only bicycle lane may be considered at any intersection and should always be considered as a tool to provide mobility for bicyclists. Signing and delineation options for bicycle left-turn-only lanes are shown in the California MUTCD. (2) Design of Intersections at Interchanges. The design of at-grade intersections at interchanges should be accomplished in a manner that will minimize confusion of motorists, bicyclists, and pedestrians. Higher speed, uncontrolled entries and exits from freeway ramps should not be used at the intersection of the ramps with the local road. The smallest curb return radius should be used that accommodates the design vehicle. Intersections with interior angles close to 90 degrees reduce speeds at conflict points between motorists, bicyclists, and pedestrians. The intersection skew guidance in Index 403.3 applies to all ramp termini at the local road.



403.7 Refuge Areas Traffic islands should be used to provide refuge areas for bicyclists and pedestrians. See Index 405.4 for further guidance.



403.8 Prohibited Turns Traffic islands may be used to direct bicycle and motorized vehicle traffic streams in desired directions and prevent undesirable movements. Care should be taken so that islands used for this purpose accommodate convenient and safe pedestrian and bicycle crossings, drainage, and striping options. See Topic 303.



403.9 Effective Signal Control At intersections with complex turning movements, channelization is required for effective signal control. Channelization permits the sorting of approaching bicycles and motorized vehicles which may move through the intersection during separate signal phases. Pedestrians may also have their own signal phase. This requirement is of particular importance when traffic-actuated signal controls are employed. The California MUTCD has warrants for the placement of signals to control vehicular, bicycle and pedestrian traffic. Pedestrian activated devices, signals or beacons are not required, but must be evaluated where directional, multilane, pedestrian crossings occur. These locations may include: •



Mid-block street crossings;



•



Channelized turn lanes;



•



Ramp entries and exits; and



•



Roundabouts.



The evaluation, selection, programming and use of a chosen device should be done with guidance from District Traffic Operations.



403.10 Installation of Traffic Control Devices Channelization may provide locations for the installation of essential traffic control devices, such as “STOP” and directional signs. See Index 405.4 for information about the design of traffic islands.



403.11 Summary •



Give preference to the major move(s).
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•



Reduce areas of conflict.



404.2 Design Considerations



•



Reduce the duration of conflicts.



•



Cross traffic at right angles or skew no more than 75 degrees. (90 degrees preferred.)



•



Separate points of conflict.



•



Provide speed-change areas and separate turning lanes where appropriate.



•



Provide adequate width to shadow turning traffic.



It may not be necessary to provide for design vehicle turning movements at all intersections along the State route if the design vehicle’s route is restricted or it is not expected to use the cross street frequently. Discuss with Traffic Operations and the local agency before a turning movement is not provided. The goal is to minimize possible conflicts between vehicles, bicycles, pedestrians, and other users of the roadway, while providing the minimum curb radii appropriate for the given situation.



•



Restrict undesirable moves with traffic islands.



•



Coordinate channelization with effective signal control.



•



Install signs in traffic islands when necessary but avoid building conflicts one or more modes of travel.



•



Consider all users.



403.12 Other Considerations •



An advantage of curbed islands is they can serve as pedestrian refuge. Where curbing is appropriate, consideration should be given to mountable curbs. See Topic 303 for more guidance.



•



Avoid complex intersections that present multiple choices of movement to the motorist and bicyclist.



•



Traffic safety should be considered. Collision records provide a valuable guide to the type of channelization needed.



Topic 404 - Design Vehicles 404.1 General Any vehicle, whether car, bus, truck, or recreational vehicle, while turning a curve, covers a wider path than the width of the vehicle. The outer front tire can generally follow a circular curve, but the inner rear tire will swing in toward the center of the curve. Some terminology is vital to understanding the engineering concepts related to design vehicles. See Index 62.4 Interchanges and Intersection at Grade for terminology.



Both the tracking width and swept width should be considered in the design of roadways for use of the roadway by design vehicles. Tracking width lines delineate the path of the vehicle tires as the vehicle moves through the turn. Swept width lines delineate the path of the vehicle body as the vehicle moves through the turn and will therefore always exceed the tracking width. The following list of criteria is to be used to determine whether the roadway can accommodate the design vehicle. (1) Traveled way. (a) To accommodate turn movements(e.g., at intersections, driveways, alleys, etc.),the travel way width and intersection design should be such that tracking width and swept width lines for the design vehicle do not cross into any portion of the lane for opposing traffic. Encroachment into the shoulder and bike lane is permitted. (b) Along the portion of roadway where there are no turning options, vehicles are required to stay within the lane lines. The tracking and swept widths lines for the design vehicle shall stay within the lane as defined in Index 301.1 and Table 504.3A. This includes no encroachment into Class II bike lanes. (2) Shoulders. Both tracking width and swept width lines may encroach onto paved shoulders to accommodate turning. For design projects where the tracking width lines are shown to encroach onto paved shoulders, the shoulder pavement structure should be engineered to sustain the weight of the design vehicle. See Index 613 for general traffic loading
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considerations and Index 626 for tied rigid shoulder guidance. At corners where no sidewalks are provided and pedestrians are using the shoulder, a paved refuge area may be provided outside the swept width of turning vehicle. (3) Curbs and Gutters. Tires may not mount curbs. If curb and gutter are present and any portion of the gutter pan is likewise encroached, the gutter pan must be engineered to match the adjacent shoulder pavement structure. See Index 613.5(2)(c) for gutter pan design guidance. (4) Edge of Pavement. To accommodate a turn, the swept width lines may cross the edge of pavement provided there are no obstructions. The tracking width lines shall remain on the pavement structure, including the shoulder, provided that the shoulder is designed to support vehicular traffic. If truck volumes are high, consideration of a wider shoulder is encouraged in order to preserve the pavement edge. (5) Bicycle Lanes. Where bicycle lanes are considered, the design guidance noted above applies. Vehicles are permitted to cross a bicycle lane to initiate or complete a turning movement or for emergency parking on the shoulder. See the California MUTCD for Class II bike lane markings. To accommodate turn movements (e.g., intersections, driveways, alleys, etc. are present), both tracking width and swept width lines may cross the broken white painted bicycle lane striping in advance of the right-turn, entering the bicycle lane when clear to do so. (6) Sidewalks. Tracking width and swept width lines must not encroach onto sidewalks or pedestrian refuge areas, without exception.



accommodation to non-motorized users of the facility and appurtenances should be considered. If both the tracking width and swept width lines meet the design guidance listed above, then the geometry is adequate for that design vehicle. Consideration should be given to pedestrian crossing distance, motor vehicle speeds, truck volumes, alignment, bicycle lane width, sight distance, and the presence of on-street parking. Note that the STAA Design Vehicle has a template with a 56-foot (minimum) and a 67-foot (longer) radius and the California Legal Design Vehicle has a template with 50-foot (minimum) and 60-foot (longer) radii. The longer radius templates are more conservative. The longer radius templates develop less swept width and leave a margin of error for the truck driver. The longer radius templates should be used for conditions where the vehicle may not be required to stop before entering the intersection. The minimum radius template can be used if the longer radius template does not clear all obstacles. The minimum radius templates demonstrate the tightest turn that the vehicles can navigate, assuming a speed of less than 10 miles per hour. For offtracking lane width requirements on freeway ramps, see Topic 504.



404.3 Design Tools District Truck Managers should be consulted early in the project to ensure compliance with the design vehicle guidance contained in Topic 404. Consult local agencies to verify the location of local truck routes. Essentially, two options are available – templates or computer software. •



The turning templates in Figures 404.5A through G are a design aid for determining the swept width and/or tracking width of large vehicles as they maneuver through a turn. The templates can be used as overlays to evaluate the adequacy of the geometric layout of a curve or intersection when reproduced on clear film and scaled to match the highway drawings. These templates assume a vehicle speed of less than 10 miles per hour.



•



Computer software such as AutoTURN or AutoTrak can draw the swept width and/or tracking width along any design curve within a CADD drawing program such as MicroStation



(7) Obstacles. Swept width lines may not encroach upon obstacles including, but not limited to, curbs, islands, sign structures, traffic delineators/channelizers, traffic signals, lighting poles, guardrails, trees, cut slopes, and rock outcrops. (8) Appurtenances. Swept width lines do not include side mirrors or other appurtenances allowed by the California Vehicle Code, thus,
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or AutoCAD. Dimensions taken from the vehicle diagrams in Figures 404.5A through G may be inputted into the computer program by creating a custom vehicle if the vehicle is not already included in the software library. The software can also create a vehicle turn template that conforms to any degree curve desired.



404.4 Design Vehicles and Related Definitions (1) The Surface Transportation Assistance Act of 1982 (STAA). (a) STAA Routes. STAA allows certain longer trucks called STAA trucks to operate on the National Network. After STAA was enacted, the Department evaluated State routes for STAA truck access and created Terminal Access and Service Access routes which, together with the National Network, are called the STAA Network. Terminal Access routes allow STAA access to terminals and facilities. Service Access routes allow STAA trucks one-mile access off the National Network, but only at identified exits and only for designated services. Service Access routes are primarily local roads. A “Truck Route Map,” indicating the National Network routes and the Terminal Access routes is posted on the Department’s Office of Commercial Vehicle Operations website and is also available in printed form. (b) STAA Design Vehicle. The STAA vehicle is a truck tractor-semitrailer with a 48-foot semitrailer, a 43-foot kingpin-to-rear-axle (KPRA) distance, an 8.5-foot body and axle width, and a 23-foot truck tractor wheelbase Note, a truck tractor is a nonload-carrying vehicle. There is also a STAA double (truck tractor-semitrailertrailer); however, the double is not used as the design vehicle due to its shorter turning radius. The STAA Design Vehicle is shown in Figures 404.5A and B. The STAA Design Vehicle in Figures 404.5A or B should be used on the National Network, Terminal Access routes, California Legal, and Advisory routes.



(c) STAA Vehicle – 53-Foot Trailer. Another category of vehicle allowed only on STAA routes has a maximum 53-foot trailer, a maximum 40-foot KPRA for two or more axles, a maximum 38-foot KPRA for a single axle, and unlimited overall length. This vehicle is not to be used as the design vehicle as it is not the worst case for offtracking due to its shorter KPRA. The STAA Design Vehicle should be used instead. (2) California Legal. (a) California Legal Routes. Virtually all State routes off the STAA Network are California Legal routes. There are two types of California Legal routes, the regular California Legal routes and the KPRA Advisory Routes. Advisory routes have signs posted that state the maximum KPRA length that the route can accommodate without the vehicle offtracking outside the lane. KPRA advisories range from 30 feet to 38 feet, in 2-foot increments. California Legal vehicles are allowed to use both types of California Legal routes. California Legal vehicles can also use the STAA Network. However, STAA trucks are not allowed on any California Legal routes. The Truck Route Map indicating the California Legal routes is posted on the Department’s Office of Commercial Vehicle Operations website and is also available in printed form. (b) California Legal Design Vehicle. The California Legal vehicle is a truck tractorsemitrailer with the following dimensions: the maximum overall length is 65 feet; the maximum KPRA distance is 40 feet for semitrailers with two or more axles, and 38 feet for semitrailers with a single axle; the maximum width is 8.5 feet. There are also two categories of California Legal doubles (truck tractor-semitrailer-trailer); however, the doubles are not used as the design vehicle due to their shorter turning radii. The California Legal Design Vehicle is shown in Figures 404.5C and D.
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The California Legal Design Vehicle in Figures 404.5C and D should only be used when the STAA design vehicle is not feasible. (3) 40-Foot Bus. (a) 40-Foot Bus Routes. All single-unit vehicles, including buses and motor trucks up to 40 feet in length, are allowed on virtually every route in California. (b) 40-Foot Bus Design Vehicle. The 40-Foot Bus Design Vehicle shown in Figure 404.5E is an AASHTO standard. Its 25-foot wheelbase and 40-foot length are typical of city transit buses and some intercity buses. At intersections where truck volumes are light or where the predominate truck traffic consists of mostly 3-axle units, the 40-foot bus may be used. Its wheel path sweeps a greater width than 3-axle delivery trucks, as well as smaller buses such as school buses. (4) 45-Foot Bus & Motorhome. (a) 45-Foot Bus & Motorhome Routes. The “45-foot bus and motorhome” refers to bus and motorhomes over 40 feet in length, up to and including 45 feet in length. These longer buses and motorhomes are allowed in California, but only on certain routes. The 45-foot tour bus became legal on the National Network in 1991 and later allowed on some State routes in 1995. The 45-foot motorhome became legal in California in 2001, but only on those routes where the 45-foot bus was already allowed. A Bus and Motorhome Map indicating where these longer buses and motorhomes are allowed and where they are not allowed is posted on the Department’s Office of Commercial Vehicle Operations website and is also available in printed form. (b) 45-Foot Bus and Motorhome Design Vehicle. The 45-Foot Bus & Motorhome Design Vehicle shown in Figure 404.5F is used by Caltrans for the longest allowable bus and motorhome. Its wheelbase is 28.5 feet. It is also similar to the



AASHTO standard 45-foot bus. Typically this should be the smallest design vehicle used on a State highway. It may be used where the State highway intersects local streets without commercial or industrial traffic. The 45-Foot Bus and Motorhome Design Vehicle shown in Figure 404.5F should be used in the design of all interchanges and intersections on all green routes indicated on the Bus and Motorhome Map for both new construction and rehabilitation projects. Check also the longer standard design vehicles on these routes as required – the STAA Design Vehicle and the California Legal Design Vehicle in Indexes 404.3(1) and (2). (5) 60-Foot Articulated Bus. (a) 60-Foot Articulated Bus Routes. The articulated bus is allowed a length of up to 60 feet per CVC 35400(b)(3)(A). This bus is used primarily by local transit agencies for public transportation. There is no master listing of such routes. Local transit agencies should be contacted to determine possible routes within the proposed project. (b) 60-Foot Articulated Bus Design Vehicle. The 60-Foot Articulated Bus Design Vehicle shown in Figure 404.5G is an AASHTO standard. The routes served by these buses should be designed to accommodate the 60-Foot Articulated Bus Design Vehicle.



404.5 Turning Templates & Vehicle Diagrams Figures 404.5A through G are computer-generated turning templates at an approximate scale of 1"=50' and their associated vehicle diagrams for the design vehicles described in Index 404.3. The radius of the template is measured to the outside front wheel path at the beginning of the curve. Figures 404.5A through G contain the terms defined as follows: (1) Tractor Width - Width of tractor body. (2) Trailer Width - Width of semitrailer body.
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•



design speed



•



gradient



•



lane, shoulder and median width



•



traffic volume and composition of highway users, including trucks and transit vehicles



•



turning volumes



•



horizontal curve radii



•



sight distance



•



proximity of adjacent intersections



•



types of adjacent intersections



For additional information and guidance, refer to AASHTO, A Policy on Geometric Design of Highways and Streets, the Headquarters Traffic Liaison, the District Design Liaison, and the Project Delivery Coordinator.



405.2 Left-turn Channelization (1) General. The purpose of a left-turn lane is to expedite the movement of through traffic by, controlling the movement of turning traffic, increasing the capacity of the intersection, and improving safety characteristics. The District Traffic Branch normally establishes the need for left-turn lanes. (2) Design Elements. (a) Lane Width – The lane width for both single and double left-turn lanes on State highways shall be 12 feet. For conventional State highways with posted speeds less than or equal to 40 miles per hour and AADTT (truck volume) less than 250 per lane that are in urban, city or town centers (rural main streets), the minimum lane width shall be 11 feet. When considering lane width reductions adjacent to curbed medians, refer to Index 303.5 for guidance on effective roadway width, which may vary depending on drivers’ lateral positioning and shy distance from raised curbs. (b) Approach Taper -- On conventional highways without a median, an approach



taper provides space for a left-turn lane by moving traffic laterally to the right. The approach taper is unnecessary where a median is available for the full width of the left-turn lane. Length of the approach taper is given by the formula on Figures 405.2A, B and C. Figure 405.2A shows a standard left-turn channelization design in which all widening is to the right of approaching traffic and the deceleration lane (see below) begins at the end of the approach taper. This design should be used in all situations where space is available, usually in rural and semi-rural areas or in urban areas with high traffic speeds and/or volumes. Figures 405.2B and 405.2C show alternate designs foreshortened with the deceleration lane beginning at the 2/3 point of the approach taper so that part of the deceleration takes place in the through traffic lane. Figure 405.2C is shortened further by widening half (or other appropriate fraction) on each side. These designs may be used in urban areas where constraints exist, speeds are moderate and traffic volumes are relatively low. (c) Bay Taper -- A reversing curve along the left edge of the traveled way directs traffic into the left-turn lane. The length of this bay taper should be short to clearly delineate the left-turn move and to discourage through traffic from drifting into the leftturn lane. Table 405.2A gives offset data for design of bay tapers. In urban areas, lengths of 60 feet and 90 feet are normally used. Where space is restricted and speeds are low, a 60-foot bay taper is appropriate. On rural high-speed highways, a 120-foot length is considered appropriate. (d) Deceleration Lane Length -- Design speed of the roadway approaching the intersection should be the basis for determining deceleration lane length. It is desirable that deceleration take place entirely off the through traffic lanes. Deceleration lane lengths are given in Table 405.2B; the bay taper length is
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A roundabout is a form of circular intersection in which traffic travels counterclockwise around a central island and entering traffic must yield to the circulating traffic. Roundabouts feature, among other things, a central island, a circulatory roadway, and splitter islands on each approach. Roundabouts rely upon two basic and important operating principles: (a) Speed reduction at the entry and through the intersection will be achieved through geometric design and, (b) The yield-at-entry rule, which requires traffic entering the intersection to yield to traffic that is traveling in the circulatory roadway. Benefits of roundabouts are: •



Fewer conflict points typically result in fewer collisions with less severity. Over half of vehicle to vehicle points of conflict associated with intersections are eliminated with the use of a roundabout. Additionally, a roundabout separates the points of conflict which eases the ability of the users to identify a conflict and helps prevent conflicts from becoming collisions.



•



Roundabouts are designed to reduce the vehicular speeds at intersections. Lower speeds lessens the vehicular collision severity. Likewise, studies indicate that pedestrian and bicyclist collisions with motorized vehicles at lower speeds significantly reduce their severity.



•



Roundabouts allow continuous free flow of vehicles and bicycles when no conflicts exist. This results in less noise and air pollution and reduces overall delays at roundabout intersections.



Except as indicated in this Index, the standards elsewhere in this manual do not apply to roundabouts. For the application of design standards, the approach ends of the splitter islands define the boundary of a roundabout intersection, see Figure 405.10. The design standards elsewhere in this manual apply to the approach legs beyond the approach ends of the splitter islands. (1) Design Period. First consider the design of a single lane roundabout per the design period guidance in



Index 103.2. If a second lane is not needed until 10 or more years, it may be better to stage the improvements. Construct the first phase of the roundabout so at the 20-year design period, an additional lane can be easily added. In order to comply with the 10-year design period guidance provided in Index 103.2, the initial project must provide the right of way needed for utility relocations, a shared-use path designed for a Class I Bikeway, and all other features other than pavement, lighting, and stripping in their ultimate locations. In some locations, it may not be practical to build a single lane roundabout that will operate for 10 years. Geometric constraints and other conflicts may preclude widening to the ultimate configuration. In such cases, other intersection configurations or control strategies addressed in Index 401.5 may need to be considered. When staging improvements, see NCHRP Guide 2, Section 6.12. (2) Design Vehicles - See Topic 404. The turning path for the design vehicle, see Index 404.5, dictates many of the roundabout dimensions. The design vehicle tracking and swept width are to be used when designing all the entries and exits, where design vehicles are unrestricted (see Index 404.2), and the circulatory roadway. The percentage of trucks and their lane utilization is an important consideration on multilane roundabouts when determining if the design will allow trucks to stay within their own lane or encroach into the adjacent lane. If permit vehicles larger than the design vehicle occasionally use the proposed roundabout, they can be accommodated by having removable signs or other removable features in the central island or around the circular path to ensure their swept path can negotiate the roundabout. Roundabouts should not be overdesigned for the occasional permit vehicle. To accurately simulate the design vehicle swept width traveling through a roundabout, the minimum speed of the design vehicle used in computer simulation software (e.g., Auto
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(7) Pedestrian Use. Sidewalks around the circular roadway are to be designed as shared-use paths, see Index 405.10(8)(c). However, the guidance in Design Information Bulletin (DIB) 82 Pedestrian Accessibility Guidelines for Highway Projects must also be followed when designing these shared-use facilities around a roundabout. If there is a difference in the standards, the guidance in DIB 82 is to be followed. In addition, (a) Pedestrian curb ramps need differentiated from bike ramps:



to



be



•



The detectable warning surface (truncated domes) differentiates a pedestrian curb ramp from a bicycle ramp.



•



Detectable warning surface are required on curb ramps. They are not to be used on a bike ramp.



(b) Truck aprons and mountable curbs are not to be placed in the pedestrian crossing areas. (c) See the California MUTCD for the signs and markings used at roundabouts. (8) Bicyclist Use. (a) General. Bicyclists may choose to travel in the circular roadway of a roundabout by taking a lane, while others may decide to travel using the shared-use path to bypass the circular roadway. Therefore, the approach and circular roadways, as well as the shared-use path all need to be designed for the mobility needs of bicyclists. See the California MUTCD for the signs and markings used at roundabouts. (b) Bicyclist Use of the Circular Roadway. Single lane roundabouts do not require bicyclists to change lanes in the circular roadway to select the appropriate lane for their direction of travel, so they tend to be comfortable for bicyclists to use. Even two-lane roundabouts, which may have straighter paths of travel that can lead to faster vehicular traveling speeds, appear



to be comfortable for bicyclists that prefer to travel like vehicles. Roundabouts that have more than two circular lanes can create complexities in signing and striping(see the California MUTCD for guidance), and their operating speed may cause some bicyclists to decide to bypass the circular roadway and use the bicycle ramp that provides access to the shareduse path around the roundabout. (c) Bicyclists Use of the Shared-Use Path. The shared-use path is to be designed using the guidance in Index 1003.1 for Class I Bikeways and in NCHRP Guide 2 Section 6.8.2.2. However, the accessibility guidance in DIB 82 must also be followed when designing these shared-use facilities around a roundabout. If there is a difference in the standards, the accessibility guidance in DIB 82 is to be followed to ensure the facility is accessible to pedestrians with disabilities. Bicycle ramps are to be located to avoid confusion as curb ramps for pedestrians. Also see Index 405.10(7) for guidance on how to differentiate the two types of ramps. The design details and width of the ramp are also important to the bicyclist. Bicyclists approaching the bicycle ramp need to be provided the choice of merging left into the lane or moving right to use the bicycle ramp. Bicycle ramps should be placed at a 35 to 45 degree angle to the departure roadway and the sidewalk to enable the bicyclists to use the ramp and discourage bicyclists from entering the shared-use path at a speed that is detrimental to the pedestrians. The shareduse path should be designated as Class I Bikeways; however, appropriate regulatory signs may need to be posted if the local jurisdiction has a law(s) that prohibit bicyclists from riding on a sidewalk. A landscape buffer or strip between the shared-use/Class I Bikeway and the circular roadway of the roundabout is needed and should be a minimum of 2 feet wide.
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(16) Landscaping. Landscaping should be designed such that drivers and bicyclists can observe the signing and shape of the roundabout as they approach, allowing adequate visibility for making decisions within the roundabout. The landscaping of the central island can enhance the intersection by making it a focal point, by promoting lower speeds and by breaking the headlight glare of oncoming vehicles or bicycles. It is desirable to create a domed or mounded central island, between 3.5 to 6 feet high, to increase the visibility of the intersection on the approach. Contact the District Landscape Architecture Unit to provide technical assistance in designing the roundabout landscaping. (17) Vertical Clearance. The vertical clearance guidance provided in Index 309.2 applies to roundabouts. (18) Drainage Design. See Chapter 800 to 890 for further guidance. (19) Maintenance. In climate regions where snowfall occurs and the use of snow removal equipment is necessary, consider tapering the approach ends of curbs. Contact District Maintenance for maintenance strategies and practices including seasonal operations, maintenance resources, and specialized equipment. Special equipment or procedures may be needed. Maintenance responsibilities may also include multiple state, county, and city agencies where coordination of maintenance efforts and funding is needed.



Topic 406 - Ramp Intersection Capacity Analysis The following procedure for ramp intersection analysis may be used to estimate the capacity of any signalized intersection where the phasing is relatively simple. It is useful in analyzing the need for additional turning and through traffic lanes. For a more complete analysis refer to the Highway Capacity Manual.



(a) Ramp Intersection Analysis--For the typical local street interchange there is usually a critical intersection of a ramp and the crossroads that establishes the capacity of the interchange. The capacity of a point where lanes of traffic intersect is 1500 vehicles per hour. This is expressed as intersecting lane vehicles per hour (ILV/hr). Table 406 gives values of ILV/hr for various traffic flow conditions. If a single-lane approach at a normal intersection has a demand volume of 1000 vph, for example, then the intersecting single-lane approach volume cannot exceed 500 vph without delay. The three examples that follow illustrate the simplicity of analyzing ramp intersections using this 1500 ILV/hr concept. (b) Diamond Interchange--The critical intersection of a diamond type interchange must accommodate demands of three conflicting travel paths. As traffic volumes approach capacity, signalization will be needed. For the spread diamond (Figure 406A), basic capacity analysis is made on the assumption that 3phase signalization is employed. For the tight diamond (Figure 406B), it is assumed that 4phase signal timing is used. (c) 2 Quadrant Cloverleaf--Because this interchange design (Figure 406C) permits 2-phase signalization, it will have higher capacities on the approach roadways. The critical intersection is shared two ways instead of three ways as in the diamond case.
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order to affect the most desirable overall plan for mobility and community development. Interchange types are characterized by the basic shapes of ramps: namely, diamond, loop, directional, hook, or variations of these types. Many interchange designs are combinations of these basic types. Schematic interchange patterns are illustrated in Figure 502.2 and Figure 502.3. These are classified as: (a) Local street interchanges and (b) Freeway-to-freeway interchanges. See AASHTO, A Policy on Geometric Design of Highways and Streets, for additional examples.



502.2 Local Street Interchanges The Department’s philosophy for highway design has evolved over time. DD-64 Complete Streets, DP-22 Context Sensitive Solutions, DP-05 Multimodal Alternatives and other policies and guidance are a result of that evolution in design philosophy. No longer are freeway interchanges designed with only the needs of motorists in mind. Pedestrian and bicycle traffic needs are to be considered along with the motorized traffic. Local road interchanges ramp termini should be perpendicular to the local road. The high speed, shallow angle, ramp termini of the past are problematic for pedestrians and bicyclists to navigate. Vehicle speeds are reduced by the right angle turn, allowing drivers to better respond to bicycle and pedestrian conflicts. For new construction or major reconstruction consideration must be given to orienting ramps at right angles to local streets. For freeways where bicycles are permitted to us the freeway, ramps need to be designed so that bicyclists can exit and enter the freeway without crossing the higher speed ramp traffic. See Index 400 for type, design, and capacity of intersections at the ramp terminus with the local road. An interchange is expected to have an on- and offramp for each direction of travel. If an off-ramp does not have a corresponding on-ramp, that offramp would be considered an isolated off-ramp. Isolated off-ramps or partial interchanges shall not be used because of the potential for wrongway movements. In general, interchanges with all ramps connecting with a single cross street are preferred.



At local road interchanges it is preferable to minimize elevation changes on the local road and instead elevate or depress the freeway. Such designs have the least impact on those users most affected by the elevation changes, such as pedestrians and bicyclists. Class II bikeways designed through interchanges should be accomplished considering the mobility of bicyclists and should be designed in a manner that will minimize confusion by motorists and bicyclists. Designs which allow high speed merges at on- and off-ramps to local streets and conventional highways have a large impact on bicycle and pedestrian mobility and should not be used. Designers should work closely with the Local Agency when designing bicycle facilities through interchanges to ensure that the shoulder width is not reduced through the interchange area. If maintaining a consistent shoulder width is not feasible, the Class II bikeway must end at the previous local road intersection. A solution on how to best provide for bicycle travel to connect both sides of the freeway should be developed in consultation with the Local Agency and community as well as with the consideration of the local bicycle plan. (a) Diamond Interchange--The simplest form of interchange is the diamond. Diamond interchanges provide a high standard of ramp alignment, direct turning maneuvers at the crossroads, and usually have minimum construction costs. The diamond type is adaptable to a wide range of traffic volumes, as well as the needs of transit, bicyclists, and pedestrians. The capacity is limited by the capacity of the intersection of the ramps at the crossroad. This capacity may be increased by widening the ramps to two or three lanes at the crossroad and by widening the crossroad in the intersection area. Crossroad widening will increase the length of undercrossings and the width of overcrossings, thus adding to the bridge cost. Roundabouts may provide the necessary capacity without expensive crossroad widening between the ramp termini. Ramp intersection capacity analysis is discussed in Topic 406. The compact diamond (Type L-1) is most adaptable where the freeway is depressed or
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preferable if future extension of the crossroads is expected. (e) Single Point Interchange (SPI)--The Type L-13 is a concept which essentially combines two separate diamond ramp intersections into one large at-grade intersection. It is also known as an urban interchange. Additional information on SPI’s is provided in the Single Point Interchange Planning, Design and Operational Guidelines (SPI Guidelines), issued by memorandum on June 15, 2001. Type L-13 requires approximately the same right of way as the compact diamond. However, the construction cost is substantially higher due to the structure requirements. The capacity of the L-13 can exceed that of a compact diamond if long signal times can be provided and left turning volumes are balanced. This additional capacity may be offset if nearby intersection queues interfere with weaving and storage between intersections. The disadvantages of the L-13 are: 1) future expansion of the interchange is extremely difficult; 2) stage construction for retrofit situations is costly; 3) long structure spans require higher than normal profiles and deeper structure depths; and 4) poor bicycle and pedestrian circulation. (f) Other Types of Interchanges--New or experimental interchanges must have the Project Delivery Coordinator and Headquarters Traffic Liaison’s concurrence before selection. Concurrence may require additional studies and documentation.



502.3 Freeway-to-Freeway Interchanges (1) General. The function of the freeway-tofreeway interchange is to link freeway segments together so as to provide the highest level of service in terms of mobility. Parameters such as cost, environment, community values, traffic volumes, route continuity, driver expectation and safety should all be considered. Route continuity, providing for the designated route to continue as the through movement through an interchange, reduces lane changes, simplifies signing, and reduces driver confusion.



Interstate routes shall maintain route continuity. Where both the designated route and heavier traffic volume route are present, the interchange configuration shall keep the designated route to the left through the interchange. (2) Design Considerations. (a) Cost--The differential cost between interchange types is often significant. A cost-effective approach will tend to assure that an interchange is neither over nor underdesigned. Decisions as to the relative values of the previously mentioned parameters must be consistent with decisions reached on adjacent main line freeways. (b) System Balance--The freeway-to-freeway interchange is a critical link in the total freeway system. The level of traffic service provided will have impact upon the mobility and overall effectiveness of the entire roadway system. For instance, traffic patterns will adjust to avoid repetitive bottlenecks, and to the greatest degree possible, to temporary closures, accidents, etc. The freeway-to-freeway interchange should provide flexibility to respond to these needs so as to maximize the cost effectiveness of the total system. (c) Provide for all Traffic Movements--All interchanges must provide for each of the eight basic movements (or four basic movements in the case of a three-legged interchange), except in the most extreme circumstances. Less than “full interchanges” may be considered on a case-by-case basis for applications requiring special access for managed lanes (e.g., transit, HOVs, HOT lanes) or park and ride lots. Partial interchanges usually have undesirable operational characteristics. If circumstances exist where a partial interchange is considered appropriate as an initial phase improvement, then commitments need to be included in the request to accommodate the ultimate design. These commitments may include purchasing the right of way
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a single move carries too much traffic for a loop ramp or where the one quadrant is restricted by environmental, topographic, or right of way controls. The two-loop, two-direct connection interchange, Type F-3, is often an appropriate solution. The weaving conflicts which ordinarily constitute the most restrictive traffic constraint are eliminated, yet cost and right of way requirements may be kept within reasonable bounds. Consideration should be given to providing an auxiliary lane in advance of the loop off-ramps to provide for vehicle deceleration. (c) Four-Quadrant Cloverleaf--The fourquadrant cloverleaf with collectordistributor roads, Type F-4, is ordinarily the most economical freeway-to-freeway interchange solution when all turning movements are provided. The fourquadrant cloverleaf is generally applicable in situations where turning volumes are low enough to be accommodated in the short weaving sections. It should be designed with collector-distributor roads to separate weaving conflicts from the through freeway traffic. (d) Freeway Terminal Junction--Types F-5, F-6, F-7, and F-8 are examples of interchange designs where one freeway terminates at the junction with another freeway. In general, the standard of alignment provided on the left or median lane connection from the terminating freeway should equal or approach as near as possible that of the terminating freeway. Terminating the median lane on a loop should be avoided. It is preferable that both the designated route and the major traffic volume be to the left at the branch connection diverge. The choice between Types F-7 and F-8 should include considerations of traffic volumes, and route continuity. When these considerations are in conflict, the choice is made on the basis of judgment of their relative merits.



Topic 503 - Interchange Design Procedure 503.1 Basic Data Data relative to community service, traffic, physical and economic factors, and potential area development which may materially affect design, should be obtained prior to interchange design. Specifically, the following information should be available: (a) The location and standards of existing and proposed local streets including types of traffic control. (b) Existing, proposed and potential for development of land, including such developments as employment centers, retail services and shopping centers, recreational facilities, housing developments, schools, and other institutions. (c) A vehicle traffic flow diagram showing average daily traffic and design hourly volumes, as well as time of day (a.m. or p.m.), anticipated on the freeway ramps and affected local streets or roads. (d) Current and future bicycle and pedestrian access through the community. (e) The relationship with adjacent interchanges. (f) The location of major utilities, railroads, or airports. (g) The presence of dedicated lanes and associated ramps and connections, including HOV lanes, Bus (BRT) lanes and Express lanes. (h) The planned ultimate build-out for the freeway facility. (i) Existing and planned rail facilities.



503.2 Reviews Interchanges are among the major design features which are to be reviewed by the Project Delivery Coordinator and/or District Design Liaison, HQ Traffic Liaison, other Headquarters staff, and the FHWA Transportation Engineer, as appropriate. Major design features include the freeway alignment, geometric cross
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section, geometric design and intersection control of ramp termini, location of separation structures, closing of local roads, frontage road construction, bicycle and pedestrian facilities and work on local roads. Particularly close involvement should occur during preparation of the Project Study Report and Project Report (see the Project Development Procedures Manual). Such reviews can be particularly valuable when exceptions to mandatory or advisory design standards are being considered and alternatives are being sought. The geometric features of all interchanges or modifications to existing interchanges must be approved by the Project Delivery Coordinator.



Topic 504 - Interchange Design Standards 504.1 General Topic 504 discusses the standards that pertain to both local service interchanges (various ramp configurations) and freeway-to-freeway connections. The design standards, policies and practices covered in Indexes 504.2, and 504.5 through 504.8 are typically common to both ramp and connector interchange types. Indexes 504.3 and 504.4 separately discuss ramp standards and freeway-to-freeway connector standards, respectively.



504.2 Freeway Entrances and Exits (1) Basic Policy. All freeway entrances and exits, except for direct connections with median High-Occupancy Vehicle (HOV) lanes, Express Toll lanes or BRT lanes, shall connect to the right of through traffic. (2) Standard Designs. Design of freeway entrances and exits should conform to the standard designs illustrated in Figure 504.2A-B (single lane), and Figure 504.3L (two-lane entrances and exits) and/or Figure 504.4 (diverging branch connections), as appropriate. The minimum deceleration length shown on Figure 504.2B shall be provided prior to the first curve beyond the exit nose to assure adequate distance for vehicles to decelerate before entering the curve. The same standard



should apply for the first curve after the exit from a collector-distributor road. The range of minimum "DL" (distance) vs. "R" (radius) is given in the table in Figure 504.2B. Strong consideration should be given to lengthening the "DL" distance given in the table when the subsequent curve is a descending loop or hook ramp, or if the upstream condition is a sustained downgrade (see AASHTO, A Policy on Geometric Design of Highways and Streets, for additional information). The exit nose shown on Figure 504.2B may be located downstream of the 23-foot dimension; however, the maximum paved width between the mainline and ramp shoulder edges should be 20 feet. Also, see pavement cross slope requirements in Index 504.2(5). Contrasting surface treatment beyond the gore pavement should be provided on both entrance and exit ramps as shown on Figures 504.2A, 504.2B, and 504.3L. This treatment can both enhance aesthetics and minimize maintenance efforts. It should be designed so that a driver will be able to identify and differentiate the contrasting surface treatment from the pavement areas that are intended for regular or occasional vehicular use (e.g., traveled way, shoulders, paved gore, etc.). Consult with the District Landscape Architect, District Materials Engineer, and District Maintenance Engineer to determine the appropriate contrasting surface treatment of the facility at a specific location. Refer to the HOV Guidelines for additional information specific to direct connections to HOV lanes. (3) Location on a Curve. Freeway entrances and exits should be located on tangent sections wherever possible in order to provide maximum sight distance and optimum traffic operation. Where curve locations are necessary, the ramp entrance and exit tapers should be curved also. The radius of the exit taper should be about the same as the freeway edge of traveled way in order to develop the same degree of divergence as the standard design (see Figure 504.2C).
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should conform to the requirements of HDM Topic 104 Roads Under Other Jurisdictions. (a) Freeway Exits--Vertical curves located just beyond the exit nose should be designed with a minimum 50 miles per hour stopping sight distance. Beyond this point, progressively lower design speeds may be used to accommodate loop ramps and other geometric features. Ascending off-ramps should join the crossroads on a reasonably flat grade to expedite truck starts from a stopped condition. If the ramp ends in a crest vertical curve, the last 50 feet of the ramp should be on a 5 percent grade or less. There may be cases where a drainage feature is necessary to prevent crossroads water from draining onto the ramp. On descending off-ramps, the sag vertical curve at the ramp terminal should be a minimum of 100 feet in length. (b) Freeway Entrances--Entrance profiles should approximately parallel the profile of the freeway for at least 100 feet prior to the inlet nose to provide intervisibility in merging situations. The vertical curve at the inlet nose should be consistent with approach alignment standards. Where truck volumes (three-axle or more) exceed 20 per hour on ascending entrance ramps to freeways and expressways with sustained upgrades exceeding 2 percent, a 1,500-foot length of auxiliary lane should be provided in order to ensure satisfactory operating conditions. Additional length may be warranted based on the thorough analysis of the site specific grades, traffic volumes, and calculated speeds; and after consultation with the HQ Traffic Liaison and the Project Delivery Coordinator or District Design Liaison. Also, see Index 204.5 "Sustained Grades". (6) Bus Stops. See Index 108.2 and 303.4 for general information. (7) Bicycle and Pedestrian Conditions. On freeways where bicycle or pedestrian travel is not prohibited, provisions need to be made at



interchanges to accommodate bicyclists and pedestrians. See Topic 116 and the California MUTCD for additional guidance.



504.3 Ramps (1) General. (a) Design Speed--When ramps terminate at an intersection at which all traffic is expected to make a turning movement, the minimum design speed along the ramp should be 25 miles per hour. When a “through” movement is provided at the ramp terminus, the minimum ramp design speed should meet or exceed the design speed of the highway facility for which the through movement is provided. The design speed along the ramp will vary depending on alignment and controls at each end of the ramp. An acceptable approach is to set design speeds of 25 miles per hour and 50 miles per hour at the ramp terminus and exit nose, respectively, the appropriate design speed for any intermediate point on the ramp is then based on its location relative to those two points. When short radius curves with relatively lower design speeds are used, the vertical sight distance should be consistent with approach vehicle speeds. See Index 504.2(4) for additional information regarding design speed for ramps. (b) Lane Width--Ramp lanes shall be a minimum of 12 feet in width. Where ramps have curve radii of 300 feet or less, measured along the outside edge of traveled way for single lane ramps or along the outside lane line for multilane ramps, with a central angle greater than 60 degrees, the single ramp lane, or the lane furthest to the right if the ramp is multilane, shall be widened in accordance with Table 504.3 in order to accommodate large truck wheel paths. See Topic 404. Consideration may be given to widening more than one lane on a multilane ramp with short radius curves if there is a likelihood of considerable transit or truck usage of that lane.
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Table 504.3 Ramp Widening for Trucks Ramp Radius (ft) 300



Widening (ft) 6 4 3 2 1 0



Lane Width (ft) 18 16 15 14 13 12



(c) Shoulder Width--Shoulder widths for ramps shall be as indicated in Table 302.1. Typical ramp shoulder widths are 4 feet on the left and 8 feet on the right. (d) Lane Drops--Typically, lane drops are to be accomplished over a distance equal to WV. Where ramps are metered, the recommended lane drop taper past the meter limit line is 50 to 1 (longitudinal to lateral). Depending on approach geometry and speed, the lane drop transition between the limit line and the 6-foot separation point should be accomplished with a taper of between 30:1 and 50:1 (longitudinal to lateral). This is further explained in Index 504.3(2)(b) for metered multilane entrance ramps. However, the lane drop taper past the limit line shall not be less than 15 to 1. Lane drop tapers should not extend beyond the 6-foot point (the beginning of the weaving length) without the provision of an auxiliary lane. (e) Lane Additions -- Lane additions to ramps are usually accomplished by use of a 120-foot bay taper. See Table 405.2A for the geometrics of bay tapers. (2) Ramp Metering All geometric designs for ramp metering installations must be discussed with the Project Delivery Coordinator or District Design Liaison. Design features or elements which deviate from the mandatory standards require the approvals described in Index 82.2. Before beginning any ramp meter design, the designer



must contact District Traffic Operations for direction in the application of procedural requirements of the Division of Traffic Operations. Geometric ramp design for operational improvement projects for ramp meters should be based on current peak-hour traffic volume (this is considered to be data that is less than two years old). If this data is not available it should be obtained before proceeding with design. Peak hour traffic data from the annual Traffic Volumes book is not adequate for this application. The design advice and typical designs that follow should not be directly applied to ramp meter installation projects, especially retrofit designs, without giving consideration to "customizing" the geometric design features to meet site and traffic conditions (i.e., design highway volume, geometry, speeds, etc.). Every effort should be made by the designer to exceed the recommended minimum standards provided herein, where conditions are not restrictive. (a) Metered Single-Lane Entrance Ramps Geometrics for a single-lane ramp meter should be provided for volumes up to 900 vehicles per hour (vph) (see Figures 504.3A and 504.3B). Where truck volumes (3-axle or more) are 5 percent or greater on ascending entrance ramps to freeways with sustained upgrades exceeding 3 percent (i.e., at least throughout the merge area), a minimum 500-foot length of auxiliary lane should be provided beyond the ramp convergence point. For additional guidance see AASHTO, A Policy on Geometric Design of Highways and Streets. A multilane ramp segment may be provided to increase vehicle storage within the available ramp length (see Index 504.3(2)(d) Storage Length) and/or to create a preferential lane for HighOccupancy Vehicles (HOV)s, as required in Index 504.3(2)(h).
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(f) Meter Location On single-lane ramps, the ramp meter signal standard should be placed on the driver’s left. (g) Limit Line Location The limit line location will be determined by the selected transition taper, but should be a minimum of 75 feet upstream of the 23-foot point on the entrance ramp. A single 12-inch solid white line will be placed across all metered lanes. Staggered limit lines should not be used. (h) HOV Preferential Lane Ramp meter installations should operate in conjunction with, and complement other transportation management system elements and transportation modes. As such, ramp meter installations should include preferential treatment of carpools and transit riders. Specific treatment(s) must be tailored to the unique conditions at each ramp location, however the standard or base treatment upon which other strategies are designed is the HighOccupancy Vehicle (HOV) preferential lane. Division of Traffic Operations policy requires an HOV preferential lane be provided at all ramp meter locations. Deviation from this policy requires concurrence from the Headquarters (HQ) Traffic Liaison, which must be reflected in the Project Initiation Document. In general, the vehicle occupancy requirement for ramp meter HOV preferential lanes will be two or more persons per vehicle. At some locations, a higher vehicle occupancy requirement may be necessary. The occupancy should be based on the HOV demand and coordination with other HOV facilities in the vicinity. A HOV preferential lane should typically be placed on the left; however, demand and operational characteristics at the ramp entrance may dictate otherwise. The District Operations Branch responsible for



ramp metering will determine which side of the ramp the HOV preferential lane will be placed, and whether or not it will be metered. •



It is the policy of Districts 4, 6, 8, and 11 to meter the HOV preferential lane.



•



Districts 3, 7, and 12 typically do not meter the HOV preferential lane.



Access to the HOV preferential lane may be provided in a variety of ways depending on interchange type and the adequacy of storage provided for queued vehicles. Where queued vehicles are expected to block access to the HOV preferential lane, direct or separate access should be considered. Designs should consider pedestrian/bicycle volumes, especially when the entrance ramp is located near a school or the local highway facility includes a designated bicycle lane or route. See Index 403.6 for requirement for turnonly lanes. Contact the HQ Traffic Liaison and the Project Delivery Coordinator or District Design Liaison to discuss the application of specific design and/or general issues related to the design of HOV preferential lane access. Signing for a HOV preferential lane should be placed to clearly indicate which lane is designated for HOVs. Real-time signing at the ramp entrance, such as an overhead changeable message sign, may be necessary at some locations if pavement delineation and normal signing do not provide drivers with adequate lane usage information. To avoid leading SingleOccupancy Vehicles (SOV) into a HOV preferential lane, pavement delineation at the ramp entrance should lead drivers into the SOV lane. (i) Modifications to Preferential Lanes



Existing



HOV



Changes in traffic conditions, proposals for interchange modifications, recurrent operational problems affecting the local facility, or the need to further improve mainline operations through more
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restrictive metering all provide an opportunity to reevaluate the need for a HOV preferential lane. HOV preferential lanes should remain in place or be added to the scope of projects generated in response to any of the above scenarios. Alternate solutions should be investigated before removal is considered. For example: better control over ramp traffic can be attained by retrofitting ramps to meter HOV traffic which bypasses the ramp meter. Underutilization of an existing lane plus the need for additional right of way for storage, the availability of an alternate HOV entrance ramp within 1½ mile, or the availability of a direct HOV access (drop) ramp will typically provide adequate justification for the removal of a HOV preferential lane at specific locations. The Deputy District Director of Operations, in consultation with the HQ Traffic Liaison, is responsible for approving decisions to remove HOV preferential lanes. Written documentation should be provided in the appropriate project document(s). (j) Enforcement Pullouts



Areas



and



Maintenance



Division of Traffic Operations policy requires an enforcement area be provided on all two-lane and three-lane on-ramps with HOV preferential lanes. Deviation from this policy requires concurrence from the HQ Traffic Liaison, which must be reflected in the Project Initiation Document. On single-lane ramps, a paved enforcement area is not necessary, but the area should be graded to facilitate future ramp widening (see Figure 504.3A). Enforcement areas are used by the California Highway Patrol (CHP) to enforce minimum vehicle occupancy requirements. At locations where the HOV preferential lane is metered, the CHP enforcement area should begin as close to the limit line as practical. Where unmetered, it should begin approximately



170 feet downstream of the limit line. On three-lane ramps, the CHP enforcement area should be downstream of the mast arm standard, approximately 70 feet from the limit line. The length of the CHP enforcement area and its distance downstream of the limit line may be adjusted to fit conditions at the ramp with CHP approval. The District Traffic Operations Branch responsible for ramp metering must coordinate enforcement issues with the CHP. The CHP Area Commander must be contacted during the Project Report stage, prior to design, to discuss any variations needed to the CHP enforcement area designs shown in this manual. Variations must be discussed with the HQ Traffic Liaison and the Project Delivery Coordinator and/or District Design Liaison. A paved pullout area near the controller cabinet should be provided for safe and convenient access for Maintenance and Operations personnel. If a pullout cannot be provided, a paved or "all weather" walkway should be provided to the controller cabinet, see Index 107.2. See Topic 309, Clearances, for placement guidance of fixed objects such as controller cabinets. (3) Location and Design of Ramp Intersections on the Crossroads. Factors which influence the location of ramp intersections on the crossroads include sight distance, construction and right of way costs, bicycle and pedestrian mobility, circuitous travel for left-turn movements, crossroads gradient at ramp intersections, storage requirements for left-turn movements off the crossroads, and the proximity of other local road or bicycle path intersections. Ramp intersections with local roads are intersections at grade. Chapter 400 and the references therein contain general guidance. For ramp intersections, a wrong-way movement onto an off-ramp can have severe consequences. The following are geometric
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considerations for reducing this potential. The California MUTCD also contains guidance for signing and striping to deter wrong-way movements.



opposite isolated off-ramps are to be avoided as there is no corresponding on-ramp for cross traffic to take. See this chapter for further interchange and ramp guidance.



All interchanges have the potential for wrongway movements. Among the most prevalent, however, are the Types L-7, L-8, and L-9, partial cloverleaf with ramps at a right angle to the crossroad with the off-ramp and on-ramp adjacent to each other, on the same side of the crossroad. While these types of interchanges have benefits for non-motorized travel modes, additional design considerations as noted below may be appropriate in order to lessen the probability of wrong-way movements.



Ramp terminals should connect where the grade of the overcrossing is 4 percent or less to avoid potential overturning of trucks.



The entrance and exit ramps should be clearly visible from the crossroad. Concrete barrier or metal beam guardrail placed between the ramps can block the view from the crossroad. If feasible, the concrete barrier or metal beam guardrail channelization feature should be set back from the crossroad edge of shoulder 20 to 50 feet with a raised traffic island placed from the ramp termini to the begin point of the separation feature. See Index 405.4 for further traffic island guidance. Consult the District Traffic Safety Branch for available options. Vehicles turning left onto an on-ramp are to be prevented, to the maximum extent feasible, from turning prematurely onto the off-ramp by placing or extending a curbed median on the crossroad to physically discourage this move. Attention needs to be given to accommodating truck turn templates for design vehicles entering and exiting the freeway. See Index 404.5 for further turning template guidance. Truck aprons could be provided if the size of an intersections becomes too large for an occasional truck. See Index 405.10, Roundabouts, and the references therein for design guidance on truck aprons. Isolated off-ramps are to be avoided to minimize the potential for wrong-way movements. If the isolated off-ramp is necessary, the leading curb return from the perspective of a vehicle on the crossroad approaching from the same side as the offramp is made with a short radius curve of 3 to 5 feet. State or local roads and driveways



For left-turn maneuvers from an off-ramp at an unsignalized intersection, the length of crossroads open to view should be greater than the product of the prevailing speed of vehicles on the crossroads, and the time required for a stopped vehicle on the ramp to execute a leftturn maneuver. This time is estimated to be 7½ seconds. When proposing uncontrolled entries and exits from freeway ramps with local roads, see the Design of Intersections at Interchanges guidance in Index 403.6(2). Horizontal sight restrictions may be caused by bridge railings, bridge piers, or slopes. Sight distance is measured between the center of the outside lane approaching the ramp and the eye of the driver of the ramp vehicle assumed 8 feet back from the edge of shoulder at the crossroads. Figure 504.3J illustrates the determination of ramp setback from an overcrossing structure on the basis of sight distance controlled by the bridge rail. The same relationship exists for sight distance controlled by bridge piers or slopes. Where ramp set back for the 7½ second criterion is unobtainable, sight distance should be provided by flaring the end of the overcrossing structures or setting back the piers or end slopes of an undercrossing structure. If signals are warranted within 5 years of construction, consideration may be given to installing signals initially in lieu of providing horizontal sight distance which meets the 7½ second criterion. See Part 4 of the California MUTCD, 4B.107(CA). However, this is not desirable and corner sight distance commensurate with design speed should be provided where obtainable (see AASHTO, A Policy on Geometric Design of Highways and Streets).
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For additional information on sight distance requirements at signalized intersections, see Index 405.1. The minimum distance (curb return to curb return) between ramp intersections and local road intersections shall be 400 feet. The preferred minimum distance should be 500 feet. This does not apply to Resurfacing, Restoration and Rehabilitation (3R), ramp widening, restriping or other projects which do not reconfigure the interchange. This standard does apply to projects proposing to realign a local street. Where intersections are closely spaced, traffic operations are often inhibited by short weave distance, storage lengths, and signal phasing. In addition it is difficult to provide proper signing and delineation. The District Traffic Branch should be consulted regarding traffic engineering studies needed to determine the appropriate signage, delineation, and form of intersection control. (4) Superelevation for Ramps. The factors controlling superelevation rates discussed in Topic 202 apply also to ramps. As indicated in Table 202.2 use the 12 percent emax rate except where snow and ice conditions prevail. In restrictive cases where the length of curve is too short to develop standard superelevation, the highest obtainable rate should be used (see Index 202.5). If feasible, the curve radius can be increased to reduce the standard superelevation rate. Both edge of traveled way and edge of shoulder should be examined at ramp junctions to assure a smooth transition. Under certain restrictive conditions the standard superelevation rate discussed above may not be required on the curve nearest the ramp intersection of a ramp. The specific conditions under which lower superelevation rates would be considered must be evaluated on a case-by-case basis and must be discussed with the Project Delivery Coordinator or the District Design Liaison and then documented as required by the Project Delivery Coordinator. (5) Single-lane Ramps. Single lane ramps are those ramps that either enter into or exit from



the freeway as a single lane. These ramps are often widened near the ramp intersection with the crossroads to accommodate turning movements onto or from the ramp. When additional lanes are provided near an entrance ramp intersection, the lane drop should be accomplished over a distance equal to WV. The lane to be dropped should be on the right so that traffic merges left. Exit ramps in metropolitan areas may require multiple lanes at the intersection with the crossroads to provide additional storage and capacity. If the length of a single lane ramp exceeds 1,000 feet, an additional lane should be provided on the ramp to permit passing maneuvers. Figure 504.3K illustrates alternative ways of transitioning a single lane exit ramp to two lanes. The decision to use Alternate A or Alternate B is generally based on providing the additional lane for the minor movement. (6) Two-lane Exit Ramps. Where design year estimated volumes exceed 1500 equivalent passenger cars per hour, a 2-lane ramp should be provided. Provisions should be made for possible widening to three or more lanes at the crossroads intersection. Figure 504.3L illustrates the standard design for a 2-lane exit. An auxiliary lane approximately 1,300 feet long should be provided in advance of a 2-lane exit. For volumes less than 1500 but more than 900, a one-lane width exit ramp should be provided with provision for adding an auxiliary lane and an additional lane on the ramp. (7) Two-lane Entrance Ramps. These ramps are discouraged in congested corridors. Early discussion with the HQ Traffic Liaison and Project Delivery Coordinator or District Design Liaison is recommended whenever two-lane entrance ramps are being considered. (8) Loop Ramps. Normally, loop ramps should have one lane and shoulders unless a second lane is needed for capacity or ramp metering purposes. Consideration should be given to providing a directional ramp when loop volumes exceed 1500 vehicles per hour. If two lanes are provided, normally only the right lane
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Figure 504.3J Location of Ramp Intersections on the Crossroads



NOTE: (1) See the California MUTCD for limit line placement and guidance.
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auxiliary lane in advance of the exit should be 1,300 feet. (7) Lane Drops. The lane drop taper on a freeway-to-freeway connector should not be less than WV. (8) Metering. Any decision to meter freeway-tofreeway connectors must be carefully considered as driver expectancy on these types of facilities is for high-speed uninterrupted flow. If metering is anticipated on a connector, discussions with the HQ Traffic Liaison and Project Delivery Coordinator should take place as early as possible. Issues of particular concern are adequate deceleration lengths to the end of the queue, potential need to widen shoulders if sight distance is restricted (particularly on-ramps with 5-foot shoulders on each side), and the potential for queuing back onto the freeway.



504.5 Auxiliary Lanes In order to ensure satisfactory operating conditions, auxiliary lanes may be added to the basic width of traveled way. Where an entrance ramp of one interchange is closely followed by an exit ramp of another interchange, the acceleration and deceleration lanes should be joined with an auxiliary lane. Auxiliary lanes are frequently used when the weaving distance, measured as shown in Figure 504.2A is less than 2,000 feet. Where interchanges are more widely spaced and ramp volumes are high, the need for an auxiliary lane between the interchanges should be determined in accordance with Index 504.7. Auxiliary lanes may be used for the orientation of traffic at 2-lane ramps or branch connections as illustrated on Figure 504.3L and Figure 504.4. The length and number of auxiliary lanes in advance of 2-lane exits are based on percentages of turning traffic and a weaving analysis. Auxiliary lanes should be considered on all freeway entrance ramps with significant truck volumes. The grade, volumes and speeds should be analyzed to determine the need for auxiliary lanes. An auxiliary lane would allow entrance ramp traffic to accelerate to a higher speed before merging with mainline traffic, or simply provide



more opportunity to merge. See Index 504.2 for specific requirements.



504.6 Mainline Lane Reduction at Interchanges The basic number of mainline lanes should not be dropped through a local service interchange. The same standard should also be applied to freewayto-freeway interchanges where less than 35 percent of the traffic is turning (see Figure 504.4). Where more than 35 percent of the freeway traffic is turning, consideration may be given to reducing the number of lanes. No decision to reduce the number of lanes should be made without the approval of the District Traffic Operations Unit. Additionally, adequate structure clearance (both horizontal and vertical) should be provided to accommodate future construction of the dropped lane if required. Where the reduction in traffic volumes is sufficient to warrant a decrease in the basic number of lanes, a preferred location for the lane drop is beyond the influence of an interchange and preferably at least one-half mile from the nearest exit or inlet nose. It is desirable to drop the right lane on tangent alignment with a straight or sag profile so vehicles can merge left with good visibility to the pavement markings in the merge area (see Index 201.7).



504.7 Weaving Sections A weaving section is a length of one-way roadway where vehicles are crossing paths, changing lanes, or merging with through traffic as they enter or exit a freeway or collector-distributor road. A single weaving section has an inlet at the upstream end and an exit at the downstream end. A multiple weaving section is characterized by more than one point of entry followed by one or more points of exit. A rough approximation for adequate length of a weaving section is one foot of length per weaving vehicle per hour. This rate will approximately provide a Level of Service (LOS) C. There are various methods for analyzing weaving sections. Two methods which provide valid results are described below. The Leisch method, which is usually considered the easiest to use, is illustrated in Figure 504.7A. This method was developed by Jack Leisch &
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CHAPTER 640 COMPOSITE PAVEMENTS Topic 641 - Types of Composite Pavement Index 641.1 - Asphalt Over Concrete Composite Pavement This configuration consists of an asphalt layer over concrete surface layer (typically jointed plain concrete pavement or continuous reinforced concrete pavement) where the asphalt layer is used to protect or enhance the performance of the concrete pavement. (Asphalt layers over lean concrete base or cement treated base are considered to be flexible pavements for the purposes of this manual.) The function of the asphalt layer is to act as a thermal and moisture blanket to reduce the vertical temperature and moisture gradient within the concrete surface layer and decrease the deformation (curling and warping) of concrete slabs. In addition, the asphalt layer acts as a wearing course to reduce wearing effect of wheel loads on the concrete surface layer. Asphalt over concrete composite pavements are found most often on older pavements that have had asphalt overlay such as hot mix asphalt, open graded friction course, or rubberized hot mix asphalt, placed over previously built jointed plain concrete pavement (JPCP) or continuously reinforced concrete pavement (CRCP.) New or reconstructed composite pavements with asphalt layer over JPCP or CRCP typically have not been built in the past on State highways because they have been viewed as combining the disadvantages of rigid pavements (higher initial cost) and flexible pavements (more frequent maintenance). Thin flexible layers (i.e. sacrificial wearing course) have sometimes been placed over JPCP or CRCP to improve ride quality or friction of the rigid layer. Because ride quality and friction can also be improved by grooving or diamond grinding the existing concrete layer, the Engineer should perform a life-cycle cost analysis (LCCA) to determine if diamond grinding/grooving or an asphalt nonstructural overlay is more cost effective before deciding which option to select.



Some cases in which the asphalt over concrete composite pavement option is used include: •



To match the existing pavement structure when widening;



•



When adding truck lanes to an adjacent flexible pavement;



•



To provide a nonstructural surface course to an existing rigid pavement that is still structurally sound but is worn out on the surface.



641.2 Concrete Over Asphalt Composite Pavement Because of the minimum 0.70 foot thickness requirements for concrete surface course, all pavements with concrete surface course are engineered according to the standards and procedures for rigid pavements in Chapter 620.



Topic 642 - Engineering Criteria 642.1 Engineering Properties The engineering properties found in Index 622.1 for rigid pavement and Index 632.1 for flexible pavement apply to composite pavements. Care should be taken in selecting materials in the asphalt layer to resist reflective crack propagation from the underlying concrete layer and facilitate construction of generally thin asphalt layers.



642.2 Performance Factors Flexible layers placed over rigid surface layers need to be engineered and use materials that will meet the following requirements: (1) Reflective Cracking. Joints or cracks from the underlying concrete surface layer should not reflect through the asphalt layer for the service life of the composite pavement. (2) Smoothness. The asphalt layer should be engineered to provide an initial IRI of 60 inches per mile and maintain an IRI that is less than 170 inches per mile throughout its service life. (3) Bonding. A major factor in the effectiveness and service life of the composite pavement is the condition of the bond between the asphalt and concrete layers. For a good bond, the
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thickness of the asphalt layer does not play an important role in its service life.



conservative thickness for a new pavement. See Index 625.1 for further details.



Therefore, for practical purposes, if there is no thickness requirement from the structural/constructibility point of view, the minimum thickness of the asphalt layer should be based on material factors such as, gradation and aggregate structure, type of binder, etc. To achieve the maximum bond between asphalt and concrete layers, consult the District Materials Engineer or Headquarters Office of Asphalt Pavement for options on effective bonding methods.



643.2 Mechanistic-Empirical Method



642.3 Overlay Limits On overlay projects, the entire traveled way and paved shoulder shall be overlaid. Not only does this help provide a smoother finished surface, it also benefits bicyclists and pedestrians when they need to use the shoulder.



Topic 643 - Engineering Procedures for New Construction and Reconstruction 643.1 Empirical Method Before deciding to construct a new composite pavement, a LCCA should be completed to determine whether the composite pavement is more cost effective over the long term than asphalt or concrete pavement alternatives. At present, there is no comprehensive procedure to engineer a structural layer of asphalt surface course over a concrete surface course layer of JPCP or CRCP. Research is under way to provide guidelines for engineering and construction of composite pavements. When engineering composite pavements using JPCP or CRCP, the rigid pavement structure is engineered using the procedures in Index 623.1. No reduction is made to the thickness of the concrete layer on account of the asphalt overlay layer. The asphalt pavement is treated as a nonstructural wearing course, and thus has no structural value. When enough information is not available, the thickness requirement for placing an asphalt layer over an existing rigid pavement can be used as a



For engineering an asphalt on concrete composite pavement using Mechanistic-Empirical Design follow the procedures and requirements in Index 606.3 and 633.2.



Topic 644 - Engineering Procedures for Pavement Preservation 644.1 Preventive Maintenance Preventive Maintenance is used to maintain the asphalt surface course layer or to replace thin asphalt layers (i.e., non-structural wearing courses) placed over concrete surface course layer. If work is needed to repair the underlying concrete layer, it should be developed as a CAPM (Index 644.2) or roadway rehabilitation (Topic 645) project. Additional information on preventive maintenance of the asphalt layer of a composite pavement is the same as for the flexible pavements, which can be found in the “Maintenance Technical Advisory Guide (MTAG)” available on the Department Pavement website.



644.2 Capital Preventive Maintenance (CAPM) The CAPM warrants for concrete and asphalt pavements in Index 624.2 and 634.2 apply to composite pavements. The procedures and designs for asphalt over concrete composite pavement CAPM projects are the same as those for flexible pavements (see Index 634.2) except digouts may require concrete slab replacement and/or base repair. In the case of previously constructed crack, seat, and asphalt overlay projects, it may be beneficial to mill a portion of the existing asphalt layer prior to overlaying. Milling will reduce the thickness of the existing cracked pavement and therefore provide added life to the overlay. The roadway rehabilitation requirements for overlays (see Index 645.1) and preparation of existing pavement surface (Index 645.1(3)) also apply to CAPM projects. Additional details and information regarding CAPM policies and strategies can be found in Index 603.3, PDPM
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Appendix H, and Design Information Bulletin 81 “Capital Preventive Maintenance Guidelines.”



Topic 645 - Engineering Procedures for Pavement Rehabilitation 645.1 Empirical Method Procedures for engineering rehabilitation projects for asphalt over concrete composite pavement using empirical methods are as follows: Because the asphalt surface layer is considered to have no structural value, only reflective cracking and ride quality need to be considered. (1) Reflective cracking. If the asphalt layer is placed over an existing concrete pavement, the thickness is calculated based on the procedure outlined for rigid pavement rehabilitation. The thickness depends on the design life of asphalt surface course, as well as mix gradation, type and percentage of the binder. For additional information on rehabilitation of composite pavement with rigid surface courses refer to the Concrete Pavement Guide available on the Department Pavement website. (2) Ride Quality. When the smoothness of the existing roadway is 170 inches per mile or greater as measured by the International Ride Index (IRI), a minimum 0.25 foot consisting of 0.10 foot HMA (leveling course) followed by a minimum of 0.15 foot HMA or RHMA surface course layer. A nonstructural wearing course may be placed on top lift. Pavement interlayers between the leveling course and surface course may also be considered. Note that in some cases, existing pavement will need to be repaired to assure the roadway smoothness will remain below 170 inches per mile throughout the life of the overlay. (3) Preparation for Placing Asphalt Layer Over Existing Concrete Pavement. Existing pavement distresses should be repaired before overlaying the pavement. Cracks wider than 3/8 inch should be sealed or repaired. Undesirable material such as bleeding seal coats or excessive crack sealant should be removed before paving. Existing thermoplastic



traffic striping and raised pavement markers also should be removed. Spalls in rigid pavement should be repaired and broken slabs or punchouts replaced. Grind existing concrete pavement as needed to eliminate rough ride and faulting. Consider dowel bar retrofit when it will help keep faulting from re-emerging. Loose asphalt wearing course should be removed and replaced, and potholes and localized failures repaired. Ideally, existing non-structural wearing courses should be removed and, if needed, underlying pavement repaired prior to placing a new asphalt wearing course. In some cases it may be more practical to overlay over the existing layer. (A LCCA of the two options will help determine which of these options is more cost effective. Note that when doing a LCCA, the need to ultimately remove asphalt layers in the future should be identified and included in the costs for the analysis.)



645.2 Mechanistic-Empirical Method For information on Mechanistic-Empirical Design and requirements, see Index 606.3.
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CHAPTER 650 PAVEMENT DRAINAGE Topic 651 - General Considerations Index 651.1 - Impacts of Drainage on Pavement Saturation of the pavement or underlying subgrade, or both, generally results in a decrease in strength or ability to support heavy axle loads. Potential problems associated with saturation of the structural section and subgrade include: •



Pumping action.



•



Differential expansion (swelling) of expansive subgrade.



•



Frost damage in freeze-thaw areas.



•



Erosion and piping of fine materials creating voids which result in the loss of subgrade support.



•



Icing of pavement surface from upward seepage.



•



Stripping of asphalt concrete aggregates.



•



Accelerated oxidation of asphalt binder.



Water can enter the pavement as surface water through cracks, joints, and pavement infiltration, and as groundwater from an intercepted aquifer, a high water table, or a localized spring. These sources of water should be considered and provisions should be made to handle both. The pavement structure drainage system, which is engineered to handle surface water inflow, is generally separated from the subsurface drainage system that is engineered to accommodate encroaching subsurface water. This chapter covers surface water drainage while the subsurface drainage system is covered in Chapter 840.



651.2 Drainage System Components and Requirements The basic components of a pavement structural section drainage system are: (1) Drainage Layer. A treated permeable base (TPB) drainage layer may be useful where it is



necessary to drain water beneath the pavement. A TPB requires the use of edge drains or some other method of draining water out and away from the pavement; otherwise the collected water will become trapped. If a TPB drainage layer is used, it should be placed immediately below the surface layer for interception of surface water that enters the pavement. The drainage layer limits are shown in Figure 651.2A. Further information for TPB can be found in Index 662.3. When there is concern that the infiltrating surface water may saturate and soften the underlying subbase or subgrade (due either to exposure during construction operations or under service conditions), a filter fabric or other suitable membrane should be utilized and applied to the base, subbase, or subgrade on which the TPB layer is placed to prevent migration of fines and contamination of the TPB layer by the underlying material. When using TPB, special attention should be given to drainage details wherever water flowing in the TPB encounters impermeable abutting pavement layers, a structure approach slab, a sleeper slab, a pavement end anchor/transition, or a pressure relief joint. In any of these cases, a cross drain interceptor should be provided. Details of cross drain interceptors at various locations are shown in Figure 651.2B. The cross drain outlets should be tied into the longitudinal edge drain collector and outlet system with provision for maintenance access to allow cleaning. In some situations, underground water from landscape irrigation or other sources may tend to saturate the existing slow-draining layers, thereby creating the potential for pumping and pavement damage. In this case, the pavement should be engineered to provide for removal of such water when reconstruction is required. (2) Collector System. If constraints exist or where it is not practical to drain water out of the pavement by other means, a collector system should be provided to drain water from the drainage layer. Collector systems include a 3-inch slotted plastic pipe edge drain installed in a longitudinal collector trench as shown in Figure 651.2A. In areas where the profile grade
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is equal to or greater than 4 percent, intermediate cross drain interceptors, as shown in Figure 651.2C should be provided at an approximate spacing of 500 feet. This will limit the longitudinal seepage distance in the drainage layer, minimizing the drainage time and preventing the buildup of a hydrostatic head under the surface layer. Cross drain interceptor trenches must be sloped to drain. In addition, cross drains need to be provided at the low-end terminal of TPB projects, as shown in Figure 651.2C. Care should be taken to coordinate the cross drains with the longitudinal structural section drainage system. Drainage layers in roadway intersections and interchanges may require additional collector trenches, pipes, and outlets to assure rapid drainage of the pavement. A standard longitudinal collector trench width of 1 foot has been adopted for new construction to accommodate compaction and consolidation of the TPB alongside and above the 3-inch slotted plastic pipe. When a superelevation cross slope begins to drain the water through the TPB to the low side of pavement in cut sections, an edge drain system may be considered to direct water to an area where ponding will not occur. (3) Outlets, Vents, and Cleanouts. Pavements should be engineered to promote free drainage whenever applicable. Alternative strategies are provided, as shown in Figure 651.2A. Incorporation of a TPB daylighting to the edge of embankment may be considered; otherwise, an edge drain collector and outlet system may provide positive drainage of the structural section. When edge drains are used, plastic pipe (unslotted) outlets should be provided at proper intervals for the pavement drainage system to be free draining. The spacing of outlets (including vents and cleanouts) should be approximately 200 feet (250 feet maximum). Outlets should be placed on the low side of superelevations or blockages such as bridge structures. The trench for the outlet pipe must be backfilled with material of low permeability, or



provided with a cut-off wall or diaphragm, to prevent piping. The outlets must be daylighted, connected to culverts or drainage structures, or discharged into gutters or drainage ditches. The area under the exposed end of a daylighted outlet should have a splash block or be paved to prevent erosion and the growth of vegetation, which will impede flows from the outlet. Ready access to outlets, and the provision of intervening cleanouts when outlet spacing exceeds a maximum distance of 250 feet, should be provided to facilitate cleaning of the pavement drainage system. Typical details are shown on the Standard Plans for Edge Drain Outlet and Vent Details. The end of each outlet pipe should be indicated by an appropriate marker to facilitate location and identification for maintenance purposes and to reduce the likelihood of damage by vehicles and equipment. Consult the District Division of Maintenance for the preferred method of identification. (4) Filter Fabric. Filter fabric should be placed as shown in Figures 651.2A and B, respectively, to provide protection against clogging of the treated permeable material (TPM) by intrusion of fines. Filter fabric should be selected based upon project specific materials conditions to ensure continuous flow of water and preclude clogging of the filter fabric openings. Consult with the District Materials Engineer to assist in selecting the most appropriate filter fabric for the project.



Topic 652 - Subsurface Drainage and Storm Water Management Subsurface drainage (edge drains and underdrains) is to be handled in accordance with the procedures provided in Chapter 890 of the HDM for conveyance and with the procedures in the Storm Water Quality Handbook - Project Planning and Design Guide (PPDG) for storm water compliance. Storm Water Best Management Practices (BMPs) are to be incorporated in the design of projects as prescribed in the PPDG. The PPDG and other information on storm water management can be
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found at Storm Water page of the Division of Design website.



Topic 653 – Other Considerations 653.1 New Construction Projects The surface layer should employ materials that will minimize surface water intrusion and any joints should be sealed. If sufficient right of way is available, it is preferable to grade the roadbed to allow for a free draining outlet for the pavement rather than installing edge drain. When a free drainage outlet is used, the TPB and AB layers of the pavement must be daylighted on the low end of the section. On curvilinear alignments, superelevation of the roadway may create depressions at the low side of pavement where the collected water cannot be drained away. An adjustment to the profile grade may be necessary to eliminate these depressions. Refer to Chapter 200 for superelevation guidelines.



653.2 Widening Projects The widened pavement layers should be engineered to discharge any existing water collected by the pavement. This may be done by extending any drainage layer of the existing adjacent pavement while still providing sufficient pavement structure to meet the pavement design life requirements in Topic 612. The widened layers should extend the full width of the roadbed to a free outlet, if feasible, as in new construction (See Figure 651.2A).



653.3 Rehabilitation and Reconstruction Projects The surface of the traveled way and shoulders should employ methods and materials that will help minimize surface water intrusion and any joints should be sealed. Saturation or soft spots should be identified and drainage system should be incorporated to restore or repair the existing pavement, if applicable.



653.4 Ramps Provisions for positive, rapid drainage of the structural section is very important on ramps as much as main lanes. However, including drainage systems in ramp pavements can sometimes create drainage problems such as accumulation of water in



the subgrade of descending ramps approaching local street intersections in flat terrain. Such situations, where there may be no cost effective way to provide positive drainage outlets, call for careful evaluation of local conditions and judgment in determining whether a drainage system should be included or not in each ramp pavement structure.



653.5 Roadside Facilities The surface of parking areas should be crowned or sloped to minimize the amount of surface water penetrating into the pavement. Drainage facilities for the surface runoff should be provided if flexible pavement is used. A mix using ⅜ inch or ½ inch maximum aggregate is recommended to provide a relatively low permeability. The flexible pavement should be placed in one lift to provide maximum density.
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CHAPTER 660 PAVEMENT FOUNDATIONS Topic 661 - Engineering Considerations Index 661.1 – Description Pavement foundations typically consist of the following pavement structure layers: •



Base;



•



Subbase including stabilized soils;



•



Subgrade or basement soil.



Depending on the type of pavement project and other design considerations, a pavement structure may or may not include base, subbase, or both base and subbase layers. The subbase generally consists of lower quality materials than the base, but better than the subgrade or basement soils. When needed, pavement foundation materials are treated to improve strength. The most common treatment materials are cement, asphalt, and geosynthetics.



661.2 Purpose Pavement foundations serve as a support for the surface layer and distribute the wheel load to subgrade material. In addition to functioning as part of the pavement structure, bases and subbases serve the following functions: •



Slow down the intrusion of fines from the subgrade soil into pavement structural layers.



•



Minimize the damage of frost action.



•



Prevent the accumulation of free water within or below the pavement structure.



•



Provide a working platform for construction equipment.



Topic 662 - Types of Bases 662.1 Aggregate Base Aggregate bases consist of a combination of sand, gravel, crushed stone and recycled material. They are classified in accordance with their gradation and the amount of fines. The gradation of the aggregates



can affect structural capacity, drainage, and frost susceptibility. The quality of aggregate base material affects the rate of load distribution and drainage.



662.2 Treated Base (1) Hot Mix Asphalt Base (HMAB). Depending on the quality of aggregate, HMAB is classified as dense graded Type A or Type B Hot Mix Asphalt, (HMA). Type A is primarily a crushed aggregate, which provides greater stability than Type B. When used with HMA pavement, the HMAB is to be considered as part of the pavement layer. The HMAB will be assigned the same gravel factor, Gf, as the remainder of the HMA in the pavement structure. (2) Concrete Bases. Concrete base (CB) and Lean concrete base (LCB) are plant-mixed concrete products used as base. CB is essentially unreinforced concrete pavement, constructed with or without reduced joints, used primarily for widening rigid pavement structures that have been or will be surfaced with HMA. CB is finished in anticipation of being paved with HMA. LCB is produced with less cementitious material and allows lower quality aggregates than CB. LCB is primarily intended for concrete pavement structures. Concrete bases can utilize materials that develop strength and/or set quickly. Rapid strength concrete base (RSCB) and lean concrete base rapid setting (LCBRS) have the same applications as CB and LCB, but are usually specified for projects with short construction windows such as individual slab replacement. (3) Treated Bases. Treated bases are granular materials mixed with asphalt or portland cement to improve the strength or stiffness. Treated bases include cement treated base (CTB) and asphalt treated base (ATB). CTB has shown poor performance under rigid pavement in the past. CTB exhibits excessive pumping, faulting, and cracking. This is most likely due to impervious nature of the base, which traps moisture and yet can break down and contribute to the movement of fines beneath the slab.
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662.3 Treated Permeable Base Treated permeable bases (TPB) provide a strong, highly permeable drainage layer within the pavement structure. The binder material may be either asphalt (ATPB) or portland cement (CTPB). Either of these TPB layers will generally provide greater drainage capacity than is needed. The standard thickness is based primarily on constructability with an added allowance to compensate for construction tolerances. If material other than ATPB and CTPB with a different permeability is used, it is necessary to check the permeability and adequacy of the layer thickness. TPB must be used in accordance with a positive sub-drainage system per Index 651.2. Erosion and stripping (water washing away cement paste, binders, and fines) can be an issue for TPB. Research conducted in the 1990s at the University of California Pavement Research Center (UCPRC) indicates that the use of ATPB is highly susceptible to stripping. Because of this, the Department recommends use of standard aggregate base (AB), with a compaction of the HMA layer of at least 93 percent of theoretical Rice maximum, instead of ATPB for new pavement structures. When ATPB is needed, such as to ensure continuity of existing ATPB/CTPB layer and/or provide drainage through the pavement structure, special provisions should be made to ensure that it is not subjected to conditions that will lead to premature structural failure. The following guidelines should be followed when using ATPB on State highway pavement projects. (1) Considerations for using ATPB. The following two conditions warrant consideration to use ATPB layer in the pavement structure: (a) When widening or adding lanes adjacent to an existing ATPB layer to ensure continuity of existing ATPB layer. (b) Where there is need to drain excess water through the pavement, such as when the uphill side of pavement does not allow for drainage. However, when practical, it is better in such cases to use sub-surface drainage to carry water to the other side of the roadway rather than drain excess water through an ATPB layer just below the HMA.



(2) Added features when using ATPB. The following features are recommended when using ATPB: (a) Use edge drains or daylight the edges (see Figure 651.2A in Chapter 650). (b) If using edge drains, be sure that Maintenance is informed and can budget funds for maintaining edge drains. Developing an estimate of maintenance costs to maintain edge drains and Budget Change Proposals may be required to assure edge drains can be maintained. (c) Try to use permeable backfill in shoulders on sides of edge drain to avoid bathtub effect if edge drain becomes clogged. (d) Increase binder content to 3 percent (maybe higher) (e) Tack coat each layer. (f) Perform moisture sensitivity testing on ATPB. (g) Compaction of the HMA layer should be at least 93 percent of theoretical Rice maximum.



662.4 Subbase Aggregate subbase is similar to aggregate base but with less restrictive quality requirements. Because of continual depletion of quarry aggregates, most subbases typically consist of recycled pavement materials or quarry products than cannot meet the criteria for aggregate base. Excavated soil and low quality imported borrow material can be chemically treated with a cementitious binder to improve strength and reduce expansiveness. The most common types of stabilized soils are lime stabilized soil (LSS) and cement stabilized soil (CSS). Other soil stabilization agents include asphalt and fly ash or kiln dust, but these are considered experimental alternatives and are not currently supported in the Department’s Standard Specifications or guidelines. Stabilizing the soil does not eliminate or reduce the required aggregate subbase for rigid or composite pavements in the rigid pavements catalog (see Topic 623). However, for flexible pavements,
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stabilized soil can be used as a substitute for all or part of the required subbase. The District Materials Engineer should be contacted to assist with the selection of the most appropriate method to stabilize soils for individual projects. Final decision as to which stabilization to use rests with the District.



Topic 663 – Engineering Properties for Base and Subbase Materials 663.1 Selection Criteria Because different types of treated and untreated base or subbase materials have different capacities for resisting forces imposed by traffic loads, this factor must be considered when determining the thickness of pavement elements. Besides load carrying consideration, the final selection of the bases or subbases for a given project depends on several other factors such as available materials, terrain, climate, economics, and past performance of the pavement under similar project or climate conditions and travel patterns. The District Materials Engineer should be contacted for the latest guidance in base and subbase materials among other related engineering considerations.



663.2 Base and Subbase for Rigid Pavements For rigid pavements, the capacity of base and subbase materials to resist traffic loads is considered in the design catalogs found in Topic 623. Table 663.2 provides the properties for base and subbase materials used for the Rigid Pavements design catalogs.



663.3 Base and Subbase for Flexible Pavements For flexible pavements, the capacity of treated or untreated base and subbase materials to resist traffic loads is considered by use of the California R-value and the gravel factor, Gf, which expresses the relative stiffness of various materials when compared to gravel. Table 663.3 provides the California R-value and Gf for base and subbase materials used in flexible pavements. When the stabilized soil is substituted for aggregate subbase for flexible pavements, as discussed in



Index 663.4, the actual thickness of the stabilized soil layer is obtained by dividing the GE by the appropriate Gf. The Gf is determined based on unconfined compressive strength (UCS) of the stabilized material as follows: 𝑈𝑈𝑈𝑈𝑈𝑈(𝑝𝑝𝑝𝑝𝑝𝑝) 1000 This equation is only valid for UCS of 300 psi or higher at 28 days cure. For cement and lime stabilization, UCS is determined by different test methods, but in both cases the 28-day UCS is simulated by curing prepared samples in an oven for 7 days. The gravel factor Gf allowed using this equation should range from a minimum of 1.2 to a maximum of 1.7. 𝐺𝐺𝑓𝑓 = 0.9 +



Because the stabilization of soil may be less expensive than the base material, the calculated base thickness can be reduced and the stabilized soil thickness increased. The base thickness is reduced by the corresponding gravel equivalency provided by the cement or lime stabilized soil. The maximum thickness of lime treated subgrade is limited to 2 feet.



Topic 664 - Subgrade Enhancement 664.1 Overview Properties of low quality subgrade can be improved to provide a platform for the construction of subsequent layers and to provide adequate support for the pavement over its design life. The most common methods used in the Department for subgrade improvement include: •



Mechanical stabilization;



•



Chemical stabilization; or



•



Subgrade enhancement geosynthetics, see Topic 665.



664.2 Mechanical Subgrade Enhancement Improving strength is usually the primary reason for implementing mechanical stabilization. Mechanical subgrade enhancement includes the following: (1) Compaction. Sufficient strength can often be achieved on certain subgrade materials that do not quite meet the design requirements by
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Table 663.2 Base and Subbase Material Properties for Rigid Pavement Catalog HMA Type A Properties Aggregate gradation Asphalt binder type Reference temperature Poisson’s ratio Effective binder content Air voids Total unit weight Thermal conductivity Heat capacity Base erodibility index (1) Unit weight Poisson’s ratio Elastic modulus Thermal conductivity Heat capacity Base erodibility index (1) Poisson’s ratio Coefficient of lateral pressure, K0 Resilient modulus for AB Resilient modulus for AS Plasticity Index Passing No. 200 Passing No. 4 D60(2) Base erodibility index(3) NOTES:



0% retained on ¾ inch sieve 32% retained on ⅜ inch sieve 52% retained on No. 4 sieve 5.5% passing No. 200 sieve See Index 632.1(2) and Table 632.1 70 °F 0.35 11.662% 8% 149 lb/ft3 0.657 Btu/hr ft °F 0.23 Btu/lbm-°F 2 (1) LCB / LCBRS Properties 150 lb/ft3 0.20 2.00 x 106 psi 15 Btu-in/h-ft2-°F 0.28 Btu/lbm-°F 1 AB / AS Properties 0.40 0.5 43,500 psi 29,000 psi 1 3% 20% 0.315 inch 4



(1) LCB / LCBRS = Lean Concrete Base / Lean Concrete Base Rapid Setting (2) D60 = Particle diameter at which 60 percent of the material sample is finer than or would pass a sieve size of that diameter. (3) Base erodibility index is classified as a number from 1 to 5 as follows: 1 = Extremely erosion resistant material 2 = Very erosion resistant material 3 = Erosion resistant material 4 = Fairly erodible material 5 = Very erodible material
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Table 663.3 Gravel Factor and California R-values for Bases and Subbases Type of Material



Abbreviation



California R-value



Gravel Factor (Gf)



AS-Class 1



60



1.0



AS-Class 2



50



1.0



AS-Class 3



40



1.0



AS-Class 4



specify



1.0



AS-Class 5



specify



1.0



AB-Class 2



78



1.1



AB-Class 3



specify



1.1(1)



ATPB



NA



1.4



CTB-Class A



NA



1.7



CTB-Class B



80



1.2



Cement Treated Permeable Base



CTPB



NA



1.7



Lean Concrete Base



LCB



NA



1.9



Lean Concrete Base Rapid Setting



LCBRS



NA



1.9



Hot Mix Asphalt Base



HMAB



NA



(2)



Lime Stabilized Soil



LSS



NA



0.9+(UCS/1,000)



Cement Stabilized Soil



CSS



NA



0.9+(UCS/1,000)



Aggregate Subbase



Aggregate Base Asphalt Treated Permeable Base Cement Treated Base



NOTES: (1)



Must conform to the quality requirements of AB-Class 2.



(2)



When used with HMA, the HMAB is to be considered as part of the pavement layer. The HMAB will be assigned the same Gf as the remainder of the HMA in the pavement structure.



Legend: NA = Not Applicable UCS = Unconfined Compressive Strength in psi (minimum 300 psi per California Test 373) for lime and ASTM D 1633 (modified) for cement)
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additional compaction usually with a heavier or different type of roller than is normally used. Compaction improves aggregate interlock, and reduces air-void content, pore connectivity, and consequent susceptibility to moisture ingress. (2) Blending. Blending involves the mixing of materials that have different properties (typically particle size distribution) to form a material with characteristics that improve upon the limitations of the source materials. In most instances, blending will involve adding coarse aggregates to the finer in situ material. Less common in California is the addition of fine material to in situ sandy or coarse aggregates to fill voids and obtain a denser gradation.



664.3 Chemical Stabilization Low quality in situ subgrade soil can be improved from Type III to Type II or Type I (see Table 623.1A) by chemical stabilization to a minimum depth of 0.65 foot using an approved stabilizing agent such as lime, cement, asphalt, or fly ash (asphalt and fly ash are not currently supported in the Department’s Standard Specifications or guidelines). Chemically treated soil samples should be tested to determine the unconfined strength for the stabilized soil. To ensure long-term stability of the subgrade during the pavement design life the stabilized soil should achieve an initial minimum unconfined strength of 300 psi.



664.4 Subgrade Enhancement Geosynthetics Subgrade enhancement geosynthetics are fabrics or grid interlayers placed between the pavement structure and the subgrade (the subgrade is usually untreated). Geosynthetics can be used for temporary improvement of subgrade to provide a platform for equipment during construction, and/or long-term enhancement to improve the ability to sustain traffic loads distributed to the subgrade. Detailed information on subgrade enhancement geosynthetics is provided in Topic 665.



Topic 665 - Subgrade Enhancement Geosynthetic Fabrics 665.1 Purpose Subgrade Enhancement Geosynthetic (SEG) can be either a Subgrade Enhancement Geotextile (SEGT) or Subgrade Enhancement Geogrid (SEGG) placed between the pavement structure and the subgrade (the subgrade is usually untreated). The placement of SEG below the pavement will provide subgrade enhancement by bridging soft areas and providing a separation between soft subgrade fines susceptible to pumping and high quality subbase or base materials. On weak subgrade, the use of SEG can provide stabilization (the coincident function of separation and reinforcement). As the soft soil undergoes deformation, properly placed SEG when stretched will develop tensile stress. Other benefits of using SEG include:



•



Prevent premature failure and reduce long-term maintenance costs;



•



Potential cost savings: o



Reduce subbase or aggregate thickness in some situations,



base



o



Reduce or eliminate the amount of soft or unsuitable subgrade materials to be removed,



•



Increased performance life and reliability of the pavement;



•



Prevent contamination of the base materials;



•



Better performance of a pavement over soils subject to freeze/thaw cycles;



•



Reduced disturbance of soft or sensitive subgrade during construction; and



•



Ability to install in a wide range of weather conditions.



665.2 Properties of Geosynthetics (1) Subgrade Enhancement Geotextile (SEGT). Mechanical, physical, and other properties of geotextile (SEGT) used for subgrade enhancement shall meet the requirements in Section 88 of the Standard Specifications.
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(2) Subgrade Enhancement Geogrid (SEGG). Property requirements for SEGG are related to performance. The most important geogrid properties for subgrade enhancement related to performance and durability are tensile strength, junction strength, flexural rigidity, and aperture size. Different types of geogrid can be used for SEGG provided their stabilizing performance is equivalent to or greater than the values specified in Section 88 of the Standard Specifications.



665.3 Required Tests The following geotechnical soil laboratory tests are required to evaluate subgrade for the geosynthetic applications:



•



Atterberg Limit Tests: CT 204 or alternatively ASTM D 4318 or AASHTO T90



•



R-value test: CT 301 or alternatively California Bearing Ratio (CBR) test (ASTM D1883) or AASHTO T 193



•



Sieve Analysis: CT 202 or alternatively ASTM C136 or AASHTO T27



665.4 Mechanical Stabilization Using SEGT and SEGG SEGT and SEGG achieve mechanical stabilization through slightly different mechanisms: (1) Subgrade Enhancement Geotextile (SEGT). A geotextile's primary stabilization mechanism is filtration and separation of a soft subgrade and the subbase or base materials. The sheet-like structure provides a physical barrier between these materials to prevent the aggregate and subgrade from mixing. It can also reduce excess pore water pressure through a mechanism of filtration and drainage. Secondary mechanisms of a geotextile are lateral restraint and reinforcement. Lateral restraint is achieved through friction between the surface of the geotextile and the subbase or base materials. Reinforcement mechanism requires deformation of the subgrade and stretching of the geotextile to engage the tensile strength and create a "tensioned membrane."



(2) Subgrade Enhancement Geogrid (SEGG). The primary stabilization mechanism of a geogrid is lateral restraint of the subbase or base materials through a process of interlocking the aggregate and the apertures of the geogrid. The level of lateral restraint that is achieved is a function of the type of geogrid and the quality and gradation of the base or subbase material placed on the geogrid. To maximize performance of the geogrid, a well-graded granular base or subbase material should be selected that is sized appropriately for the aperture size of the geogrid. When aggregate is placed over geogrid, it quickly becomes confined within the apertures and is restrained from punching into the soft subgrade and shoving laterally. This results in a "stiffened" aggregate platform over the geogrid. Very little deformation of the geogrid is needed to achieve the lateral restraint and reinforcement. Separation and filtration/vertical drainage are secondary mechanisms of a geogrid. Because the aggregate is confined within the apertures of the geogrid and cannot move under load, separation and filtration can be achieved.



665.5 Selecting Geosynthetic Type and Design Parameters (1) Determining SEG Functions - Subgrade stabilization is the primary function for geogrids installed between an aggregate base and subgrade layer. The primary functions of geotextiles are separation, stabilization, filtration, reinforcement, and drainage. Figure 665.5 shows a flowchart to aid in selecting the possible functions and types of geotextile and geogrid. (2) Selecting SEG - SEG can be selected based on the following criteria:



•



For subgrade R-values greater than 25 but less than 40, SEGT is recommended to use for its separator function. The requirements for separator function can be found in Section 88 of the Standard Specifications.



•



For subgrade R-value between 20 and 25, SEGG should be used for its stabilization function. The stabilization requirements for SEGG can be found in Section 88 of the Standard Specifications.
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Figure 665.5 Flowchart for Selecting an Appropriate SEG
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•



•



For subgrade R-value less than 20, a designer should choose either SEGG or SEGT.



Before selecting SEG, the engineer should investigate the potential engineering and economic benefits of using SEGT or SEGG.



665.6 Application of SEG (1) Appropriate Applications - Locations that may require placement of SEG include areas with the following soil characteristics:



•



Poor (low strength) soils, which are classified in the Unified Soil Classification System (USCS) as clayey sand (SC), lean clay (CL), silty clay (ML-CL), high plastic clay (CH), silt (ML), high plasticity or micaceous silt (MH), organic soil (OL/OH), and peat (PT);



•



Low undrained shear strength: Cu < 2,000 psf, and/or other properties stated below in Index 665.6(2);



•



High water table and high soil sensitivity



•



Shallow utilities or contaminated soils.



(2) Conditions for Using SEG:



•



•



•



SEGG is most applicable for R-values < 25 or CBR < 3.5 or MR < 5,000 psi. For Rvalue between 25 and 40 or CBR between 3.5 and 6.5 or MR between 5,000 and 9,500 psi the engineer may consider utilizing a geogrid for base reinforcement. SEGT is most applicable for R-value < 20 or CBR < 3 or MR < 4,500 psi. For R-values between 20 and 40 or CBR between 3 and 6.5 or MR between 4,500 and 9,500 psi, the engineer may consider utilizing a SEGT as a separator. On very soft subgrade conditions (R-value < 10 or CBR 


Use of geogrid is not recommended unless the aggregate material meets the following natural filter criteria: o



D15Aggregate Base / D85Subgrade ≤ 5 and D50Aggregate Base / D50Subgrade ≤ 25.



o



D15, D85, and D50 are grain sizes of the soil particles for which 15 percent, 85 percent, and 50 percent of the material is smaller than these sieve sizes.



•



If the aggregate base material does not meet the above natural filter criteria, geotextiles that meet both separation and stabilization requirements are recommended.



•



Do not use geosynthetics for subgrade with R-value > 40 or CBR > 6500 or MR > 9,500 psi, because stabilization of subgrade is not required and application of geosynthetics will not impart significant benefit to the pavement.



665.7 Other Design Considerations The following should also be considered by the design engineer when designing pavements involving SEG:



•



On soft subgrade soils, the SEG may replace some or all stabilizing material such as lime or cement used solely as a working platform to provide access to construction equipment.



•



For information on how to mitigate for expansive subgrade consisting of clay soils with plasticity index greater than 12, see Index 614.4.



•



Consider using SEG for longer life pavement, if not otherwise specified.



•



Perform a filter analysis if the soil material types described in Index 665.6(1) are either above or below SEGG to determine whether natural filter criteria are met to control migration of fines into the subbase or aggregate base materials.



•



For applications involving drainage and filtration, the design engineer should verify that
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the permeability of the SEGT is greater than the permeability of the soil.



•



•



If a SEGT is to be placed in direct contact with recycled concrete material, SEGT made of polyester should not be used. Otherwise, a separating layer of thickness greater than 0.3 feet must separate the geotextile from the recycled concrete material. SEG is not necessary if the subgrade is planned for chemical stabilization such as lime or cement treatment.



665.8 R-value Enhancement Using SEG Subgrade soils with R-value 


•



•



For subgrade with an R-value of less than 20, a design R-value of 20 can be used if SEGT is utilized. When subgrade has an R-value of less than 25, a design R-value of 25 can be used if SEGG is utilized. Additional geotextile separator may be used unless the aggregate base material meets the natural filter criteria presented in Index 665.6(2).



Additional information on the use of SEG and the selection of the appropriate properties of the SEG



based on project specifics are explained in the “Subgrade Enhancement Geosynthetic Design and Construction Guide” on the Department Pavement website.



665.9 SEG Abbreviations and Definitions The following is a list of definitions related to subgrade enhancement geosynthetics and their applications: Apparent Opening Size: A geotextile property that indicates the approximate diameter of the largest soil particle that would effectively pass through the geotextile. Commonly, 95 percent of the geotextile openings are required to have that diameter or smaller as measured using ASTM D 4751. Aperture Shape: Describes the shape of the geogrid opening. Aperture Size: Dimension of the geogrid opening. D15: The particle (or grain) size represented by the "15 percent passing" point when conducting a sieve analysis of a soil sample. D50: The particle (or grain) size represented by the "50 percent passing" point when conducting a sieve analysis of a soil sample. D85: The particle (or grain) size represented by the "85 percent passing" point when conducting a sieve analysis of a soil sample. Filtration: The process of allowing water out (perpendicular to plane of geotextile) of a soil mass while retaining the soil. Geogrid: A geosynthetic formed by a regular network of integrally connected tensile elements with apertures of sufficient size to allow "strikethrough" and interlocking with surrounding soil, rock, or earth to improve the performance of the soil structure. Geosynthetic: A group of synthetic materials made from polymers that are used in many transportation and geotechnical engineering applications. . Geotextile: A permeable sheet-like geosynthetic which, when used in association with soil, has the ability to provide the functions of separation, filtration, reinforcement, and drainage to improve the performance of the soil structure.
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Grab Tensile Strength: The maximum force applied parallel to the major axis of a geotextile test specimen of specified dimensions that is needed to tear that specimen using ASTM D 4632. Nonwoven Geotextile: A planar geotextile typically manufactured by putting small fibers together in the form of a sheet or web, and then binding them by mechanical, chemical and/or solvent means. Permeability: The permeability of soil or geotextile is the flow rate of water through a soil or geotextile. The permeability of geotextile can be determined by permittivity, which can be measured using ASTM D 4491, multiplied by its effective thickness and the permeability of soil can be measured using ASTM D 2434 or 5084. Permittivity: It is the volumetric flow rate of water per unit cross-section area of a geotextile, per unit head, in the normal direction through a material as measured using ASTM D 4491. Puncture Strength: The measure of a geotextile's resistance to puncture determined by forcing a probe through the geotextile at a fixed rate using ASTM D 6241. 10 Reinforcement: The improvement of the soil system by introducing a geosynthetic to enhance lateral restraint, bearing capacity, and/or membrane support. Resilient Modulus: The ratio of applied deviator stress to recoverable or resilient strain. Separation: A geotextile function that prevents the intermixing between two adjacent dissimilar materials, so that the integrity of the materials on both sides of the geotextile remains intact. Stabilization: The long-term modification of the soil by the coincident functions of separation, filtration, and reinforcement furnished by a geosynthetic. Tear Strength: The maximum force required to start or to propagate a tear in a geotextile specimen of specified dimensions using ASTM D 4533. Ultraviolet Stability: The ability of a geosynthetic to resist deterioration from exposure to the ultraviolet rays of the sun as tested using ASTM D 4355.



Woven Geotextile: Produced by interlacing two or more sets of yarns, fibers, or filaments where they pass each other at right angles.
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CHAPTER 670 TAPERS AND SHOULDER BACKING Topic 671 - Pavement Tapers Index 671.1 Background and Purpose Pavement tapers are a common design detail for asphalt layer overlays and other projects where new pavement surface has a higher profile than existing pavement surface or curbs. The goal of tapers is to provide a smooth unnoticeable transition from pavement to pavement. Tapers are intended to provide a reasonable cost alternative to engineering a profile for every transition. However, in some cases, an engineered profile may be more costeffective than a taper. This section provides information on the best design practices for transition tapers that meet geometric, operational, constructability, as well as other pavement surface and drainage standard practices. The tapers presented in this index meet the Caltrans standards and requirements for grade breaks in Index 204.4. The pavement tapers discussed herein do not address every possible situation that can be encountered on projects throughout the State. Good engineering judgment should still be exercised when developing transition taper details for a specific project. This index only addresses permanent pavement transition tapers used on overlay and other pavement projects.



671.2 Engineering Requirements and Considerations (1) Minimum Thickness Requirement. In order for tapers to be constructable, maintainable and meet performance requirements: (a) The minimum thickness for an asphalt pavement taper should be no less than 3 times the maximum aggregate size (example 0.15’ for ½” aggregate and 0.20’ for ¾” aggregate.) (b) The minimum thickness of the overall surface course layer (existing and new) in the taper should be no less than that of the adjoining existing pavement.



(c) When tapering into an existing pavement that was previously overlaid (pavement preservation or rehabilitation), the new taper should overlap the taper of the previous overlay to avoid creating a “dip” or “weak spot” in the pavement (see Figure 671.2A). (2) Transition Taper Slopes. The taper slope should be 200:1 or flatter, with taper slope of 400:1 being preferred in highways with design speeds of 65 mph or higher. At locations where taper slopes flatter than 400:1 are desired, engineered profiles should be used because they are often shorter, less expensive, and easier to construct than the pavement taper. (3) Design Life Requirements for Tapers. For new construction, widening, and rehabilitation/reconstruction projects, the minimum thickness of the pavement structure (existing plus surface course overlay) for pavement tapers must meet the minimum pavement design life requirements for the project as discussed in Topic 612. This is intended to prevent creating isolated “weak spots” in the pavement that may require additional maintenance and repair in the future. On rehabilitation and reconstruction projects, where the pavement structure of the taper does not meet the pavement design life requirements, the pavement structure or part of it will need to be removed and replaced. Deviations from this requirement or decision not to reconstruct the pavement sections underneath bridges will require a mandatory design exception from Headquarters Pavement Program for pavement design life (see Index 612.2 and 612.5). Since pavement preservation projects (preventive maintenance and CAPM projects) are not designed for structural capacity, the minimum thickness of the pavement structure for the pavement taper needs only to match or exceed the existing pavement structure. See Figure 671.2B for further details.



671.3 Tapers into Existing Pavement or Structure Figures 671.3A to 671.3C provide details on how to construct pavement tapers.
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Figure 671.2A Tapering Into a Previously Overlaid Pavement



NOTES: (1) Minimum thickness should match thickness of previous overlay. (2) No Scale.
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Figure 671.2B New Structure Approach Pavement Transition Details



NOTES: (1) Use maximum overlay thickness or 3x maximum aggregate size, whichever is less (2) Cold plan as needed to conform overlay with existing pavement. (3) No Scale.
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(1) Tapers into an Existing Asphalt Pavement. Where a new pavement structure or an overlay is tapering into an existing asphalt pavement that is not part of the project, the following apply: (a) For preventive maintenance projects (thin asphalt overlays of 0.10’ or less), the Design Engineer should follow the taper details in Figure 671.3A. (b) For CAPM projects, taper the overlay using the same details used for OGFC taper to existing OGFC or HMA pavement surface course (See Figure 671.3A) (c) For rehabilitation projects, taper the overlay using the taper details shown in Figure 671.3A for HMA taper to existing HMA surface course. (2) Tapers into an Existing Concrete Pavement. Where a new pavement structure or an overlay is tapering into an existing pavement that is not part of the project or into/under a structure, grinding existing concrete pavement to create a taper is not recommended because it shortens the life of the concrete pavement. Because it is not always practical to remove and replace concrete pavement for every overlay, the following guidance should be followed regarding tapers for concrete pavement. (a) For preventive maintenance projects (thin asphalt overlays of 0.10’ or less), the taper should follow the taper details for OGFC overlay over asphalt pavement found in Figure 671.3A or reduce the thickness of overlay to 0.08’ at end of taper and roll down edge to minimize raveling. For under structures, existing concrete surface may remain. (b) For CAPM projects, either taper the overlay down using the same details used for OGFC (See Figure 671.3A) or replace the concrete pavement slab. For under structures, the existing concrete surface may remain but should be repaired and ground or rebuilt as needed in accordance with CAPM strategies for concrete pavement in Index 624.2.



(c) For rehabilitation projects, do not grind the concrete pavement to accommodate a taper. Instead, remove concrete pavement within the taper section and replace with a new pavement structure that will meet the design life requirements for the project as defined in Topic 612. (d) When grinding concrete pavement, meet the following two conditions: •



Use a diamond grinder, not a planing machine.



•



Never grind more than 1 inch or reduce the thickness of the concrete pavement slab to less than 0.65 feet.



If neither of these conditions can be attained with the taper detail, then remove and replace the concrete pavement slabs and the underlying base as needed for the transition taper section to match the existing pavement surface. (3) Longitudinal Tapers at Shoulders, Curbs, Dikes, Inlets, and Metal Beam Guard Railing. Detailed drawings and information on the best design practices for longitudinal tapers at shoulders, curbs, dikes, inlets, and metal beam guard railing (MBGR) are shown in Figure 671.3B. (4) Tapers Into or Under Structures. Figure 671.3C provides a layout and information for transition tapers under an existing structure. The following guidance should be followed when designing tapers underneath overcrossings or into bridges: (a) Compare the cost and constructability of very flat tapers (400:1 or flatter) vs. engineered profiles to ensure that the less expensive and easier to construct alternative is used when replacing pavement underneath a structure. (b) The minimum thickness of the pavement structure for transition tapers into or under bridges must meet the minimum design life requirements discussed in Index 671.2(4) for new construction, widening, rehabilitation, and reconstruction projects.
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Figure 671.3A Transverse Transition Tapers for Pavement Preservation Projects



NOTES: (1) Minimum thickness should match thickness of the top lift. (2) See HDM for minimum thickness. (3) Same thickness as OGFC overlay or 0.10’, whichever is less. (4) Do not use HMA to bring the shoulders up to grade when traveled way is OGFC. LEGEND: HMA = Hot Mix Asphalt OGFC = Open Graded Friction Course
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Figure 671.3B Longitudinal Tapers at Shoulders, Curbs, Dikes, Inlets, and Metal Beam Guard Railing



NOTES: (1) Additional design and safety criteria may apply for metal beam guard railing (MBGR), for further info, see Traffic Manual or District Traffic. (2) When grinding or paving next to MBGR or obstacle, reconstructing MBGR will be necessary to accommodate grinding machines and compaction equipment. (3) Contact District Landscape and Maintenance regarding the appropriate treatment for weed abatement. (4) OGFC applies only when used as a surface course, omit details for this course when OGFC is not used. (5) See HDM Topic 302 for maximum allowable cross-slopes. (6) For additional information on dikes, see HDM Topic 303, and Standard Plan A78B. (7) Verify with Hydraulics to see if dike needs to be raised to maintain capacity of gutter. (8) Verify with District Hydraulics if additional drainage is required at the conform on the shoulder or at bridge approach slabs in order to avoid ponding.
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Figure 671.3C Transition Taper Underneath Overcrossing/Bridge



NOTES: (1) Pavement structure thickness needs to provide the proposed pavement design life. This may require that the pavement structure be removed and replaced. (2) Verify that the existing drainage facilities will continue to function properly after transition is completed. (3) For minimum vertical clearance requirements, see HDM Index 309.2 (4) Creation of a sag may require additional drainage features.
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Topic 672 - Shoulder Backing 672.1 Background and Purpose (1) Purpose. Shoulder backing is a thin course of granular material that is used to provide support to the pavement edge by preventing edge cracking and pavement edge loss. Shoulder backing also minimizes pavement edge dropoff heights for overlays. (2) Standards and Requirements. The placement of shoulder backing requires proper compaction of the shoulder backing material. In the past, shoulder backing has typically failed due to erosion problems caused by inappropriate use or poor compaction of the shoulder backing material. This creates issues for both construction and maintenance personnel, which may include increased exposure for maintenance crews to replace eroded material and use of unconventional construction practices to build shoulder backing on steep slopes. (3) Application: Shoulder backing is designed to provide edge support for thin overlays placed on existing pavements. Do not use shoulder backing as embankment material in the following cases: •



To repair erosion or subsidence in existing slopes (See Figure 672.3C).



•



For side slope reconstruction (See Figure 672.3C).



•



In locations where the overlay thickness is greater than 0.50 ft (See Figure 672.3C).



•



For backfill behind dikes (See Figure 672.3D).



•



To construct the required minimum hinge width (HW) for guardrails, dikes, and barriers.



•



In roadside ditches or gutters (See Figure 672.3E). Since the material used for shoulder backing can be erodible, use nonerodible materials or stabilized base material in roadside ditches or gutters.



Shoulder backing is not be used in the above cases because the material and/or compaction



specifications requirements in the Standard Specifications will not provide the desired results. Alternative engineering solutions should be utilized in these situations. Alternative engineering solutions include slope reconstruction, compacted fill, or use of stabilized material. Some alternatives to shoulder backing may require developing a nonstandard special provision.



672.2 Alternate Materials and Admixtures (1) Alternate Materials. Alternate materials for shoulder backing include imported borrow and asphalt grindings. (a) Imported Borrow: If native material does not meet the specifications for shoulder backing material, utilize imported borrow which meets the specifications for shoulder backing material. (b) Asphalt Grindings: The Deputy Directive on Recycling Asphalt Concrete allows the use of asphalt grindings for shoulder backing; however, there are some limitations to where asphalt grindings can be used. For information on where asphalt grindings cannot be used consult the District Environmental unit. As stated in the Project Development Procedures Manual (PDPM), a Memorandum of Understanding (MOU) dated January 12, 1993 between the Department of Fish and Game (DFG) and Caltrans, allows Caltrans to use asphalt grindings for shoulder backing where these materials will not enter the water system. (2) Admixtures. Admixtures may be used if recommended by the District Materials Engineer and their use is permitted in the environmental document and regulatory permits. District Environmental can assist in determining if and where admixtures can be used. Three types of admixtures (lime, cement, and seal coat with an asphaltic emulsion) are approved for use with shoulder backing. (a) Lime and Cement Admixtures: Lime and cement are uniformly mixed into the shoulder backing material prior to application.
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(b) Seal Coats: Seal coats with an asphaltic emulsion are applied in situ on top of shoulder backing material. When seal coats are specified, the appropriate seal coat special provisions should be included into the project special provisions. Seal coats are paid for separately from shoulder backing material.



672.3 Design The limits, slopes, and other design details for shoulder backing need to be documented on the plans. The following design standards apply when designing shoulder backing details: (1) Place shoulder backing from the edge of pavement (EP) to hinge point (HP). However, where the horizontal distance from EP to HP is greater than 3 feet, shoulder backing should be placed on a width of at least 2 feet from EP (See Figures 672.3A and 672.3B). The Design Engineer should consult with the District Materials Engineer for conditions where the distance from EP to HP is less than 2 feet and there are minimum hinge width requirements for dike, guardrail and barriers. (2) Shoulder backing cross slope should be 10:1 or flatter where possible. Where there is insufficient width for a 10:1 slope, a steeper cross slope can be used but should not be steeper than 6:1 (See Figure 672.3A). (3) The minimum hinge width (HW) from EP to new HP should be 2 feet (See Figure 672.3B). Where the existing HW is less than 2 feet, slope reconstruction (See Figure 672.3C) or some other strategy should be used instead of shoulder backing. (4) Do not place shoulder backing on existing side slopes where shoulder backing cross slope will be steeper than 6:1 and/or the HW will be less than 2 feet (See Figures 672.3A & 672.3B). (5) The maximum thickness for shoulder backing is 0.50 foot (See Figure 672.3B). Where the thickness will exceed 0.50 foot, use alternative strategies that have a combination of more stringent material and compaction requirements. (6) Where the combined distance for HW and side slope will exceed 5 feet in order to comply with



the slope requirement specified in this document, side slope reconstruction is recommended in lieu of shoulder backing (See Figure 672.3C). (7) At the option of the District, shoulder backing can be placed up to a thickness of 0.50 foot to cap new construction or reconstructions (See Figures 672.3B & 672.3C). (8) Place shoulder backing to match the pavement surface, even when the surface course layer is open graded friction course (OGFC). This reduces future maintenance needs to replace the shoulder backing as it subsides. Figures 672.3A through 672.3E show some examples of what should and should not be done when using shoulder backing.
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Figure 672.3A Typical Application of Shoulder Backing



Figure 672.3B Alternative Placement for Existing Slopes Steeper than 6:1



NOTES: (1) Minimum Hinge Width (HW) is 2 feet. When HW is less than 3 feet, District Materials Engineer should be consulted regarding structural stability due to width reduction. (2) Edge treatment shown are for asphalt overlay thickness of 0.45 foot or less. For asphalt thickness of more than 0.45 foot, see Standard Plans for edge treatment details.
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Figure 672.3C Placement of Shoulder Backing Thickness Greater Than 0.50 feet for Slope Repair



NOTES: (1) See HDM Topic 304 for additional information on side slopes. See Standard Specifications for additional information on side slope construction. See District Materials Engineer for material recommendations. (Roadway Geotechnical also needs to be consulted for slopes steeper than 2:1.).



Figure 672.3D Placement of Shoulder Backing Behind Dikes
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Figure 672.3E Longitudinal Drainage (Roadside Ditches/Gutters)



NOTES: (1) Consult with area Maintenance personnel and District Materials Engineer regarding erodability of ditch, alternative materials to shoulder backing, slope sloughing, and rockfall catchment in ditch. Consult with District Hydraulics Engineer regarding acceptable change in ditch capacity. Consult with District Stormwater Coordinator regarding water quality issues.
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crossing under or through Department-owned property. A Maintenance Agreement must be executed to provide for future maintenance of the fence and allow access to the private utility.



701.4 Temporary Fences (1) Placement. Temporary fences are located where necessary in accordance with construction contractor activities and where the right of way rights have been acquired. (2) Types of Fences. Temporary fence design should conform to the needs of the situation and the length of time to be used. In most access control or demarcation applications the fence fabric will conform to permanent fence standards, while lesser requirements may apply to posts and post footings to more readily accommodate removal when no longer needed. Temporary fence used during reconstruction of private fences must be of a type adequate to meet the permanent private fence purposes.



701.5 Other Fences (1) ESA and Species Protection Fences. District Environmental Unit staff must specify the required placement limits and locations for ESA and species protection fences. ESA fence material requirements are described in Section 14 of the Standard Specifications. Species protection fences will be uniquely designed to meet the needs of the target species. District Environmental staff will provide information on the necessary design parameters. In many instances, species protection fence will be able to be directly attached to existing freeway or expressway access control fence and thus preclude the need for separate posts. Where species protection fence is to be constructed along conventional highways, it must be constructed inside the State right of way and should not be attached to any private fence that may exist. (2) Enclosure Fences. Because these fences are commonly intended to provide security for Caltrans facilities, the facility type and location will often dictate the fence design to be used. Standard chain link (CL-6) fence is most common, but additions (barbed wire extension



arms) or alternative designs may be considered. When slats are included as an element of the design, wind forces must be considered and there will be a resulting increase in the size and depth of embedment of fence posts as well as an increase in the size of the concrete footing. Table 701.5 provides recommended post size and embedment along with footing size for CL6 slatted fence under an assumption of relatively weak soil resistance (indicated as “unconstrained”) as well as for situations where the fence is installed through paved areas (common at maintenance stations, indicated as “constrained”), and a design wind velocity of 105 mph. For differing fence heights, wind velocities, or soil conditions, special analysis may be warranted. Contact the Office of Highway Drainage Design in Headquarters for assistance.



Table 701.5 Slatted CL-6 Post & Footing Dimensions Post NPS (Standard Cut)



Dia.



Depth



Unconstrained



4”



18”



3’-6”



Constrained



4”



18”



5’-6”



Condition



Footing



Typically District Maintenance or Traffic Operations will specify any unique design requirements for enclosure fences as they will assume responsibility after construction.



Topic 702 - Miscellaneous Traffic Items 702.1 References (1) Guardrail and Crash Cushions. See Chapter 7 of the Traffic Manual. (2) Markers. See Part 3 of the California Manual on Uniform Traffic Control Devices (California MUTCD). (3) Truck Escape Ramps. See Traffic Bulletin No. 24, (1986) and the NCHRP Report 178.
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807.8 University of California - Institute of Transportation and Traffic Engineering (ITTE) •



Street and Highway Drainage - Course Notes, Volumes 1 and 2.



807.9 U.S. Army Corps of Engineers Publications and computer programs, too numerous to list, are available from the Water Resources Support Center. A publication catalog may be obtained by contacting the Hydrologic Engineering Center of the Corp, 609 Second St., Davis, CA 95616. The U. S. Army Corps of Engineers publications website address is: http://www.usace.army.mil/inet/usace-docs/.



Topic 808 – Selected Computer Programs Table 808.1 below presents a software vs. capabilities matrix for hydrologic/hydraulic software packages that have been reviewed and deemed compatible with Departmental procedures. Where Caltrans drainage facilities connect or impact facilities that are owned by others, the affected Local Agency may require the Department to use a specific program that is not listed below. When the use of other computer programs is requested, a comparison with the results using the appropriate program from Table 808.1 should be made. However, when work is performed on projects under Caltrans’ jurisdiction, either internally, or by others, if a program not listed in Table 808.1 is used, it should be demonstrated that the computations are based on the same principles that are used in the programs listed in Table 808.1. For information on Local Agency hydraulic computer program requirements, the District Hydraulics Branch should be contacted. It is the responsibility of the user to ensure that the version of the program being used from Table 808.1 is current.
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correctly applied by engineers knowledgeable in the method being used and its idiosyncrasies, peak discharge estimates can be obtained which are functionally acceptable for the design of highway drainage structures and other features. Some of the more commonly used empirical methods for estimating runoff are as follows. (1) Rational Methods. Undoubtedly, the most popular and most often misused empirical hydrology method is the Rational Formula: Q = CiA Q = Design discharge in cubic feet per second. C = Coefficient of runoff. i = Average rainfall intensity in inches per hour for the selected frequency and for a duration equal to the time of concentration. See http://hdsc.nws.noaa.gov/hdsc/pfds/



inflows. Several relatively simple methods have been established for developing hydrographs, such as transposing a hydrograph from another hydrologically homogeneous watershed. The stream hydraulic method, and upland method are described in HDS No. 2. These, and other methods, are adequate for use with Rational Methods for estimating peak discharge and will provide results that are acceptable to form the basis for design of highway drainage facilities. It is clearly evident upon examination of the assumptions and parameters which form the basis of the equation that much care and judgment must be applied with the use of Rational Methods to obtain reasonable results. •



A = Drainage area in acres. Rational methods are simple to use, and it is this simplicity that has made them so popular among highway drainage design engineers. Design discharge, as computed by these methods, has the same probability of occurrence (design frequency) as the frequency of the rainfall used. Refer to Topic 818 for further information on flood probability and frequency of recurrence. An assumption that limits applicability is that the rainfall is of equal intensity over the entire watershed. Because of this, Rational Methods should be used only for estimating runoff from small simple watershed areas, preferably no larger than 320 acres. Even where the watershed area is relatively small but complicated by a mainstream fed by one or more significant tributaries, Rational Methods should be applied separately to each tributary stream and the tributary flows then routed down the main channel. Flow routing can best be accomplished through the use of hydrographs discussed in Index 819.4. Since Rational Methods give results that are in terms of instantaneous peak discharge and provide little information relative to runoff rate with respect to time, synthetic hydrographs should be developed for routing significant tributary



The runoff coefficient "C" in the equation represents the percent of water which will run off the ground surface during the storm. The remaining amount of precipitation is lost to infiltration, transpiration, evaporation and depression storage. "C" is a volumetric coefficient that relates the peak discharge to the “theoretical peak” or 100 percent runoff, occurring when runoff matches the net rain rate. Hence "C" is also a function of infiltration and other hydrologic abstractions.



Values of "C" may be determined for un-developed areas from Figure 819.2A by considering the four characteristics of: relief, soil infiltration, vegetal cover, and surface storage. The designer must use judgment to select the appropriate "C" value within the range. Generally, larger areas with permeable soils, flat slopes and dense vegetation should have the lowest "C" values. Smaller areas with dense soils, moderate to steep slopes, and sparse vegetation should be assigned the highest "C" values. Some typical values of "C" for developed areas are given in Table 819.2B. Should the basin contain varying amounts of different cover, a weighted runoff coefficient for the entire basin can be determined as:



•



𝐶𝐶 =



𝐶𝐶1 𝐴𝐴1 + 𝐶𝐶2 𝐴𝐴2 +. . . 𝐴𝐴1 + 𝐴𝐴2 +. . .



To properly satisfy the assumption that the entire drainage area contributes to the flow;
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Table 819.2C Regional Flood-Frequency Equations NORTH COAST (REGION 1) 𝑄𝑄2 =



LAHONTAN (REGION 2)



1.82𝐴𝐴0.904 𝑃𝑃 0.983



𝑄𝑄2 = 2.43𝐴𝐴0.924 𝐸𝐸 −0.646 𝑃𝑃 2.06



𝑄𝑄10 = 0.260𝐴𝐴0.734 𝑃𝑃1.59



𝑄𝑄10 = 17.2𝐴𝐴0.896 𝐸𝐸 −0.486 𝑃𝑃1.54



𝑄𝑄2 =



𝑄𝑄5 = 8.11𝐴𝐴0.887 𝑃𝑃 0.772



SIERRA NEVADA (REGION 3)



0.0865𝐴𝐴0.736 𝑃𝑃1.59



𝑄𝑄5 = 0.182𝐴𝐴0.733 𝑃𝑃1.58



𝑄𝑄10 = 14.8𝐴𝐴0.880 𝑃𝑃 0.696



𝑄𝑄5 = 11.6𝐴𝐴0.907 𝐸𝐸 −0.566 𝑃𝑃1.70



𝑄𝑄25 = 26.0𝐴𝐴0.874 𝑃𝑃 0.628



𝑄𝑄25 = 0.394𝐴𝐴0.733 𝑃𝑃1.58



𝑄𝑄25 = 20.7𝐴𝐴0.885 𝐸𝐸 −0.386 𝑃𝑃1.39



𝑄𝑄100 = 48.5𝐴𝐴0.866 𝑃𝑃 0.556



𝑄𝑄100 = 0.713𝐴𝐴0.731 𝑃𝑃1.56



𝑄𝑄100 = 20.6𝐴𝐴0.874 𝐸𝐸 −0.250 𝑃𝑃1.24



𝑄𝑄50 = 36.3𝐴𝐴0.870 𝑃𝑃 0.589



CENTRAL COAST (REGION 4) 𝑄𝑄2 =



𝑄𝑄50 = 21.1𝐴𝐴0.879 𝐸𝐸 −0.316 𝑃𝑃1.31



𝑄𝑄50 = 0.532𝐴𝐴0.733 𝑃𝑃1.58



SOUTH COAST (REGION 5)



0.00459𝐴𝐴0.856 𝑃𝑃 2.58



𝑄𝑄2 =



𝑄𝑄5 = 0.0984𝐴𝐴0.852 𝑃𝑃1.97



3.60𝐴𝐴0.672 𝑃𝑃 0.753



𝑄𝑄5 = 7.43𝐴𝐴0.739 𝑃𝑃 0.872



𝑄𝑄10 = 0.460𝐴𝐴0.846 𝑃𝑃1.66



𝑄𝑄10 = 6.56𝐴𝐴0.783 𝑃𝑃1.07



𝑄𝑄25 = 2.13𝐴𝐴0.842 𝑃𝑃1.34



𝑄𝑄25 = 4.71𝐴𝐴0.832 𝑃𝑃1.32



𝑄𝑄100 = 11.0𝐴𝐴0.840 𝑃𝑃 0.994



𝑄𝑄100 = 3.28𝐴𝐴0.891 𝑃𝑃1.59



𝑄𝑄50 = 3.84𝐴𝐴0.864 𝑃𝑃1.47



𝑄𝑄50 = 5.32𝐴𝐴0.840 𝑃𝑃1.15



Q = Peak discharge in CFS, subscript indicates recurrence interval, in years A = Drainage area, in square miles P = Mean annual precipitation, in inches (Use link to Table 2) http://pubs.usgs.gov/sir/2012/51 13/ E = Mean basin elevation, in feet



Region



Drainage Area (A), mi2



Mean Annual Precipitation (P), in.



Mean Basin Elevation (E), ft.



North Coast



0.04 – 3200



20 – 125



-



Lahontan (1)



0.45 – 1500



13 – 85



-



Sierra Nevada



0.07 – 2000



15 – 100



90 – 11,000



Central Coast



0.11 – 4600



7 – 46



-



South Coast



0.04 – 850



10 – 45



-



Desert (2)



N/A



N/A



-



NOTES: (1) See Index 819.7 for hydrologic procedures for those portions of the Northeast Region classified as desert. (2) USGS equations not recommended. See Index 819.7.
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Table 853.1B Guide for Plastic Pipeliner Selection in Abrasive Conditions(2) to Achieve 50 Years of Maintenance-Free Service Life



(46 psi) (75 psi) (115 psi)



Abrasion Level(1) 4 5 6 4" – 48" 12"- 48" 36"– 48" 18" – 48" 18" – 48" 30" – 48" 18" – 48" 18" – 48" 27" – 48"



SDR 41



30" – 36"



30" – 36"



-



SDR 32.5 SDR 25 SDR 21 SDR 18 SDR 14 (46 psi) (115 psi)



30" – 36" 4" – 36" 14" – 24" 4" – 24" 4" – 12" 18" – 60" 18" – 36" 15"



30" – 36" 8" – 36" 14" – 24" 6" – 24" 4" – 12" 42"– 60" -



30" – 36" 24" – 36" 20" – 24" 18" – 24" -



SDR 41



10" – 63"



36" – 63"



-



SDR 32.5 SDR 26 SDR 21 SDR 17 SDR 15.5 SDR 13.5 SDR 11 SDR 9



8" – 63" 6" – 63" 5" – 63" 5" – 55" 5" – 48" 5" – 42" 5" – 36" 5" – 24"



30" – 63" 24" – 63" 20" – 63" 16" – 55" 14" – 48" 12" – 42" 10" – 36" 8" – 24"



54" – 63" 42" – 55" 42" – 48" 34" – 42" 28" - 36" 22"



RSC(5) 160



18" – 120"



120"



-



RSC(5) 250



33" – 108"



96" – 108"



-



MATERIAL Type S corrugated polyethylene pipe Standard Dimension Ratio (SDR) 35 PVC (3)



Standard Dimension Ratio (SDR) PVC(4) (AWWA C900 & C905)



PVC closed profile wall (ASTM F 1803) Corrugated PVC (ASTM F 794 & F 949) Standard Dimension Ratio (SDR) HDPE(3) (AASHTO M 326 and ASTM Designation F 714)



Polyethylene (PE) large diameter profile wall sewer and drain pipe (ASTM F 894) NOTES: (1)



See Tables 855.2A and 855.2F for Abrasion Level Descriptions and minimum thickness.



(2)



No restrictions for Abrasion Levels 1 through 3.



(3)



Measured pipe designated SDR is measured to outside diameter.



(4)



Measured to inside diameter.



(5)



RSC = Ring Stiffness Class
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culverts smaller than 30 inches or larger diameters with insignificant abrasive bedload volumes). Abrasion resistance for any concrete lining is dependent upon the thickness, quality, strength, and hardness of the aggregate and compressive strength of the concrete as well as the velocity of the water flow coupled with abrasive sediment content and acidity. Abrasion resistant concrete or mortar made from calcium aluminate provides much improved abrasion resistance over cementitious concrete and should be considered as a viable countermeasure in extremely abrasive conditions (i.e, velocity greater than 15 feet per second with heavy bedload). See Table 855.2F. Plastic materials typically exhibit good abrasion resistance but service life is constrained by the manufactured thickness of typical pipe profiles. Both PVC and HDPE corrugated pipe are limited for their use in moderate and heavy bedload abrasion conditions by the combined manufactured inner liner and corrugated wall thicknesses. For culvert rehabilitation, PVC and HDPE pipe slip lining products (e.g. solid wall HDPE) are viable options for applications in moderate and heavy bedload abrasion conditions (see Table 855.2A). Table 855.2A can be used as a “preliminary estimator” of abrasion potential for material selection to achieve the required service life, however, it incorporates only three of the primary abrasion factors; bedload volume, bedload type and flow velocity and the general assumption is the materials are angular, hard and abrasive. As discussed above, the other factors that are not used in the table should also be carefully considered. For example, under similar hydraulic conditions, heavy volumes of hard, angular sand may be more abrasive than small volumes of relatively soft, large or rounded rocks. Furthermore, two sites with similar site characteristics, but different hydrologic characteristics, i.e., volume, duration and frequency of stream flow in the culvert, will likely also have different abrasion levels. Table 855.2B can be used as a guide with Table 855.2A to determine the maximum size of material that can be moved through a pipe. Field observations of channel bed material both upstream and downstream from the pipe are extremely important for estimating the size range of transportable material in the channel.



855.3 Corrosion Corrosion is the destructive attack on a pipe by a chemical reaction with the materials surrounding the pipe. Corrosion problems can occur when metal pipes are used in locations where the surrounding materials have excess acidity or alkalinity. The relative acidity of a substance is often expressed by its pH value. The pH scale ranges from 1 to 14, with 1 representing extreme acidity, and 14 representing extreme alkalinity, and 7 representing a neutral substance. The closer the pH value is to 7, the less potential the substance has for causing corrosion. Corrosion is an electrolytic process and requires an electrolyte (generally moisture) and oxygen to proceed. As a result, it has the greatest potential for causing damage in soils that have a relative high ability to pass electric current. The ability of a soil to convey current is expressed as its resistivity in ohm-cm, and a soil with a low resistivity has a greater ability to conduct electricity. Very dry areas (e.g., desert environments) have a limited availability of electrolyte, and totally and continuously submerged pipes have limited oxygen availability. These extreme conditions (among others) are not well represented by AltPipe, and some adjustment in the estimated service life for pipes in these conditions should be made. See Index 857.2 Corrosion can also be caused by excessive acidity in the water conveyed by the pipe. Water pH can vary considerably between watersheds and seasons. Because failure can occur at any point along the length of the pipe (e.g. tidal zones), the designer must look at the conditions and how they may vary along the pipe length - and select for input into AltPipe those conditions that represent the most severe situation along the length. AltPipe operates based on some fairly basic assumptions for corrosion and minimum resistivity that are part of California Test 643. Altpipe will list all viable alternatives for achieving design service life. Where enhanced soilside corrosion protection is needed, aluminum or aluminized pipe (if within acceptable pH/min. resistivity ranges), bituminous coatings or polymeric sheet coating should be considered.
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When appropriate, trees and shrubs, spaced more than 10 feet on center, are to be individually watered. Overhead irrigation systems, e.g., impact or gear driven sprinklers, should be primarily used for irrigating low shrub masses, ground cover and for establishing native grasses. Trees in overhead irrigated ground cover areas should receive supplemental basin water. Sprinklers should be appropriate for local wind and soil conditions. Sprinklers should be selected and placed to avoid spraying paved surfaces. Sprinklers, other than pop-up systems, subject to being damaged by vehicles, bicyclists, or pedestrians should be relocated or provided with sprinkler protectors, flexible risers, or flow shutoff devices. Fixed risers should not be placed adjacent to sidewalks and bikeways. Sprinkler protectors should be used on pop-up sprinklers and quick coupling valves adjacent to the roadway. (3) Controllers. Irrigation controllers are to be easily accessible, located in enclosures, protected from vehicular traffic, and in an area with good lighting and visibility to oncoming traffic. Controllers must not be located near shoulders, in or near dense shrubbery, or in the path of the spray of sprinklers. (4) Backflow Preventers. The use of reduced pressure principle backflow devices are required for highway planting projects. Master remote control valves should be used at all pressured water sources directly downstream of the backflow preventers. Backflow preventers should be located in enclosures. (5) Booster Pump Systems. When local agency water pressure is insufficient, booster pumps may be included in the irrigation design. Design of a booster pump system should be coordinated with DES-SD, Office of Electrical, Mechanical, Water and Wastewater Engineering (OEMW&W). After the irrigation system has been designed such that all branches have close to equal flowrate requirements, the booster pump system design request should be prepared including flowrate and discharge pressure needed for the pump,



the availability for power distribution, and maintenance access to the pump site. OEMW&W will either design the booster pump system, (including the equipment pad, enclosure, valves and piping, pump equipment, and pump control equipment) or recommend an off-the-shelf booster pump package.



Topic 903 - Safety Roadside Rest Area Standards and Guidelines 903.1 Minimum Standards The following standards generally represent minimum values. When consistent with sound judgment and in response to valid concerns, variations may be considered. Standards lower than those indicated herein may not be used without approval of the Principal Landscape Architect, Landscape Architecture Program. See Chapter 29 of the Project Development Procedures Manual (PDPM) for process and procedures for approval of deviations from standards. The Division of Design is responsible for approving nonstandard geometric design as discussed in Topic 82 and Index 901.1. The District Design Liaison and Project Delivery Coordinator should be involved in reviewing the geometric features for the design of the on and off ramps of safety roadside rest areas. Structural sections and drainage should be designed in accordance with the standards contained in this manual.



903.2 General Safety roadside rest areas should be designed to provide safe places for travelers in automobiles, commercial trucks, recreational vehicles, and bicycles where not prohibited, to stop for a short time, rest and manage their travel needs. Safety roadside rest areas may include vehicle parking, bicycle parking, picnic tables, sanitary facilities, telephones, water, landscape tourist information, traveler service information facilities and vending machines. Safety roadside rest areas should be provided at convenient intervals along the State highway system to accommodate traveler needs. Safety roadside rest areas should comply with State and Federal codes and regulations that address
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Operations website) by the stopping factor, and dividing the result by the number of times the parking space is expected to turn over in one hour. Multiply by a factor of 1.8 to include the compounded 20-year growth. Most visitors in automobiles stay about 10 minutes to 20 minutes. Some, however, will nap or sleep for longer periods. The California Code of Regulations allows travelers to stay up to 8 hours at each safety roadside rest area. For design purposes, it is common to assume a 20-minute stay for all types of vehicles (assume up to 6 hours, extended stay, for commercial truck drivers). That equals 3 turnovers of each parking space each hour. 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆��𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (%) × 1.8 3 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆��𝑆𝑆 (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌)



(4) Automobile/Long Vehicle Split. Consider the percentage of commercial trucks in the mainline traffic when determining the appropriate ratio of automobile parking spaces to long-vehicle parking spaces. Typically, one third of the total parking is devoted to long vehicles (commercial trucks, transit, automobiles with trailers and recreational vehicles). On certain goods-movement routes, truck traffic can account for half of the vehicular traffic at certain rest areas (consult with District Traffic Operations). For these highly commercial route segments, consider the potential for auxiliary parking facilities to satisfy the long duration stopping needs of commercial drivers at off-line parking locations. (5) Bicycle Parking. On highways where bicycling is not prohibited, bicycle parking should be considered at safety roadside rest areas. Consult the District Bicycle Coordinator for information on placement, capacity, and design requirements for bicycle parking. (6) Maximum Parking Capacity. The maximum parking capacity for a safety roadside rest area unit should not exceed 120 total vehicular parking spaces. Larger facilities tend to lose pedestrian scale, context sensitivity and



environmental qualities appropriate for a restful experience. If more than 120 vehicular parking spaces are needed, it is advisable to consider the development of additional safety roadside rest areas as identified on the Safety Roadside Rest Area System Master Plan, or development of an auxiliary parking facility. Site conditions may limit the amount of parking that is practical to build. If construction or enlargement of parking areas to meet anticipated demand will significantly diminish the environmental character of the site, the quantity of parking should be reduced as appropriate. Sites for auxiliary parking facilities should be chosen for their suitability in accommodating large numbers of commercial trucks for longer stays (up to 8 hours). Auxiliary parking facilities are not limited to 120 spaces; however, the amount of parking should be appropriate for the site and its surroundings. (7) Restroom Capacity and Fixture Counts. Restroom fixture counts (water closets, urinals for men’s rooms, and lavatories) are developed by the Division of Engineering Services-Transportation Architecture, and based upon average daily visitor and peak hour visitor data provided by the District. The quantity of fixtures provided for men’s rooms should be divided equally among water closets, urinals and lavatories. The quantity of water closets for women’s rooms should be 1 to 1.5 times the combined quantity of toilets and urinals provided for men. Restroom facilities should be designed to accommodate visitor use during the cleaning of restrooms. When existing restrooms are replaced as part of rehabilitation projects, it is preferable that the 20-year design need be constructed, even when expansion of parking facilities is deferred. Restroom facilities must be designed and constructed to be accessible to persons with disabilities in accordance with all applicable State and Federal law.



903.5 Site Planning (1) Ingress and Egress. For safety and convenience, ingress to the safety roadside rest area, circulation within the facility and egress should be simple, direct and obvious to
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CHAPTER 1000 BICYCLE TRANSPORTATION DESIGN Topic 1001 - Introduction Index 1001.1 – Bicycle Transportation The needs of nonmotorized transportation are an essential part of all highway projects. Mobility for all travel modes is recognized as an integral element of the transportation system. Therefore, the guidance provided in this manual complies with Deputy Directive 64-Revision #1: Complete Streets: Integrating the Transportation System. See AASHTO, “Guide For The Development Of Bicycle Facilities”. Design guidance for Class I bikeways (bike paths), Class III bikeways (bike routes) and Trails are provided in this chapter. Design guidance that addresses the mobility needs of bicyclists on all roads as well as on Class II bikeways (bike lanes) is distributed throughout this manual where appropriate. Design guidance for Class IV bikeways (separated bikeways) is provided in DIB 89. The AASHTO Guide for the Development of Bicycle Facilities also provides additional bikeway guidance not included in this chapter. In addition, bikeway publications and manuals developed by organizations other than FHWA and AASHTO also provide guidance not covered in this manual. See Topic 116 for guidance regarding bikes on freeways.



1001.2 Streets and Highways Code References



(c) Section 887.8 -- Payment for construction and maintenance of nonmotorized facilities approximately paralleling State highways. (d) Section 888 -- Severance of existing major nonmotorized route by freeway construction. (e) Section 888.2 -- Incorporation of nonmotorized facilities in the design of freeways. (f) Section 888.4 -- Requires Caltrans to budget not less than $360,000 annually for nonmotorized facilities used in conjunction with the State highway system. (g) Section 890.4 -- Class I, II, and III bikeway definitions. (h) Section 890.6 - 890.8 -- Caltrans and local agencies to develop design criteria and symbols for signs, markers, and traffic control devices for bikeways and roadways where bicycle travel is permitted. (i) Section 891 -- Local agencies must comply with design criteria and uniform symbols. (j) Section 892 -- Use of abandoned right-of-way as a nonmotorized facility.



1001.3 Vehicle Code References (a) Section 21200 -- Bicyclist's rights responsibilities for traveling on highways.



and



(b) Section 21202 -- Bicyclist's position on roadways when traveling slower than the normal traffic speed. (c) Section 21206 -- Allows local agencies to regulate operation of bicycles on pedestrian or bicycle facilities. (d) Section 21207 -- Allows local agencies to establish bike lanes on non-State highways.



The Streets and Highways Code Section 890.4 defines a “bikeway” as a facility that is provided primarily for bicycle travel. Following are other related definitions, found in Chapter 8 Nonmotorized Transportation, from the Streets and Highway Code:



(f) Section 21208 -- Specifies permitted movements by bicyclists from bike lanes.



(a) Section 887 -- Definition of nonmotorized facility.



(g) Section 21209 -- Specifies permitted movements by vehicles in bike lanes.



(b) Section 887.6 -- Agreements with local agencies to construct and maintain nonmotorized facilities.



(h) Section 21210 -- Prohibits bicycle parking on sidewalks unless pedestrians have an adequate path.



(e) Section 21207.5 -- Prohibits motorized bicycles on bike paths or bike lanes.
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They can either provide a recreational opportunity, or in some instances, can serve as direct high-speed commute routes if cross flow by motor vehicles and pedestrian conflicts can be minimized. The most common applications are along rivers, ocean fronts, canals, utility right of way, abandoned railroad right of way, within school campuses, or within and between parks. There may also be situations where such facilities can be provided as part of planned developments. Another common application of Class I facilities is to close gaps to bicycle travel caused by construction of freeways or because of the existence of natural barriers (rivers, mountains, etc.). (3) Class II Bikeway (Bike Lane). Bike lanes are established along streets in corridors where there is significant bicycle demand, and where there are distinct needs that can be served by them. The purpose should be to improve conditions for bicyclists in the corridors. Bike lanes are intended to delineate the right of way assigned to bicyclists and motorists and to provide for more predictable movements by each. But a more important reason for constructing bike lanes is to better accommodate bicyclists through corridors where insufficient room exists for side-by-side sharing of existing streets by motorists and bicyclists. This can be accomplished by reducing the number of lanes, reducing lane width, or prohibiting or reconfiguring parking on given streets in order to delineate bike lanes. In addition, other things can be done on bike lane streets to improve the situation for bicyclists that might not be possible on all streets (e.g., improvements to the surface, augmented sweeping programs, special signal facilities, etc.). Generally, pavement markings alone will not measurably enhance bicycling. If bicycle travel is to be provided by delineation, attention should be made to assure that high levels of service are provided with these lanes. It is important to meet bicyclist expectations and increase bicyclist perception of service quality, where capacity analysis demonstrates service quality measures are improved from the bicyclist’s point of view.



Design guidance that addresses the mobility needs of bicyclists on Class II bikeways (bike lanes) is also distributed throughout this manual where appropriate. (4) Class III Bikeway (Bike Route). Bike routes are shared facilities which serve either to: (a) Provide continuity to other bicycle facilities (usually Class II bikeways); or (b) Designate preferred routes through high demand corridors. As with bike lanes, designation of bike routes should indicate to bicyclists that there are particular advantages to using these routes as compared with alternative routes. This means that responsible agencies have taken actions to assure that these routes are suitable as shared routes and will be maintained in a manner consistent with the needs of bicyclists. Normally, bike routes are shared with motor vehicles. The use of sidewalks as Class III bikeways is strongly discouraged. (5) Class IV Bikeways (Separated Bikeways). See DIB 89 for guidance. A Class IV bikeway (separated bikeway) is a bikeway for the exclusive use of bicycles and includes a separation required between the separated bikeway and the through vehicular traffic. The separation may include, but is not limited to, grade separation, flexible posts, inflexible posts, inflexible barriers, or on-street parking. See DIB 89 for further Class IV guidance. It is emphasized that the designation of bikeways as Class I, II,III, and IV should not be construed as a hierarchy of bikeways; that one is better than the other. Each class of bikeway has its appropriate application. In selecting the proper facility, an overriding concern is to assure that the proposed facility will not encourage or require bicyclists or motorists to operate in a manner that is inconsistent with the rules of the road. An important consideration in selecting the type of facility is continuity. Alternating segments of Class I to Class II (or Class III) bikeways along a route are generally incompatible, as street crossings by
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bicyclists is required when the route changes character. Also, wrong-way bicycle travel will occur on the street beyond the ends of bike paths because of the inconvenience of having to cross the street. However, alternating from Class IV to Class II may be appropriate due to the presence of many driveways or turning movements. The highway context or community setting may also influence the need to alternate bikeway classifications.



Topic 1003 - Bikeway Design Criteria 1003.1 Class I Bikeways (Bike Paths) Class I bikeways (bike paths) are facilities with exclusive right of way, with cross flows by vehicles minimized. Motor vehicles are prohibited from bike paths per the CVC, which can be reinforced by signing. Class I bikeways, unless adjacent to an adequate pedestrian facility,(see Index 1001.3(n)) are for the exclusive use of bicycles and pedestrians, therefore any facility serving pedestrians must meet accessibility requirements, see DIB 82. However, experience has shown that if regular pedestrian use is anticipated, separate facilities for pedestrians maybe beneficial to minimize conflicts. Please note, sidewalks are not Class I bikeways because they are primarily intended to serve pedestrians, generally cannot meet the design standards for Class I bikeways, and do not minimize vehicle cross flows. See Index 1003.3 for discussion of the issues associated with sidewalk bikeways. (1) Widths and Cross Slopes. See Figure 1003.1A for two-way Class I bikeway (bike path) width, cross slope, and side slope details. The term “shoulder” as used in the context of a bike path is an unobstructed all weather surface on each side of a bike path with similar functionality as shoulders on roadways with the exception that motor vehicle parking and use is not allowed. The shoulder area is not considered part of the bike path traveled way. Experience has shown that paved paths less than 12 feet wide can break up along the edge as a result of loads from maintenance vehicles. (a) Traveled Way. The minimum paved width of travel way for a two-way bike path shall be 8 feet, 10-foot preferred. The minimum paved width for a one-



way bike path shall be 5 feet. It should be assumed that bike paths will be used for two-way travel. Development of a one-way bike path should be undertaken only in rare situations where there is a need for only one-direction of travel. Two-way use of bike paths designed for one-way travel increases the risk of headon collisions, as it is difficult to enforce one-way operation. This is not meant to apply to two one-way bike paths that are parallel and adjacent to each other within a wide right of way. Where heavy bicycle volumes are anticipated and/or significant pedestrian traffic is expected, the paved width of a two-way bike path should be greater than 10 feet, preferably 12 feet or more. Another important factor to consider in determining the appropriate width is that bicyclists will tend to ride side by side on bike paths, and bicyclists may need adequate passing clearance next to pedestrians and slower moving bicyclists. See Index 1003.1(16) Drainage, for cross slope information. (b) Shoulder. A minimum 2-foot wide shoulder, composed of the same pavement material as the bike path or all weather surface material that is free of vegetation, shall be provided adjacent to the traveled way of the bike path when not on a structure; see Figure 1003.1A. A shoulder width of 3 feet should be provided where feasible. A wider shoulder can reduce bicycle conflicts with pedestrians. Where the paved bike path width is wider than the minimum required, the unpaved shoulder area may be reduced proportionately. If all or part of the shoulder is paved with the same material as the bike path, it is to be delineated from the traveled way of the bike path with an edgeline. See Index 1003.1(16), Drainage, for cross slope information. (2) Bike Path Separation from a Pedestrian Walkway. If there is an adjacent pedestrian
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Figure 1003.1A Two-Way Class I Bikeway (Bike Path)



NOTES: (1) See Index 1003.1(13) for pavement structure guidance of bike path. (2) For sign clearances, see California MUTCD, Figure 9B-1. (3) The AASHTO Guide for the Development of Bicycle Facilities provides detailed guidance for creating a forgiving Class I bikeway environment. * 1% cross-slope minimum.
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Figure 1003.1D Minimum Lateral Clearance (m) on Bicycle Path Horizontal Curves S = Sight distance in feet. R = Radius of ℄of lane in feet. m = Distance from ℄ of lane in feet. Refer to Index 1003.1(11) to determine “S” for a given design speed “V”. Angle is expressed in degrees 28.65S �� R R R-m S= �cos -1 � �� 28.655 R 𝑚𝑚 = R �1- cos �



Formula applies only when S is equal to or less than length of curve. Line of sight is 28” above ℄ inside lane at point of obstruction. Height of bicyclist’s eye is 4 ½ feet.



R (ft) 25 50 75 95 125 155 175 200 225 250 275 300 350 390 500 565 600 700 800 900 1000



60 15.9 8.7 5.9 4.7



80



100



15.2 10.4 8.3 6.3 5.1 4.6 4.0



23.0 16.1 12.9 9.9 8.0 7.1 6.2 5.5 5.0 4.5 4.2



S = Stopping Sight Distance (ft) 120 140 160 180 200 31.9 22.8 18.3 14.1 11.5 10.2 8.9 8.0 7.2 6.5 6.0 5.1 4.6



41.5 30.4 24.7 19.1 15.5 13.8 12.1 10.8 9.7 8.9 8.1 7.0 6.3 4.9 4.3 4.1



38.8 31.8 24.7 20.2 18.0 15.8 14.1 12.7 11.6 10.6 9.1 8.2 6.4 5.7 5.3 4.6 4.0



47.8 39.5 31.0 25.4 22.6 19.9 17.8 16.0 14.6 13.4 11.5 10.3 8.1 7.2 6.7 5.8 5.1 4.5 4.0



57.4 48.0 37.9 31.2 27.8 24.5 21.9 19.7 18.0 16.5 14.2 12.8 10.0 8.8 8.3 7.1 6.2 5.6 5.0



220



240



260



67.2 56.9 45.4 37.4 33.5 29.5 26.4 23.8 21.7 19.9 17.1 15.4 12.1 10.7 10.1 8.6 7.6 6.7 6.0



66.3 53.3 44.2 39.6 34.9 31.3 28.3 25.8 23.7 20.4 18.3 14.3 12.7 12.0 10.3 9.0 8.0 7.2



75.9 1.76 51.4 46.1 40.8 36.5 33.1 30.2 27.7 23.9 21.5 16.8 14.9 14.0 12.0 10.5 9.4 8.4
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CHAPTER 1100 HIGHWAY TRAFFIC NOISE ABATEMENT Topic 1101 - General Requirements Index 1101.1 - Introduction The abatement of highway traffic noise is a design consideration that is required by State and Federal Statutes and regulations and by Department policy. This chapter provides design standards relating to the location, height and length of noise barriers and includes discussion on alternative designs, maintenance and emergency access considerations and aesthetics of noise barriers. Procedures and policies on minimum attenuation, design goals, assessing noise impacts, noise abatement criteria levels, priorities, feasibility and reasonableness, and cost-effectiveness are contained in the Project Development Procedures Manual (produced by the Division of Design), the California Traffic Noise Analysis Protocol, and its companion publication, Technical Noise Supplement (both produced by the Division of Environmental Analysis).



1101.2 Objective The objectives are: for new construction or reconstruction of highways, to limit the intrusion of highway noise into adjacent areas; on existing freeways to limit the noise intrusion to achievable levels within practical and financial limitations; and to limit the noise to the levels specified by statute for qualifying schools adjacent to freeways. To achieve these objectives the Department supports the following four approaches to alleviate traffic noise impacts: (1) Reduction at the Source. Reduction of traffic noise at the source is the most cost effective noise control strategy. Therefore, the Department encourages and supports design measures that reduce traffic noise impacts on adjacent roadside communities. Designers are encouraged to consider mitigating traffic noise at the tire/pavement interface in order to minimize noise emanating from the highway. Quieter pavement strategies



exist for flexible and rigid pavements on and off of structures. Refer to the Quiet Pavement Bulletin dated October 6, 2009 and the Pavement Program for more information. Low noise rumble strips are under development for reducing exterior roadside noise levels while maintaining or increasing interior vehicle noise and tactile feedback. (2) Encouraging Compatible Adjacent Land Use. The Department encourages local governments controlling development or land use near known highway locations to exercise their powers and responsibility to minimize the effect of highway vehicle noise through appropriate land use control. For example, cities and counties have the power to control development by the adoption of land use plans and zoning, subdivision, building and housing regulations. (3) Noise Abatement. The Department will attempt to locate, design, construct, and operate State highways to minimize the intrusion of traffic noise into adjacent areas. When this is not possible, noise impacts may be attenuated by the construction of noise barriers. Construction of noise barriers must result in at least a 5 decibel reduction of noise at the impacted receptors. (4) Noise Abatement by Others. An increasing number of requests are being made to the Department by owners or developers to attenuate noise reaching adjacent properties for which the State's mitigation priority is low or nonexistent. The general policy is that all feasible steps must be taken in the design of the adjacent development to attenuate noise so as not to require encroachment on the State's right of way. The State shall assume NO review authority or responsibility of any kind for the structural integrity or the effectiveness of the sound attenuation of walls constructed by others outside of the State's right of way. Where it is determined to be necessary to permit others to construct a noise barrier within the State's right of way, the general policy is that the design will meet geometric, structural, acoustic, and safety standards as established in this and other manuals and that the effects of the barrier on operation, maintenance and
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foundation -- for the facility as discussed in the Project Development Procedures Manual and the California Traffic Noise Analysis Protocol.



1102.3 Noise Barrier Height and Position (1) Minimum Height. Noise barriers should have a minimum height of 6 feet (measured from the top of the barrier to the top of the foundation). (2) Maximum Height. Noise barriers should not exceed 14 feet in height (measured from the pavement surface at the face of the safetyshape barrier) when located 15 feet or less from the edge of the traveled way, and should not exceed 16 feet in height above the ground line when located more than 15 feet from the traveled way. (3) Truck Exhaust Intercept. Current FHWA noise barrier design procedures result in noise barrier heights which often do not intercept noise emitted from the exhaust stack of trucks. For design purposes, the noise barrier should intercept the line of sight from the exhaust stack of a truck to the receptor. The truck stack height is assumed to be 11.5 feet above the pavement. The receptor is assumed to be 5 feet above the ground and located 5 feet from the living unit nearest the roadway. If this location is not representative of potential outdoor activities, then another appropriate location should be justified in the noise study report. (4) Multi-story Development. The noise barrier should not be designed to shield more than the first story of multi-story residences unless it provides a minimum reduction of 5 decibels for a substantial number of residences at a reasonable increase in cost. If the noise barrier is extended in height to provide attenuation beyond the first story, attenuation should effectively reduce noise by at least 5 decibels at the receptors precipitating the increase in height. (5) Parallel Noise Barriers. Frequently, noise barriers are constructed to shield noise receivers on both sides of a highway. These are referred to as parallel barriers. If the barrier surfaces are hard, relatively smooth, and nonporous, such as concrete or masonry surfaces, the barriers can reflect noise back and forth between the barriers, decreasing their



effectiveness. As a result of research performed by the Department and others, reflective parallel barriers should have a widthto-height ratio (W:H) of at least 10:1 to avoid the risk of perceptible reduction in performance of both noise barriers. The width is the distance between the two barriers, and the height is the average height of both barriers with reference to the roadway elevation. For example, two parallel barriers, one 10 feet, the other 14 feet high, should be separated by at least 120 feet to avoid a noticeable degradation in performance. A perceptible, or noticeable decrease in performance is defined as a reduction of 3 decibels or more in noise attenuation. (6) Potential Reflection. Reflected noise may be an issue for elevated receptors on the opposite side of the roadway. Paving to the base of the noise barrier can create a ‘hard’ surface and in combination with a soundwall can form a concave shape which might focus sound energy on an opposite roadside community. When possible, keep the finish grade to the base of the noise barrier composed of less-reflective ‘soft’ material such as uncompacted dirt or ground vegetation. Parallel barriers (discussed above) may also raise reflected noise concerns. Traffic variation and metrological influences make noise measurements at large distances imprecise, while extensive noise studies in the past are inconclusive at finding any distinguishable or discernable change in acoustics due to reflection only. To address concerns and/or complaints regarding reflected noise, a number of absorptive noise barrier systems have been pre-approved for use both on and off of structures. The list of preapproved absorptive noise barrier systems is available on the Division of Engineering Services Authorized Materials List at: http://www.dot.ca.gov/hq/esc/approved_produ cts_list/ .



1102.4 Noise Barrier Length (1) General. Careful attention should be given to the length of a noise barrier to assure that it provides adequate attenuation for the end dwelling. The California Traffic Noise Analysis Protocol provides guidance on determining how far beyond the end dwelling a
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treatment of choice satisfies all safety requirements. (3) Planting Near Noise Barriers. The use of plants in conjunction with noise barriers can help to combat graffiti and promote public acceptance of the noise barrier. When landscaping is to be placed adjacent to the soundwall, which will eventually screen a substantial portion of the wall, only minimal aesthetic treatment is justified. See Index 902.3 and the Project Development Procedures Manual for additional information. (4) Transparent Barriers. Noise barriers may impact viewsheds where consideration of transparent barriers may be warranted. A list of pre-qualified transparent barrier systems is available on the new products list at: www.dot.ca.gov/hq/esc/approved_products_li st/.



1102.7 Maintenance Consideration in Noise Barrier Design (1) General. Noise barriers placed within the area between the shoulder and right of way line complicate the ongoing maintenance operations. When there is a substantial distance behind the noise barriers and in front of the right of way line, special consideration is required. If the adjoining land is occupied with streets, roads, parks, or other large parcels, an effort should be made during the right of way negotiations to have the abutting property owners maintain the area. In this case, the chain link fence at the right of way line would not be required. Maintenance by others may not be practical if a number of small individual properties abut the noise barrier. (2) Access Requirements. Access to the back side of the noise barrier must be provided if the area is to be maintained by the Department. In subdivided areas, access can be via local streets, when available. If access is not available via local streets, access gates or openings are essential at intervals along the noise barrier. Access may be provided via offsets in the barrier. Offset barriers must be overlapped a minimum of 2.5 to 3 times the offset distance in order to maintain the integrity of the sound attenuation of the main barrier.



Location of the access openings must be coordinated with the District maintenance office. (3) Noise Barrier Material. The alternative materials selected for the noise barrier should be appropriate for the environment in which it is placed. For walls that are located at or near the edge of shoulder, the portion of the noise barrier located above the safety-shape concrete barrier should be capable of withstanding the force of an occasional vehicle which may ride up above the top of the safety barrier.



1102.8 Emergency Access Considerations in Noise Barrier Design (1) General. In addition to access gates being constructed in noise barriers to satisfy the Department’s maintenance needs, they may also be constructed to provide a means to access the freeway in the event of a catastrophic event which makes the freeway impassable for emergency vehicles. These gates are not intended to be used as an alternate means of emergency access to adjacent neighborhoods. Access to those areas should be planned and provided from the local street system. Small openings may also be provided in the noise barrier which would allow a fire hose to be passed through it. Local emergency response agencies should be contacted early in the design process to determine the need for emergency access gates and fire hose openings. (2) Emergency Access Gate Requirements. Access gates in noise barriers should be kept to a minimum and should be at least 1,000 feet apart. Locations of access should be coordinated with the District Maintenance office. Only one opening should be provided at locations where there is a need for access openings to serve both the emergency response agency and the Department’s maintenance forces. Gates should be designed to comply with the soundwall details developed by the Office of Structures Design. (3) Fire Hose Access Openings. When there is no other means of providing fire protection to the freeway, small openings for fire hoses may be provided. Fire hose access should be located as close as possible to the fire hydrants on the
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local street system. Where possible, fire hose access should be combined with emergency or maintenance access openings. The Office of Structures Design should be requested to design fire hose access openings.



1102.9 Drainage Openings in Noise Barrier Drainage through noise barriers is sometimes required for various site conditions. Depending on the size and spacing, small, unshielded openings at ground level can be provided in the barriers to allow drainage and not adversely impact the noise attenuation of the barrier. The following sizes of unshielded openings at ground level are allowed for this purpose: (a) Openings of 8" x 8" or smaller, if the openings are spaced at least 10 feet on center. (b) Openings of 8" x 16" or smaller, if the openings are spaced at least 20 feet on center, and the noise receiver is at least 10 feet from the nearest opening. The location and size of the drainage openings need to be designed based on the hydraulics of the area. The design should take into consideration possible erosion problems that may occur at the drainage openings. Where drainage requirements dictate openings that do not conform to the above limitations, shielding of the opening will be necessary to uphold the noise attenuation of the barrier. The shielding designed must consider the hydraulic characteristics of the site. When shielding is determined to be necessary, consultation with the District Hydraulics Unit and the HQ Traffic Liaison is recommended, as well as the Division of Environmental Analysis.
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