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Table 3.2-1. Maximum Width of Island or Gore Without Shifting Signal Head

Horizontal Distance Width
(feet) (feet)
40 8
50 12
60 15
70 19
80 23
90 26
100 30
110 34
120 37
130 41
140 44
150 48

Do not use signals with circular green indications above an exclusive left-turn lane or the
extension of the lane for a permissive-only left turn. Do not post-mount the signals on the
far side median in front of the left-turn lane.

If positioning a shared signal head on the lane line adjacent to the nearest through lane
does not meet cone of vision requirements due to an offset left-turn lane’s separation or
geometric conditions, the shared signal face may be offset to the left from the adjacent
through lane line. This will ensure the cone of vision requirements are met for the
rightmost through lane and the left-turn lane. See Figure 3.2-2 for a schematic
representation of this offset.

Use this lateral offset spacing only after other options, such as increasing the horizontal
distance to the signal heads, have been considered. Place the signal so it is obvious to
drivers that it is shared. Generally, keep the lateral offset spacing of the shared signal
head from the adjacent through lane no greater than one-half the island's width (72W).

If the lateral shift is too great, the cone of vision may not be adequate for the driver in the
rightmost through lane. This may be due to a large parallel offset left-turn lane or a tapered
or curved offset left-turn lane. When the cone of vision requirements cannot be met, a
protected-only mode must be used.

Guidelines for Left Turn Treatments 3.2-5
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studies and reports must be signed and sealed by a Florida-licensed professional
engineer.

The developer is also normally responsible for engineering costs associated with
preparing implementation plans and specifications. In some cases, specific critical design
needs may require FDOT staff to perform engineering work. In these cases, the District
Secretary may direct FDOT staff to complete the engineering work at no cost to the
developer.

Engineering studies at existing private access points due to normal traffic growth are
usually made by qualified traffic engineers hired and paid by the requestor. In
extraordinary situations FDOT may elect to do this work.

3.3.5 FUNDING ARRANGEMENTS FOR WARRANTED NEW SIGNAL
INSTALLATIONS

Funding for new traffic signals or alternative intersections recommended by an ICE
analysis on the State Highway System may come from any combination of private, local,
state, or federal sources.

If the improvements are required by a new or revised Driveway Permit or local
government Development Order, the developer must fully fund them. This includes
planning, engineering, and construction for any new traffic signal, alternative intersection,
or enhancements to existing traffic signals specified in the Permit or Order.

If the developer’s proposals to install signals or alternative intersections or to modify
existing signalization exceed the minimum required by the Permit or Order and improve
the State Highway System substantially beyond mitigating development impacts, FDOT
may consider assuming some of the cost. In that event, district secretaries will determine
an appropriate financial participation formula and assign a percentage to the developer
related to the specific conditions at each site.

FDOT is responsible for installing traffic signals and constructing alternative intersections
on the State Highway System, but local maintaining agencies can voluntarily cover some
or all of the costs based on their cooperative agreements with FDOT’s District Offices.
Local funds are most often used to advance the implementation schedule. When local
funds are accepted by FDOT, both parties must execute a formal joint project agreement.

Most local governments in Florida’s urban areas have qualified traffic engineering units
with experienced traffic signal field crews. Local agency crews have installed new signals
on the State Highway System with control hardware supplied by FDOT. The Department
encourages this approach when the local maintaining agency is agreeable. Since most
of these agencies maintain and operate these sites themselves, this partnership is
encouraged. No formal agreement is needed since no money is changing hands, but
FDOT needs to request a letter from the local maintaining agency agreeing to install
FDOT-supplied hardware.
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3.3.6 OTHER CONSIDERATIONS

Follow the study guidelines provided in the Manual on Intersection Control Evaluation
before finalizing an intersection improvement recommendation.

Follow the Approved Product List Submittal Process provisions before purchasing,
using, or installing traffic signals.

If a local agency agrees to maintain the signal, add the signal to Exhibit A of the Traffic
Signal Maintenance and Compensation Agreement with that agency.
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Section 3.4
EMERGENCY TRAFFIC CONTROL SIGNALS

3.41 PURPOSE

This section gives guidance for warranting, designing, and operating emergency traffic
control signals at locations where emergency vehicles—most commonly fire trucks—
enter the street system.

3.4.2 BACKGROUND

FDOT's district offices often receive local agency requests for traffic signal control for
departing emergency vehicles. This section offers comprehensive guidance to determine
if an emergency signal is warranted.

3.4.3 PROCEDURE

An emergency traffic control signal shall be considered necessary if an engineering study
finds that one of the following warrants is met:

*  When minimum traffic volumes are met for the peak hour or for 24 hours (both
travel directions based on Signal Warrant 2), as shown in Table 3.4-1.

Table 3.4-1. Minimum Traffic Volumes

Roadway Peak Hour (VPH) 24 Hours (ADT)
Two lanes 750 7,500
Four lanes 900* 9,000*
Six lanes or more 1,200* 12,000*

*Increase values by one-third when the arterial has traffic signal system coordination with signals located
within 1,000 feet in both directions of the emergency signal location.

* When the emergency vehicle facility requires returning emergency vehicles to back
in, blocking the roadway, and emergency vehicle lights and flaggers are
inadequate to control traffic volume or speeds.

* When the emergency vehicle driveway is consistently blocked by traffic queues
from adjacent signalized intersections. Consider using a DO NOT BLOCK
INTERSECTION sign (R10-7) in conjunction with installing the emergency signal.

* On all approaches when vertical or horizontal curvature or other obstructions do
not provide adequate stopping sight distance for traffic approaching an emergency
vehicle driveway.

Emergency Traffic Control Signals 3.4-1
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3.4.4 EMERGENCY SIGNAL CONFIGURATION AND OPERATION

MUTCD Section 4M defines the requirements for locating an emergency signal
mid-block. The MUTCD allows either a steady green or flashing yellow signal when
emergency vehicles are not entering the roadway.

For new or reconstructed emergency signal installations, follow the criteria below:

* Provide dual signal faces for each roadway approach. Install two signal faces for
the emergency vehicle driveway, the minimum required is one signal face.

* |If the emergency service is off the main roadway and emergency vehicles access
it by the minor street, emergency signals may be installed at the intersection of
these roadways. Use dual signal faces on the minor street, with the signals resting
on the flashing red mode.

* Operate mid-block emergency signals in flashing yellow mode when emergency
vehicles are not entering the roadway. Use a three-section roadway signal head
operated as shown in Figure 3.4-1.

* At signalized intersections pre-empted by emergency vehicles, determine signal
operations on an individual basis.

During the evaluation of an emergency signal, consider site-specific factors for its
implementation. These may include the route distance between the intersection and
emergency vehicle driveway, intersection geometrics, number of lanes, normal queue
length, and traffic volumes.

3.4.5 EMERGENCY SIGNAL SIGN (R10-13)

As emergency signals are installed along major arterials where emergency vehicles enter
the roadway, place EMERGENCY SIGNAL signs (R10-13) on the span wire or mast arm
to alert drivers to the signal’s purpose.

Mount the EMERGENCY SIGNAL sign (R10-13) between the dual signal faces on each
roadway approach.

No sign is required for the emergency vehicle driveway approach.

3.4.6 OTHER REQUIREMENTS

Include a controller timing chart in the contract plans.

FDOT requires a Traffic Signal Maintenance and Compensation Agreement for all
emergency signals on the State Highway System.

FDOT requires a signal timing study to determine proper clearance intervals.
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A Warning Sign assembly consisting of an Emergency Vehicle (W17-8) sign with an
EMERGENCY SIGNAL AHEAD (W11-12P) supplemental plaque is required in advance
of all emergency vehicle traffic control signals. See MUTCD Section 2C.54, Paragraph
14 and Section 4M.02, Paragraph 2.

Figure 3.4-1. Mid-Block Emergency Signal Operation
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Section 3.5
TRAFFIC SIGNAL MAST ARM SUPPORT BOUNDARIES

3.5.1 GENERAL

Comply with the Mast Arm Structures Boundary Maps when selecting the appropriate
support for traffic signal installations on the State Highway System. See FDM 232.8.1 for
more information.

3.5.2 IMPLEMENTATION

3.5.2.1 Mast Arm Structures Boundary Maps

The Mast Arm Structures Boundary Map follows an alignment of state roads to the
coastline. Official mapping of district-specific boundaries can be found on FDOT's
website.
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Section 3.6
YELLOW CHANGE AND RED CLEARANCE INTERVAL
STANDARDS FOR SIGNALIZED INTERSECTIONS

3.6.1 PURPOSE

This section outlines standards for timing yellow change and red clearance intervals at
signalized intersections. These intervals provide a consistent transition between
conflicting traffic signal phases. A yellow change interval warns drivers they will soon need
to stop and allow conflicting traffic the right of way. A red clearance interval allows time
for drivers to clear the intersection before conflicting traffic is given a green indication.

Program a yellow change interval to last 3 seconds at a minimum but no more than 6
seconds, as described in MUTCD Section 4F.17. Program a red clearance interval not to
exceed 6 seconds. These standards apply to the following conditions on the State
Highway System:

* New traffic signal installations

» All traffic infraction detector installations

e Signal phasing changes

* Geometric changes affecting timing or phasing

* Corridor retiming projects

3.6.2 STANDARD

Section 316.075(3)(a), F.S. prohibits the use of any traffic control signal that does not
display a yellow or "caution" indication between the green or GO indication and the red
or STOP indication. The statute is silent on how long the yellow indication should last and
does not mention or mandate the use of a red clearance interval.

3.6.2.1 Yellow Change Interval

To calculate the yellow change interval, use FDOT used a formula developed by the
Institute on Transportation Engineers (ITE) in their Determining Vehicle Signal Change
and Clearance Level publication. This is shown below as Formula 3.6-1.

Formula 3.6-1 was used to calculate the Florida yellow change intervals shown in
Table 3.6-1. These intervals are the required standard minimum values. The calculations
use a perception reaction time of 1.4 seconds and a grade of 0%. Do not use a perception
reaction time shorter than 1.4 seconds per Traffic Engineering and Operations
Bulletin 02-13.
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The approach speed in Table 3.6-1 and Formula 3.6-1 is the posted speed limit for the
approach being analyzed.

If Formula 3.6-1 produces a value lower than the one in Table 3.6-1 for a given posted
speed limit, use the corresponding value in Table 3.6-1. Do not program yellow change
intervals shorter than the standard values in Table 3.6-1.

Yellow change intervals longer than the standards for posted speed limits in Table 3.6-1
are allowed, but base them on MUTCD Section 4F.17, engineering practice, and
Formula 3.6-1. Do not program a yellow interval longer than 6 seconds.

Do not use the extended kinematic model, referenced in ITE's Guidelines for
Determining Traffic Signal Change and Clearance Intervals publication, to calculate
the minimum yellow change interval.

Round up yellow change and red clearance interval times to the nearest 0.1 second.

Table 3.6-1. Florida Yellow Change Interval (0.0% Grade) Standard *

Approach Speed Yellow Interval
(mph) (seconds)
25 3.4
30 3.7
35 4.0
40 4.4
45 4.8
50 5.1
55 5.5
60 5.9
65 6.0

* For approach grades other than 0%, use Formula 3.6-1.
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Formula 3.6-1

- 1.47v
2(a+Gg)
Where:
Y = Length of yellow interval, in seconds
t= Perception-reaction time (use 1.4 seconds)
v = Speed of approaching vehicles, in mph
a=  Deceleration rate in response to the onset of a yellow indication
(use 10 ft/sec?)

g= Acceleration due to gravity (use 32.2 ft/sec?)

G = Grade, with uphill positive and downhill negative (percent grade/100)

3.6.2.2 Red Clearance Interval

Always include a red clearance interval at a signalized intersection. Allowing enough time
for drivers to clear the intersection after their signal phase turns red can reduce the
number of angle crashes, even if some drivers run the red indication.

Compute the red clearance intervals using the appropriate formula from ITE’s
Determining Vehicle Signal Change and Clearance Interval, which is shown below as
Formula 3.6-2.

Formula 3.6-2

_ W+L

1.47v

R = Length of red interval, in seconds

W = Width of the intersection, in feet, measured from the near-side stop line to
the far edge of the conflicting traffic lane along the actual vehicle path

L= Length of vehicle (use 20 feet)
v = Speed of approaching vehicles, in mph

The red clearance interval must be between 2 and 6 seconds long. Engineers may
program red clearance intervals longer than the values calculated using Formula 3.6-2
at their discretion. A longer red clearance interval may be appropriate for wide or complex
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intersections or those with a crash history or limited sight distance. Any interval extension
must meet the minimum/maximum guidance for red clearance intervals.

National Cooperative Highway Research Partnership (NCHRP) Report 731:
Guidelines for Timing Yellow and All-Red Intervals at Signalized Intersections
recommends using a modified ITE formula that allows for a 1.0-second reduction in the
red clearance interval values computed using Formula 3.6-2. This accounts for reaction
time delay from conflicting traffic. Use engineering judgment when exercising this option,
but do not program a red clearance interval shorter than 2.0 seconds.

Yellow Change and Red Clearance Interval Standards for Signalized Intersections 3.6-4
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Section 3.7
ACCESSIBLE PEDESTRIAN SIGNALS

3.7.1 PURPOSE

This section establishes criteria for installing and operating accessible pedestrian signals
(APS) on the State Highway System. These traffic control devices provide non-visual
information using audible tones, speech messages, or vibrating surfaces.

3.7.2 GENERAL

The standards for APS on public roadways are set in MUTCD Sections 4K.01 to 4K.05.
Additional guidance for their installation is available in MUTCD Section 41.06. Review
these MUTCD sections when addressing requests to install APS.

3.7.3 PROCEDURE

Obtain DTOE approval to install APS at signalized intersections and signalized midblock
crossings on the State Highway System.

The DTOE reviews requests from the public, maintaining agencies, public agencies, and
support groups for people with visual impairments to install APS. The DTOE may request
input from public agencies and organizations that support people with visual impairments
to determine if a given APS installation would be effective and safe for users.

An engineering study will follow if the DTOE's preliminary review supports installing APS.
When conducting the engineering study, consider the needs of all pedestrians, not just
those with visual impairments.

Consider the following features when reviewing requests to install APS:

* Potential demand for APS

* Right-on-red movements

* Free-flow right-turn movements

* Signal phasing complexity

* Intersection geometry complexity

» Traffic volumes during times when pedestrians might be present
* Audible tones or sounds that may cause confusion

* Verbal messages instead of tones or sounds

* Vibrotactile pedestrian devices
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* Pushbutton versus passive pedestrian detectors

e APS automatic volume adjustment, not to exceed 100 dBA (decibels), in response
to ambient traffic sound level

e Additional geometrics, operations, and pedestrian safety considerations at
locations with more than four lanes or posted speed limits greater than 35 mph

3.7.4 APS REQUEST REVIEW PROCESS

DTOESs review all requests for APS installations on the State Highway System, either
directly or through engineering studies. The DTOESs consider the needs of all pedestrians
in the review, not just those with visual impairments.

The initial review may require site visits to verify field conditions. FDOT records and
maintains all data gathered during the initial screening. Reconcile all data and analysis
with MUTCD Sections 4K.01 to 4K.05 standards. Although local government
concurrence is desirable, it is not a prerequisite for committing FDOT resources for an
APS installation.

If the DTOE denies an APS installation after the initial review, document the reasons,
advise the requestor of the review findings, and provide the local government with a copy.
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Section 3.8
CALCULATING RAILROAD TRAFFIC SIGNAL
PREEMPTION TIME

3.8.1 PURPOSE

This section describes how to determine the required preemption time for a traffic signal
adjacent to a highway rail grade crossing with an active warning system.

3.8.2 GENERAL

This comprehensive guidance on calculating signal preemption time adheres to
Rule 14-57.013(5), EA.C. For more information on when a preemption study is needed,
refer to FDM 220.2.4.1 — Preemption.

Before implementation, consult and coordinate with the appropriate railroad agency, the
District Rail Office, and the DTOE.

3.8.3 DEFINITIONS

Advance Preemption (AP): The length of time before activation of railroad warning
devices that a highway traffic signal controller unit or assembly is notified of an
approaching train.

Clear Storage Distance (CSD): The distance available for vehicle storage measured
between 6 feet from the rail nearest the intersection to the intersection stop line or the
normal stopping point on the highway.

Controller’s Equipment Response Time to Preempt (CERTP): The time that elapses
while the controller electronically registers the preempt call.

Design Vehicle (DV): The longest vehicle permitted by statute of the road authority (State
or other) on a given roadway.

Design Vehicle Clearance Distance (DVCD): How far, in feet, the design vehicle must
travel to enter and completely pass through the highway rail grade crossing’s minimum
track clearance distance. This is the sum of the minimum track clearance distance and
the total design vehicle’s length. Design vehicle length can be found in FDM 201.

Design Vehicle Clearance Time (DVCT): How long it takes for the design vehicle to
accelerate from a stop and travel through and clear of the minimum track clearance
distance.

Calculating Railroad Traffic Signal
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Desired Minimum Separation Time (DMST): A time buffer between the departure of the
last vehicle (the design vehicle) from the highway rail grade crossing and the arrival of
the train.

Maximum Highway Traffic Signal Preemption Time (MHTSPT): The maximum time a
highway traffic signal needs after initiating the preemption sequence to finish timing the
right of way transfer time, queue clearance time, and separation time.

Minimum Green Time During Right of Way Transfer (MGTRT): The minimum number
of seconds any existing phase will display a green indication before the controller unit
terminates the phase through its yellow change and red clearance intervals and
transitions to the track clearance green interval. A 5-second interval is recommended to
make the transition to the track clearance green interval as rapid as possible.

Minimum Track Clearance Distance (MTCD): The length along the highway at one or
more railroad tracks, measured from the portion of the highway rail grade crossing
automatic gate arm farthest from the near rail to 6 feet beyond the tracks measured
perpendicular to the far rail.

Minimum Walk Time During Right of Way Transfer (MWTRT): The minimum
pedestrian WALK indication time before the preemption sequence begins. FDOT
recommends a 5-second interval to make the transition to the track clearance green
interval as rapid as possible.

Other Green Time During Right of Way Transfer (OGTRT): Any additional green time
beyond the preempt minimum green time for the worst-case vehicle phase.

Pedestrian Clearance Time During Right of Way Transfer (PCTRT): The pedestrian
clearance (i.e., flashing DON’T WALK indication) time for the worst-case pedestrian
phase. A zero value is allowed for the most rapid transition to the track clearance green
interval.

Preemption: The transfer of normal traffic control signal operation to a special control
operation mode.

Preempt Delay Time (PDT): The number of seconds the traffic signal controller is
programmed to wait from the initial receipt of a preempt call until the call is verified and
considered a viable request for transfer into preemption mode.

Preempt Trap: A potential hazard condition that happens when the gates do not block
vehicle access to the crossing before the expiration of the track clearance green. Vehicles
can continue to cross the tracks and possibly stop on the tracks. In a preempt trap, the
track clearance green interval has already expired, so there will be no further opportunity
to clear the tracks.

Preempt Verification and Response Time (PVRT): The number of seconds between
when the controller unit receives a preempt call from the railroad’s grade crossing warning
equipment and the controller software begins to respond to the preempt call.

Calculating Railroad Traffic Signal
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Queue Clearance Time (QCT): The time it takes the design vehicle to start up, move
through, and clear the entire minimum track clearance distance when it is stopped just
inside.

Queue Start-up Time (QST): Time from the beginning of the track clearance green until
the design vehicle can start moving.

Red Clearance Time (RCT): The required red clearance interval time during right of way
transfer before transitioning to track clearance.

Required Preemption Time (RPT): The time provided by the engineer of record to the
railroad signal designer.

Right of Way Transfer Time (RTT): The maximum amount of time needed for the worst-
case condition, prior to display of the track clearance green interval. This includes any
railroad or light rail transit or highway traffic signal control equipment time to react to a
preemption call, and any traffic control signal green, pedestrian walk and clearance,
yellow change, and red clearance intervals for conflicting traffic.

Separation Time (ST): The portion of maximum highway traffic signal preemption time
when the minimum track clearance distance is clear of vehicles before the arrival of a
train.

Track Clearance Distance (TCD): The length along a highway at one or more railroad
tracks, measured from the highway stop line, warning device, or 12 feet perpendicular to
the track center line, to 6 feet beyond the track(s) measured perpendicular to the far rail,
along the center line or edge line of the highway, as appropriate, to obtain the longer
distance.

Track Clearance Time (TCT): Time needed to travel through the track clearance distance
plus a 4-second separation time.

Vehicle-Gate Interaction: When the automatic gate descends on a stationary or slow-
moving vehicle as it moves through the minimum track clearance distance.

Yellow Change Time (YCT): The required yellow change interval time during right of way
transfer prior to the track clearance.

3.8.4 PROCEDURE

Engineers may calculate the maximum preemption time for highway-rail grade crossings
as follows.

Calculate the Right of Way Transfer Time.
The components of right-of-way transfer time include the preempt verification and

response time and the worst-case conflicting vehicle or pedestrian time. Calculate
these through the following steps:

Calculating Railroad Traffic Signal
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Step 1: Calculate preempt verification and response time (seconds).

Collect the preempt delay time (seconds) and the controller response time to
preempt (seconds). Calculate the preempt verification and response time by
adding the preempt delay time and the controller response time.

Step 2: Calculate the worst-case conflicting vehicle time (seconds).

Add the minimum green time during right-of-way transfer (seconds), other green
time during right-of-way transfer (seconds), yellow change time (seconds), and red
clearance time (seconds). The worst-case conflicting vehicle time is the total.

Step 3: Calculate the worst-case conflicting pedestrian time (seconds).

Add the minimum WALK time during right-of-way transfer, pedestrian clearance
time during right-of-way transfer, vehicle yellow change time, and vehicle red
clearance time. The worst-case conflicting pedestrian time is the total.

Step 4: Determine the worst-case conflicting vehicle or pedestrian time.

The worst-case conflicting vehicle or pedestrian time is whichever is longer
between the worst-case conflicting vehicle time (Step 2) and the worst-case
conflicting pedestrian time (Step 3).

Step 5: Calculate the right-of-way transfer time.

The right-of-way transfer time is the sum of the preempt verification and response
time (Step 1) and the worst-case conflicting vehicle or pedestrian time (Step 4).

Calculate the queue clearance time.

The queue clearance time includes the time it takes the design vehicle to start
moving and to accelerate through the clearance distance. Calculate this through
the following steps:

Step 1: Determine the queue start-up distance.

Measure the clear storage distance and minimum track clearance distance for the
highway-rail grade crossing. Calculate the queue start-up distance, L (feet), by
adding the clear storage distance with the minimum track clearance distance.

Step 2: Calculate the time the design vehicle needs to start moving.

Calculate the time the design vehicle needs to start moving, in seconds, as 2 plus
the queue start-up distance, L, divided by the speed of 20 feet per second.

Step 3: Determine the design vehicle clearance distance.

Calculating Railroad Traffic Signal
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Combine the minimum track clearance distance and the total design vehicle’s
length, as shown in Figure 3.8-1.

Figure 3.8-1. Geometric Data at the Highway-Rail Grade Crossing
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Step 4: Calculate the time the design vehicle needs to accelerate through the
design vehicle clearance distance on level terrain.

Select the design vehicle for the analysis. Use Figure 3.8-2 to determine the time
the design vehicle needs to accelerate through the design vehicle clearance
distance on level terrain.

Calculating Railroad Traffic Signal
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Figure 3.8-2. Acceleration Time Over a Fixed Distance on a Level Surface
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Step 5: Calculate the time the design vehicle needs to accelerate through the
design vehicle clearance distance on an uphill grade.

If the design vehicle clearance distance is on an uphill grade, calculate the
approach grade factor to account for slower acceleration. Determine the approach
grade factor, shown in Table 3.8-1, based on design vehicle clearance distance,
design vehicle, and slope grade.

To calculate the time needed for the design vehicle to accelerate through the
design vehicle clearance distance on an uphill grade, multiply the time it needs to
accelerate through the design vehicle clearance distance on level terrain by the
approach grade factor.

Calculating Railroad Traffic Signal
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Table 3.8-1. Factors to Account for Slower Acceleration on Uphill Grades

Design Vehicle and Percentage Uphill Grade
Acc_eleration School Bus Intermediate Truck (WB-50)
Distance (S-BUS 40) and Interstate Semi-Truck
(feet) (WB-67)

1% | 2% | 4% | 6% | 8% | 0% | 2% | 4% | 6% | 8%
25 1.00 { 1.01 | 110 | 119 | 1.28 | 1.00 | 1.09 | 1.27 | 1.42 | 1.55
50 1.00 | 1.01 [ 112|121 | 1.30 | 1.00 | 1.10 | 1.28 | 1.44 | 1.58
75 1.00 | 1.02 | 113 | 123 | 1.33 | 1.00 | 1.11 | 1.30 | 1.47 | 1.61
100 1.00 {102 | 114|125 | 135|100 | 111 | 1.31 | 1.48 | 1.64
125 1.00 {103 | 115|126 | 1.37 | 1.00 | 1.12 | 1.32 | 1.50 | 1.66
150 1.00 {103 | 116 | 1.28 | 1.40 | 1.00 | 1.12 | 1.33 | 1.52 | 1.68
175 1.00 | 1.03 | 117 | 1.29 | 142 | 1.00 | 1.12 | 1.34 | 1.53 | 1.70
200 1.00 | 1.04 | 117 | 1.30 | 1.43 | 1.00 | 1.13 | 1.35 | 1.54 | 1.72
225 1.00 {104 | 118 | 1.32 | 145 | 1.00 | 1.13 | 1.35 | 1.56 | 1.74
250 1.00 {104 | 119 | 133 | 147 | 1.00 | 1.13 | 1.36 | 1.57 | 1.76
275 1.00 | 1.05 | 120 | 1.34 | 149 | 1.00 | 1.14 | 1.37 | 1.58 | 1.77
300 1.00 | 1.05 120 | 135 | 150 | 1.00 | 1.14 | 1.37 | 1.59 | 1.79
325 1.00 | 1.05 (121|136 | 152 | 1.00 | 1.14 | 1.38 | 1.60 | 1.81
350 1.00 [ 105|122 | 137 | 154 | 100 | 1.15 | 1.39 | 1.61 | 1.82
375 1.00 {106 | 122 | 1.38 | 1.55 | 1.00 | 1.15 | 1.39 | 1.62 | 1.84
400 1.00 | 1.06 | 1.23 | 140 | 1.57 | 1.00 | 1.15 | 1.40 | 1.63 | 1.85

Step 6: Calculate the queue clearance time.

The queue clearance time is the sum of the time the design vehicle needs to start
moving and the time it needs to accelerate through the design vehicle clearance
distance.

Select the desired minimum separation time (seconds).

The separation time is added for safety reasons and to avoid driver discomfort. ITE
(in an article by Marshall and Berg in February 1997) recommends a minimum
separation time of 4 seconds. This value may be reduced to as low as 0 seconds
if the necessary warning time is not available.

Calculating Railroad Traffic Signal
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Calculate the maximum preemption time.

To get the required preemption time, add the right of way transfer time, queue
start-up time, and desired minimum separation time. If using advance preemption,
check using the worst-case scenario that the preemption phase does not end
before the activation of the grade crossing warning devices. Consider variability in
train arrival times. Submit the calculated maximum preemption time to the DTOE
and District Rail Office for approval.

Coordinate with the appropriate railroad agency and the railroad signal
designer.

After approval by the DTOE and District Rail Office, provide the required
preemption time to the railroad signal designer so they can determine the required
rail warning system and timings.

3.8.5 PREEMPT TRAP CHECK

A preempt trap happens when the track clearance phase ends before the active railroad
grade crossing warning lights start to flash or the gates start to descend. Vehicles may
cross or stop in the crossing after the end of the track clearance phase without the
opportunity to clear before a train arrives. Variable actual warning time or an insufficient
track clearance green interval cause preempt traps.

A preempt trap can be checked using the following procedures.
Request the advance preemption time from the railroad.

Use the actual value provided by the railroad. If no advance preemption time is
provided, you can use a value of 0 seconds.

Determine a multiplier for maximum advance preemption time due to train
handling.

Use field measurements. Divide the longest advance preemption time observed
by the advance preemption time provided by the railroad.

If no field observations are available or the advance preemption time is not
provided, the multiplier for maximum advance preemption time can be estimated
as 1.60 if warning time variability is high or 1.25 if warning time variability is low.
High warning time variability is typical in the vicinity of switching yards, branch
lines, or anywhere low-speed switching maneuvers take place.

Calculate maximum advance preemption time.

Multiply advance preemption time by the multiplier for maximum advance
preemption time.

Calculating Railroad Traffic Signal
Preemption Time 3.8-8
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Calculate the minimum duration for the track clearance green interval.

Subtract the minimum time for a flashing-light signal before the arrival of any train
from the minimum time between the gate arm reaching its horizontal position and
the arrival of a train.

Calculate the time for gates down after start of preemption.

Add the maximum advance preemption time to the minimum duration for the track
clearance green interval.

Calculate the minimum right of way transfer time.

Add preempt verification and response time with best-case conflicting vehicle or
pedestrian time. The best-case conflicting vehicle or pedestrian time is usually 0
seconds.

Calculate the minimum track clearance green interval.

Subtract the minimum right-of-way transfer time from the time for gates down after
preemption begins. The minimum track clearance green interval has to be as long
as it takes for a car to clear the tracks after the gates are lowered to avoid a
preempt trap.

If the actual track clearance green interval is shorter than the minimum track
clearance green interval, a preempt trap will occur.

3.8.6 VEHICLE-GATE INTERACTION CHECK

Even if there is sufficient warning time and the preempt trap has been addressed, the
automatic gates may still descend on slow-moving or stationary vehicles, causing panic,
confusion, or other unsafe actions from drivers.

Long, high vehicles that accelerate slowly, such as tractor-trailers, are most exposed. The
gates may “clip” the rear of the trailer as the vehicle crosses the track during the clear
track phase. Figure 3.8-3 shows the passing vehicle-descending gate relationship. The
vehicle-gate interaction can be checked as follows:

Calculating Railroad Traffic Signal
Preemption Time 3.8-9
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Figure 3.8-3. Relationship between Descending Gate and Passing Vehicle

Calculate the time the design vehicle needs to clear the descending gate.

Collect the right-of-way transfer time and the time the design vehicle needs to start
moving from previous steps. Calculate the time the design vehicle needs to
accelerate through the design vehicle length using Figure 3.8-2 and Table 3.8-1.

Add the right-of-way transfer time, time the design vehicle needs to start moving,
and time the design vehicle needs to accelerate through the minimum track
clearance distance.

Collect the flashing light duration before the gate starts to descend.

This value typically ranges from 3 to 5 seconds and must be obtained from the
railroad. The railroad’s value may be verified through field observations.

Calculate non-interaction gate descent time.
Step 1: Collect the full gate descent time from the railroad.

The value obtained from the railroad may be verified through field observations. In
the case where multiple gates descend at different speeds, use the descent time
of the gate that reaches the horizontal position first.

Calculating Railroad Traffic Signal
Preemption Time 3.8-10
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SECTION 4.1
CROSSWALKS IN AREAS WITH HEAVY PEDESTRIAN TRAFFIC

411 PURPOSE

This section provides guidelines for applying pavement markings and signing near
marked crosswalks.

Engineers may consider adding crosswalks at locations other than intersections to
provide a defined pedestrian crossing path near busy destinations along the State
Highway System, such as beaches or hotels. When locating marked crosswalks, consider
nearby sidewalks, paths, guardrails, retaining walls, or shrubbery.

41.2 MARKINGS

Design crosswalks as two parallel 1-foot-wide white lines. Place these lines no less than
6 feet apart at intersections and no less than 10 feet apart at midblock locations. Locate
the crosswalk where it provides the shortest crossing distance whenever practical. Use
special emphasis markings to make the crosswalk more visible to pedestrians and
motorists. See Standard Plans, Index 522-002 for sidewalk curb ramp design, and
Standard Plans, Index 711-001 for crosswalk pavement marking details.

4.1.3 SIGNING

Installa PEDESTRIAN CROSSING sign (W11-2) with a downward diagonal arrow plaque
(W16-7p) immediately adjacent to each marked pedestrian crossing. This sign can be
ground-mounted or mounted overhead on a mast arm or span wire.

Install a PEDESTRIAN CROSSING sign (W11-2) with an AHEAD plaque (W16-9P)
before a marked crosswalk. Engineers may install these in advance of each crosswalk in
areas with heavy pedestrian activity. Use engineering judgment to determine if advance
crossing sign assemblies are needed. Consider the relative spacing of crosswalks,
roadside development, and other factors. Consult FDOT Design Manual (FDM) Exhibit
230-9 for the suggested sign placement distance based on approach speeds.

Engineers may install an END PEDESTRIAN CROSSING sign to notify motorists that the
pedestrian zone has ended. Use 8-inch letters on an 8 x 4-foot sign panel for overhead-
mounted signs. Use 4-inch letters on a 3 x 2.5-foot sign panel for ground-mounted signs.
Install the sign approximately 200 to 300 feet downstream of the last marked crosswalk.

Crosswalks in Areas with Heavy Pedestrian Traffic 4.11
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SECTION 4.2
PAVEMENT WORD, SYMBOL, AND ARROW MARKINGS

4.2.1 PURPOSE

This section provides guidelines on applying roadway pavement word, symbol, and arrow
markings to supplement existing highway signing and emphasize regulatory, warning, or
guidance messages (Figure 4.2-1 and Figure 4.2-2).

Figure 4.2-1. Pavement Word Markings

Consult MUTCD Section 3B.20 for the minimum requirements for roadway pavement
word, symbol, and arrow markings. For additional requirements, consult the Manual on
Speed Zoning for Highways, Roads, and Streets in Florida and Standard Plans,
Indexes 711-001 and 711-002.

Design route shields in accordance with Standard Plans, Index 711-001.

Roadway pavement word, symbol, and arrow markings can be used as a substitute for
vertical signs when overhead signing is impractical or impossible to install, such as when
it would impose on navigable airspace.

Pavement Word, Symbol, and Arrow Markings 4.2-1
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To apply non-standard word or symbol pavement markings, complete the following:

1. Conduct an engineering study documenting how these markings would improve
safety or operations efficiency and submit it to the District Traffic Operations
Engineer (DTOE) for concurrence.

2. Once the DTOE has concurred, the District Traffic Operations Office will submit
the study to the State Traffic Operations Engineer (STOE) for concurrence.

e Once the STOE has concurred, the State Traffic Engineering and
Operations Office will submit an FHWA Request to Experiment (RTE) for
approval.

e |If the RTE is approved by FHWA, the District Traffic Operations Office
recommending the design will be responsible for submitting the required interim
and final reports to the State Traffic Engineering and Operations Office for
review and submission to FHWA.

Figure 4.2-2. Pavement Symbol and Arrow Markings

Pavement Word, Symbol, and Arrow Markings 4.2-2
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4.2.2 LANE USE ARROW AND ‘ONLY’ PAVEMENT MARKINGS ON
INTERSECTION APPROACHES

Use lane use arrow symbols only in through lanes at intersections with overhead lane use
control signs or where unusual geometrics or through lane alignment may confuse drivers.
In the latter case, use a straight arrow symbol in through lanes as additional guidance.

The roadway pavement word ONLY is not required for an exclusive turn lane if the arrow
symbol is used under the following conditions:

* Lane is developed at a midblock location

* Lane is clearly delineated by appropriate channelization

* Lane requires lateral vehicle movement from an established lane for proper
positioning to execute the turn

Use the roadway pavement word ONLY with the roadway pavement arrow symbol where
unusual geometrics or exclusive turn lane alignment may confuse drivers.

Where an established through lane becomes an exclusive turn lane, use the roadway
pavement word ONLY with the roadway pavement arrow symbol indicating the allowed
turning movement.

When using the roadway pavement word ONLY with an arrow symbol, pair the pavement
markings with the appropriate signs specified in MUTCD Section 2B.26, Section 2B.27,
Section 2B.28, Section 3B.20, and TEM 2.3.2 and 2.3.3.

Design and placement details for roadway pavement arrows and the ONLY message are
available in the Standard Plans, Index 711-001.

4.2.3 ROUTE SHIELD PAVEMENT MARKINGS

Install route shield pavement markings as follows:
* Use pre-formed thermoplastic.

* Use 20-foot-long shields for limited access roadways and 15-foot-long shields for
arterials and collectors, according to Standard Plans, Index 711-001.

* Align a route shield in the center of the lane.

* Install the route shields horizontally across the roadway; do not stagger them. See
Figure 4.2-3.

* If arrows or messages are included to supplement a route shield (TO, LEFT, RIGHT,
NORTH, SOUTH), place them downstream of the route shield. See Figure 4.2-4.

* Leave an 80-foot gap between markings except for cardinal directions, which may
be 40 feet from a route shield marking. Reduce this spacing to 20 feet for lower-

Pavement Word, Symbol, and Arrow Markings 4.2-3
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speed applications, such as left-turn lanes at diamond interchanges, as shown in
Figure 4.2-6.

4.2.3.1 Mainline

Coordinate with the District Maintenance Office before requesting DTOE approval to
install route shield pavement markings on mainlines (Figure 4.2-3).

Route shield pavement markings are justified under any of the following conditions:

* There is a reported increase in crash frequency as a result of complex lane
assignments such as lane drops, double lane exits with optional lanes, gores
where crash cushions are frequently hit, or unusual geometries.

* The optional or excess lane is underutilized, and weaving maneuvers may cause
unexpected congestion identified by volume/capacity analyses.

* Lane assignments are complex, or alignment shifts are present.

* An overhead sign structure is not practical, and the turn lane from an arterial to a
limited-access on-ramp may appear to provide access to other destinations.

Figure 4.2-3. Route Shield Pavement Markings for Mainline

B NorTH 595, EAST
Coral Spgs
W Palm Bch

Ft Lauderdale

Consider the following when deciding where to install route shield pavement markings:

¢ Install route shield pavement markings where they will be most visible to drivers.

* Place the markings after at least one interchange overhead guide sign.

Pavement Word, Symbol, and Arrow Markings 4.2-4
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* Install the markings within 1 mile upstream of the decision point to allow drivers to
safely change lanes, considering existing signs and other traffic control devices.

* Limit installations to two sets of markings (shield with arrow or message) before
the gore or decision point.

* Avoid placing the markings under or immediately adjacent to overpasses, as these
can cast shadows on the shields. Placing markings on downhill slopes may reduce
their effectiveness.

Figure 4.2-4. Cardinal Direction Markings

4.2.3.2 Interchange Access

Route shield pavement markings can help prevent wrong-way driving as drivers navigate
arterials connected to limited-access facilities. A common example of their application is
diamond interchanges, or where turn lane(s) are developed at signals where the actual
turning movement is to be made at a downstream signal. Engineers should apply these
treatments in conjunction with appropriate geometric design (e.g., signing, lighting,
supplemental channelization) to prevent potential wrong-way driving.

Figure 4.2-5 shows before and after plan views at the E Bearss Avenue and 1-275
interchange. The “before” image shows the conditions with dual westbound left-turn arrow
markings east of the northbound off-ramp. The “after” image shows the conditions with
interstate shield, cardinal direction, and straight-arrow pavement markings on the
eastbound and westbound left-turn lanes. These pavement marking improvements inform
drivers that the limited-access on-ramp entrance is available at the downstream signal.

Pavement Word, Symbol, and Arrow Markings 4.2-5
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Figure 4.2-5. Before and After Plan View of E Bearss Avenue and
1-275 Interchange
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Arterial left-turn lane(s) feeding into an interchange on-ramp may have a median opening
to allow turning movements from conflicting approaches. When a median opening is
present along the arterial left-turn lane(s), install one set of pavement markings per lane
(including the interstate shield, cardinal direction, and straight arrow). An example is
shown in Figure 4.2-6. Pavement markings for interchange access do not require DTOE
approval.

Figure 4.2-6. Pavement Markings for Interchange Access

Pavement Word, Symbol, and Arrow Markings 4.2-7
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SECTION 4.3
SPECIAL RAISED PAVEMENT MARKERS

4.3.1 PURPOSE

This section describes how to uniformly apply blue and internally-illuminated raised
pavement markers (IIRPMs) on the State Highway System.

4.3.2 DEFINITIONS

Raised Pavement Marker (RPM): A traffic control device used to enhance nighttime and
wet weather visibility of roadway striping. RPMs are typically made of plastic, ceramic, or
thermoplastic paint, which retroreflects automotive headlights.

Internally-llluminated Raised Pavement Marker (IIRPM): A steady-burn internally-
illuminated RPM. [IRPMs are permitted for use by MUTCD Chapter 3B as an equivalent
alternative to RRPMs. The IIRPMs mentioned in this section are also known as Class F
RPMs in Standard Specifications, Section 706.

4.3.3 INTERNALLY-ILLUMINATED RAISED PAVEMENT MARKERS

The retroreflective RPM is FDOT’s standard type of raised pavement marker. IIRPM use
should be limited to mitigation strategies for curves with any of the following:

e Substandard horizontal alignment or superelevation.
* Substandard lane widths.
e Substandard shoulder widths.

Space IIRPMs that supplement or substitute for longitudinal line markings as described
in MUTCD Sections 3B.15 through 3B.17. IIRPM installation on roadways within the
State Highway System requires a signed and sealed traffic engineering and safety study.
Submit the study to the District Traffic Operations Office for approval. DTOEs will
coordinate with the District Maintenance Engineer to determine the location of
installations.

4.3.4 BLUE RAISED PAVEMENT MARKERS TO IDENTIFY FIRE
HYDRANTS

Refer to Standard Plans, Index 706-001 for placement applications.

Special Raised Pavement Markers 4.3-1
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SECTION 4.4
ROUNDABOUT MARKINGS

FDOT’s standards for this section are shown in MUTCD Chapter 3C and FDM 213.

Roundabout Markings 4.4-1
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SECTION 4.5
MANAGED LANES MARKINGS

451 PURPOSE

This section provides guidance on pavement markings for express or managed lanes. It
supplements the standards defined in the FDM 211, FDOT Managed Lanes Guidebook,
and MUTCD.

4.5.2 DEFINITIONS

Contiguous Separation: The space between managed lane(s) and general-purpose
lanes. Single 8-inch longitudinal pavement markings delineate this space.

Separation Width: The lateral gap between the managed lane(s) and the general-
purpose lanes. This area includes the two single 8-inch longitudinal pavement markings
and the space in between. The maximum contiguous separation width allowed is 36
inches.

Slip Ramp: An exclusive lane that connects managed lane(s) and general-purpose lanes
by using breaks in the separation type.

Toll Gantry: Truss structure supporting toll equipment over the roadway.
Tolling Area: Section of roadway underneath the toll gantry.

Weave Lane: A lane accommodating weaving movements and speed changes as
vehicles merge between managed lane(s) and general-purpose lanes.

Weave Zone: Provides simultaneous ingress and egress access between managed
lane(s) and general-purpose lanes using a break in the separation type.

4.5.3 EXPRESS AND ONLY WORD PAVEMENT MARKINGS IN
EXPRESS LANES

Install the EXPRESS and ONLY roadway pavement words before managed lane access
points and co-locate them with overhead advance guide signs under the following
conditions:

* When a general-purpose lane transitions directly into a managed lane(s).

* When a general-purpose lane directly connects from a surface street (see
MUTCD Fiqure 2G-28).

Managed Lanes Markings 4.51
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Install the EXPRESS roadway pavement word at the immediate point of entry under the
following conditions:
* When the slip ramp transitions directly into a managed lane(s).
* When the slip ramp from a general-purpose lane merges directly into a managed
lane(s).

Do NOT install the ONLY roadway pavement word under the following conditions:

* When the managed lane is accessed by a weave zone.
* When the managed lane is accessed by a weave lane.

* At any point beyond the entry gore where there is no legal option to exit or enter a
managed lane(s).

4.5.4 CHEVRONS AND MARKERS

Follow the FDM 211 requirements for chevrons’ and pavement markers’ placement. Install
chevron crosshatch markings with tubular markers (Figure 4.5-1) in buffers greater than
4 feet as follows:

* Place 18-inch white chevrons spaced 100 feet apart as follows in buffers 4 feet
and wider:
o Slip Ramps: within the slip ramp transition.
o Weave Lanes: within the weave lane transition.
o Weave Zones: extend 1,000 feet on both ends of the weave lane.

Figure 4.5-1. Separation Detail
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4.5.5 PAVEMENT MARKINGS WITHIN THE TOLLING AREA

Where there is more than one managed lane, separate the lanes with a solid 8-inch white
stripe 300 feet ahead of the toll gantry and 50 feet past it, as shown in Figure 4.5-2.

Figure 4.5-2. Striping Under the Toll Gantry
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Place tubular markers within the tolling area according to the FDM 211 requirements:

* Up to 8 feet: Place one tubular marker, as shown in Figure 4.5-1.

* Between 8 and 12 feet: Evenly space two tubular markers transversely, as shown
in Figure 4.5-3.

* 12 feet and greater: Evenly space three tubular markers transversely.

* Do not install tubular markers or raised pavement markers on top of vehicle
detection loops or their corresponding lead-in saw cut or sealant.

Figure 4.5-3. Tubular Marker Placement within the Tolling Area for
Buffer Widths between 8 and 12 feet
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SECTION 5.1
GOLF CART CROSSING AND OPERATION ON THE STATE
HIGHWAY SYSTEM

5.1.1 PURPOSE

This section establishes criteria and guidelines for safe golf cart operation on authorized
portions of the State Highway System and for uniform crossings at designated locations.

Safety recommendations for counties and municipalities that wish to enact ordinances
authorizing golf cart use on the State Highway System or adjacent sidewalks within their
jurisdictions are also provided here.

5.1.2 GENERAL

Golf carts can be used for short trips from residential neighborhoods to shopping, social,
and recreational destinations. These small passenger vehicles offer a variety of
advantages, including comparatively low cost and energy-efficient mobility at lower
speeds.

Florida authorizes golf cart use and operation on public roads only under certain
circumstances, as described in Section 316.212, F.S. and the Guide to Safe and Legal
Golf Cart Operation in Florida.

5.1.3 DEFINITIONS

Golf Cart: A motor vehicle that cannot exceed 20 mph and is designed and manufactured
to operate on a golf course for sporting or recreational purposes.

Grade-Separated Crossing: A crossing of two facilities (roadways, railroad, or
pedestrian pathways) at different levels.

Local Government: The governing body of a unit of local general-purpose government,
such as a county agency, municipality, tourist development council, county tourism
promotion agency, or special district, as defined in Section 189.0712, F.S. and
Section 11.45 (q), E.S.

State Roadway: Road within the State Highway System (owned and maintained by the
State of Florida). This includes roads signed as interstate highways, U.S. routes, and
state roads.
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5.1.4 PROCEDURE

Local governments are required to obtain District Traffic Operations Engineer (DTOE)
approval before installing a golf cart crossing on the State Highway System. FDOT prefers
that golf cart crossings on state roads be grade-separated facilities.

Non-governmental entities seeking authorization for a golf cart crossing may do so
through the local government with jurisdictional authority.

If the DTOE supports installing a golf cart crossing based on TEM 5.1.5 criteria, the
requester must have a Professional Engineer licensed in the State of Florida conduct an
engineering study that documents:

e The need for a golf cart crossing based on conditions outlined in
Section 316.212, F.S. and verifies that:

o The intersecting county or municipal road has been designated for use by
golf carts.

o A golf course or single mobile home park is constructed on both sides of
the state road.

e All safety considerations at the proposed location, including intersecting sight
distances, proximity to intersection and driveway conflict areas, number and
configuration of approach lanes to signalized intersections, and roadway speed
and volume thresholds, as described in TEM 5.1.5.

e The proposed golf cart crossing; roadway segment location (roadway ID and
milepoint); and corresponding signing, marking, and signal treatments, as
applicable. Provide a schematic layout over aerial imagery or survey to show the
proposed signs, markings, and other treatments and existing traffic control
devices nearby.

e A minimum of five years of crash data within the influence area of the proposed
crossing.

If the DTOE decides not to authorize the golf cart crossing, they will document the reasons
and advise the local government of their findings. Meeting the minimum criteria outlined
in this section does not guarantee approval for a golf cart crossing.

Before a golf cart crossing can be approved, the local government must coordinate with
the appropriate District Traffic Operations Office and District Maintenance Office to
determine permitting requirements and review existing maintenance agreements to
determine if adjustments are needed.
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Figure 5.1-1. Procedure Flowchart
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5.1.5 CRITERIA FOR CROSSINGS
Sign details are available in the Standard Plans, Index 700-102 and FDOT’s Sign Library.

5.1.5.1 Midblock Crossing
Golf carts may cross a state road at a midblock location where there is a golf course or a

single mobile home park on both sides of the road if the following criteria are met:
¢ Roadway segment vehicular volume of 15,000 Average Daily Traffic (ADT) or less.
e 40 mph posted speed limit or less.
e Crossing distance is three lanes or less, excluding bike lanes.
e 15 feet median width or less.

e The minimum distance to the nearest driveway, access point, or crosswalk is
350 feet.

e The crossing must be on a straight road segment, with the nearest point of
curvature at least 350 feet away.

e Clear and unobstructed view of the roadside on the approach to the crossing.

e Place GOLF CART signs (W11-11), AHEAD plaques (W16-9P), and downward
arrow plaques (W16-7P) on the street approach, as shown in Figure 5.1-2.

e Golf carts are the only motor vehicles permitted to use the designated crossing or
traverse the State’s right of way.
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Figure 5.1-2. Midblock Crosswalk
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Note: See FDOT Standard Plans, index 711-001 for pavement marking application details

5.1.5.2 Side Street Stop-Controlled Intersections
Golf cart crossings at roadway intersections with side street stop control along any state

road must meet the following criteria:
e Side street vehicular volume of 1,200 ADT or less.

e Side street vehicular volume of 110 vehicles per hour or less per approach during
the AM and PM peak hours.

¢ Side street approaches have an exclusive left-turn lane.

o Side street alignment angle to the mainline tangent is 90 degrees (£15
degrees).

o Offset intersections are not considered for golf cart crossings.

e Crossing distance for undivided roadways is three lanes or less, excluding
right-turn lanes, bike lanes, and crosswalks (Figure 5.1-3). For divided roadways
of four lanes or fewer, a 22-foot minimum median width is required.

¢ Main street's posted speed limit is 35 mph or less.

e Place GOLF CART signs (W11-11) and X-ING plaque (FTP-204-25) on the
mainline approach, as shown in Figure 5.1-3 and Figure 5.1-4.
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Figure 5.1-3. Stop-Controlled Crossing

FTP-101-25

* (1) Post-mount sign assemblies 50 feet in advance
of the right-turn lane taper, not to exceed 235 feet
from the intersection return.
(2) Install assemblies 50 feet in advance of any city
street name or county route marker

Note: See FDOT Standard Plans, Index 711-001 for pavement marking application details

Figure 5.1-4. Four-Lane Stop-Controlled Crossing
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100 feet in advance of the
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5.1.5.3 Signalized Intersections
Golf cart crossings at signalized intersections must meet the following criteria:

Side street vehicular volume of 1,500 ADT or less.

Side street vehicular volume of 200 vehicles per hour or less per approach during
the AM and PM peak hours.

Side street posted speed limit is 35 mph or less.
Side street approaches have an exclusive left-turn lane.
Side street alignment angle to the mainline tangent is 90 degrees (+15 degrees).

Offset or T-intersections are not considered for golf cart crossings. A proposed
fourth leg at signalized T-intersections for exclusive golf cart use will not be
considered.

Crossing distance is five lanes or less, excluding right-turn lanes, bike lanes, and
crosswalks.

Golf carts are not allowed to use crosswalks or sidewalk ramps to cross the
mainline.

Place GOLF CART signs (W11-11) and IN ROAD plaques (W16-1P) on the side
street approach, as shown in Figure 5.1-5.

Figure 5.1-5. Traffic Signal Controlled Crossing

*

* Post-mount sign assemblies in -
accordance with local city or county
ordinances.

¢
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Note: See FDOT Standard Plans, / \
Index 711-001 for pavement ! y TT-TTM
marking application details Y d

*_a
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5.1.6 OPERATION OF GOLF CARTS ON SIDEWALKS

Title 23 of the United States Code, Section 217 prohibits using motorized vehicles,
such as golf carts, on existing and proposed non-motorized trails and pedestrian
walkways that use federal transportation funds. However, exceptions can be authorized
through a framework developed by the Federal Highway Administration.

5.1.6.1 Safety and Operational Recommendations

Consider the following when requesting approval of golf cart operation on sidewalks
adjacent to a state road by local government ordinance:

e Golf carts are only allowed to access state-maintained sidewalks from sidewalks
along county- or city-maintained side streets intersecting the state road. Provide a
minimum unobstructed sidewalk width of 8 feet; separation from the back of curb
or edge of shoulder by at least 5 feet is recommended.

e Per Section 316.212, F.S., golf carts' speeds are not to exceed 15 mph when
operated on sidewalks.

e Golf carts are not allowed to access state-maintained sidewalks using curb ramps.
FDOT will not approve golf cart crossings on a state road from county- or city-
maintained streets or sidewalks to state-maintained sidewalks.

e Provide a minimum 4-foot width of grassed or stabilized, relatively flat area beyond
the outside edge of sidewalks for recovery or stalled golf carts. Do not include
adjacent drainage features or fencing as part of the minimum requirement.

e Terminate golf cart operation on state-operated sidewalks at a connecting
county- or city-maintained sidewalk.

e Install GOLF CART signs (W11-11) and ON SIDEWALK plaques (FTP-205-25)
along state-operated sidewalks, as shown in Figure 5.1-6.

Figure 5.1-6. Golf Cart Operation on Sidewalks
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* Post-mount double-sided sign assemblies at 200-foot intervals.
Use the same configuration at T-intersections and driveways.
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Section 5.2
CROSSWALK TREATMENTS AT MIDBLOCK LOCATIONS
AND UNSIGNALIZED INTERSECTIONS

5.21 PURPOSE

This section establishes criteria and guidelines for installing and operating pedestrian
treatments at midblock locations and unsignalized intersections on the State Highway
System. Treatments can include marked crosswalks, signs, beacons, and signals, among
other traffic control devices. Crosswalk details at roundabouts can be found in the FDOT
Design Manual (FDM) Chapter 213.

5.2.2 GENERAL

A crosswalk is a designated location for pedestrians to cross a roadway that helps
concentrate crossing activity. Crosswalks and other pedestrian treatments at midblock
locations and unsignalized intersections are designed to enhance pedestrian connectivity,
reduce confusion, and decrease the number of unpredictable crossings, reducing the
number of collisions between pedestrians and motorists.

Consider context classification and documented pedestrian demand when deciding
whether to install a crosswalk at a midblock location or an unsignalized intersection.
Pedestrians risk crossing at unmarked locations when the nearest controlled crossing
feels far away. They may cross unexpectedly, creating unexpected crossings and
increasing the potential for crashes. Adding marked crosswalks and other supplemental
treatments at these locations may be appropriate.

Supplemental signage can improve safety and compliance at marked crosswalks
regardless of the control type. Crosswalk design treatments, including refuge islands,
curb extensions, street lighting, and raised crosswalks, also support pedestrian visibility
and safety. Table 5.2-1 summarizes some of these treatments and their application.

Despite their safety and connectivity benefits, crosswalks are not suitable for all locations.
Before requesting to install a crosswalk on a state road, evaluate the context classification
and expected levels of pedestrian crossing demand, the safety characteristics of the
crossing location, and design considerations for the crossing control type.

5.2.3 DEFINITIONS

Alternative Pedestrian Crossing Location: A controlled crossing with a STOP sign
(R1-1), traffic signal, or grade-separated pedestrian bridge or tunnel.

Average Day: A day with traffic volumes normally and repeatedly found at an intersection
or location. Weekdays, with volumes influenced by travel to and from work, and weekend
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days, with volumes influenced by entertainment or recreation, represent two types of
average days. Weather is also a factor to consider.

Context Classification: Description of a roadway’s general land use characteristics,
development patterns, and roadway connectivity. Roadways are designed to match the
characteristics and demands of their context classification. See FDM 200 for additional
information.

Controlled Approach: All directional traffic lanes moving toward an intersection or a
midblock location (including adjacent parking lanes) controlled by a sign, traffic signal,
marking, or other traffic control device.

In-Roadway Warning Lights (IRWLs): A traffic control device installed on the roadway
surface to warn users they are approaching a condition on or adjacent to the roadway
that might not be readily apparent and require the road user to slow down or stop.

Marked Crosswalk: A portion of a roadway segment designated as a pedestrian crossing
by pavement markings. Marked crosswalks guide pedestrians, define and delineate
crossing paths, and define intersections. Pavement markings may be supplemented by
contrasting pavement structure, style, or color.

Midblock Crosswalk: A location with a marked crosswalk (signalized or unsignalized)
between intersections.

Midblock Pedestrian Signal (MPS): A hybrid non-motorist-actuated traffic control device
that alternately directs traffic to stop and flashes a RED indication during the pedestrian
clearance interval. This traffic control device is currently under an FHWA Request to
Experiment (RTE) and requires prior approval coordinated through the State Traffic
Engineering and Operations Office before installation.

Midblock Traffic Control Signal: A non-motorist-actuated traffic signal used to warn and
control traffic at midblock crosswalks.

Passive Detection: A system that detects the presence and direction of non-motorists
and activates the traffic control device without manual actuation.

Pedestrian Attractor: A residential, commercial, office, recreational, or other location that
is expected to be a destination for pedestrian trips.

Pedestrian Generator: A residential, commercial, office, transit, recreational, or other
location that serves as the starting point for a pedestrian trip.

Pedestrian Hybrid Beacon (PHB): A non-motorist-actuated traffic control device used to
warn and control traffic at an unsignalized location when pedestrians cross a marked
crosswalk. It is also known as a High-Intensity Activated Crosswalk (HAWK). A PHB is
typically installed on mast arms above the controlled roadway. The PHB faces consist of
three signal sections: two horizontally aligned circular red indications and a circular yellow
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indication centered below. A PHB installation requires a minimum of two faces for each
major street approach.

Rectangular Rapid Flashing Beacon (RRFB): A non-motorist-actuated traffic control
device with two rapidly and alternately flashing rectangular yellow indications that function
as a warning beacon.

Shared-Use Path: A multi-user path outside the traveled way and physically separated
from motorized vehicular traffic by an open space or barrier. A shared-use path can be
located within the right-of-way or have an independent alignment. Shared-use paths are
used by pedestrians (including skaters, users of manual and motorized wheelchairs, and
joggers), bicyclists, and other authorized users.

Two-Stage Pedestrian Crossing: A marked crosswalk with a median refuge island and
an RRFB, PHB, MPS, or midblock traffic control signal. A two-stage pedestrian crossing
may have less impact on vehicle delay than a single-stage crossing since the traffic
control device serves each direction independently, while the median allows pedestrians
to pause midway before completing their crossings.

Uncontrolled Approach: All directional traffic lanes moving toward an unsignalized
intersection or a midblock location (including any adjacent parking lane) that are not
controlled by signs, signals, markings, or other traffic control devices.

Unmarked Crosswalk: The legal crossing area at an intersection connecting opposite
sides of the roadway without pavement markings or signs.

Unsignalized Intersection: An at-grade junction of two or more public roads where a
traffic signal does not control the right of way for motorists, bicyclists, or pedestrians.

5.2.4 PROCEDURE

These procedures apply to midblock and unsignalized intersection marked crosswalks:

e Contact the District Traffic Operations Office to request an evaluation of a
marked crosswalk or other treatments.

e The DTOE reviews and approves proposed marked crosswalks or treatments at
midblock locations or unsignalized intersections on the State Highway System.

e For existing midblock or unsignalized intersection marked crosswalks, conduct an
engineering study or warrant analysis to justify installing midblock traffic control
signals or PHBs. Refer to TEM 5.2.5 for guidance.

e Before approving a proposed marked crosswalk or treatment for an existing
crosswalk, the District Traffic Operations Office will coordinate with the local
agency responsible for the maintenance agreement.
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5.2.5 SELECTION CRITERIA

5.2.5.1 Marked Crosswalk

Validate the need for marked crosswalks at midblock and uncontrolled approaches with
an engineering study. When available, review the local strategic plan for non-motorist
connectivity needs. Consider marked crosswalks under the following conditions:

o

Proximity to significant pedestrian generators and attractors

Midblock locations or uncontrolled approaches under consideration for a
marked crosswalk should have either of the following characteristics:

= A well-defined spatial pattern of pedestrian generators, attractors,
and flow (across a roadway) between them

= Awell-defined pattern of existing pedestrian crossings

¢ |dentify and document pedestrian generators and attractors in an engineering
study to illustrate potential pedestrian routes in relation to proposed marked
crosswalk locations, as described in TEM 5.2.6.

¢ Recommended Levels of Pedestrian Demand

e The pedestrian volume threshold for a proposed marked crosswalk is
20 or more pedestrians during a single hour (any four consecutive
15-minute periods) of an average day. Average day pedestrian volume data
should be collected using the methods outlined in TEM 5.2.6.

(@)

O

O

(@)

O

O

(@)

Pedestrian volume demand data is not needed under school zones or
under the following Context Classifications:

C2T - Rural Town

C3C - Suburban Commercial
C4 - Urban General

C5 - Urban Center

C6 - Urban Core

Shared-use path connection at midblock locations or unsignalized intersections

Supports the use of a shared-use path

Proposed marked crosswalks connecting to a shared-use path may apply
a 50 percent reduction to the recommended levels of pedestrian demand

Review the local strategic plan when proposing crossing locations

Nature-based trail crossings

Before the DTOE approves a new nature-based trail crossing, they should
evaluate whether installing the crossing on the State Highway System is
appropriate
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e See TEM 2.33 and FDM 230 for additional information on nature-based trail
crossings

e Minimum Location Characteristics
e Vehicular volume of 2,000 ADT or greater along the roadway segment

o The distance between the proposed marked crosswalk and the nearest
existing intersection or crossing is 300 feet or greater per FDM 222

= FDOT may consider a proposed crossing location between 100 and
300 feet from an alternative crossing if it is more practical for non-
motorist use; document this justification in the engineering study

e Adjacent signalized intersection

o The proposed location is outside the influence area of adjacent signalized
intersections, including the limits of turn lanes

5.2.5.2 Beacons and Signals

Use yellow flashing beacons to make standard signs more conspicuous, in accordance
with MUTCD Section 2A.11.

Rectangular Rapid Flashing Beacon (RRFB)

Limit RRFB use to roadways with the following conditions:
e Posted speed limit of 35 mph or lower
e Marked crosswalks with special emphasis pavement markings

e Four through lanes (both directions) or less regardless of median presence, or
five lanes with a median refuge island. For facilities with five lanes, including a
two-way left-turn lane, a refuge island or raised median must be present for
RRFB application.

For use of RRFBs at locations that do not meet the minimum requirements stated above,
obtain approval for a variation from the State Traffic Engineering and Operations
Office. Include the following information in the request for variation:

e AADT

e Sight distance

e Speed data

e Five years of crash data

e Supplemental information, including location description, Context Classification,
and observations
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Pedestrian Hybrid Beacon (PHB)

When installing a PHB, place it at least 100 feet away from side streets or driveways
controlled by STOP (R1-1) or YIELD (R1-2) signs. Install STOP HERE ON RED (R10-6a)
and CROSSWALK - STOP ON RED (R10-23) signs to inform drivers of the crossing.
Avoid installing PHBs at intersections.

If the location is less than 100 feet from side streets or driveways controlled by a stop
sign, install additional treatments to reduce the risk of pedestrian-vehicle conflicts. Side
street and driveway treatments may include blank-out signs, static signs, and pavement
markings.

Consider installing a PHB when an engineering study, per MUTCD Section 4J.01,
identifies the following conditions:

e Where a midblock traffic control signal is not justified under MUTCD Chapter 4C
signal warrants and gaps in traffic are not adequate to permit pedestrians to
Cross.

¢ Where the approaching vehicle speed on the major street is too high to permit
pedestrians to cross.

e Where pedestrian delay is excessive.
See MUTCD Chapter 4J for PHB volume guidance. This guidance is summarized in
Figure 5.2-1. At a location under C2T, C4, C5, or C6 context classification that meets the

PHB warrants stated above, the PHB may be substituted with a midblock traffic control
signal using MUTCD Warrant 8, Roadway Network.

Follow MUTCD Section 4J.02 for a PHB sequence; MUTCD Figure 4J-3 provides a
visual of the PHB sequence.
o Keep the signal dark outside the activation window.
o Follow TEM 3.6.2.1 for the duration of the flashing yellow.

e Determine the steady yellow change interval using engineering practices with a
minimum duration of 3 and a maximum of 6 seconds (see MUTCD Section
4F.17). Use longer intervals on approaches with higher speeds.

o Make the minimum duration of steady red equal to the pedestrian walk
interval.

e Make the duration of the alternating flashing red equal to the pedestrian clearance
interval.

e Guidance for these intervals is provided in MUTCD Section 4J.03.
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Midblock Traffic Control Signal

To provide a safe pedestrian crossing, traffic control signals at midblock crosswalks must
be positioned at least 300 feet away from side streets or driveways with STOP (R1-1) or
YIELD (R1-2) signs. For midblock crosswalks over 300 feet from the nearest signalized
intersection, consider the distance to adjacent signals and available gaps for pedestrian
crossing to determine whether a signal is required.

To meet the criteria for safe pedestrian crossing, traffic control signals at midblock
crosswalks must comply with MUTCD Warrant 4, Pedestrian Volume. Figure 5.2-1

summarizes this warrant for (a) 35 mph or less and (b) greater than 35 mph roadways.

The minimum pedestrian volume threshold under MUTCD Warrant 4 may be reduced:

e Up to 50 percent when the 15" percentile crossing speed is below 3.5 feet per

second.

e Up to 30 percent when the 85" percentile speed on the major street is greater
than 35 mph or when the midblock crosswalk is in a built-up area of an isolated
community with fewer than 10,000 inhabitants.

The 30 and 50 percent reductions can be combined if the corresponding criteria are met.

For details on requirements for traffic control signals at intersections, refer to TEM 3.3.

Figure 5.2-1. Guidelines for the Installation of Pedestrian Treatments
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5.2.6 ENGINEERING STUDY

Conduct an engineering study before installing a marked crosswalk or other pedestrian
treatments at a midblock location or unsignalized intersection. The study should identify
treatments based on pedestrian and vehicular volumes, roadway characteristics, and
environmental factors documented in the study. Include the following information in the
engineering study:

Field data demonstrating the need for a marked crosswalk based on pedestrian
volumes. See TEM 5.2.5.1 for more information.

o Base data collection on pedestrian volumes observed crossing the
roadway outside a crosswalk at or in the vicinity of the proposed location.
If applicable, a cyclist can be counted as a pedestrian.

o See FDOT’s Manual on Uniform Traffic Studies (MUTS) for additional
information on obtaining pedestrian group size and vehicle gap size to
assess opportunities for safe crossings. In addition, the FDOT TDA Non-
Motorized Traffic Monitoring Dashboard may be used as a resource for
volume data.

o When recommending an RRFB, PHB, MPS (RTE approval required), or
midblock traffic control signal, document the necessary location
characteristics following TEM 5.2.5.2.

¢ Field data to estimate individual pedestrian walking speeds, pedestrian speed
cumulative curve, and the 15™ percentile pedestrian crossing speed.
MUTS Chapter 9 provides additional information on the procedure and method
for calculating the parameters of pedestrian walking speed.

e Potential links between pedestrian generators and attractors to confirm existing
pedestrian crossing patterns. Generators and attractors should be identified on
an aerial to illustrate potential pedestrian routes in relation to the proposed
marked crosswalk location.

e Proximity to intersection conflict areas and safety considerations, including:
o Stopping sight distance
o Sidewalk connectivity
o Adequate lighting and illumination levels at the crosswalk

o Refuge island or raised median for roads with five or more lanes to
facilitate two-stage crossing

o Suitable bus stop location to minimize conflicts with transit vehicles

Proposed crossing location and corresponding traffic control devices:

o Provide a schematic layout over aerial imagery or survey to show the
proposed signs, pavement markings, approach traffic control devices,
other treatments (e.g., bulb-outs), and existing traffic control devices within
the influence area of the proposed crosswalks.
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o Treatments are dependent on site context, vehicle operating speeds,
roadway cross-section, pedestrian volumes, and other variables.
Treatments may include midblock traffic control signals or other warning
devices to enhance driver-yielding behavior. Other treatments, such as
median refuge islands, curb extensions, raised crosswalks, and
supplemental signing and pavement markings, may also be applicable at
some locations to reduce crossing distance and enhance pedestrian
visibility. See TEM 5.2.7 for treatment options and selection guidance.

e Document the latest five years of non-motorist-vehicle crashes in the vicinity of
the proposed crosswalk, including frequency, crash type, lighting, and pavement
conditions. Refer to the FDOT State Safety Office Crash Data Guidance for
additional crash attribute considerations. Supplement the crash summary with
any information regarding the nature of conflicts based on field observations.

e Transit route data and the location of transit stops in the vicinity of the proposed
crosswalk.

Consider an alternative control strategy to resolve the need for an intersection or midblock
crosswalk. FDOT’s Manual on Intersection Control Evaluation offers a procedure and
analysis tools for conducting alternative analyses at intersections.

5.2.7 TREATMENT OPTIONS

5.2.7.1 Pavement Markings
See Standard Plans, Index 711-001 for pavement marking details.

Marked Crosswalks

Install special emphasis crosswalks at midblock crossings and uncontrolled approaches.
Follow TEM 5.2.4 procedure to install marked crosswalks on the State Highway System.

Install standard crosswalks at stop-controlled approaches, consistent with FDM 230. An
engineering study is not required to install standard crosswalks at stop-controlled
approaches.

In-Pavement Warning Marking

In-pavement warning markings can supplement existing signage where high vehicular
volumes and high operational speeds are reported approaching a marked crosswalk.
These markings can use the BICYCLE (W11-1), PEDESTRIAN (W11-2), and COMBINED
BICYCLE / PEDESTRIAN (W11-15) crossing symbols, as shown in Figure 5.2-2.

Complete an engineering study and obtain DTOE approval to install the in-pavement
warning markings. Once approved, coordinate installation with the District Maintenance
Office.
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Consider installing in-pavement warning markings when the following conditions are
present at a marked crosswalk.

e Multi-lane roadway with a posted speed of 45 mph or greater
¢ Rural two-lane roadway with a posted speed of 50 mph or greater
o Crosswalks with restricted sight distance due to obstructions (e.g., trees).

¢ Reported behavior of drivers not yielding at the crosswalk.

When approved, install in-pavement warning markings as follows. For an example, see
Figure 5.2-3.
e Center the markings in the travel lane(s) on the approach to the crosswalk and in
alignment with adjacent lanes when used on multi-lane approaches.

¢ Place no more than one set of markings on each approach and do not mix
symbol and word in-pavement markings (see TEM 4.2).

o Follow MUTCD Table 2C-3 to determine how far in advance to place markings
based on the posted or 85™" percentile speed coming to a full stop.

Figure 5.2-2. In-Pavement Warning Marking Details
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Figure 5.2-3. Pedestrian In-Pavement Warning (W171-2) Markings
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5.2.7.2 Signs

The signs in this subsection may be installed at midblock crosswalks and unsignalized
intersections to improve driver yielding and stopping behavior at marked crosswalks. See
FDM 230 for sign placement details. Sign details are available in the Standard Plans,
Index 700-102 and FDOT’s Sign Library.

For greater visibility, install highlighted signs and flashing beacons, as described in
MUTCD Sections 2A.11 and 2A.12.

STOP HERE FOR PEDESTRIANS Sign (R1-5b)

On multilane approaches, add a stop line with the STOP HERE FOR PEDESTRIANS sign
(R1-5b), as directed in MUTCD Section 2B.19. Place the stop line 40 feet before the
marked crosswalk. Parking is prohibited between the stop line and the marked crosswalk.
Use a solid lane line between the stop line and the crosswalk.

Regardless of the number of lanes, use the STOP HERE FOR PEDESTRIANS sign (R1-
5b) with the PEDESTRIAN CROSSING sign (W11-2) and diagonal downward arrow
plaque (W16-7P), as shown in Figure 5.2-4. Do not use the STOP HERE FOR
PEDESTRIANS sign (R1-5b) with a traffic signal or PHB.

The STOP HERE FOR PEDESTRIANS sign (R1-5b) may be added at existing midblock
crosswalks where motorists routinely fail to stop for pedestrians. Install as follows:

e One sign in each direction
e Install signs within 100 feet before the crosswalk

e Do not install these signs where they interfere with required signs
STOP HERE FOR SCHOOL CROSSING Sign (R1-5c)

For school crossings, use the STOP HERE FOR SCHOOL CROSSING sign (R1-5¢) with
the SCHOOL sign (S1-1) instead of the STOP HERE FOR PEDESTRIANS (R1-5b) and
PEDESTRIAN CROSSING (W11-2) signs.
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Figure 5.2-4. RRFB with STOP HERE FOR PEDESTRIANS (R1-5b) and
PEDESTRIAN CROSSING (W11-2) Signs
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IN-STREET PEDESTRIAN CROSSING Sign (R1-6a)

IN-STREET PEDESTRIAN CROSSING signs (R1-6a) are useful on low-speed roadways
to remind drivers of right-of-way laws at midblock or unsignalized crosswalks. See Figure
5.2-5. Engineers may use the IN-STREET PEDESTRIAN CROSSING sign FTP-029-25
in lieu of R71-6a at locations with constrained geometric conditions. Use these signs on
roadways with four or fewer through lanes and a posted speed of 35 mph or less.

Coordinate with the District Maintenance Office prior to requesting DTOE approval to
use this sign type.

Do not post mount IN-STREET PEDESTRIAN CROSSING signs (R1-6a or FTP-029-25).
Place them in one of the following locations:

e On atwo-way road, place the sign in the roadway at the marked crosswalk
location on the centerline

e On a one-way road, place the sign on a lane line
e Place the sign on a median island as allowed by MUTCD Section 2B.20

Tubular markers may be used to supplement IN-STREET PEDESTRIAN CROSSING
signs (R171-6a or FTP-029-25) either on the centerline, lane line, or median island. When
used, tubular markers should not be installed on the same pavement marking line as the
sign. Match tubular marker color to the pavement marking they supplement, in
accordance with MUTCD Section 31.01.

IN-STREET PEDESTRIAN CROSSING signs (R1-6a or FTP-029-25) on lane lines may be
substituted for tubular markers to reduce maintenance and replacement costs from motor
vehicle impacts. For further guidance on tubular marker substitution, see TEM 5.2.7.2.
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IN-STREET SCHOOL CROSSING Sign (R1-6¢)

For school crossings, use the in-street SCHOOL CROSSING sign (R1-6¢) instead of the
IN-STREET PEDESTRIAN CROSSING sign (R1-6a).

Figure 5.2-5. IN-STREET PEDESTRIAN CROSSING (R1-6a)

Tubular Marker Gateway Treatment

To further emphasize the midblock pedestrian crossing and to channelize and potentially
calming traffic, supplement IN-STREET PEDESTRIAN and SCHOOL CROSSING signs
(R1-6a and R1-6¢) with tubular markers on the lane lines or edge lines. See Figure 5.2-6

for illustrations of tubular markers used to supplement IN-STREET PEDESTRIAN
CROSSING signs (R1-6a).

Tubular markers can supplement the R71-6 gateway treatment per FHWA Official Ruling
3(09)-61 (I) — Channelizing Devices at Midblock Pedestrian Crossings in
Conjunction with IN-STREET PEDESTRIAN CROSSING (R1-6 Series) Signs.
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Figure 5.2-6. R1-6 Gateway Treatments with Tubular Markers
i) Single Sign Treatment ii) Partial Gateway Treatmen
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STATE LAW STOP FOR PEDESTRIANS IN CROSSWALKS Sign (FTP-030-25)

Install the STATE LAW STOP FOR PEDESTRIANS IN CROSSWALKS Sign (FTP-030-
25) sign at marked, unsignalized crosswalks.

5.2.7.3 Beacons (Signal Warrant Analysis Not Required)

If a location does not meet the requirements for traffic signals or PHBs, engineers can
use other pedestrian-activated devices to warn drivers and draw attention to people using
marked crosswalks. Other treatments not listed here may be appropriate depending on
the site's features.
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Rectangular Rapid Flashing Beacons (RRFB)

RRFBs are activated by crosswalk users and installed in pairs below the PEDESTRIAN
CROSSING sign (W11-2) and above the diagonal downward arrow plaque (W16-7P) for
post-mounted RRFBs. They flash when activated by a non-motorist.

At school or trail crossings, a SCHOOL CROSSING sign (S1-1) or TRAIL CROSSING
sign (W11-15) may be installed with RRFBs instead of a PEDESTRIAN CROSSING sign
(W11-2).

Mount a pedestrian instruction sign (FTP-033-25) adjacent to the RRFB or integrate it
with the corresponding pedestrian push button. Sign details are available in the
Standard Plans, Index 700-102. The instruction sign has a three-line legend, as shown
in Figure 5.2-7.

Figure 5.2-7. RRFB Push-Button Sign (FTP-033-25)
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Install RRFB push buttons with an audible warning message that states, “WAIT FOR
TRAFFIC TO STOP THEN CROSS WITH CAUTION” when activated. An example of the
RRFB treatment is shown in Figure 5.2-8.

On multilane undivided roadways, consider installing overhead RRFBs unless design
constraints or engineering documentation preclude overhead installation. Overhead
RRFBs enhance visibility for approaching drivers and align with the installation of
overhead school zone warning signs on multilane roadways. When overhead RRFBs are
used, combine these with ground-mounted devices when feasible.

Consider advance warning signs with RRFBs on multilane approaches, especially those
with higher traffic volumes and speeds.
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Detailed conditions of use, including sign/beacon assembly, dimensions, placement, and
flashing rates, are provided in MUTCD Chapter 4L. Refer to the following resources for
more guidance on the RRFB design:

e Standard Plans, Index 654-001
e FDM 941

e Standard Specifications, Section 654

Figure 5.2-8. Rectangular Rapid Flashing Beacons (RRFB)
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Flashing Yellow Beacons

At locations where traffic signals are not warranted, engineers may consider installing a
flashing yellow beacon to supplement the appropriate warning or regulatory signs at a
marked crosswalk. See MUTCD Chapter 4S for a complete list of requirements. Refer to
Standard Plans, Index 700-120 for design and installation details.

A flashing yellow beacon may be overhead or post-mounted. Post-mounting the beacon
is preferred as it may prevent confusing it with a flashing traffic signal.

¢ Install post-mounted flashing yellow beacons with two vertically aligned beacons
operating in an alternating flash pattern.

e Pair overhead-mounted, flashing yellow beacons with an overhead STOP FOR
PEDESTRIANS sign (R1-9a), continuously lit at night.

In-Roadway Warning Lights (IRWLs)

IRWLs are installed in the pavement to warn road users that they are approaching a
condition that requires them to slow down or stop. Based on an engineering study,
engineers may recommend installing IRWLs at uncontrolled marked crosswalks.

Operate IRWLs in a flashing pattern (50 to 60 flash periods per minute). When installing
IRWLs with overhead or post-mounted LED-highlighted signs or flashing yellow beacons,
match the flashing rates. See MUTCD Chapter 4U for detailed guidance on this
treatment.

Consider installing IRWLs in locations where overhead lighting is not provided. Use the
following criteria:
e Coordinate with the District Maintenance Office prior to seeking DTOE approval.
¢ Install only at marked crosswalks with applicable warning signs.
e Install along both sides of the crosswalk and span its entire length.

e Do not use IRWLs at crosswalks controlled by STOP signs (R1-1), YIELD signs
(R1-2), or traffic control signals.

o ARequest to Experiment (RTE) approval from FHWA is required to install
IRWLs with traffic signals or PHBs.

Include an FTP-033-25 sign or a PUSH BUTTON TO TURN ON WARNING LIGHTS sign
(R10-25) on non-motorist-actuated installations.

Crosswalk Treatments at Midblock Locations and Unsignalized Intersections 5.2-17


https://mutcd.fhwa.dot.gov/pdfs/11th_Edition/part4.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/design/standardplans/2026/idx/700-120.pdf?sfvrsn=85b86a3b_1
https://mutcd.fhwa.dot.gov/pdfs/11th_Edition/part4.pdf
https://www.fdot.gov/traffic/contacts/contacts-district.shtm

Topic No. 750-000-005
Traffic Engineering Manual January 2026

5.2.7.4 Beacons and Signals (Warrant Analysis Required)
Pedestrian Hybrid Beacon (PHB)

A PHB is a special type of hybrid beacon used to warn and control traffic at an
unsignalized location to assist pedestrians in crossing a roadway at a marked crosswalk.
Install PHBs only at marked crosswalks. See Figure 5.2-9 for a PHB example. See
MUTCD Chapter 4J for PHB guidance and criteria.

For six-lane roadways or crossing distances exceeding 80 feet, consider a two-stage
pedestrian crossing with a 6-foot minimum median refuge island where a warranted PHB
controls the marked crossing.

Include the CROSSWALK, STOP ON RED, PROCEED ON FLASHING RED WHEN
CLEAR sign (FTP-028-25) or the CROSSWALK, STOP ON RED sign (R10-23) in PHB
treatments.

Figure 5.2-9. Pedestrian Hybrid Beacons (PHB)
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Midblock Traffic Control Signal

Where pedestrian volumes meet MUTCD Signal Warrant 4, engineers may install a
midblock traffic control signal, in accordance with MUTCD Section 4C.05, Warrant 4,
Pedestrian Volume. See FDOT’s Manual on Uniform Traffic Studies (MUTS) for
guidance on conducting Pedestrian Group Size and Vehicle Gap Size studies supporting
the documentation for Warrant 4.

Coordinate with the District Access Management Review Committee and the DTOE when
selecting signalized control for a pedestrian crossing.

Install a signal that is compatible with the existing signal system along the corridor.

For six-lane divided roadways or crossing distances exceeding 80 feet, consider a
two-stage pedestrian crossing with a 6-foot minimum median refuge island, where a
warranted traffic control signal controls the proposed marked crossing.

To improve pedestrian compliance at the crosswalk, install a feedback device with the
traffic control signal push button to give them confirmation of their call. See TEM 3.7 for
information on the use of accessible pedestrian signals.

A traffic control signal may not be needed at a midblock location if adjacent coordinated
traffic control signals consistently provide adequate gaps for pedestrians to cross the
roadway.

See Standard Plans, Index 653-001 for details on installing midblock traffic control
signals. A midblock traffic control signal treatment example is shown in Figure 5.2-10.

Figure 5.2-10. Midblock Traffic Control Signal
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5.2.7.5 Other Treatments

In addition to pedestrian refuge islands, raised medians, curb extensions, and raised
crosswalks (see Figure 5.2-11), the following treatments enhance visibility, support
pedestrian travel, and increase driver awareness of pedestrians at crossings. See
FDM 222 for pedestrian treatment design criteria. See FDM_202 for other speed
management treatments.

Figure 5.2-11. Raised Crosswalk
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Crosswalk lllumination

For crosswalks serving environmentally sensitive areas or facilities that are open only
during daylight hours, the engineer may omit lighting if DTOE approves. Consider IRWLs
at crosswalk locations without illumination.

Provide crosswalk illumination in accordance with FDM 222 and FDM 231.
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Passive Pedestrian Detection

Passive pedestrian detection is a system that detects the presence and direction of
pedestrians and activates the traffic control device. This system does not require manual
actuation. Consider passive pedestrian detection where low actuation (push-button
activation) has been documented. Passive pedestrian detection implementation may be
particularly beneficial for crosswalks used by children, teenagers, or older adults, and
those at school crossings.

In addition to pedestrian actuation, engineers may install passive pedestrian detection at
RRFBs, PHBs, MPSs (RTE approval required), and midblock traffic control signals. When
installing passive pedestrian detection:

¢ Provide adequate passing width around the waiting detection area on the
sidewalk.
¢ Install overhead lighting to increase pedestrian visibility and detector accuracy.

¢ Provide adequate installation height, detection distance, and detector
position/angle to recognize pedestrian features.

o If there are no existing poles or infrastructure at the site, consider a
supplemental pole or an extended arm from an existing pole.

o Calibrate the detector after installation to cover the pedestrian waiting area.
e Place the detector facing the sidewalk, as shown in Figure 5.2-12.

o If possible, maintain a buffer between the sidewalk and the road. The
space leading towards the crosswalk can be used as the detection area.

o If the sidewalk is adjacent to the curb without any buffer, pedestrians
walking past the crosswalk may trigger false detections. Consider this
limitation when implementing passive pedestrian detection.

e For shared-use paths where bicyclists are to be detected:

o Place the passive detection devices adjacent to the expected path of
bicyclists.

o Supplement the detection with signing and pavement markings to inform
bicyclists where to wait.

o At signalized shared-use path crossings, consider installing advance
detection on the shared-use path approach to extend or actuate the signal
phase and allow continuous through movements.

o Certain loop configurations are better at detecting bicyclists than others.
Consider the amount of metal in typical bicycles when designing loop
detectors. Adjust the loop detectors' settings to accurately detect bicycles.
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Figure 5.2-12. Sidewalk Location Options for Passive Pedestrian Detection
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Raised rumble strips, also known as transverse rumble strips, can improve driver
awareness when placed ahead of rural stop-controlled intersections. Consider applying
this treatment upstream of midblock crosswalks and unsignalized intersections where the
other treatments described in this section have not improved driver-yielding behavior.
Install raised rumble strips according to Standard Plans, Index 546-001 and Standard
Specifications, Section 546.

Raised Rumble Strips

Consider the following factors when installing transverse rumble strips near midblock or
unsignalized crosswalks:

e Evaluate the noise impact that transverse rumble strips would have on nearby
residential areas before installation.

¢ Coordinate with the District Maintenance Office prior to DTOE approval for using
transverse rumble strips.

e There are two basic layouts for transverse rumble strips: extending across the
entire traffic lane or placed only in the wheel tracks. The wheel track layout is
preferred because it allows drivers who do not need any additional warning to
avoid the rumbles without driving into adjacent lanes.

e Use the transverse rumble strips with PEDESTRIAN CROSSING signs (W11-2).
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5.2.8 TREATMENT OPTIONS SELECTION MATRIX

Select pedestrian treatments at midblock crosswalks and unsignalized intersections
based on pedestrian volume, roadway context classification, number of lanes, posted
speed limit, and other related factors as identified in TEM 5.2.4, TEM 5.2.5, and
TEM 5.2.7.

Table 5.2-1 has been designed to help engineers select treatment options. This matrix
summarizes the procedures, selection criteria, and treatment requirements identified in
TEM 5.2.

5.2.9 OUTREACH COORDINATION

To promote smooth implementation in coordination with local agencies and law
enforcement, follow these public notification procedures before installing a new RRFB,
PHB, midblock traffic control signal, MPS (RTE approval required), flashing yellow
beacon, or other midblock or uncontrolled crosswalk.

¢ Notify the District Public Information Office of the programmed treatment at least
two weeks before activating the new traffic control device.

e Inform the District Community Traffic Safety Team (CTST) Coordinator about the
new traffic control device. Request that they coordinate with local law
enforcement, local government agencies, and the District Law Enforcement
Liaison at least two weeks before activating the new traffic control device.

Portable Changeable Message Sign (PCMS)

Apply the following criteria when using a Portable Changeable Message Sign (PCMS):

e New RRFBs, PHBs, midblock traffic control signals, MPSs (RTE approval
required), flashing yellow beacons, and any other type of midblock crosswalks
require a PCMS to inform the traveling public of a new traffic control pattern.

e Display the following safety message on the PCMS:
o NEW SIGNAL mm/dd or NEW CROSSWALK mm/dd
o PREPARE TO STOP

e Deploy the PCMS two weeks prior to activating the new traffic control device and
retain it in place for a minimum of one week after installing the marked crosswalk
treatment.
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Table 5.2-1. Guidance Matrix for Pedestrian Treatments at Midblock Crosswalks and Unsignalized Intersections
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Section 5.3
PEDESTRIAN AND BICYCLIST TREATMENTS
ON MOVABLE BRIDGES

5.3.1 PURPOSE

This section establishes criteria and guidelines for the consistent installation and
operation of pedestrian treatments on movable bridges. These treatments include swing-
style pedestrian gates, signs, and advance detection systems such as LiDAR and thermal
imaging cameras. See FDOT Structures Manual, Volume 1 - Structures Design
Guidelines, Chapter 8.1.9 for more design information.

5.3.2 GENERAL

Signs and swing-style pedestrian gates can significantly improve non-motorists’ safety on
movable bridges. Advance detection systems help bridge tenders detect non-motorists
and prevent the bridge from opening when non-motorists are in the vulnerable zones of
the movable span. See Figure 5.3-1 for typical detection zones.

5.3.3 DEFINITIONS

Advance Detection System: A passive detection system that can identify, target, track,
and alert if a moving or still person is spatially referenced within a predetermined area
during any weather condition.

Bascule Bridge: A movable bridge (also referred to as a drawbridge or a lifting bridge)
with a counterweight that continuously balances a span or leaf throughout its upward
swing to provide clearance for maritime traffic. It may be single- or double-leafed.

Bridge Tender (Drawtender): Operator of the movable bridge according to U.S. Coast
Guard regulations (Code of Federal Regulations, Title 33, Section 117) and Florida
Statutes.

Lift Bridge: A vertical-lift bridge, or just a lift bridge, is a type of movable bridge in which
a span rises vertically while remaining parallel with the deck.

Movable Bridge: A bridge that moves to accommodate the passage of maritime vessels.
These include lift, bascule, and swing bridges.

Swing Bridge: A swing bridge (or swing span bridge) is a movable bridge that has, as its
primary structural support, a vertical locating pin and support ring, usually at or near its
center of gravity, and a swing span (turning span) that pivots horizontally around it.
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Swing-Style Pedestrian Gate: A gate that opens and closes automatically by electronic,
hydraulic, or mechanical means. Swing-style pedestrian gates open on the vertical axis,
allowing them to swing toward or away from pedestrians.

Vulnerable Zones: Areas of high risk for pedestrians, bicyclists, and motorists during
bridge openings.

5.3.4 TREATMENT OPTIONS

5.3.4.1 Swing-Style Pedestrian Gate

Install a swing-style pedestrian gate on a movable bridge in accordance with FDOT
Structures Manual, Volume 1 - Structures Design Guidelines, Chapter 8.1.9.

5.3.4.2 Signage

Install a NO PEDESTRIANS OR BICYCLES BEYOND GATE sign (FTP-036-25) on a
movable bridge swing-style pedestrian gate as shown in TEM 2.6.7. Sign details are
available in the FDOT’s Sign Library.

5.3.4.3 Advance Detection Systems

These passive thermal or laser-based systems identify, target, track, and alert the bridge
tender station if they detect pedestrians or bicyclists in the movable bridge’s vulnerable
zones.

e The thermal camera system is an advance detection system that uses infrared
radiation to detect and locate objects with a heat signature.

e The LIDAR camera system is an advance detection system that uses Light
Detection and Ranging technology. It emits pulsed laser beams in a
predetermined geographic space and measures the time taken for each pulse of
laser light to be reflected from the environment and objects of interest, creating a
3D image of the target.

The sensor data from the advance detection system is processed by a computer in the
bridge tender house with an uninterruptible power supply, and the feed is displayed.
These systems, including all integrated components, are on the FDOT's Approved
Products List (APL).

The DTOE approves the selection of the advance detection system technology.
State Traffic Operations Engineer (STOE) approval is required to select technology not
covered in this section.

Pedestrian and Bicyclist Treatments
on Movable Bridges 5.3-2


https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresmanual/currentrelease/2025/2025-structures-manual.pdf?sfvrsn=f658fd25_1
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresmanual/currentrelease/2025/2025-structures-manual.pdf?sfvrsn=f658fd25_1
https://www.fdot.gov/traffic/trafficservices/signlibrary/listing.shtm
https://path.fdot.gov/Specifications
https://path.fdot.gov/Specifications
https://www.fdot.gov/traffic/contacts/contacts-district.shtm
https://www.fdot.gov/traffic/default.shtm

Topic No. 750-000-005
Traffic Engineering Manual January 2026

Systems may include:

e Thermal camera, or LIDAR camera

e Controller or server cabinet

e Communication system (wired, wireless, or cellular service)

e Network switch

e Conduit and pull box

e Power supply (hook up to existing power or solar power systems)
e Wire, cable, and related fittings

Figure 5.3-1. Typical Detection Zones
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