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CHAPTER 1 - INTRODUCTION AND CONTEXT

1.1 WHAT IS THE TRANSPORTATION ENGINEERING MANUAL?

For the City of Fort Worth, the Transportation Engineering Manual defines the design
requirements for transportation infrastructure. The design requirements outlined in this manual
offer recommendations of standards and criteria for design questions that frequently arise in
transportation planning, traffic operations, street design, and site development. The key intention
of the manual is to provide consistency of traffic and transportation design practices for existing
and future site development in the City. In addition, the Transportation Engineering Manual
provides design criteria for street elements required by the City’s adopted Master Thoroughfare
Plan (MTP) and Complete Streets Policy.

This manual is intended for use as a professional design resource by the City, the professional
development community, and any individuals or groups involved in the planning and design of the
City's street network. The manual applies to all projects that impact public right-of-way along the
City streets, including improvements to existing streets and alleys, construction of new streets,
and redevelopments.

This Manual contains 12 chapters to guide the City in its street design.

o Chapter 1. Introduction and Context. This chapter provides the background on the manual
and establishes the vision for implementing Complete Streets into the City through local and
national design standards.

o Chapter 2. Thoroughfare Framework. This chapter establishes the framework of the streets
and thoroughfares throughout the City through the application of an updated roadway network
classification, as governed by the MTP.

o Chapter 3. Street Design. This chapter details components and design elements of the travel
way and its effects on the full right-of-way.

e Chapter 4. Bicycle Facilities. This chapter encourages design solutions for providing better
and safer traveling conditions for bicyclists within the City.

e Chapter 5. Pedestrian Zone. This chapter prescribes methods to make the pedestrian
environment more universally accessible.

e Chapter 6. Intersection Design. This chapter outlines the necessary and recommended
accommodations behind designing intersections for all roadway users.

e Chapter 7. Midblock Crossing. This chapter presents solutions and criteria to integrate
pedestrians and safer pedestrian crossings into the roadway network.

e Chapter 8. Access Control and Off-Street Parking. This chapter describes the guidelines and
design criteria behind off-street parking and access control to commercial, multi-family, and
industrial properties.

e Chapter 9. Transit Accommodation. This chapter offers criteria and standards to integrate
transit into the roadway network, prioritizing it wherever possible.

o Chapter 10. Streetscape Ecosystem. This chapter will be published at a future date.
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e Chapter 11. Procedural Policies. This chapter outlines procedural policies for multiple
activities which are the responsibility of the Traffic Engineering Section.

o Chapter 12. Traffic Impact Analysis Guidelines. This chapter provides the guidelines and
requirements that govern the development of a traffic impact analysis.

1.2 PURPOSE OF MANUAL

The preceding edition of the City of Fort Worth Transportation Criteria Manual was published in
July 1987. The purpose of this publication is to provide updates to the design standards based on
changes in infrastructure and site development requirements. In addition, this manual will
incorporate changes based on national best practices and recent City planning efforts, including
the Master Thoroughfare Plane (MTP), Complete Streets Policy, Access Management Policy, and
Active Transportation Plan (ATP).

Updated design requirements in this manual are intended to shift the street network into a more
sustainable system that promotes a healthy community, in keeping with the goals of the MTP,
Complete Streets Policy and ATP.

1.3 EXISTING LOCAL AND NATIONAL BEST PRACTICES

The City of Fort Worth practices a design and planning approach which recognizes the quality of
existing plans and strategies already in place for bicycles, pedestrian, and transit and the
importance of incorporating them into the design process.

These plans remain freestanding strategies and are periodically updated to reflect changing
circumstances and emerging trends and best practices. Fort Worth will benefit from these
incremental enhancements over time by allowing them to inform the decision-making process of
street design.

The following locally adopted documents represent the latest standards guidelines and policies
that govern the design in Fort Worth:

e Active Transportation Plan — The Active Transportation Plan (ATP) is the update to the City's
Bike and Walk Fort Worth Plans and also serves as the City’s first trails master plan. This plan
also focuses heavily on first-mile and last-mile connections to transit.

e The Transit Master Plan — The Transit Master Plan is a 20-year plan governed by Trinity Metro
designed to improve and expand transit services and policies for the Fort Worth/Tarrant
County region.

e Complete Street Policy — The goal of Fort Worth’'s Complete Streets Policy is to ensure that
streets are designed, operated, and maintained to enable safe and comfortable access for all
users, regardless of age, ability, or mode of transportation.

e Master Thoroughfare Plan — The Master Thoroughfare Plan (MTP) establishes the right-of-
way, alignment, and cross-section for the City's thoroughfare network to facilitate orderly and
sustainable growth.
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Subdivision Ordinance — The Subdivision Ordinance guides the land development process
and protects the public from inferior and undesirable development practices. The Ordinance
governs streets, alleys, driveways, easements, drainage facilities, street lighting, lots and
blocks, and park dedication.

Zoning Ordinance — The Zoning Ordinance defines how property in the city can be used.

Access Management Policy — This policy provides for and manages access to land
development, while preserving the regional flow of traffic in terms of safety, capacity and
speed.

Stormwater Criteria Manual — This manual provides design criteria and a framework for
incorporating effective and environmentally sustainable stormwater management into the site
development and construction processes.

The following state adopted documents represent the latest standards guidelines and policies that
govern design in Texas:

TxDOT Access Management Manual
Texas Manual on Uniform Traffic Control Devices (TMUTCD)

Texas Accessibility Standards (TAS)

1.3.1 National Standards and Guidelines that Govern the Design of Streets

1.3.1.1 Street Design

AASHTO A Policy on Geometric Design of Highways and Streets (the Green Book)
Highway Capacity Manual

Manual on Uniform Traffic Control Devices (MUTCD)

FHWA NCHRP Report 672 — Roundabouts: An Informational Guide

FHWA Flexibility in Highway Design

NACTO Urban Street Design Guide

FHWA Road Diet Informational Guide

FHWA Traffic Calming ePrimer

FHWA Guide for Improving Pedestrian Safety at Uncontrolled Crossing Locations

ITE Trip Generation Manual
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1.3.1.2 Bicycle and Pedestrian Design
¢ NACTO Urban Bikeway Design Guide

¢ FHWA Separated Bike Lane Planning and Design Guide
e FHWA Bicycle and Pedestrian Facility Design Flexibility

¢ AASHTO Guide for the Development of Bicycle Facilities

¢ CNU/ITE Manual for Designing Walkable Urban Thoroughfares a Context Sensitive Approach
e Public Right-of-Way Accessibility Guidelines (PROWAG)

e FHWA NCHRP Report 672 — Roundabouts: An Informational Guide

¢ NACTO Urban Street Design Guide

e APBP Bicycle Parking Guidelines

e APBP Essentials of Bicycle Parking: Selecting and Installing Bicycle Parking that Works

e FHWA Shared Use Path Level of Service Calculator

e Fundamentals of Bicycle Boulevard Planning & Design

1.3.1.3 Transit Design
e NACTO Transit Street Design Guide

1.3.1.4 Complete Streets
e |TE Context Sensitive Solutions

e CNU/ITE Implementing Context-Sensitive Design on Multimodal Corridors: A Practitioner’s
Handbook

o APA Complete Streets: Best Policies and Implementation Practices

e NACTO Urban Street Design Guide

1.3.1.5 Street Stormwater
e NACTO Urban Street Stormwater Guide
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CHAPTER 2 -THOROUGHFARE FRAMEWORK

2.1 STREET TYPOLOGY

The City’s MTP defines specific requirements for thoroughfares within the City, including right-of-
way width, alignment, and cross-section. The MTP defines thoroughfares as “facilities that serve
moderate-length to long trips and moderate to high traffic volumes, and typically interconnect with
and augment the interstate and state highway systems.” The attributes of the thoroughfare
classifications are described below for the ease of the reader, as they are referenced within this
document. However, detailed information about MTP requirements, goals, and administration can
be found in the MTP itself.

2.1.1 Street Type

The MTP categorizes all thoroughfares into one of five Street Types based on surrounding land
use, segment characteristics, and network function, as follows:

o Activity Streets. Activity Streets are “destination streets.” They are typically retail-oriented,
automobile speeds are slow, parking is typically on-street, sidewalks are wide to support
sidewalk cafes and other amenities, and building facades front the street.

e Commerce/Mixed-Use Streets. Commerce/Mixed Use Streets are often found downtown
among office/commercial-oriented land uses. On-street and structured parking are both
common, automobile speeds are fairly slow, and sidewalks are wide and busy.

e Neighborhood Connectors. Neighborhood Connectors provide access from neighborhoods
to services, typically running along the boundaries of residential areas, with moderate speeds
and buildings set back from the street.

e Commercial Connectors. Commercial Connectors serve retail portions of the City, and often
have some driveway connections, medians, and center turn lanes. Automobile speeds are
moderate to high, and the outside lane is slightly wider to accommodate design vehicles and
a high volume of turning movements.

e System Links. System Links serve longer-distance travel and often provide connections from
the local network to freeways; automobile speeds are moderate to high, and raised medians
are required to separate traffic and facilitate left turns.

Figure 2-1 shows land access and mobility change with each Street Type.
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Figure 2-1. Thoroughfare Land Access vs. Mobility

2.1.1.1 Non-Thoroughfare
The street network also includes streets that are not classified as thoroughfares, as follows:

o Collectors. Collectors provide critical supporting connections to the overall transportation
network and can reduce traffic pressure by allowing for shorter trips to be made off the
thoroughfare network. While the MTP does not map collectors, it does provide requirements
on typical cross-sections. The Subdivision Ordinance contains criteria on when collectors are
required.

e Urban Local Streets. Urban local streets are residential facilities that carry traffic to and from
collectors and other residential streets. They usually serve low-density areas in conjunction
with collectors. While the MTP does not map local streets, it does provide requirements on
typical cross-sections.

¢ Limited Local Streets. Limited local streets serve clusters or zero-lot-line housing. While the
MTP does not map local streets, it does provide requirements on typical cross-sections.
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2.1.1.2 Thoroughfare/Non-Thoroughfare
The street network includes streets that can be classified as either a thoroughfare or not a
thoroughfare, as follows:

Special Districts. There are two districts within the City that have pre-established street
designations and design standards. These design standards supersede those established by
the MTP. These districts include:

0 Trinity Lakes (I-820/Trinity Boulevard)

o Panther Island (immediately north of Downtown)

Park-Adjacent Streets. When a thoroughfare is adjacent to a park, the frontage zone should
be eliminated, and the extra width should be shifted to the clearance and furnishing zones.
This will allow the pedestrian zone, sidewalk, or sidepath to abut the right-of-way line.

Industrial Streets. Industrial streets are established for industrial areas to allow for different
types of vehicles (i.e., larger turning radii, heavier industrial type traffic, wheel loads). These
roads are minor thoroughfares that serve industrial traffic traveling between a thoroughfare
system and industrial districts.

2.2 CROSS SECTIONS

2.2.1 Overview

Cross sections in the MTP illustrate the required widths of lanes and other elements on a roadway.
These elements can include features such as medians, sidewalks, and shared-use paths. Each
segment of the thoroughfare network is assigned a specific cross section in the MTP with
elements suited to the traffic characteristics and surrounding land use.

The MTP specifies a particular cross-section for each segment of the thoroughfare network,
based on six variables listed below:

Street Type. Under which of the 5 Street Types can this facility be classified?
Lanes. How many lanes per direction?

Transit. What type of special transit facility, if any?

Median. What type of median, if any?

Parking. What type of parking, if any?

Bikes. What type of bike facility?

Each selection process will result in a code and implied right-of-way that defines the cross section.
The first of these inputs, Street Type, was defined in Street Typology, Section 2.1 of this chapter.

A typical cross section for the various street types are shown in Figure 2-2. The cross sections
are for illustrative purposes to illustrate the difference between the street types. The flex space
may be used for an additional buffer, pedestrian zone or side path depending on context. The
maximum grades are based on level terrain. Refer to the MTP for dimensions.
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Figure 2-3. Sample Roadway Cross Sections (continued)
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2.3 STREET PATTERN AND CONNECTIVITY

Street pattern and connectivity refer to the arrangement, character, extent, and location of streets
within the City. An effective street pattern design will allow for more direct connections between
roadways, and this stronger connectivity grants travelers the option to take shorter and more
efficient routes. Design parameters shall be governed by the Subdivision Ordinance and the MTP,
while considering the existing environment, drainage, topography, and public safety and
convenience.

The elements of street pattern and connectivity consist of the following roadway features: street
and block arrangements and street length.

2.3.1 Street and Block Arrangements

Connectivity is maximized when streets and blocks are arranged in an efficient way. Refer to the
Subdivision Ordinance for guidance on internal and external roadway network connectivity.

2.3.2 Street Length

The length of a roadway segment can vary depending on its specific Street Type classification,
which, in turn, is based on the segment’s traffic patterns and land-use contexts.

2.3.2.1 Design Criteria
Table 2-1 summarizes the minimum desired lengths for continuous segments of different Street

Types.
Table 2-1. Typical Minimum Continuous Segment Length

Street Type Length

Activity Street Single Block
Commerce/Mixed-Use Street | Single Block
Neighborhood Connector % mile
Commercial Connector % mile

System Link 2 miles

Limited Local Streets *

* = Limited local streets cannot exceed 800 feet in length
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CHAPTER 3 - STREET DESIGN

3.1 INTRODUCTION

Street design involves the design of the travel way and parkway elements, including sidewalks.
Design of the travel way generally dictates the parkway design as sidewalks are primarily
designed along the alignment of the travel way.

The travel way is defined as the street area between the two faces of curbs or between two edges
of pavement for the streets without curbs. This area generally includes travel lanes and shoulders,
but can also include parking lanes, bicycle lanes, transit lanes, medians, and landscaping. The
parkway is defined as the area between the outside curb and right-of-way most often occupied
by pedestrian facilities, landscaping, and utilities.

This chapter provides the major design elements of the travel way and parkway, including desired
dimensions and relevant design criteria for various street functional classes. The various street
design criteria are outlined in the following three (3) categories:

o Design Controls. These sections cover the major factors that control the design of the various
roadway facilities. These are the factors that street or travel way design is based on while
determining its geometry.

o Design Elements. These sections cover the design of street geometry including horizontal
and vertical elements.

e Other Elements. These sections include other design elements to take into consideration
after the structure and composition of the street has been decided. Implementing measures
like traffic calming and placing transition markings on the roadway can promote a safer and
more efficient environment for all street users.

Depending on the type of street, different components may be prioritized over others. All design
elements should conform to the City’'s MTP. A summary of design criteria for various street types
as defined in Chapter 2 is shown in Tables 3-1 to 3-5. The naming convention for each cross
section within each street type can be referenced from the City's MTP.
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Table 3-1. System Link Roadway Design Criteria (SYS)

SYS-L2-TO- | SYS-L2-T0- | 8YS-L2-TD- | 8YS-L3-T0- | 8YS-L2-TD- | 8YS-L3-T0- | SYS-L2-TM- | SYS-L2-TD- | SYS-L3-TO- | SYS-L3-TO-
NTMS-PO- NTMS-PO- NTMS-PO- NTMS-PO- NTMS-PO- NTMS-PO- NTMT-PO- | NTMW-PO- [ NTMW-PO- | NTMW-PO-
BLS BOP BLS BLS BOP BOP BOP BOP BLS BOP
ROW (ft) 110 110 130 130 130 130 130 130 130 130
Lane Width (ft) 11 11 11 1 1 11 11 11 11 11
Outside '[‘;}”e Width 12 12 NA 12 NA 12 12 NA 12 12
Median Type Standard Standard Standard Standard Standard Standard Transit Wide Wide Wide
Median Width (ft) 16 16 16 16 16 16 54 28 28 28
Shared Lane Type MA A Bike + Transit MA Bike + Transit MA MNA Bike + Transit MA MA
Shared I_(;;e Width NA NA 12 NA 12 NA NA 12 NA NA
Parking Type A MA A MA A A MNA A MNA MNA
Parking Width (ft) MA A A MA A MNA NA MA A A
Sidepath (ft) MNA 10 MNA MNA 10 10 NA 10 MNA 10
Bike Lane (ft) B MA B B MNA NA NA MNA ] MNA
Ped Zone (ft) 5 MA 5 5 A A ] A 5 MNA
Buffer (ft) 45 45 45 45 45 45 45 6.5 45 6.5
Default Target 40
Speed (mph)
Minimum Centerline
Radius (f)* 762
Maximum Grade (%) 5
Minimum Grade (%) 0.5
Minimum Vertical 4d
Crest Curve (K)
Minimum Vertical B4
Sag Curve (K)
Design Vehicle WB-G7

*The minimum centerline radius is based on a 2% normal crown.
This table reflects minimum design criteria. Refer to subsequent sections in this chapter for additional guidance.
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Table 3-2. Commercial Connector Roadway Design Criteria (CCO)

CCO-L1-T0- | CCO-L1-TO- | CCO-L1-TD- | CCO-L2-TO- | CCO-L2-TO- | CCO-L1- | CCO-L2- | CCO-L2- | CCO-L2- | CCO-L3- | CCO-L3-
TWLT-PO- | TWLT-PO- | TWLT-PO- [ TWLT-PO- | TWLT-PO- |TD-NTMS-| TO-NTMS- [ TO-NTMS- | TD-NTMS- | TO-NTMS- | TO-NTMS-
BOP BLC BOP BOP BLC PO-BLC | PO-BOP | PO-BLC | PO-BOP | PO-BOP | PO-BLB
ROW (ft) 80 80 110 110 110 110 110 110 130 130 130
Lane Width (ft) 12 1 1 " " 1 1 1" M " "
Outside b:}”e Width 12 NA NA 12 NA NA 12 NA NA 12 NA
Median Type TWLT/Island | TWLT/Island | TWLT/Island | TWLT/Island | TWLT/lsland | Standard | Standard | Standard | Standard | Standard | Standard
Median Width (ft) 1 1 11 i 1 16 16 16 16 16 16
Bike + Bike + Bike +
Shared Lane Type MNA MNA Transit NA NA Transit MNA NA Transit NA NA
Shared L(:[;e Width | s, NA 12 NA NA 12 NA NA 12 NA NA
Parking Type MNA MNA WA NA NA NA MNA MNA MNA NA NA
Parking Width (ft) MNA MNA WA WA MNA NA MNA MNA MA MNA NA
Sidepath (ft) 10 MNA 10 10 MA 10 10 MNA 10 10 NA
Bike Lane (ft) MNA 6 WA WA 6 NA MA 6 MA NA 8
Ped Zone (ft) MNA 6 WA MA 6 MNA MNA 6 MA MNA 6
Buffer (ft) 45 4.5 45 45 45 45 4.5 45 4.5 45 45
Default Target Speed 35
(mph)
Minimum Centerline 510
Radius (ft)*
Maximum Grade (%) 5
Minimum Grade (%) 05
Minimum Vertical 29
Crest Curve (K)
Minimum Vertical 49
Sag Curve (K)
Design Vehicle VWB-62

*The minimum centerline radius is based on a 2% normal crown.
This table reflects minimum design criteria. Refer to subsequent sections in this chapter for additional guidance.

STREET DESIGN 3-6 JUNE 2019



FORT WORTH

CITY OF FORT WORTH | TRANSPORTATION ENGINEERING MANUAL

Table 3-3. Neighborhood Connector Roadway Design Criteria (NCO)

NCO-L1- | NCO-L1- | NCO-L1- | NCO-L1- | NCO-L1- | NCO-L2- | NCO-L2- | NCO-L1- | NCO-L2- | NCO-L2- | NCO-L3- | NCO-L3- | NCO-L1- | NCO-L1- | NCO-L2-
TO-NTMS- | TO-NTMM- | TO-TWLT- | TO-TWLT- | TD-TWLT- | TO-TWLT- | TO-TWLT- | TD-NTMS- | TO-NTMS- [ TO-NTMS- | TO-MNTMS- | TO-NTMS- | TM-MTMT- [ TM-NTMT- | TM-NTMT-
PO-BOP | PO-BLC | PO-BOP | PO-BLC BOP PO-BOP | PO-BLS | PO-BOP | PO-BOP | PO-BLS | PO-BOP | PO-BLS | PO-BOP | PO-BLC | PO-BSU
ROW (ft) 80 80 80 80 110 110 110 110 110 110 130 130 130 130 130
Lane Width (ft) 16 11 11 11 11 11 11 1 11 11 11 11 16 11 11
Outside %ﬂa}”e Width | 45 NA 11 NA NA 1 1 NA 1 B 1 11 16 NA 1
Median Type Narrow MNarrow TWLT/ LT/ TWLT/ LT/ TWLT/ Standard | Standard | Standard | Standard | Standard | Transit Transit Transit
Island Island Island Island Island
Median Width (ft) 6 6 11 11 11 11 1 16 16 16 16 16 54 54 b4
Bike + Bike +
Shared Lane Type MA NA MA NA . NA MNA : MNA NA MNA MNA MNA MA NA
Transit Transit
Shared L(;;‘E Width | ya NA NA NA 11 NA NA 11 NA NA NA NA NA NA NA
Parking Type MA MNA MA NA MA NA MNA NA MA NA MNA MNA MNA MA MNA
Parking Width (ft) MA NA MA NA MA NA NA NA MNA NA MNA MNA MNA MA NA
Sidepath (ft) 10 NA 10 NA 10 10 NA 10 10 NA 10 MNA 10 MA NA
Bike Lane (ft) MA 6 MA 6 MA NA 6 NA MNA 6 MNA 6 MNA 6 NA
Ped Zone (ft) MNA 6 MA 6 MA MNA 5 MNA MNA 5 MNA 5 MNA 6 6
Buffer (ft) 45 45 45 45 45 445 45 45 45 45 45 45 45 45 45
Default Target Speed 35
(mph)
I'\-"Iinimum Centerline 510
Radius (ft)*
Maximum Grade (%) 5
Minimum Grade (%) 0.5
Minimum Vertical 29
Crest Curve (K)
Minimum Vertical 49
Sag Curve (K)
Design Wehicle WB-62

*The minimum centerline radius is based on a 2% nermal crown.
This table reflects minimum design criteria. Refer to subsequent sections in this chapter for additional guidance.
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Table 3-4. Commerce/Mixed-Use Roadway Design Criteria (CMU)

CMU-L1- | CMU-L1- | CMU-L1- | CMU-L1- | CMU-L1- | CMU-L2- | CMU-L1- | CMU-L2- | CMU-L1- | CMU-L1- | CMU-L2- | CMU-L1- | CMU-L1- | CMU-L2- | CMU-L2- | CMU-L2-
TO-TWLT- | TO-TWLT- | TO-TWLT- | TRP-TWLT- | TD-TWLT- | TO-TWLT- | TO-TWLT- | TO-TWLT- | TP-TWLT- | TD-TWLT- | TO-TWLT- | TO-TWLT- | TO-TWLT- | TR-TWLT- | TD-TWLT- | TO-TWLT-
P0-BSU | PO-BLC | PP-BSU | PP-BSU | PO-BLC | PO-BSU | PP-BLB | PO-BLC | PP-BLB | PP-BLC | PP-BSU | PA-BSU | PA-BLC | PP-BSU | PO-BLC | PP-BLC
ROWV (ft) 80 90 90 100 100 100 100 110 110 110 110 110 110 120 120 120
Lane Width (ft) 11 b 1 11 11 1 b 11 1 b 1 11 11 1 11 11
Outside E:}”E Width ) 4 NA NA NA NA 1 NA NA NA NA NA NA NA NA NA NA
Median Tvoe TWLT/ TWLT/ TWLT! TWLT/ TWLT/ TWLT/ TWLT/ TWLT/ TWLT/ TWLT/ TWLT! TWLT/ TWLT/ TWLT! TWLT/ TWLT/
ye Island Island Island Island Island Island Island Island Island Island Island Island Island Island Island Island
Median Width (ft) 11 " 1 11 11 1" " 11 1" " 1 11 11 1 11 11
Parking + | Bike + Bike + Parking + | Bike + Bike + | Parking +| Bike + Bike +
Shared Lane Type MA NA NA Transit Transit NA Parking NA Transit Transit NA MA Parking Transit Transit Parking
Shared L(g;‘e Width |y NA NA 1 11 NA 16 NA 1 1 NA NA 16 11 1 16
Parking Type MNA MNA Parallel Shared MA MNA Shared MA Shared Parallel Parallel Angle Asr:]g;reej‘ Shared MNA Shared
Parking Width (ft) NA NA 8 NA MNA NA NA MNA NA 8 8 19 19 MA NA MNA
Sidepath (ft) NA NA MA NA MNA NA NA MNA NA NA MA NA MNA MA NA MNA
Bike Lane (ft) NA NA MA NA MNA NA NA MNA NA NA MA NA MNA MA NA MNA
Ped Zone (ft) 6 6 6 6 6 6 6 6 & 6 6 6 6 6 6 5
Buffer (ft) 6.5 6.5 25 6.5 6.5 6.5 25 6.5 6 25 25 25 25 6.5 6.5 3
Default Target Speed
25
(mph)
Minimum Centerline 198
Radius (ft)"
Maximum Grade (%) 5
Minimum Grade (%) 0.5
Minimum Vertical 12
Crest Curve (K]
Minimum Vertical 26
Sag Curve [K)
Design Vehicle BUS-40/Emergency Vehicle

*The minimum centerline radius is based on a 2% normal crown.
This table reflects minimum design criteria. Refer to subsequent sections in this chapter for additional guidance.
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Table 3-5. Activity Street Roadway Design Criteria (ACT)

ACT-L1-TO{ ACT-L1-TO{ ACT-L1-TO{ACT-L1-TPJACT-L1-TP{ ACT-L1-T0 ACT-L1-TO{ ACT-L1-TOHACT-L1-TP{ACT-L1-TP ACT-L1-TD{ ACT-L1-TO{ ACT-L1-TO{ ACT-L2-TO{ACT-L1-TD{ACT-L1-TP{ACT-L1-TP{ACT-L1-TD{ ACT-L1-TOH ACT-L2-TD
UNDIV-PP{NTMN-PP-| TWLT-PP- | UNDIV-PP{ NTMN-PP-| UNDIV-PP{ TWLT-PA- | UNDIV-PA] TWLT-PP- | UNDIV-PP{ UNDIV-PPINTMN-PP- | TWLT-PP-| UNDIV-PAQ NTMN-PP- NTMMN-PP-| TWLT-PP-| TWLT-PP- | TWLT-PA-| TWLT-PP-
BsU BSU BsU BsU BSU BLC BsU BsU BSU BLB BLC BLB BLC BLC BLC BLB BLB BLC BLB BsU
ROW (ft) 80 80 80 90 90 90 90 90 100 100 100 100 100 100 100 110 110 110 110 110
Lane Width (ft) 1 1 11 11 1 11 11 1 1 11 11 1 11 11 1 1 11 11 1 11
Outside 'Eﬁa)”e Width - ya NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Median Type MNA MNarrow TWLT/ MNA Narrow NA TwLT? MNA TWLT/ NA MNA MNarrow TWLT/ MNA MNarrow Narrow TWLTY LT/ TWLT/ TWLT/
Island Island Island Island Island Island Island Island
Median Width (ft) NA 6 10 NA 6 NA 10 NA 10 NA NA 6 10 NA 6 6 10 10 10 10
Parking + | Parking + | Bike + Parking + | Parking + | Bike + Bike + Bike + Bike + |Parking + | Parking + | Bike + Bike +
Shared Lane Type hA NA NA Transg:t Trangt Parking NA hA Transg:t Transﬁt Transit NA Parking | Parking Transit Transg:t Transﬁt Transit Parking NA
Shared Lans Width |, NA NA 1 11 16 NA NA 11 1 1 NA 16 16 11 1 1 1 16 NA
(ft)
Parking Type Parallel | Parallel Parallel Shared Shared Shared Angle & Angle Shared Shared Parallel | Parallel Shared Angle & Parallel Shared Shared Parallel Angle & Parallel
Paralle| Shared Shared
Parking Width (ft) 8 8 3 NA MA 16 19/8 19 MA NA 3 8 NA 19 8 NA NA 3 19 8
Sidepath (ft) MA MA NA NA MA NA NA MA MA NA NA MA NA NA MA NA NA NA MA NA
Bike Lane (ft) MA MA NA NA MA NA NA MA MA 3 NA 8 NA 7 MA 8 3 NA 7 NA
Ped Zone (ft) 6 6 5 6 5 6 5 5 6 5 6 6 6 6 5 6 5 6 6 6
Buffer (ft) 25 25 25 6.5 6.5 25 25 25 6.5 6.5 25 25 25 25 35 6.5 6.5 25 25 25
Default Target Speed 25
Minimuglng:a}merlme
Radius (ft)* 198
Maximum Grade (%) 5
Minimum Grade (%) 0.5
Minimum Vertical 12
Crest Curve (K)
Minimum Vertical 2
Sag Curve (K}
Design Vehicle BUS-40/Emergency Vehicle

*The minimum centerline radius is based on a 2% normal crown.
This table reflects minimum design criteria. Refer to subsequent sections in this chapter for additional guidance.
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3.2 DESIGN CONTROLS
3.2.1 Design Speed/Target Speed

Design speed is the maximum speed at which the motor vehicle can safely travel on a roadway
or street based on its horizontal and vertical geometry. There are other roadway elements that
have bearing on design speed for the streets. The City uses target speed instead of design speed,
which considers other street elements in addition to geometric elements to determine the
appropriate speed for street design.

Target speed is the highest speed at which vehicles should operate on a street in a specific
context, consistent with the level of multimodal activity generated by adjacent land uses to provide
both mobility for motor vehicles and a safe environment for pedestrians and bicyclists. A slower
target speed allows the use of features that enhance the pedestrian experience, such as smaller
horizontal curve, shorter lane widths, on-street parking, curb extensions, and bike facilities.

3.2.1.1 Design Criteria

Table 3-6 summarizes target speeds based on street type. Both the target speed range and the
default target speed shown below are based on the City’'s MTP. The default target speed shall be
used in the design of all roadway elements, including horizontal and vertical curvature, and should
ultimately be the posted speed limit. Deviations from the default target speed are considered
exceptions and can only occur within the ranges (if there are any) prescribed for each street type.
These deviations must be approved by Transportation and Public Works (TPW) Department
based on an engineering analysis that justifies the exception.

Table 3-6. Street Type Target Speeds (mph)

Street Type Default Target Speed | Target Speed Range
System Link 40 35-45
Commercial Collector 35 30-35
Neighborhood Connector 35 30-35
Commerce/Mixed-Use Street 25 -

Activity Street 25 -

Standard Collectors 25 -

Industrial Collectors 25 -

Local Street 25 -

3.2.2 Design Volume

Traffic volumes are important for the design of a roadway facility. Facilities should have enough
capacity to accommodate anticipated traffic volumes. These design volumes are usually projected
into the future for a designated design year. The MTP uses the design volumes to assign the
pavement width and target speed for each facility.

The latest edition of the AASHTO Green Book defines Average Daily Traffic (ADT) as:

e The total volume during a given time period (in whole days), greater than one day and less
than one year, divided by the number of days in that time period.

STREET DESIGN 3-10 JUNE 2019


http://fortworthtexas.gov/MTP/
http://fortworthtexas.gov/MTP/

FORT WORTH

CITY OF FORT WORTH | TRANSPORTATION ENGINEERING MANUAL

3.2.2.1 Design Criteria
The MTP categorizes street types by land use and not traffic volumes. However, the MTP utilizes

design volumes to assign right-of-way, number of lanes, median types, bicycle and transit facility 3
types.

Table 3-7 summarizes the median, on-street parking, and bike facility treatment types based on
ADT volumes (from the 2035 North Central Texas Council of Governments travel demand

forecasting model used in the MTP) and the type of street.

Table 3-7. Street Type Treatments based on Average Daily Traffic (vpd)

; On-Street . .
Street Type Median Type Parking Type Bike Facility Type
. >35,000° Wide .
System Link ™35 5003 | Standard None
. >15,0002 | Standard
Commercial None -
Connector <15,000? TWLT
Neighborhood >15,000%* | Standard N s
one
Connector <15,0002~k TWLT
ComUrzgrg(fr/(I;/Iel;(ed- *x See Activity Street | Same as Activity Street
>5,000! TWLT | >20,000 | None >5,000 | Shared Lane
Conventional
N <20,000 | Parallel | <5,000 Bike Lane
Activity Street and <25 for streets
<5,000! | Undivided mph target with no
speed and parking;
<5,000! | AN9le/ | not a trail Buffered
Diagonal | connection | Bike Lane
otherwise
géﬁgggfs 52,500 | TWLT = =
Industrial o x *x
Collectors

123 = Only applies to roads with 1/2/3 lanes in each direction
* = For facility types that are not median running

** = Not dependent on traffic volumes
*** = Refer to MTP for bicycle facility types for Neighborhood Connector and Commercial Connector

Additional information on medians and on-street parking types can be found in the Medians and
On-Street Parking and Curbside Use sections of this chapter. Refer to Chapter 4 for more

information on bike treatments.
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3.2.3 Stopping Sight Distance

Stopping sight distance is the minimum distance needed for a driver to be able to react and stop
to an object or person on the roadway to avoid collision. It is the sum of two distances: (1) brake
reaction distance and (2) braking distance. Brake reaction distance is the distance a vehicle
travels from the time the driver sights an object to the time the brakes are applied, whereas
braking distance is the distance required for the vehicle to stop after the brakes are applied.
Stopping sight distance should be adequate at every point along a roadway for drivers to come
to a safe stop before reaching an object.

3.2.3.1 Design Criteria

Based on the latest edition of the AASHTO Green Book, for stopping sight distances, the height
of the driver’s eye is 3.5 feet and the object height is 2.0 feet, which is equivalent to the taillight
height of a passenger car. Figure 3-1 shows an overview of stopping sight distance.

i Stopping Sight Distance i

Driver Eye
Height . Doy,

Figure 3-1. Stopping Sight Distance

Stopping Sight Distance (SSD) in feet is determined from the formula:

VZ

SSD =147Vt + 7l

30[(355) £ G]

Where:

V = target speed, mph

t = brake reaction time, 2.5 s
a = deceleration rate, ft./s?
G = grade, rise/run, ft./ft.

3.2.4 Horizontal Sight Distance

Horizontal Sight Distance is the distance across the inside of a horizontal curve that a driver can
see before an obstruction (such as walls, cut slopes, buildings, and longitudinal barriers). For
undivided highways, this is measured from the highway centerline whereas on divided highways,
horizontal sight distance is measured from the centerline of the inside lane.

3.2.4.1 Design Criteria

Based on the latest edition of the AASHTO Green Book, the Horizontal Sight Line Offset (HSO)
is determined by setting the value S equal to the stopping sign distance (SSD). Figure 3-2 shows
an overview of horizontal sight distance.
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Figure 3-2. Horizontal Sight Distance

Horizontal Sight Distance, or Horizontal Sight Line Offset (HSO), in feet is determined from the
formula:

HSO = R[1 — cos (28':55)] *

Where:

HSO = Horizontal sight line offset, ft.

S = Sight distance, ft.

R = Radius of curve, ft.

* This equation only applies to circular curves longer than the sight distance of the pertinent design
speed.
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3.3 DESIGN ELEMENTS
3.3.1 Horizontal Alighment

Horizontal alignment of roadways consists of a combination of circular curves and tangents which
are used to form smooth transitions from one roadway section to another. Criteria for determining
the maximum allowable limits of curves are based on the laws of mechanics and factors such as
superelevation and friction factors representative of pavement surfaces. The basic formula for
determining horizontal alignment is:

VZ

e+f=ﬁ

Where:

e = superelevation rate, in decimal format
f = side friction factor

V = vehicle speed, mph

R = curve radius, feet

3.3.1.1 Design Criteria

The minimum radius of a roadway is based on a standard of driver comfort that is appropriate to
provide a margin of safety against vehicle rollover and skidding. For layout purposes, the radius
is measured to the centerline of the alignment. Typically, the City will not use superelevation on
a city street. Therefore, the minimum centerline radius shall be provided based on the normal
crown section. Table 3-8 shows the minimum radii based on a normal crown with no
superelevation (-2%). Smaller radii may be used with the appropriate superelevation to maintain
the target speed, if approved by the City Traffic Engineer. Figure 3-3 shows the different
horizontal curve variables.

Table 3-8. Minimum Radii for Low-Speed Urban Streets

Target Speed (mph) | Minimum Radius (ft)
25 198
30 333
35 510
40 762

Source: AASHTO Green Book (2018)

Horizontal alignment shall not be designed with a reverse curve without a tangent between two
curves. The minimum tangent length between two reverse horizontal curves must be a minimum
of 100 feet.
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Figure 3-3. Horizontal Curve Variables

3.3.2 Vertical Alignment

Vertical alignment consists of combinations of straight sections, referred to as tangents or grades,
and vertical curves.

3.3.2.1 Grades

Driving performance of vehicles with respect to grades varies greatly. Grades generally have a
greater effect on the speeds of trucks than of passenger cars. Certain combinations of rate and
length of grade cause trucks to decelerate to the point of constant critical or “crawl” speed.
Maximum grades have been set relative to target speeds in recognition of such characteristics.

3.3.2.2 Vertical Curves

Vertical curves provide transitions between tangents of different grades. The significant terms
used to describe profile points are shown in Figure 3-4. The first featured curve on the left of
the figure is a sag vertical curve, and the second curve is a crest vertical curve. The minimum
length for the vertical curve shall be 50 feet. Vertical curves may not be needed for a grade
break of less than one percent.
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Figure 3-4. Vertical Curve Elements

The following parameters are also used:

e S = sight distance for crest vertical curves or headlight beam distance for sag vertical curves
o K =length of vertical curve per percent change in intersecting grades (A)

The basic formula for K is:
K=1L1/A

Crest Vertical Curves
The basic equations for length of a crest vertical curve needed to provide any specified value of
sight distance are as follows:

When S < L,
L= AS?
- 2
100(y/2hy + /2h5)
When S > L,
2
200(y/hy +/hy)
L= 25—
A
Where:

L = length of crest vertical curve, ft

A = algebraic difference in grades, percent

S = sight distance, ft

h: = height of eye above roadway surface, ft (3.5 ft for stopping sight distance)
h, = height of object above roadway surface, ft (2.0 ft for stopping sight distance)
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Figure 3-5 shows the general layout of two types of crest vertical curves.

CREST VERTICAL CURVES

TYPEI TYPE Il

Figure 3-5. Crest Vertical Curve Types

Table 3-9 shows the computed K values for lengths of crest vertical curves corresponding to the
stopping sight distances for each target speed. Rounded values of K are used in design.

Table 3-9. Design Controls for Crest Vertical Curves Based on Stopping Sight Distance

Stopping Sight Rate of Vertical Curvature, K
VEngEt St ([l Digfange (f%) Calculated Design
25 155 11.1 12
30 200 18.5 19
35 250 29.0 29
40 305 43.1 44

Source: Green Book (AASHTO, 2018)

A level point on a vertical curve can affect drainage, especially on curbed facilities. Drainage
requirements can be difficult to achieve on high target speed streets. For both sag and crest
curves, a minimum grade of 0.30 percent within 50-feet of the level point on the curve,
corresponding to a K value of 167, is considered maximum curvature for drainage.
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Sag Vertical Curves

Different criteria are used for establishing lengths of sag vertical curves, including headlight sight
distance, passenger comfort, drainage control, and aesthetics. The basic equations for length of 3
a sag vertical curve needed to provide any specified value of sight distance are as follows:

When S < L,

L= AS?
~ 200[2.0 + S(tan 1°)]
When S > L,
200[2.0 + S(tan 1°
| g 200[20+ S(tan 1)]
A
Where:

L = length of sag vertical curve, ft
A = algebraic difference in grades, percent
S = light beam distance, ft

Figure 3-6 shows the general layout of two types of sag vertical curves.

SAG VERTICAL CURVES

TYPE Il TYPE IV

Figure 3-6. Sag Vertical Curve Types

The light beam distance should be approximately the same as the stopping sight distance. Table
3-10 shows the computed K values for lengths of sag vertical curves corresponding to the
stopping sight distances for each target speed. Rounded values of K are used in design. Drainage
criteria and minimum curve lengths are established similarly to crest vertical curves.

Table 3-10. Design Controls for Sag Vertical Curves

Stopping Sight Rate of Vertical Curvature, K
VEgE SpERe (T, Distance (ft) Calculated Design
25 155 25.5 26
30 200 36.4 37
35 250 49.0 49
40 305 63.4 64
Source: Green Book (AASHTO, 2018)
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3.3.3 Pavement Cross and Side Slopes

3.3.3.1 Pavement Cross Slopes

All thoroughfares shall be designed with a maximum cross-slope of 2%. The minimum cross-
slope shall not be less than 1%. Superelevation is not permitted on the City’s thoroughfares unless
approved by the TPW.

3.3.3.2 Side Slopes

The maximum side slope allowed for the City’s thoroughfares is 4H:1V. Retaining wall(s) will be
required if side slopes are steeper than 4H:1V. If a temporary construction easement (TCE) or
slope easement is required, coordinate with Real Property for requirements.

3.3.4 Pavement Transition

Pavement transitions, or tapers, are generally provided for widening and narrowing street cross
sections to help guide users between changes in their normal driving path along a roadway. They
are often used to transition from divided to undivided sections of roadway which are referred to
as street cross-overs. Tapers are used in the narrowing or shifting of streets. Drivers follow these
tapers with the use of channelizing devices and/or pavement markings.

The main types of tapers are defined below:

e Merging Transition Taper. The distance required for drivers to merge into an adjacent lane
of traffic at the prevailing speed.

e Shifting Transition Taper. Transition taper used when a lateral shift is needed.

e Shoulder Taper. Used to direct traffic off the shoulder.

o Downstream Taper. Taper used to transition from a narrow roadway segment to a wider
roadway segment.

The different types of tapers are shown in Figure 3-7.

SHOULDER
TAPER

MERGING
I TAPER SHIFTING DOWNSTREAM

—L“ TAPER TAPER
- "—WL ‘ |
= =

-,

Figure 3-7. Pavement Transition Tapers
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3.3.4.1 Design Criteria

Pavement transition design for permanent conditions shall be done in accordance with
procedures outlined on the latest edition of the AASHTO Green Book. For a temporary condition,
pavement transition shall be done in accordance with the TMUTCD or the latest guidelines. The
appropriate target speed should be used to design the transition.

The following equations are used to calculate the transition length:
When target speed < 40 mph:

_ws?

L
60

Where:

L = taper length in feet
W = width of offset in feet
S = target speed in mph

Table 3-11 shows the taper length criteria.

Table 3-11. Pavement Transition Length

Type of Transition Length of Transition
Merging Taper at least L
Shifting Taper at least L
Shoulder Taper at least 0.33 L
Downstream Taper 50 feet minimum, 100 feet maximum

Source: TMUTCD and Green Book (AASHTO, 2018)

3.3.4.2 Guidance
Longer tapers, especially in urban areas with short block lengths or driveways, can encourage
drivers to delay lane changes, so they are not necessarily safer than shorter tapers.

Multiple merging tapers should have a tangent length of at least 2 taper lengths between them.
Adjoining merging and shifting tapers should have a tangent length of at least 0.5 taper lengths
between them.

If a shoulder is used as a travel lane, a normal merging or shifting taper should be used.

3.3.5 Signage and Pavement Markings

Signing and pavement markings are critical for safe and efficient operations of the roadway.
Signing and pavement markings shall be provided in accordance with the latest edition of
TMUTCD and the City's sighage and pavement markings standard details.

3.3.56.1 Street Name Sign Installation Policy

It is the policy of the City to require installation of street name signs at all intersecting public
streets. Intersections created by streets within a subdivision that intersect border streets shall
also be considered intersections within a subdivision.
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3.4 OTHER ELEMENTS
3.4.1 Roadway Drainage

Roadway drainage is designed based on the existing roadway geometry. Poor roadway drainage
can cause many problems, including negative impacts to traffic safety, erosion, and reduced
bearing capacity in the subgrade.

Refer to City of Fort Worth iSWM for stormwater design guidelines.

3.4.2 Public Right-of-Way Visibility Requirements

Adequate sight distance at the intersection of a street and another street, driveway, or alley must
be provided to reduce potential conflicts. When determining whether an object constitutes as a
sight obstruction within a sight triangle, consider both the horizontal and vertical alignment of the
intersecting roadways and the height and position of the object. Visibility requirements shall be
provided in accordance with Intersection Sight Distance as provided in Chapter 6, Table 6-1.

3.4.3 Street Lighting

The following policy shall govern all installations of street lights within the City limits and it's ETJ.
As used in this section, Director shall mean the Director of the Department of Transportation and
Public Works, unless otherwise noted.

3.4.3.1 General

e The City Engineer shall approve the design, equipment and material that will be acceptable
for all street light installations within the City of Fort Worth or its ETJ.

e All designs, plans, and specifications for installations of street lights shall be reviewed and
approved by the Director. Requests for approval of designs other than the City's minimum
standard design must include calculations demonstrating that the proposed design equals
or exceeds the City's minimum standard design.

3.4.3.2 Policy and Procedures
Neighborhood Street Lighting on Residential and Local Streets
e Street lighting shall be installed:

0 At all intersections.

0 At the end of all culs-de-sac and dead-end streets longer than 200 feet.

o At all significant changes in direction of the roadway, defined as those where, when
standing in the center of the roadway at one street light, you cannot see the next street
light due to horizontal or vertical changes in the roadway.

0 As necessary to achieve an approximate spacing between lights of 300 feet, except
along schools, City parks, libraries, and community centers where the spacing will be
reduced to 200 feet.

e The minimum standard design for residential and local streets shall consist of an LED
equivalent to a 100-watt high pressure sodium vapor luminaire, mounted at a minimum 25-
foot height above the roadway surface on a galvanized steel pole using underground wiring.

STREET DESIGN 3-21 JUNE 2019


http://fortworthtexas.gov/stormwater/iswm/

FORT WORTH

CITY OF FORT WORTH | TRANSPORTATION ENGINEERING MANUAL

e Steel poles and underground wiring shall be used at all new developments.

o Decorative lighting is allowed, provided that a complete neighborhood is installed in the
same manner and the number of lights is increased to compensate for the lower light levels,
and mid-block lights will be placed approximately 150 feet apart.

e Any request to deviate from the above standards shall be accompanied with a report
prepared by a professional engineer showing the roadway illumination. Any request to use
non-standard poles and fixtures will also require the developer to enter into a separate
maintenance agreement.

Street Lighting on Collector Streets
e Street lighting shall be installed:
0 At all intersections.
o0 At all significant changes in directions, defined as those where, when standing in the
center of the roadway at one street light, you cannot see the next street light due to
horizontal or vertical changes in the roadway.

¢ The minimum standard design for collector streets shall consist of an LED equivalent to a 100-
watt high pressure sodium vapor luminaire, mounted at a minimum 30 foot height above the
roadway surface, on a galvanized steel pole using underground wiring.

e Steel poles and underground wiring shall be used at all new developments.

Street Lighting on Thoroughfare Streets

e Street lighting shall be designed for thoroughfares to meet the lighting criteria in the latest
version of the llluminating Engineering Society (IES) Roadway Lighting Report 8 and the latest
version of the National Electric Code (NEC).

e The minimum standard design for thoroughfare streets shall consist of an LED equivalent to
a 200-watt high pressure sodium vapor luminaire, mounted at a 38-foot height above the
roadway surface on a galvanized steel pole, and minimum six (6) foot mast arm, using
underground wiring at an approximate spacing of 200 feet apatrt.

e Any request to deviate from the above standards shall be accompanied with a report prepared
by a professional engineer showing the roadway illumination. Any request to use non-
standard poles and fixtures will also require the developer to enter into a separate
maintenance agreement.

Street Lighting on Frontage/Service Roads

Street light installations on any frontage road, service road, or other roadway adjacent to an
Interstate Highway, U.S. Highway, or State Highway will be determined by the Director subject
to the approval of the Texas Department of Transportation (TXxDOT) on an individual basis
according to current standards for roadway lighting.

3.4.3.3 Engineering

o All street lighting installations shall be in accordance with design criteria and standard
construction details. Where there is a question as to equipment required, it shall be resolved
in favor of additional street lighting.
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e Existing utility poles, where available at specific locations, and overhead wiring may be used
under certain circumstances, subject to approval of the Director.

o The developer shall furnish, at his sole expense, an exhibit at a standard engineering scale
and a cost estimate together with submittal of the request for a developer’'s contract. For
phased developments, the developer shall submit an exhibit at a standard engineering scale
showing the total development.

o The developer shall submit construction plan sheets and standard construction details of all
street lighting sealed by a professional engineer as part of the construction.

o The developer shall provide all necessary utility easements required for the street lighting
system on the final plat.

3.4.3.4 Construction
o The developer is responsible for installing the street light system and will be expected to
provide poles, fixtures, and mast arms approved by the City.

o There will be a fee for City street light crews to install final taps to the local utilities transformers
and hand holes.

e All street lighting shall be owned by the City of Fort Worth.
e Street lights along private streets shall be installed by a contractor employed by the developer.

3.4.3.5 Financial Responsibility
The developer is responsible for 100% of the cost for installation.

3.4.3.6 Ownership and Maintenance

All street lights installed in a dedicated public right-of-way shall become the property of the City
upon final acceptance of a project. No private utility company ownership of street lights shall be
allowed. Unless otherwise provided for under a separate maintenance agreement, all street
lights installed pursuant to this section shall be maintained by City.

3.4.3.7 Special Districts

There are several districts within the City that have pre-established street lighting design
guideline and standards. These design standards supersede those established in this section.
These districts include:

e Downtown Central Business District

e Near Southside
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3.4.4 Medians

Medians are the portion of a divided street used to separate opposing lanes of traffic. Medians
can be raised, depressed, or flush (pavement markings). Medians are typically longer and more
continuous than islands. Medians provide better access management by limiting vehicle turn
movements across the traveled way. This increases safety by reducing the number of conflict
points and providing an extra buffer between opposing lanes of traffic. Medians also provide
refuge for pedestrians crossing the street and offer additional space for landscaping, lighting, and
placement of utilities. Landscaped medians enhance the aesthetics of the surrounding
environment and contribute to the character of a community. The Access Management Policy
details requirements on the installation and spacing of median openings and providing for u-turn
movements.

3.4.4.1 Types

Based on the MTP, median types include two-way left-turn lanes, narrow, standard, wide, and
transit medians. The MTP sets the median type and width on non-established thoroughfares.
Figure 3-8 shows the median types and widths.
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Figure 3-8. Median Types
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Non-Traversable Medians

Non-traversable medians constitute vertical barriers between directions of travel. Typically,
medians are raised. Landscaping, especially vertical features such as trees and taller shrubs
close to the travel way, is an important element of a Complete Streets approach to calming traffic.
Medians typically have openings at intersections and major driveways.

e Standard Median. Standard medians provide the dual function of controlling access between
intersections and accommodating single left-turn lanes at intersections. Note that corridors
with standard medians may contain intersections that need dual left-turn lanes.

e Wide Median. Wide medians are included for corridors on which dual left-turn lanes are
expected to be prevalent.

e Narrow Median. Narrow medians are an option for where volumes are low and/or left-turning
needs are minimal. They can be used on single-lane roundabout corridors where turns
(including U-turns) often occur. They are also used to provide aesthetics and traffic calming
on a roadway with fairly low turning volumes.

¢ Transit Median. Transit medians are intended to accommodate either dedicated bus lanes
or center-running light-rail transit — one transit vehicle in each direction running within the
median. Additional width is included on both outside edges of these medians for two purposes:
(a) to provide a platform area for waiting transit passengers at stops, and (b) to shadow left-
turn lanes at intersections. Transit medians are provided on Street Types that offer the needed
width and generally have the level of access management needed to promote high capacity
transit usage of the median.

Depressed Median

Any of the non-traversable median options, except the narrow option, are candidates for
consideration for a depressed, rather than raised, configuration in the appropriate circumstances.
Depressed medians are often used for Stormwater management purposes, in keeping with Green
Infrastructure practices supported by the City. Refer to the MTP for further guidance.

Two-Way Left-Turn Lane (TWLTL)

A two-way left-turn lane (TWLTL) consists of a striped center lane from which left turns can be
made by vehicles in either direction. TWLTLS maximize access to adjacent land uses, while
promoting capacity by removing left-turn movements from the through travel stream. Portions of
the lane can also include non-traversable medians to provide pedestrian refuge or to prevent turns
at higher volumes/speeds.

3.4.4.2 Design Criteria
Refer to the MTP for the type of median and width.

On established thoroughfares, the width available will not include all cross-section elements called
for in the Typical Section Selection flow-chart. In some cases, median design can be modified
according to the Established Thoroughfare section of the MTP.
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3.4.5 On-Street Parking

On-street parking accommodates adjacent developments, separates pedestrians from moving
traffic, and helps slow down through traffic. The two main types of on-street parking facilities are 3
parallel parking spaces and angle/diagonal parking spaces.

3.4.5.1 Types of On-Street Parking
Figure 3-9 shows an overview of the main on-street parking types.
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Parallel Parking Areas
Parallel parking areas are incorporated into the parkway. They narrow the in-street cross-section
and may be accompanied by regularly spaced curb bulb-outs.

Angle/Diagonal Parking Areas

The width is the same for both head-in and reverse/back-in angle parking. If adjacent to bike
lanes, reverse angle parking shall be used. Bulb-outs/tree wells should be used with angle parking
to narrow the effective street width and calm traffic. Shorter bulb-out areas can provide a
motorcycle parking opportunity. Angle parking is not used on streets with one automobile through
lane in each direction plus a median, because the median would hamper parking access. It is also
not used on streets with more than one automobile through lane per direction.

Asymmetrical Parking

Different parking types can be used on both sides of a road to minimize cross-section width.
Traffic calming can still be implemented by alternating, on a block-by-block basis, which side has
the angle parking.

3.4.5.2 Design Criteria

All Activity Street sections, special residential sections, standard and industrial collectors, and
many of the Commerce/Mixed-Use Street sections include on-street parking. Minimum,
maximum, and preferred widths of on-street parking lanes can be found in the MTP.

3.4.5.3 Guidance

No on-street parking is allowed beyond clustered on-street areas where additional width is
supplied for parking stalls on limited local streets. Standard local streets are designed to
accommodate parking on both sides which helps lower traffic speeds in neighborhood.

Parking stalls may be marked in commercial areas to delineate the travel space from the parking
spaces. Markings also provide better guidance on the number and availability of spaces along
the curbside.

For angled parking, reverse-in angle parking should be considered before front-in angle parking.
Front-in parking is disadvantageous due to limited visibility. Motorists have a better view of the
travel way and any crossing bicyclists when coming out of reverse-in angle parking. No bike lane
behind head-in parking will be allowed.

Park assist lanes should be considered where appropriate. Park assist lanes are approximately
3 feet in width and are placed between the parking lanes and travel way. These lanes provide a
buffer to the main travel way so that motorists feel safer while entering and exiting a parking lane
on a busy street. If right-of-way is constricted, bike lanes can also act as this buffer. The space
taken by the park assist lane can also make the travel way feel narrower, which reduces vehicle
speeds and creates an even safer and more comfortable environment for parking maneuvers.

The MTP discusses other curbside parking uses noted below:
e Transit lanes located curbside can serve on-street parking during off-peak periods.

o Buffered bike lanes can be placed on either side of on-street parking depending on the amount
of foot traffic and the long-term status of the on-street parking.
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o Parallel parking areas can be used as loading zones and taxi stands when needed. Loading
zones are typically used to accommodate buses, taxis, and commercial vehicles.

3.4.6 Access Management

3.4.6.1 Driveway Spacing

Driveway spacing is critical element of access management. Closely spaced driveways can
create operational and safety issues at the street. The driveway spacing for various street types
shall be provided in accordance with the City’'s Access Management Policy. Refer to Chapter 8
of this manual for spacing diagrams.

3.4.6.2 Lining Up Driveways across Roadways

Closely spaced driveways on opposite sides of a roadway may cause safety issues, as vehicles
may make a “jog maneuver” to get across the roadway without making two separate turns. Along
roadways with two-way left turn lanes, closely spaced driveways may result in left turns
overlapping in the center lane, increasing the likelihood of head-on collisions. Regarding driveway
spacing across roadways, the minimum spacing (based on speed) as shown in Table 3-12 applies
when driveways are not located directly across the roadway from each other.

Table 3-12. Minimum Offset for Driveways on Opposite Sides of a Roadway

Target Speed | Offset ¢ Refer to table ¢
(mph) (ft)
<30 175 J L
35 330 - 7}_ _____ =

40 660 —TJ r

3.4.6.3 Angle of Intersection to the TXDOT Roadway

Access Management on TxDOT roadways maintained by the City should be done in accordance
with TXxDOT Access Management Manual. For such roadways, the angle of the driveway from
the highway pavement must be 75 to 90 degrees. Along one-way frontage roads or divided
highways, an angle of 45 to 90 degrees is permitted. These driveway angles are shown in Figure
3-10.

While this is a requirement along TxDOT highways and frontage roads, all new driveways
intersecting thoroughfares and collector streets must follow this standard and must still be
approved by the City.
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Figure 3-10. Driveway Angle

3.4.6.4 Driveways and Accommodation of Pedestrians

All driveways must be designed to safely accommodate pedestrians using sidewalks or paths.
The following considerations must be made when accommodating pedestrian crossings at
driveways:

o Crosswalk and ramp locations must be placed to balance the pedestrian crossing distance
and the width of the intersection for vehicular traffic (typically this is at about the center point
of the corner radius).
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o Crosswalks must not be placed where pedestrians would likely have to cross behind or
between stopped vehicles, except at roundabouts and “pork chop” right-turn islands.

o Where four or more driveway lanes are created, they must be designed so that the pedestrians
have a refuge between the entering and exiting traffic.

o Horizontal and vertical alignments must provide an adequate advance view of the driveway
intersection.

e Obstructions that block needed sight lines must be avoided.

e The Texas Accessibility Standards (TAS) specify a pedestrian travel path with a cross slope
that does not exceed 2%.

¢ The sidewalk alignment across the driveway must be straight and not have steps or other
abrupt changes in vertical elevation.

3.4.6.5 Driveways and Accommodation of Bicycles

Different City streets may carry bicyclists on sidepaths, in separated bike lanes, in on-street bike
lanes, or in mixed traffic. Safely navigating a bicycle across a driveway largely depends on
visibility, driver expectations, and sometimes bicyclist skill levels. Where a new driveway crosses
a bicycle facility (such as a sidepath or an on-street bike lane), the driveway must be designed to
accommodate the safe crossing of cyclists. Likewise, when a new bicycle facility is built that
crosses existing driveways, the bicycle facility must be designed with safe crossings in mind. The
following design considerations must be made when designing driveways to accommodate
bicycle crossings:

e Provide horizontal and vertical alignment that allows an adequate advance view of the
driveway intersection.

¢ Avoid obstructions that block needed sight lines for driver.

e Where a sidepath or sidewalk-level separated bike lane crosses a driveway, do not have an
abrupt change where the bikeway cross slope meets the driveway grade.

e Where a bicyclist could turn into or turn out of a driveway, avoid designing abrupt changes in
surface elevation that could create bumps for the bicyclist.

e Avoid grate openings that a bicycle tire could drop into.

¢ Provide a bicycle stopping sight distance on object heights of 0 inches to recognize any
impediments on the pavement surface.

¢ Include warning signage at driveways that have two-way traffic present (for sidepath).

3.4.6.6 Vehicle Stacking at Gates

o For smallinfill projects of 40 residential units or less, there must be a minimum 16-foot stacking
distance between the gate and travel lane.

e For infill projects of over 40 residential units, there must be a minimum 32-foot stacking
distance, with applicable turnaround space, between the gate and travel lane.
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Stacking can cross sidewalk, parkway, on-street parking zone and/or slip lane. Stacking must not
be on a major thoroughfare as defined in the MTP.

3.4.7 Complete Street Components

The key principles for consideration in the design of complete streets are outlined below:

o Design for all users. Young and old, pedestrians, automobiles, bicyclists, persons with
disabilities, transit riders, and commercial vehicles. The design should consider the comfort
level and needs of the different groups of users.

e Design for safety. Safety should be of the utmost importance, especially when considering
vulnerable users like children, the elderly, and persons with disabilities. Street users should
be able to easily cross the street, walk between restaurants or transit stations, or bike across.
Consider altering the geometric design or operations to improve safety.

e Use context-sensitive design solutions. Not all streets are the same. Consider the needs
and goals of each street individually before looking at the bigger picture to ensure that the
design is appropriate. Build in some flexibility to accommodate changing needs. Design using
the appropriate speed since the speed of vehicles impacts all users of the street.

e Include environmentally sustainable solutions when possible. Environmentally friendly
design solutions can reduce congestion, promote alternative transportation methods, and
improve air quality.

e Design streets that enhance the public realm. Streets should serve a bigger purpose than
merely moving traffic. Consider designs and aesthetics that will improve the quality of place
and add to the character of the surrounding areas.

3.4.8 Right-Sized Roadways

Right-sized roadways are facilities in which the effective street width and/or the number of motor
vehicle travel lanes is reduced to better serve its full range of users. The space is then redefined
for other purposes like landscaping, bike lanes, shoulders, transit uses, off-street parking spaces,
and/or sidewalks. Figure 3-11 shows a couple of examples before and after implementing the
right-sized roadway approach. This traffic calming process is sometimes referred to as “roadway
reconfiguration” or “road dieting.”

Right-sized roadways can have many benefits. FHWA highlights some of the benefits to the
implementation of right-sized roadways including:

¢ Reduction in crashes from fewer vehicle-vehicle conflicts

e Reduced delays if adding a two-way left-turn lane to a previously undivided roadway
o Reduced crossing width for pedestrians

¢ Reduction of speed differentials, which causes fewer and less severe crashes

¢ Reduction in side-street delay due to crossing fewer lanes
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¢ The addition of a pedestrian refuge island, a raised island that separates vehicles from
pedestrians in the middle of the road way, makes crossing less complicated and safer for
pedestrians.

o On-street parking spacing creates an additional buffer between moving vehicles and
pedestrians.

¢ Adding painted bike lane pavement markings or bike lanes with a physical barrier makes
bicyclists more visible to motorists, increases comfort for bicyclists, reduces vehicle speeds
since drivers are more aware, and can even encourage bike usage.

¢ Improve the quality of life by increasing the comfort level of all users.
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Figure 3-11. Right-Sized Roadway Retrofit Examples
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3.4.8.1 Design Criteria
Table 3-13 provides right-sized roadway recommendations based on the existing number of lanes

and ADT. 3

Table 3-13. Implementation of Right-Sized Roadways

Existing Number .
of Lanes ADT (vpd) Recommendation
4 <15,000 Generally good candldgtes for three lane
conversion

4 15,000 — 20,000 May b_e g_ood candldat_es for thr'ee lane
conversion; Further traffic analysis needed

6 <35,000 May be good candidates for five lane
conversion; Further traffic analysis needed

3.4.8.2 Guidance

The most common right-sizing configuration involves converting a four-lane road to three lanes:
two travel lanes with a two-way left turn lane in the center of the roadway. The center turn lane at
intersections often provides a great benefit to traffic congestion. A three-lane configuration with
one lane in each direction and a center two-way left turn lane is often as productive (or more
productive) than a four-lane configuration with two lanes in each direction and no dedicated turn
lane. This addition of a center lane can lead to many benefits:

¢ Discourages speeding and weaving.

¢ Reduces the potential for rear end and side swipe collisions.

e Improves sight distances for left-turning vehicles.

e Reduces pedestrian crossing distances and exposure to motor vehicle traffic.

The space gained for a center turn lane is often supplemented with pavement markings, textured,
or raised center islands. If considered during reconstruction, raised center islands may be
incorporated in between intersections to provide improved pedestrian crossings, incorporate
landscape elements, and reduce travel speeds. Reference the MTP for median width ranges on
established thoroughfares.

3.4.9 Established Thoroughfares

The MTP states that established thoroughfares are typically not expected to increase in right-of-
way or roadway width, because they are often constrained by existing development. If cross-
sections are to be modified or added, the table in the MTP indicates the minimum, maximum, and
desirable widths of the various elements. It should be noted that Special Districts may have
differing ranges, and thus those standards should be consulted when appropriate.

Often, the width available on an Established Thoroughfare will not accommodate all cross-section
elements called for by the MTP Typical Section flow-chart, given the minimum widths presented
in the MTP table. In these cases, some elements may have to be sacrificed. Guidance on
prioritizing elements can be found in the Established Thoroughfares section of the MTP.
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3.4.10 Air Rights

Air rights involve developing the air space over urban street or railroad corridors. This can help
promote sustainable revitalization and provides opportunities to elevate walkways to reduce at-
grade conflicts. Air rights development should be context sensitive and consider construction
feasibility and costs. Air rights development can be complex and requires special planning and

policy.

3.5 DESIGN CRITERIA FOR OTHER ROAD CLASSIFICATIONS
3.5.1 Alleys and Alleyway Turnouts

An alley is a narrow access way, often without sidewalks, that provides access to the back of
buildings or garages. Alleys are often used for deliveries and garbage collection.

3.5.1.1 Design Criteria
Alley and alleyway turnout design standards can be found in the Subdivision Ordinance and are
also shown below.

Length
Alleys shall be of a similar length as their associated opposite and parallel primary service streets,
except for any additional length required for turnout returns to the primary service street. Dead-
end alleys are prohibited. An alley with only one outlet shall be provided with an approved turn-
around.

Width
Table 3-14 shows the design criteria for alleys and alleyway turnouts.

Table 3-14. Alley and Alleyway Turnout Design Criteria

Single Family & Two- Multi-Family & Non-
Family Subdivision (ft) Residential Subdivisions (ft)
Right-of-Way 16 20
Roadway Paving 12 20
Right-of-Way Radius
Street/Alley 25 25
Right-of-Way Radlus o5 o5
Property Line

Paving

Alleys shall be paved with concrete in accordance with City’s Subdivision Ordinance design
standards and specifications. Alley paving shall have a minimum grade of 0.5% and a maximum
grade of 10%.

Intersection with Streets

Alleys shall intersect streets at right angles or radial to curved streets. The intersection of a street
and an alley shall be constructed as a standard driveway approach. Entrance widths to alleys
shall be constructed 12 feet wide for one-family and two-family residential areas and 20 feet wide
for other areas, with a uniform transition in alley pavement width not to exceed one foot of
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transition per 20 feet in alley length. Requirements for spacing are included in the City’s Access
Management Policy.

Alleyway Turnouts

Alley turnouts shall be paved to the property line with turnouts to be not less than 20 feet wide as
shown in Figure 3-12. At alleyway turnouts, the distance from the alley right-of-way to any gate,
building or garage opening shall be at least 25 feet. In cases where two alleys intersect or turn at
a sharp angle, lot corners shall be platted so that a triangular area of 25 feet by 25 feet or greater

is dedicated as part of the alley for providing a minimum required radius of 30 feet to the inside
edge of the alley paving.

ROW

EDGE OF
PAVING

j

ALLEY
WIDTH

ROW
WIDTH
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.
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WIDTH
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Figure 3-12. Alley Turnouts

3.5.2 Driveways

Driveways provide vehicular access between a public roadway and an adjacent property.
The frequency and width of driveways can impact the safety and flow of traffic on the roadway.
The need to access properties should be balanced with the potential for conflicts with pedestrians,
bicyclists, and other motorized users. Driveways also reduce the amount of space available for

on-street parking, so this trade-off should also be considered. Figure 3-13 depicts the different
driveway variables.
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Figure 3-13. Driveway Variables

3.5.2.1 Classifications

Driveways are classified by their operational characteristics (one-way or two-way) and by the type
of land use being served. In Fort Worth, all driveways are classified as either residential or
commercial. Refer to City construction details for more information on various driveway
configurations.

o Residential Driveways. Provide access to residential properties containing single-family or
duplex units. Permits for the construction of residential driveways must be obtained from the
Construction Engineering Section of the TPW Department.

o Commercial Driveways. Provide access to all other facilities, including offices, businesses,
institutional buildings, shopping centers, multi-family housing, industrial parks and
warehouses. Requests for commercial driveways must be approved by the City Traffic
Engineer either (1) for a new development or (2) to change an existing driveway or construct
a new one. After approval, the applicant must obtain a driveway construction permit from the
Construction Engineering Section of the TPW Department. Spacing of commercial drives shall
comply with the City’'s Access Management Policy.

3.5.2.2 Location and Spacing
Refer to the City's Access Management Policy for location and spacing requirements
of driveways.
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3.5.2.3 Design Criteria
e The throat length is defined in the Access Management Policy.

¢ The driveway angle can depend on whether the street is one-way or two-way and if left turns
are permitted.

e Minimum sight distance shall be provided at all access points.

o Driveway approach shall have a maximum slope of 12% for residential driveways and 6% for
commercial driveways. The grade break between street and driveway approach shall be
maximum of 14% and 8%, respectively. The design of the driveway shall meet both criteria.

e Tapered or channelized deceleration lanes for vehicles turning right into high volume or
intersection type driveways may be required on major streets.

¢ The use of one-way driveways, supported by an appropriate internal circulation system, is
encouraged so that entrances and exits can function as separate driveways.

o The use of shared driveways outlined in Chapter V of the City’'s Access Management Policy.

o For small-lot infill projects with a 10,000 square foot maximum lot size, a minimum driveway
width of 10 feet and at most 10 parking spaces are required. If driveway access is from a
major arterial as defined in the MTP, the project must meet fire requirements.

3.5.2.4 Review/Exceptions Process
Refer to the City’'s Access Management Policy for access management review/exceptions
process.

3.5.2.5 Restrictive Provisions
Access to public streets will not be approved where the conditions described below restrict or
compromise safety and efficiency:

e Access points shall not be approved for parking or loading areas that require backing
maneuvers in a public street right-of-way except for single family or duplex residential uses
on local streets.

e If a property has frontage on more than one street, access will be permitted only on those
street frontages where standards can be met. If not possible, access points shall be
designated based on traffic safety, operational needs, and conformance to as much of the
requirements of these guidelines as possible.

3.5.3 Dead-End Streets and Culs-De-Sac

A cul-de-sac is an urban local street with only one outlet to another street, with the opposite end
of the street terminated by a vehicular turn-around. Similar to a cul-de-sac, a dead-end street has
the same general geometric aspects. However, the terminating end of the facility is more abrupt
and undefined. Dead-end streets and culs-de-sac should be avoided if possible to enhance the
street connectivity.
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3.5.3.1 Design Criteria
Both dead-end streets and cul-de-sacs fall under the same design standards, as defined by the
Subdivision Ordinance, and are given in Table 3-15. Figure 3-14 shows the geometry of a typical

cul-de-sac.
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Figure 3-14. Cul-De-Sac Geometry
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Table 3-15. Cul-De-Sac/Dead-End Geometric Design Standards

Design Standard Dimension
Right-of-Way (minimum width, ft) 50
Parkway Width (each side of street, ft) 10.5
Sidewalk Width (each side of street, ft) 5
Paved Surface (F-F of Curh) 28
Roadway Width (B-B of Curb) 29
Traffic Lanes (No. and Width) 2 at 10’ each
Horizontal Centerline Radius (normal cross section, ft) 150
Target Speed (mph) 20-25
Minimum Street Spacing (CL-CL, ft) 135
Minimum Tangent Between Curves (ft) 50
Tangent at Intersections (ROW-ROW, ft):
a) Local/Collector 50
b) Local/Local 50
C) Ltd Local/Ltd Local 40
Vertical Clearance (from roadway surface, ft) 14
Intersection Safe Sight Distance (ft) 350
Maximum Intersection Deviation Angle Allowed -
from 90° (degrees) 5
Mid-Block Horizontal Street  Change/Departure
Angle Shall Not Be Less Than (degrees): 60
Percent Gradient of Streets and Alleys
a) Minimum % 0.7
b) Maximum % 10.0
Reverse Curve:
Minimum Tangent Separation Distance (ft) 50
Minimum Cul-De-Sac Turn-Around Dimensions (ft):
a) S/F and 2/F Districts:
1. ROW Radius 50
2. Paving Radius (F-F) 40
b) Other Zoned Districts:
3. ROW Radius 60
4. Paving Radius (B-B) 50
Maximum ADT Traffic Design Volume 2,000
Design Trip Length Under 0.25 mile
LEGEND:
F-F — Face to Face
B-B — Back to Back
ADT — Average Daily Traffic Volume
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CHAPTER 4 - BICYCLE FACILITIES

4.1 INTRODUCTION

This chapter provides design guidance to support safe, convenient, and accessible travel for
bicyclists. Design topics include facility considerations and guidance, intersection design,
supporting treatments, and bicycle network implementation.

4.2 ACTIVE TRANSPORTATION PLAN

In addition to the guidance provided on this chapter, Active Transportation Plan (ATP), which
includes the City's bicycle master plan on bicycle facilities, should be used for designing and
planning bicycle facilities.

4.3 PLANNING FOR A RANGE OF BIKEWAY USERS

4.3.1 Designing for Interested but Concerned and Experienced and Confident
Bicyclists

Bicyclists’ comfort levels decrease proportionally with increases in motor vehicle volumes and a
widening differential between the speed of bicycles and the speed of adjacent traffic. As a result,
both traffic volume and traffic speed are important considerations when choosing an appropriate
bikeway type for a given location. In general, as both volume and speed increase, there is a
greater need for separation of the bikeway from traffic to appeal to a wider cross-section of people,
to design for all ages and abilities. Wider bikeways (i.e., more than the standard five feet) also
help to mitigate the effects of volume and speed, albeit to a lesser extent than increasing facility
separation with pavement marking buffers or physical barriers.

The Bicycle Facility Selection Charts (Figure 4-1 and Figure 4-2) combine both speed and
volume into a single chart to help identify an appropriate treatment for a given roadway assuming
different design users. Research indicates that providing less protection/separation on roads with
higher speeds and volumes will result in fewer people comfortable to bicycle on those roads.
These charts are based on Level of Traffic Stress (LTS) Analysis, which was also conducted for
the Active Transportation Plan to identify how comfortable corridors may be for certain bicycling
user types. The LTS methodology should be referenced for understanding how different bicycle
facilities affect user comfort and safety.
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Figure 4-1. Facility Selection for Interested but Concerned

Separated bike lane or Shared use path or
Buffered bike lane** Separated bike lane*. **

Bike lane or
Wide bike lane**
(buffered bike lane optional)

vehicles per day (AADT)

Shared roadway or
Sharrow

miles per hour - posted speed

Figure 4-2. Facility Selection for Highly Confident Bicyclists

* Facility not likely to attract a broad spectrum of users given vehicle speed and/or volumes

** Can use shoulder bikeway as necessary
Charts are based on Level of Traffic Stress (Mekuria, Furth, Nixon, 2012) and empirical behavioral
research on cyclist route choice (Lowry, Furth, Hadden-Loh, 2016).
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4.3.2 Impact of Roadway Characteristics on Bicycle Facility Selection

Table 4-1 provides guidance on bicycle facility types that can be applied to corridors designated
for improvement in the Active Transportation Plan. Street type is an important factor in selecting
the appropriate bicycle facility type for a given roadway, in addition to traffic volume and speed.
The Active Transportation Plan identifies corridors and provides guidance for selecting facility
types. See Table 4-1 for information on appropriate bicycle facilities on different roadways,
including the associated street types from the City's MTP.

Table 4-1. Bicycle Facility Selection Criteria by Roadway Type

ith no treatment)

Roadway Type/
Characteristics

Independent Right of Way ‘

anes Per Direction

raffic Volume (ADT)
Sidepaths; Separated
Buffered Bike Lanes
( 8'+); Botts Dots
Conventional Bike
Signs and Shared Lane
Markings (no roadways
Bicycle Boulevards with

Presence of Parking
Lanes (5’-6)

llPosted Speed

‘ n/a | n/a ‘ n/a - n/a | n/a | n/a | n/a | n/a

Thoroughfares

System Link 45 3 No Al n/a
Volumes

System Link 45 2 No Al n/a
Volumes

Commercial or Neighborhood 35 3 NoO All n/a

Connector Volumes

Commercial or Neighborhood 35 2 No | 20,001+ | n/a

Connector

Commercial or Neighborhood 8,001 -
Connector 3 2 No 20,000 nfa
Commercial or Neighborhood 35 2 No <8,000 n/a
Connector

Commercial or Neighborhood 35 1 NoO 1501+ n/a
Connector

Commercial or Neighborhood 751-
Connector 35 L No 1500 n/a
Commercial or Neighborhood 35 1 NoO <750 n/a
Connector

Commerce/Mixed Use or
Activity Street

Commerce/Mixed Use or
Activity Street

Commerce/Mixed Use or
Activity Street

Commerce/Mixed Use or
Activity Street

35 2 Yes >8,000 n/a

35 2 Yes <8,000 n/a

35 2 No >8,000 n/a

35 2 No <8,000 n/a
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Table 4-1. Bicycle Facility Selection Criteria by Roadway Type

Roadway Type/
Characteristics

Bicycle Boulevards with

Sidepaths; Separated
Traffic Calming

Bike Lanes

o
S ©
-4 =
-O-U
@
Qo
mL
< o
n c
N
£g
=
==
D c
n =

Lanes Per Direction
Presence of Parking
Buffered Bike Lanes
(8'+); Botts Dots
Conventional Bike

Posted Speed

Traffic Volume (ADT)
with no treatment)

Collectors or 2-Lane Commerce/Mixed Use or Activity Streets
Residential/Industrial/Retail
Collectors and
Commerce/Mixed Use or 35 1 Yes 1501+ n/a D D D n/a
Activity Streets
Residential/Industrial/Retail 751-
Collectors and Commerce/ 35 1 Yes 1500 n/a A D D A
Mixed Use or Activity Streets
Residential/Industrial/Retail
Collectors and Commerce/ 35 1 Yes 0-750 n/a A A D
Mixed Use or Activity Streets
Residential/Industrial/Retail
Collectors and Commerce/ 35 1 No 1501+ n/a D D D n/a
Mixed Use or Activity Streets
Residential/Industrial/Retail 751-
Collectors and Commerce/ 35 1 No 1500 n/a A A D
Mixed Use or Activity Streets
Residential/Industrial/Retail
Collectors and Commerce/ 35 1 No 0-750 n/a A A A
Mixed Use or Activity Streets
Local Streets
25- 50’ 3,001-
Standard Local Streets 30 ROW Yes 6.000 n/a n/a n/a
25- 50’ 1501-
Standard Local Streets 30 ROW Yes 3000 n/a n/a n/a
25- 50’ 751-
Standard Local Streets 30 ROW Yes 1500 n/a n/a n/a
Standard Local Streets 25- 50’ Yes 0-750 n/a n/a n/a
30 ROW
. 25- 40’
Limited Local Streets 30 ROW No 0-1000 n/a n/a n/a

Notes:

n/a = not applicable; P = Preferred; A = Acceptable; D = Discouraged; N = Not Recommended. These equate to stress levels
referenced in the Active Transportation Plan.

The recommendation for treatments are based on Level of Traffic Stress research and best practice. Some planning- level
judgments were made where existing documentation was not available. Additional information that may impact bicycling
conditions should be considered to refine the facility selection.

Default Target Speeds are derived from the Fort Worth Master Thoroughfare Plan (MTP). The number of lanes and presence

of parking are drawn from MTP cross sections.

For Collectors, the MTP calls for 8-foot bike lanes adjacent to parking.

At speeds of 35 mph and above, using in-street separated bike lanes as a bicycle treatment depends on design and robustness of
physical separation. Flexposts and Botts Dots are likely to be an acceptable treatment, rather than a preferred treatment.

The preferred traffic volume for a bicycle boulevard is 1,000 ADT or lower. 2,000 ATD is acceptable; 3,000 ADT is the maximum;
Bicycle boulevards should generally not exceed two lanes.

Shared Lane Markings are not recommended on roadways with speeds above 35 mph.

*This cross-section is an acceptable treatment below 6,000 ADT and a discouraged treatment above 6,000 ADT.
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Table 4-2 provides guidance on the appropriateness of different infrastructure and intersection
control treatments used with bicycle facilities as seen in the Active Transportation Plan. Several
factors such as speed and the number of automobile travel lanes impact the effectiveness of
these treatments.

Table 4-2. Intersection Control Treatments for Bicycle Facilities by Roadway Type

Characteristics of the
roadway being crossed
by the bicyclist

Presence of infrastructure/control at the intersection being crossed by the bicyclist

Protected Intersection

Lanes Per Direction to Cross
Traffic Signal with Dedicated
Bicycle Signal Phase

Traffic Signal or HAWK (with

Total Lanes to Cross
Grade Separation

With Dedicated Bicycle
Without Dedicated Bicycle
Stop Control (on crossing
concurrent bicycle and
motorist movements)
Rapid Rectangular Flashing
Stop Sign (controlling the
No Control (on the crossing

Posted Speed

Two-Way Streets

40+ 3
40+ 2
35 3
35 2 4
35 lor2 A
35 1
25-30 1

One-Way Streets
Crossing a one-way street requires watching for cross-traffic in one direction instead of two.

40+ 3 D n/a D
40+ 2 D n/a D
35 3 A n/a A
35 2 A a A
(very rare)
(very rare)
Notes:

n/a = not applicable; P = Preferred; A = Acceptable; D = Discouraged; N = Not Recommended. These equate to stress levels
referenced in the Active Transportation Plan.

Protected intersection: The ratings in these tables are based on the Mineta Transportation Institute Low-Stress Bicycling and Network
Connectivity methodology, which does not address protected intersections. The estimates in the table above are based on professional
planning and engineering judgement. Protected intersections are judged as preferable compared to the default control (e.g. a protected
intersection with a dedicated phase is preferred while a dedicated phase without a protected intersection is acceptable). Because the
applicability of bicycle facilities at protected intersections is so dependent on the control, protected intersections are broken into three
columns: dedicated bicycle signal phase, without dedicated bicycle signal phase, and stop controlled.

Median Islands: Median islands reduce the number of lanes a bicyclist must cross at a time. To evaluate the intersection applicability

of a roadway with a median island, use the table above to look up the applicability of each leg of the crossing, using one-way streets
and number of lanes to cross each leg.
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Complex intersections: Multiple-leg intersections create additional problems for bicyclists and require special consideration for
bicyclists.

Off-set intersections: Off-set intersections, made up of two T-intersections, should be evaluated based on the applicability at each of
the T-intersections.

Turning movements: Turning movements and turn lanes increase bicyclist stress at intersections due to additional crossing distance
and intersection complexity. Traffic signals with dedicated bicycle signal phases reduce bicyclist stress by separating movement timing
between the modes. At intersections with significant turning movements and turn lanes, the stress estimate may be increased by 1 to
2 steps depending on number of turning vehicles and signal control based on the designer’s professional judgement.

Additional design treatments: Additional design treatments are recommended to reduce turning vehicle speeds, communicate right of
way, and provide designated space for bicyclists at intersections. These treatments should be installed when possible.

. Conflict markings

Bike boxes

2-stage turn boxes

Protected intersections

Median Islands

Refer to Table 4-1 for information on appropriate bicycle facilities on different roadways. The selection of the appropriate design
treatment at intersections depends on the facility along the roadway and intersection approach.

Roundabouts: While the confident bicyclist may be comfortable traversing a roundabout in a shared lane environment, many bicyclists
will not feel comfortable navigating roundabouts with vehicular traffic, especially multilane roundabouts. For shared lane conditions, if
a roundabout contains one circulating lane, then the appropriateness related to sharing the lane depends on the traffic volume (4,000
or less = preferred; 4,001 to 6,000 = acceptable; >6,000 = not recommended); if there is more than one circulating lane, sharing lanes
is not recommended. Bike lanes are not to be located within the circulatory roadway of a roundabout. For comfort and safety reasons,
roundabouts should be designed to facilitate bicycle travel outside of the circular roadway. The appropriateness of the intersection
crossing will be determined by the number of lanes and speed of traffic being crossing. Refer to the table above.
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4.4 BICYCLE NETWORK

As discussed in the Active Transportation Plan, bicycle networks are interconnected bicycle
facilities that allow people to safely and conveniently get where they want to go. Bicycle networks
may be made of different types of bicycle facilities that provide bicyclists with varying degrees of
separation from motor vehicle traffic, and may serve different types of users (i.e., “Interested but
Concerned” as shown in Figure 4-3). The following section describes different types of bicycle
facilities which may be found in Fort Worth’s current or planned bicycle network.

BICYCLIST DESIGN USER PROFILES

Interested Somewhat Highly

but Concerned Confident Confident
51%-56% geiism 9-9% fopiisben  4=T Yo Fopuiaien
Often mot comfortzhle with bike lanes, may kike on Generally prefar more Comforiable ridng with
sidewalks even if bike lanes are provided; prefer separated faclifies, but are traffic; will us2 roads
ofi-sirest or separaled bicycle facdifes or quist or comiorable riding in without bike lanes,
traffic-calmed residential roads. May not ki at all if kicycle [anes or on paved

bicycle faciifies do not meet needs for perceived shouldiers if need be.

LOW STRESS
TOLERAMCE

Figure 4-3. Bicyclist Design User Profiles
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4.5 BIKEWAY DESIGN GUIDELINES
4.5.1 Typical Application

See Figure 4-4 for additional considerations on bicycle facility selection as it relates to street
types in the Fort Worth MTP, which illustrates a suite of cross-section typologies for thoroughfare
street types.

Typical Section Selection Process (Simplified)

Street Type Lanes Transit Median Parklng Bikes
Which of the 5 Wy ares What type of What type of WhaT type of What type of
Strest Types? per direction? special fransit facility median (if any)? parking (if any)? bike facility?
?
(if any)? Optse Options: Options:
Options: v Parallel e
dedicated or
transit lane Diagonal
peak-hour
AT transit lane
; . Source:
or Based on:
i R i L Bike Fort Worth Plan,
i i voluries
er of lan
1 , Source: arking
Source Source: the T's and
Street Type Map Lanes Map Transit Plan

other corridor features

Figure 4-4. Typical Section Selection Process (MTP)

4.5.2 Shared-Use Paths/Sidepaths

A shared-use path is a one-way or a two-way facility physically separated from motor vehicle
traffic and used by bicyclists, pedestrians, and other non-motorized users. Shared-use paths, also
referred to as trails, are often located in an independent alignment, such as a greenbelt or
abandoned railroad. However, they are also regularly constructed along roadways as a wide (10+
foot) sidewalk. Bicyclists and pedestrians will have increased interactions with motor vehicles at
driveways and intersections on these “sidepaths,” which are two-way, multi-use paths adjacent to
the roadway, serving both pedestrians and cyclists.

Shared-use paths and sidepaths are scored as LTS 1 (All ages and abilities) at all times, as they
maximize separation from motor vehicle traffic and are designed with minimal conflicts. In the
MTP, sidepaths are not used on Activity Streets and Commerce/Mixed-Use Streets, because
mixing bicycle and pedestrian traffic in the active space between the curb and building front is not
considered appropriate. For the three other Street Types, sidepaths are used in locations that are
not on the Bicycle Priorities map — routes that are not considered major bicycle commuter routes.
All cross-sections with sidepaths provide them on both sides of the roadway to facilitate bicycle
mobility and connectivity.

4.5.2.1 Considerations

The standard shared-use path and sidepath is 10 feet wide, with a minimum buffer from the curb
of 2.5 feet. Widths as narrow as 8 feet are acceptable for short distances under physical
constraint. Warning signs should be considered at these locations.
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In locations with higher volumes of users (more than 300 total in the peak hour, considering a
pedestrian mode split of less than 30 percent), widths exceeding 10 feet are recommended. A
minimum of 11 feet is required for users to pass with a user traveling in the other direction. It may
be beneficial to separate bicyclists from pedestrians by constructing parallel paths for each mode.

Driveway volumes should be assessed on a case-by-case basis to design for minimizing conflicts
between bicycle facility users and motor vehicles. Consider using color and other design details
to send a message to motorists entering driveways that they must be alert to trail users from both
directions. Figure 4-5 shows a possible driveway crossing solution for a shared-use path. The
highest risk conflict is a left turning vehicle that cannot see a bicyclist about to enter from behind
their search pattern. The wider the road, the higher the crash potential.

Paths must be designed according to state and national standards. This includes establishing a
design speed (typically 18 mph) and designing path geometry accordingly. Consult the AASHTO
Guide for the Development of Bicycle Facilities for guidance on geometry, clearances, traffic
control, railings, drainage, and pavement design. Shared-use paths must also conform to Public
Rights-of- way Accessibility Guidelines (PROWAG) if in a public right-of-way or Advance Notice
of Proposed Rulemaking (AN-PRM) on Accessibility Guideline for shared-use paths if in a private
right-of-way.

—N

Figure 4-5. Example Driveway Crossing Solution for a Shared-Use Path
4.5.3 Separated Bicycle Lanes

Separated Bicycle Lanes (also known as protected bicycle lanes or cycle tracks) are an exclusive
bikeway facility type that combines the user experience of a sidepath with the on-street
infrastructure of a conventional bicycle lane. They are physically separated from motor vehicle
traffic and distinct from the sidewalk but may be at sidewalk level. Separated bicycle lanes are
more attractive to a wider range of bicyclists than striped bikeways on higher volume and higher
speed roads. They eliminate the risk of a bicyclist being hit by an opening car door and prevent
motor vehicles from driving, stopping, or waiting in the bikeway. They also provide greater comfort
to pedestrians by separating them from bicyclists operating at higher speeds, and further separate
pedestrians from motor vehicles. Regarding LTS, separated bike lanes are scored according to
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the type of separation mechanism, the number of adjacent travel lanes and the posted speed
limit. Figure 4-6 shows an example cross section with a separated bike lane.
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Figure 4-6. Example of a Cross Section with a Separated Bike Lane

4.5.3.1 Considerations
e Separated bicycle lanes can provide different levels of separation:

0 Separated bicycle lanes with flexible delineator posts (“flexposts”) alone offer the least
separation from traffic and are appropriate as an interim solution, depending on the land
use context. Flexible delineator posts can be visually obtrusive in single-family
neighborhoods.

0 Separated bicycle lanes that are raised with a wider buffer from traffic provide the greatest
level of separation from traffic, but often require road reconstruction.

0 Separated bicycle lanes that are protected from traffic by a row of on-street parking offer
a high degree of separation.

In constrained environments, reductions should be made to the street and vehicle space before
narrowing sidewalks and other spaces allocated to pedestrians. This reduction can include
decreasing the number of travel lanes, narrowing existing travel and turn lanes, or adjusting on-
street parking.

4.5.3.2 Elements of the Street

¢ The sidewalk width is determined by street type in the MTP and the anticipated peak hour
pedestrian volume. It should be 5 feet wide if detached from the curb or 6-7 feet wide if
attached to the curb in residential settings and 8-12+ feet wide in downtown or commercial
areas. The sidewalk should not be narrowed beyond the minimum standard based on the
street type.

e The sidewalk buffer (nature strip, planter row) is required. For ADA compliance, buffers are
the most supportive and least complex way to address accommodation. The sidewalk buffer
zone separates the bicycle lane from the sidewalk, communicating that each are distinct
spaces. By separating people walking and bicycling, encroachment into these spaces is
minimized and the safety and comfort is enhanced for both users.

e Separated bicycle lanes generally attract a wider spectrum of bicyclists, some of whom
operate at slower speeds, such as children or seniors. Because the elements used to separate
the bicycle lane from the adjacent motor vehicle lane include some vertical component,
bicyclists usually do not have the option to pass each other by moving out of the separated
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bicycle lane. The bicycle lane zone should therefore be sufficiently wide to enable passing

maneuvers between bicyclists.

0 The bicycle lane width should be at least 6 feet for one-way bicycle lanes with volumes
less than 150 per peak hour.

0 The bicycle lane width should be at least 11 feet for two-way bikeways with volumes less
than 150 per peak hour to ensure bicyclists can safely pass each other.

o In constrained conditions where recommended width cannot be achieved, two-way
bikeways should be a minimum of 8 feet.

o A minimum shy distance of 1 foot should be provided between any vertical objects in the
sidewalk or street buffer and the bicycle lane.

e The street buffer is required and should provide separation from the street with vertical objects
or a median. The street buffer increases user comfort while helping motor vehicles achieve
target speeds and follow correct behaviors. The street buffer can consist of parked cars,
vertical delineators, raised medians, landscaped medians, and a variety of other elements.
The buffer should be at least 2 feet wide at midblock locations and should be between 6 feet
and 20 feet at intersections, to provide maximum safety benefits. Intersections must be
designed to consider potential conflicts with motor vehicle traffic. Where the buffer is reduced
below 6 feet, consider a raised bicycle crossing or signal phase separation.

o Facilities that must be accessed from the street (e.g., mailboxes, trash bins) should be placed
in the street buffer (see Implementation of Bikeway Network).

e Travel lanes and parking (7.5-8 feet) can be narrowed to the minimum width of 10 feet in
constrained corridors.

e Driveway volumes should be assessed on a case-by-case basis to design for minimized
conflicts between bicycle facility users and motor vehicles. Driveways with low volumes of
motor vehicle traffic have fewer potential conflicts and their crossings can be marked with a
standard separated bike lane crossing. Driveways that serve higher than 20 crossings per day
should incorporate design treatments such as a motorist yield zone or raised crosswalk.

4.5.4 Signing and Marking for Separated Bicycle Lanes

e Sign placement must meet minimum setback distance requirements (Table 4-3). Depending
on sign type and messaging, they may be placed within the street buffer if sufficient width is
provided. Parking signs should be placed within the street buffer when sufficient width is
provided.

e Surfacing:

0 Asphalt pavement is generally recommended for the bicycle lane zone as it is the
smoothest surface and does not require pavement joints.

o If concrete surfacing is used, joints should be sawcut to maintain a smooth surface. A
contrasting material is preferred when the bicycle lane is at sidewalk level to indicate a
different use.

o Colorized pavement or other materials should be considered at driveways.

o In retrofit situations, remove longitudinal seams within the bicycle lane zone by patching
the surface material or grinding smooth the existing seam and using crack sealant.
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o If existing concrete panels have shifted, joints should be chamfered or otherwise treated
to ensure a smooth transition.
o0 Existing utility lids should be adjusted to finished grade and examined on a case-by-case 4
basis to determine if interventions are needed to reduce the risk of slipping.
0 Typical signage may include:
- WATCH FOR TURNING VEHICLES to warn counterflow bicyclists approaching
intersections.
- BIKE MAY USE FULL LANE in a transition to a shared lane.
- It may be desirable to post BIKES MAY USE FULL LANE signs and advise faster
bicyclists that they should operate in the roadway if their higher operating speed
cannot be safely accommodated on the bicycle facility.

Table 4-3. Bicycle Lane Object Setbacks

Setback Object height <36” | Object height > 36"
Preferred 12" 18"
Minimum 6” 12"
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4.5.5 Separated Bicycle Lane Design Parameters

Separated bicycle lanes may be located at sidewalk level, street level, or at an elevation
intermediate to the sidewalk and street. Separated bicycle lanes are physically separated from
motor vehicles and pedestrians by vertical and horizontal elements. Examples of vertical
separation elements are shown in Figure 4-7.

Figure 4-7. Vertical Separation Elements. From Left: Raised Island, Flexible Delineator Post,
Rigid Bollards

4551 Considerations

Sidewalk-level bicycle lanes:

e May encourage pedestrian and bicyclist encroachment unless discouraged with a continuous
sidewalk buffer.

¢ Requires no transition for raised bicycle crossings at driveways, alleys or streets.

¢ The intended design of these lanes is to use asphalt, a contrasting material, and to visually
separate them from the sidewalk with a one-foot-wide buffer providing additional contrast
(stamped concrete, more frequent grooving, paver blocks, etc.).

¢ May provide level landing areas for parking, loading or bus stops along the street buffer.
¢ May reduce maintenance needs by prohibiting debris build up from roadway runoff.

Intermediate-level bicycle lanes:
e Preserve separation between bicyclists and pedestrians where sidewalk buffers are
eliminated.

o Ensures a detectable edge is provided for people with vision disabilities.

¢ May reduce maintenance needs by prohibiting debris build up from roadway runoff.
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¢ May require careful consideration of drainage design and, in some cases, may require catch
basins to manage bicycle lane runoff.

Street-level bicycle lanes:
o Preserve separation between bicyclists and pedestrians where sidewalk buffers are
eliminated.

e Ensures a detectable edge is provided for people with vision disabilities.

e May increase street sweeping to remove debris from roadway runoff unless street buffer is
raised.

o May require careful consideration of drainage design and, in some cases, may require catch
basins to manage bicycle lane runoff.

4.5.5.2 One-Way Separated Bicycle Lanes
The recommended and minimum widths of a one-way separated bicycle lane is shown in Figure
4-8.

at least 6.5 ft. recommended
to enable passing movements

Same Direction Bike Lane Width (ft.)

Figure 4-8. One-Way Separated Bike Lane Widths by Bicyclist Frequency

A constrained bicycle lane width of 4 feet (one-way only) may be used for short distances to
navigate around transit stops, accessible parking spaces, or other obstacles. There is no
maximum length for a constrained facility, but it should only be used to accommodate a physical
constraint.

455.3 Two-Way Separated Bicycle Lanes
The recommended and minimum widths of a two-way separated bicycle lane is shown in Figure
4-9.

BiCcYCLE FACILITY CHAPTER 4-18 JUNE 2019



FORT WORTH

CITY OF FORT WORTH | TRANSPORTATION ENGINEERING MANUAL

at least 10 ft. recommended
to enable passing movements
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Figure 4-9. Two-Way Separated Bike Lane Widths by Bicyclist Frequency

4.5.6 Separated Bicycle Lane Design Examples

Separated bicycle lanes may operate as one-way or two-way facilities. Determining the
appropriate configuration for a separated bicycle lane requires consideration of street operations,
transitions to other bicycle facilities, and connectivity within the larger bicycle network.

4.5.6.1 One-Way Separated Bicycle Lanes
One-way separated bicycle lanes in the direction of motorized travel provide intuitive and
simplified transitions to existing bicycle lanes and shared travel lanes. Varying levels are shown

in Figure 4-10.
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Figure 4-10. Varying Levels of One-way Separated Bicycle Lane Separation
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4.5.6.2 Two-Way Separated Bicycle Lanes
Two-way separated bicycle lanes will require special attention to transition the contra-flow bicyclist
into existing bicycle lanes and shared travel lanes. Varying levels are shown in Figure 4-11.

Depending on context, motorists may not expect bicyclists to approach crossings from both
directions. For this reason, two-way separated bicycle lanes may require detailed treatments at
alley, driveway, and street crossings to enhance the safety of these crossings.

Two-way Sidewalk-level Two-way Intermediate-level Two-way Street-level
Separated Bike Lane Separated Bike Lane Separated Bike Lane

Figure 4-11. Varying Levels of Two-Way Separated Bicycle Lane Separation
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4.5.7 Buffered Bicycle Lanes

Buffered bicycle lanes are created by pavement markings or otherwise creating a flush buffer
zone between a bicycle lane and the adjacent travel lane. While buffers are typically used between
bicycle lanes and motor vehicle travel lanes to increase bicyclists’ comfort, they can also be
provided between bicycle lanes and parking lanes in locations with high parking turnover to
discourage bicyclists from riding too close to parked vehicles. Buffered bike lanes are typically
installed by reallocating existing street space, and it is preferable to a conventional bicycle lane
when used as a contra-flow bicycle lane on one-way streets. Buffered bike lane LTS scores
depend on amount of separation, the number of adjacent travel lanes, and the posted speed limit.
Figure 4-12 provides guidance on buffered bicycle lane widths.

Narrow Buffer Wide Buffer Door Zone Buffer Parking and Motor
< oo Next to Parking Vehicle Lane Buffers

—

N

bike lane bike lane bike lane  parking bike lane parking

C** C** C**

L*: 20' (min); L= posted speed limit {max)
C** curb; if gutter is present, bike lane
measured to edge of gutter

Figure 4-12. Buffered Bicycle Lane Width Guidance

4.5.7.1 Considerations
e Can be used on one-way or two-way streets.

o Consider placing buffer next to parking lane where there is moderate to high turnover
commercial or metered parking.

o Consider placing buffer next to travel lane where speeds are 30 mph or greater or when traffic
volume exceeds 6,000 vehicles per day.
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o Buffered bicycle lanes allow bicyclists to pass slower moving bicyclists.
e Research has documented buffered bicycle lanes increase the perception of safety.

45.7.2 Guidance
¢ The minimum width of a buffered bicycle lane adjacent to parking or a curb is 5 feet exclusive
of gutter (if present); a desirable width is 6 feet.

e Adjacent to parallel parking, use a 3-foot buffer.
¢ Adjacent to diagonal parking, use a 2-foot buffer.

e Where there is 7 feet of roadway width available for a bicycle lane, a buffered bicycle lane
should be installed instead of a conventional bicycle lane.

e Typical buffer widths are 3 to 5 feet, but even a 12-18" buffer is helpful.

e The preferred minimum buffer width is 18 inches. There is no maximum width. Diagonal cross
hatching should be used for buffers less than 3 feet in width. Chevron cross-hatching should
be used for buffers greater than 3 feet in width.

o Buffers are to be broken where curbside parking is present to allow cars to cross the bicycle
lane.

e Add total minimum width of buffer, include use of reflectors on outside stripe to improve
longevity

4.5.8 Contra-Flow Bicycle Lane

One-way streets and irregular street grids can make bicycling to specific destinations within short
distances difficult. Contra-flow bicycle lanes can help to solve this problem by enabling only
bicyclists to operate in two directions on one-way streets. Contra-flow lanes are useful to reduce
distances bicyclists must travel and can make bicycling safer by creating facilities that help other
roadway users understand where to expect bicyclists. Figure 4-13 shows an example cross
section with contra-flow bicycle lanes.
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Figure 4-13. Example Cross Section with Contra-flow Bicycle Lanes

4.5.8.1 Considerations

o Contra-flow lanes follow the same design parameters as conventional bicycle lanes. However,
the left side marking is a double yellow line. The line should be dashed if parking is provided
on both sides of the street. Contra-flow lanes may also be separated by a buffer or vertical
separation such as a curb.

o Contra-flow lanes must be placed to the motorist’s left. A bicycle lane or other marked bicycle
facility should be provided for bicyclists traveling in the same direction as motor vehicle traffic
on the street to discourage wrong-way riding in the contra-flow lane.

e Parking is discouraged against the contra-flow lane as drivers’ view of oncoming bicyclists
would be blocked by other vehicles. If parking is provided, a buffer is recommended to
increase the visibility of bicyclists. On-street parking should be restricted at corners.

o Contra-flow lanes are less desirable on streets with frequent and/or high-volume driveways or
alley entrances on the side with the proposed contraflow lane. Drivers may neglect to look for
opposing direction bicyclists on a one-way street.

45.8.2 Guidance
¢ Contra-flow bicycle lanes are used on one-way streets that provide more convenient or direct
connections for bicyclists where other alternative routes are less desirable or inconvenient.

e Contra-flow lanes should be used where there is a clear and observed need for the connection
as evidenced by wrong-way riding bicyclists or bicyclists riding on sidewalks in the opposing
direction.
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e Contra-flow lanes are often short, connecting segments. They are not typically used along
extended corridors.

o Contra-flow lanes may only be established where there is adequate roadway width for an
exclusive lane.

e Care should be taken in the design of contra-flow lane termini. Bicyclists should be directed
to the proper location on the receiving roadway.

4.5.9 Bicycle Lanes

Bicycle lanes provide an exclusive space for bicyclists in the roadway. Bicycle lanes are
established by pavement markings and symbols on the roadway surface. Bicycle lanes are for
one-way travel and are normally provided in both directions on two-way streets and/or on one
side of a one-way street. Bicyclists are not required to remain in a bicycle lane when traveling on
a street and may leave the bicycle lane as necessary to make turns, pass other bicyclists, or to
properly position themselves for other necessary movements. Bicycle lanes may only be used
temporarily by vehicles accessing parking spaces and entering and exiting driveways and alleys
and making right hand turns when no right turn storage lane exists. Stopping, standing, and
parking in bicycle lanes is prohibited. Due to decreased separation from motor vehicle traffic,
bicycle lanes may have a higher LTS; however the LTS score also takes into account travel lanes
and post speed limit. Figure 4-14 shows possible bicycle lane locations.
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Figure 4-14. Different Bicycle Lane Locations. From Left: Bike Lane Adjacent to Parking, Bike
Lane Adjacent to a Curb, Bike Lane with Door Zone Marking

4.5.9.1 Considerations
e Typically installed by reallocating existing street space.

e Can be used on one-way or two-way streets.

o Contra-flow bicycle lanes may be used to allow two-way bicycle travel on streets designated
for one-way motor vehicle travel to improve bicycle network connectivity.
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e Stopping, standing and parking in bicycle lanes may be an issue in areas of high parking
demand and deliveries, especially in commercial areas and schools.

e On-street parking should be restricted at corners to ensure bicyclists and cross-street traffic
have adequate visibility to each other.

o Wider bicycle lanes or buffered bicycle lanes are preferable at locations with high parking
turnover.

e Bicycle lanes can be placed on the left side of one-way streets and some median-divided
streets, resulting in fewer conflicts between bicyclists and motor vehicles, particularly on
streets with heavy right-turn volumes, on-street parking, and/or frequent bus service.

e Signage and frequency of warning signage should be evaluated based on anticipated
crossing, merging, or turning traffic.

4.5.9.2 Guidance
e The minimum width of a bicycle lane adjacent to a curb is 5 feet exclusive of a gutter (4 feet
in highly constrained locations); a desirable width is 6 feet.

e The minimum width of a bicycle lane adjacent to 8-foot parking is 5 feet; a desirable width is
6 feet.

e Optional parking T’s or hatch marks can highlight the door zone on constrained corridors with
high parking turnover to guide bicyclists away from motor vehicle doors.

e Mill edge pavement to achieve a seamless transition to the gutter pan

e Under constrained conditions consider extending the gutter pan to capture the full bicycle lane
width. This practice not only captures needed operating width, it offers the possibility of
contrasting colors to create a visually tighter roadway.

e In some cases, pavement overlays to the curb face still works for drainage purposes and
eliminates the shy distance from the gutter pan.

e When hilly roads are an issue, for grades above 3% consider a climbing lane, 6+ feet on the
uphill side, with no bike lanes on the downhill side (bicyclists should be invited to use the full
travel lane.

4.5.9.3 Bicycle Lane Symbol and Signage Placement

The bicycle lane symbol with arrow should be centered within the bicycle lane. When adjacent to
parking, the outside edge of the bicycle lane symbol may be offset to be closer to the outside
bicycle lane line or curb to encourage bicyclists to ride outside of the door zone.

Bicycle lane symbols will be placed at the far side of an uncontrolled intersection, at both sides of
arterial intersection with traffic control, and at mid-block locations where block faces are more
than 250 feet. For roadways with few intersecting streets, bicycle lane symbols should be placed
every 600 feet.

4.5.9.4 At Intersections
e Near side
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Bicycle lane symbols will be placed on the near side of an intersection when there is a bus
zone on the far side of an intersection. The tip of the bicycle lane arrow will be placed at
the end of the solid lines, or 20 feet from the closest edge of the marked crosswalk or
tangent point of the curb radius if no crosswalk is present.

Where there are parking restrictions or a bus zone, the tip of the bicycle lane arrow will be
placed at the end of the solid lines.

At a location with no marked crosswalk, the tip of the bicycle lane arrow will be placed 20
feet ahead of the stop bar or, if none exists, at the tangent point of the curb radius of the
intersection.

e Far side

(o}

(o}

On a typical intersection with no parking restrictions or bus zone, the tip of the bicycle lane
arrow will be placed 25 feet from the tangent point of the curb radius.

Where there is a parking restriction (e.g., bus zone), the tip of the bicycle lane arrow will
be placed 25 feet beyond the point where the solid line begins (i.e., parking restriction
ends).

4.5.9.5 Frequency of Bicycle Lane Symbol
e The frequency of placement of a bicycle lane symbol will depend on several factors:

(o}

Visibility to motorists and bicyclists (i.e. markings should be placed to account for changes
in topography or not be blocked by overhanging vegetation or signs when looked at from
a distance).

Generally the markings should be located in accordance with the proposed guidelines (far
side of intersections; then mid-block if block faces are more than 250 feet long).
Generally the markings should not be located directly across from each other when
located mid-block. It is recommended that they be separated by a minimum of 20 feet.
Use judgment to adjust if the street becomes too crowded with symbols.
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4.5.10 Advisory Bicycle Lanes

Advisory bicycle lanes (ABLs) are used to create narrow streets where bicyclists are provided
priority movement and motorists are compelled to yield to bicyclists as well as drivers approaching
in the opposing direction. ABLs use dotted lane lines, allowing motorists to enter them to yield,
and are designed using dimensions based on conventional bicycle lanes. ABLs are reserved for
use on low-volume, low-speed streets.

4.5.10.1 Considerations
o Treatment requires FHWA permission to experiment.

e For use on streets too narrow for bicycle lanes and normal-width travel lanes.

o Provide two separate minimum-width bicycle lanes, on either side of a single shared (un-
laned) two-way “yielding” motorist travel space.

e Motorists must yield to on-coming motor vehicles by pulling into the bicycle lane.

¢ To reduce motorist speeds, and to encourage yielding, the unmarked space between the two
advisory bicycle lanes should be no wider than 18 feet.

e This treatment should only be used on streets with greater than 60% continuous daytime
parking occupancy.

e Where parking occupancy is continuously less than 50%, it is preferable to consolidate the
advisory bicycle lane to one side of the street or remove it.

e A Two-Way Traffic warning sign (W6-3) may increase motorists understanding of the intended
two-way operation of the street.

4.5.10.2 Guidance
e The minimum width of the un-laned motorist space should be 12 feet between the bicycle
lanes. The maximum width should be no more than 18 feet.

e The minimum width of an advisory bicycle lane adjacent to parking is 5 feet; a desirable width
is 6 feet.

e The minimum width of an advisory bicycle lane adjacent to a curb is 4 feet exclusive of a
gutter; a desirable width is 6 feet.

Advisory bikeways may be considered on any road with one or more of the following
characteristics:

e Traffic lanes: 2 lanes or less.

e Posted speed limit: 25 mph or less.

e Traffic: 6,000 vehicles per day or less or 300 vehicles or less during the peak hour
e On-street parking turnover: infrequent.

e Streetis not a designated truck or moderate to high volume bus route.
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¢ Low volume Main Street conditions where delivery vehicles use the center of the street to
make deliveries, and where motorists need space to pass the delivery vehicle.

Figure 4-15 shows the general layout of an advisory bike lane.
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Figure 4-15. Advisory Bicycle Lane Design Guidance
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4.5.11 Shared Lane Markings

Shared lane markings are pavement markings that denote shared bicycle and motor vehicle travel
lanes. The markings are two chevrons positioned above a bicycle symbol, placed where the
bicyclist is anticipated to operate. This is a design solution that should only be used in locations
with low traffic speeds and volumes (3,000 ADT and 25 mph or lower) as part of a signed route
or bicycle boulevard. Shared lane markings are sometimes used as a temporary solution on
constrained, higher-traffic streets (up to 10,000 vehicles per day) until additional right-of-way can
be acquired, but should not be considered a permanent solution in these contexts. Only Activity
Streets and Commerce/Mixed-Use Streets provide this option, and any section on these Street
Types that does not include an explicit bicycle facility (either on-street or off-street) is intended to
operate as a shared facility. Generally, on non-neighborhood streets, shared lane markings will
have higher LTS scores due to lack of separation and increased exposure to motor vehicle traffic
volumes.

4.5.11.1 Considerations
e Typically used on local, collector, or minor arterial streets with low traffic speeds and volumes.
Commonly used on bicycle boulevards to reinforce the priority for bicyclists.

e Typically feasible within existing right-of-way and pavement width even in constrained
situations that preclude dedicated facilities.

e May be used as interim treatments to fill gaps between bicycle lanes or other dedicated
facilities for short segments where there are space constraints.

¢ May be used for downhill bicycle travel in conjunction with climbing lanes intended for uphill
travel.

0 Typical signage may include: BICYCLES MAY USE FULL LANE (R4-11).
o0 Custom signage may include language instructing drivers to change to lanes to pass or
use a 3-foot passing distance.

4.5.11.2 Guidance
¢ Intended for use only on streets with posted and operating speeds of up to 25 mph and traffic
volumes of less than 3,000 vehicles per day. Maximum posted speed of street: 30 mph.

e May be used as a temporary solution on constrained streets with up to 10,000 vehicles per
day until a more appropriate bikeway facility can be implemented. Maximum posted speed of
street: 30 mph.

e Intended for use on lanes up to 14 feet wide (up to 13 feet preferred). For lanes 15 feet wide
or greater, stripe a 5-foot bicycle lane instead

e The marking’s centerline must be at least 4 feet from curb or edge of pavement where parking
is prohibited.

e The marking’s centerline must be at least 11 feet from curb where parking is permitted, so
that it is outside the door zone of parked vehicles.

e For lanes 12 feet or less, it may be desirable to center shared lane markings along the
centerline of the outside travel lane.
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Figure 4-16 shows the placement of shared lane markings.
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Figure 4-16. Design Guidance for Shared Lane Markings

4.5.12 Transitions Between Bicycle Facilities

Facility types may vary along a roadway corridor based on land use, parking needs, right-of-way
constraints, and other characteristics. Additionally, a common or logical route for bicyclists may
turn at an intersection. It is important to provide transitions between different types of facilities
(e.g., wayfinding signage, pavement markings, turn-queue boxes). Figure 4-17 shows the
preferred layout for transitioning between a separated bike lane to a shared bike lane.
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Figure 4-17. Preferred Design of a Separated Bike Lane Transition to a Shared Bike Lane

4.5.12.1 Considerations

e Planning for appropriate connections and transitions between facility types should be
conducted as a part of network planning. Facilities must have logical termini and a network
should be planned to serve a range of users.

e Enhance visibility with green pavement markings and/or bicycle symbols at conflict locations.

o Two-stage left turn movements can be accommodated using two-stage turn queue boxes.
These movements can be easier for some bicyclists to execute. Two-stage left turns may be
more comfortable for many bicyclists because the maneuver does not require waiting for gaps
in the adjacent same-direction traffic stream before merging laterally to reach a left-turn lane.

4.5.12.2 Guidance
e Always carry bicycle facilities to a logical terminus. Specifically, designers should avoid
abruptly ending facilities without considering transitions and interactions with vehicles.

e At locations where bicycle lanes transition to shared lanes, it may be desirable to provide a
transition to a short segment of shared lane markings, even if the shared lane markings will
not continue.
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¢ Signage should be provided per guidance in the latest edition of the TMUTCD and AASHTO
Guide for the Development of Bicycle Facilities. Pavement markings should alert motorists of
the change in facility and intended shared-use of travel lanes. 4

e Taper lengths for lane drops and transitions should follow the TMUTCD and AASHTO Green
Book recommendations.

¢ Bicycle boxes and turn-queue boxes should be placed out of vehicle paths and be wide/long
enough to support multiple bicyclists queuing at intersections. Bicycle boxes should only be
used where a dedicated facility is provided prior to the intersection (bicycle lane); however,
gueue boxes may be used at a variety of locations with or without dedicated facilities.
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4.5.13 Transition from One-Way Separated Bicycle Lane to Conventional Bicycle
Lane on Same Street

Figure 4-18 shows the preferred layout of transitioning for a separated bicycle lean to a 4
conventional bicycle lane.

optional two-stage
queue box

Figure 4-18. Preferred Design of a Separated Bicycle Lane Transition to a Conventional Bicycle
Lane

4.5.13.1 Considerations

To convey which user has the right of way, intersections with separated bicycle lanes should be
designed to minimize bicyclist exposure to motorized traffic and should minimize the speed
differential at conflict points. The goal is to provide clear messages regarding right of way to all

users moving through the intersection in conjunction with geometric features that result in higher
compliance where users are expected to yield.

The transition should:
e Maintain separation through the intersection.

e Occur on the far side of intersections to reduce conflicts with turning vehicles within the
intersection.
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¢ Maintain a vertical or visual separation between bicyclists and pedestrians where sidewalk
buffers are eliminated.

e Clearly communicate how bicyclists should enter and exit the separated bicycle lane 4
minimizing conflicts with other users.

4.5.13.2 Guidance
¢ Maximum 3:1 lateral taper.

o A bicycle lane width of 6.5 feet is required to allow passing.

e A protecting island should be provided to shadow the bicycle lane on the far side and to create
protection for queueing left turn bicyclists waiting in the turn box.

¢ Provide a two-stage turn queue box at intersections with cross streets that have bicycle lanes
or shared lanes.

e Minimum offset is 6 feet, desirable 16.5 feet.
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4.5.14 Transition from Two-Way Separated Bicycle Lane to One-Way Separated
Bicycle Lane on Intersecting Street

Figure 4-19 shows the preferred layout for transitioning between a two-way separated bicycle
lane to a one-way separated bicycle lane on a cross street.

Figure 4-19. Preferred Design of a Two-Way Separated Bicycle Lane Transition to a One-Way
Separated Bicycle Lane on a Cross Street

4.5.14.1 Considerations

Intersections with separated bicycle lanes should be designed to minimize bicyclist exposure to
motorized traffic and should minimize the speed differential at the points where travel movements
intersect. The goal is to provide clear messages regarding right of way to all users moving through
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the intersection in conjunction with geometric features that result in higher compliance where
users are expected to yield.

The transition design should:
¢ Maintain separation through the intersection.

e Occur on the far side of intersections to reduce conflicts with turning vehicles within the
intersection.

e Maintain a vertical or visual separation between bicyclists and pedestrians where sidewalk
buffers are eliminated.

o Clearly communicate how bicyclists are intended to enter and exit the separated bicycle lane
minimizing conflicts with other users.

4.5.14.2 Guidance
e A minimum two-way separated bicycle lane width of 10 feet is recommended.

¢ A minimum one-way separated bicycle lane width of 6.5 feet is recommended.

e A 15-foot corner radius is recommended for turns from the two-way bicycle lane onto the one-
way bicycle lane.

e Minimum offset is 6 feet, desirable 16.5 feet.

e A minimum street buffer of 6 feet is recommended.
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4.5.15 Transition between One-Way Separated Bicycle Lanes at an Intersection

Figure 4-20 shows the preferred layout for transitioning between one-way separated bicycle
lanes at an intersection.

Figure 4-20. Preferred Design of a One-Way Separated Bicycle Lane Transition to a One-Way
Separated Bicycle Lane on a Cross Street.

4.5.15.1 Considerations

Intersections with separated bicycle lanes should be designed to minimize bicyclist exposure to
motorized traffic and should minimize the speed differential at the points where travel movements
intersect. The goal is to provide clear messages regarding right of way to all users moving through
the intersection in conjunction with geometric features that result in higher compliance where
users are expected to yield.

The transition design should:
¢ Maintain separation through the intersection.

¢ Occur on the far side of intersections to reduce conflicts with turning vehicles within the
intersection.

e Maintain a vertical or visual separation between bicyclists and pedestrians where sidewalk
buffers are eliminated.
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¢ Clearly communicate how bicyclists are intended to enter and exit the separated bicycle lane
minimizing conflicts with other users.

4.5.15.2 Guidance
¢ A minimum one-way separated bicycle lane width of 6.5 feet is recommended.

e A minimum street buffer of 6 feet is recommended.
e Minimum offset is 6 feet, desirable 16.5 feet.

¢ Recommended minimum transition is 25 feet to ensure a bicyclist has time to react to an
approaching vehicle.

e A one-way separated bicycle lane and conventional bicycle lane width of 6.5 feet is
recommended.

e Maximum 3:1 lateral taper.
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4.6 ENHANCEMENTS AND SUPPORTING TREATMENTS FOR BICYCLE
FACILITIES

4.6.1 Bicycle Boulevard Treatments

Bicycle boulevards incorporate traffic calming treatments with the primary goal of prioritizing
bicycle through-travel, while discouraging excessive motor vehicle traffic and maintaining
relatively low motor vehicle speeds. These treatments are applied on quiet, well connected
streets, often through residential neighborhoods. Treatments vary depending on context, but often
include traffic diverters, speed attenuators such as speed humps or chicanes, pavement
markings, and signs. Bicycle boulevards are also known as neighborhood greenways and
neighborhood bikeways, among other locally-preferred terms. Table 4-4 shows the threshold
traffic volumes for bicycle boulevard treatments.

Table 4-4. Traffic Volume Thresholds for Bicycle Boulevard Treatments

Minimize Motorized Through Traffic Volumes and
Speed Differential

Hourly Traffic Daily Traffic

Volume Volume sresd

Preferred 50 vehicles/hr 1,000 ADT 15 mph
Acceptable 75 vehicles/hr 2,000 ADT 20 mph
Maximum 100 vehicles/hr 3,000 ADT 25 mph

4.6.1.1 Considerations

Many cities already have signed bicycle routes along neighborhood streets that provide an
alternative to traveling on high-volume, high-speed arterials. Applying bicycle boulevard
treatments to these routes makes them more suitable for bicyclists of all abilities and can increase
comfort and reduce crashes.

Stop signs or traffic signals should be placed along the bicycle boulevard in a way that prioritizes
the bicycle movement, minimizing stops for bicyclists whenever possible. To discourage motorist
use of the bicycle boulevard they are diverted out of the street every 4th or 5th block using the
tools described in the paragraph below.

Bicycle boulevard treatments include traffic calming measures such as street trees, traffic circles,
chicanes, and other horizontal speed controls. Traffic management devices such as diverters or
semi-diverters can redirect cut-through vehicle traffic and reduce traffic volume, while still enabling
local access to the street.

Communities should begin by implementing bicycle boulevard treatments on one pilot corridor to
measure the impacts and gain community support. The pilot program should include before-and-
after crash studies, motor vehicle counts, and bicyclist counts on both the bicycle boulevard and
parallel streets. Findings from the pilot program can be used to support bicycle boulevard
treatments on other neighborhood streets.
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Additional treatments for major street crossings may be needed, such as median refuge islands,
bicycle signals, RRFBs and HAWK or half signals. For more information on Traffic Calming
treatments supporting bicycle boulevards, see Chapter 3 of this manual.

4.6.1.2 Guidance
¢ Maximum Average Daily Traffic (ADT): 3,000

o Preferred ADT: Up to 1,000

e Target speeds for motor vehicle traffic are typically around 20 mph; there should be a
maximum 10 mph speed differential between bicyclists and vehicles.

4.6.2 Roundabout Treatments

Treatments at roundabouts can increase safety for bicyclists and pedestrians. Specific treatments
to improve bicyclist and pedestrian safety include speed reducing angled bicycle ramps, median
refuge islands, and design methods that reduce vehicle speeds and crossing distances for
bicyclists and pedestrians.

4.6.2.1 Considerations
e Maintain circle visibility with pavement markings and reflectors.

¢ Regulatory and/or warning signhage should be provided to remind traffic to proceed counter-
clockwise around the circle.

4.6.2.2 Guidance

¢ Roundabouts should include features such as bicycle access ramps, that encourage bicyclists
to slow and use the sidewalk or shared-use path and navigate the roundabout using marked
crossings.

e Pedestrian crossings should be set from yield lines by at least one vehicle length.

o Crosswalks should be marked to clarify where pedestrians should cross and that they have
priority. ADA-compliant ramps and detectable warnings are required.

4.6.3 Crossing Treatments

While the street segments of a bicycle boulevard or other traffic-calmed street may be comfortable
for bicyclists without significant improvement, major street crossings must be addressed to
provide safe, convenient, and comfortable travel along the entire route. Treatments provide
waiting space for bicyclists, control cross traffic, or ease bicyclist use by removing traffic control
for travel along the bicycle boulevard route. A few examples are shown in Figure 4-21.
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Figure 4-21. Bicycle Box with Lead-In Bicycle Lane, HAWK Beacon

4.6.3.1 Considerations
¢ Adjustments to traffic control, such as a HAWK signal, Rectangular Rapid Flashing Beacon
(RRFB), or stop sign adjustments may require a traffic study.

e Median islands may be constructed to require right-in/right-out turns by motor vehicles while
still allowing left turns by bicyclists at offset intersections.

¢ Numerous treatments exist to accommodate offset intersection crossings for bicyclists, and
the full range of design treatments should be considered in these situations. These treatments
include left turn queue boxes, two-way center left turn lanes (optionally designed solely for
bicyclists), median left turn pockets and short side path segments.

4.6.3.2 Guidance
Medians should be a minimum of 6 feet in width, although 8 feet is desirable to allow adequate
space for a bicycle.

Consider median treatment at intersections along a bicycle boulevard route in the following
situations:

e Unsignalized crossings of arterial or collector streets with high traffic volumes and speeds.

o Offset intersections where the greenway route makes two turns in short succession.

4.6.4 Bicycle Signals, Detection, Actuation

Bicyclists have unique needs at signalized intersections. Bicycle movements may be controlled
by the same indications that control motor vehicle movements, by pedestrian signals, or by
bicycle-specific traffic signals. The introduction of separated bicycle lanes creates situations that
may require leading or protected phases for bicycle traffic, or place bicyclists outside the cone of
vision of existing signal equipment. In these situations, signals for bicycle traffic will be required.
Based on traffic conditions, consider the value of applying a “hot call” for activating signals. Such
practices increase law compliance, and reward bicyclists for using their system, and not
attempting to cross in less safe locations. Figure 4-22 shows examples of bicycle signals.
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Figure 4-22. Example Bicycle Signals

4.6.4.1 Considerations
e Bicycle-specific signals may be appropriate to provide additional guidance or separate
phasing for bicyclists per the AASHTO Guide for the Development of Bicycle Facilities.

o Consider installing advanced bicycle detection on the intersection approach to extend the
phase, or to prompt the phase and allow for continuous bicycle through movements.

o Video detection, microwave, and infrared detection can be an alternative to loop detectors.

e Another strategy in signal timing is coordinating signals to provide a “green wave,” such that
bicycles will receive a green indication and not be required to stop. Several cities including
Denver, CO, Portland, OR, Tucson, Arizona, and San Francisco, CA have implemented
“green waves” for bicycles.

¢ One clear advantage of a “green wave” is that bicyclists already in motion can enter and clear
an intersection in as little as 10 seconds, as opposed to 20 seconds of delay to motorists if
bicyclists were to come to a full stop.

4.6.4.2 Guidance

e A stationary, or “standing,” cyclist entering the intersection at the beginning of the green
indication can typically be accommodated by increasing the minimum green time on an
approach per the AASHTO Guide for the Development of Bicycle Facilities.

e A moving, or “rolling,” bicyclist approaching the intersection towards the end of the phase can
typically be accommodated by increasing the red time (change and clearance intervals) per
the AASHTO Guide for the Development of Bicycle Facilities.

e Set loop detectors to the highest sensitivity level possible without detecting vehicles in
adjacent lanes and field check. Type D and type Q loops are preferred for detecting bicyclists.

¢ Install bicycle detector pavement markings and signs per the TMUTCD, AASHTO Guide for
the Development of Bicycle Facilities, and the NACTO Urban Bikeway Design Guide.
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4.6.5 Bicycle Boxes

A bicycle box provides dedicated space between the crosswalk and vehicle stop line where
bicyclists can wait during the red light at signalized intersections. The bicycle box allows a bicyclist
to take a position in front of motor vehicles at the intersection, which improves visibility and
motorist awareness, and allows bicyclists to “take the lane” if desired. Bicycle boxes aid bicyclists
in making turning maneuvers at the intersection and provide more queuing space for multiple
bicyclists than that provided by a typical bicycle lane. Figure 4-23 shows an example of a bicycle
box.

S8 T MHERE

Figure 4-23. Example Bicycle Box

4.6.5.1 Considerations

In locations with high volumes of turning movements by bicyclists, a bicycle box should be used
to allow bicyclists to shift towards the desired side of the travel way. Depending on the position of
the bicycle lane, bicyclists can shift sides of the street to align themselves with vehicles making
the same movement through the intersection.

In locations where motor vehicles can continue straight or cross through a right-side bicycle lane
while turning right, the bicycle box allows bicyclists to move to the front of the traffic queue and
make their movement first, minimizing conflicts with the turning. When a bicycle box is
implemented in front of a vehicle lane that previously allowed right turn on red, the right turn on
red movement must be restricted using signage and enforcement following.

4.6.5.2 Guidance

¢ Bicycle boxes have green pavement markings, are a minimum of 10 feet in depth, and are the
width of the entire travel lane(s).
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¢ Bicycle box design should be supplemented with appropriate signage according to the latest
version of the TMUTCD.

¢ Bicycle box design should include appropriate signalization adjustment in determining the
minimum green time.

o Where right-turn lanes for motor vehicles exist, bicycle lanes should be designed to the left of
the turn lane. If right turns on red are permitted, consider ending the bicycle box at the edge
of the bicycle lane to allow motor vehicles to make this turning movement.
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4.6.6 Two-Stage Turn Queue Box

A two-stage turn queue box should be considered where bicycle lanes are continued up to an
intersection and a protected intersection is not provided. The two-stage turn queue box
designates a space for bicyclists to wait while performing a two-stage turn across a street at a
location outside the path of traffic. Figure 4-24 shows the general layout of a two-stage turn queue
box with consideration for truck turning movements.
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Figure 4-24. Two-Stage Turn Queue Box Design with Consideration of Truck Turning
Movements
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4.6.6.1 Considerations

FHWA granted interim approval to two-stage turn queue boxes on July 13, 2017. Two-stage turn
gueue box dimensions will vary based on the street operating conditions, the presence or absence
of a parking lane, traffic volumes and speeds, and available street space. The turn box may be
placed in a variety of locations including in front of the pedestrian crossing (the crosswalk location
may need to be adjusted), in a ‘jug-handle’ configuration within a sidewalk, or at the tail end of a
parking lane or a median island.

4.6.6.2 Guidance
e A minimum width of 10 feet is recommended.

e A minimum depth of 6.5 feet is recommended.

¢ Dashed bicycle lane extension markings may be used to indicate the path of travel across the
intersection.

¢ NO TURN ON RED (R10-11) restrictions should be used to prevent vehicles from entering
the queuing area.

¢ The use of a supplemental sign instructing bicyclists how to use the box is optional.

e The box should consist of a green box outlined with solid white lines supplemented with a
bicycle symbol and a turn arrow to emphasize the crossing direction.
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4.6.7 Mixing Zones

A mixing zone requires turning motorists to merge across a separated bicycle lane at a defined
location in advance of an intersection. Unlike a standard bicycle lane, where a motorist can merge
across at any point, a mixing zone design limits bicyclists’ exposure to motor vehicles by defining
a limited merge area for the turning motorist. Mixing zones are compatible only with one-way
separated bicycle lanes. Figure 4-25 shows the preferred layout of a mixing zone.
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Figure 4-25. Preferred Mixing Zone Design

Table 4-5. Shifting Taper Equation

L = W_SZ
60
Where:

lane shift (ft), minimum 20 ft
width of offset (ft)
target bicyclist operating speed (mph)
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ninjn
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4.6.7.1 Considerations

Protected intersections are preferable to mixing zones. Mixing zones are generally appropriate
as an interim solution or in situations where severe right-of-way constraints make it infeasible to
provide a protected intersection.

Mixing zones are only appropriate on street segments with one-way separated bicycle lanes. They
are not appropriate for two-way separated bicycle lanes due to the contra-flow bicycle movement.

4.6.7.2 Guidance

e Locate merge points where the entering speeds of motor vehicles will be 20 mph or less by
minimizing the length of the merge area and locating the merge point as close as practical to
the intersection.

¢ Minimize the length of the storage portion of the turn lane.

o Provide a buffer and physical separation (e.g., flexible delineator posts) from the adjacent
through lane after the merge area, if feasible.

¢ Highlight the conflict area with green surface coloring and dashed bicycle lane markings or

shared lane markings placed on a green box.

0 Provide a BEGIN RIGHT (or LEFT) TURN LANE YIELD TO BICYCLES sign (R4-4) at the
beginning of the merge area.

0 Restrict parking within the merge area.

0 At locations where raised separated bicycle lanes approach the intersection, the bicycle
lane should transition to street elevation at the point where parking terminates.

0 Where posted speeds are 35 mph or higher, or at locations where it is necessary to provide
storage for queued vehicles, consider providing a deceleration/storage lane in advance of
the merge point.
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4.6.8 Through Bicycle Lane Approach

A through bicycle lane requires turning motorists to merge across a bicycle lane at a defined
location in advance of an intersection. A through bicycle lane design reduces po