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Significant Changes to Chapter 3

• Revised table for stopping sight distance to 
include grades

• New tables for the following: 

 Decision sight distance 

 Deflections thru intersections

 Min. length of horizontal curves

 Length of compound curves in turning roadways
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Significant Changes to Chapter 3 (cont)

• Superelevation criteria revised – two types
a) rural highways, urban freeways, and high 

speed urban highways
b) low speed urban arterials and collectors

• New tables for superelevation rates, 
minimum radii, and transition slope rates

• Values for traveled way widening have been 
revised to reflect a WB-62 as base vehicle

• Revised notes for maximum grade table
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Significant Changes to Chapter 3 (cont)

• Revised notes in lane widths table to allow 
11 14’ lanes on 3 and 5 lane typical sections

• Reduced min. shoulder widths for multi-lane 
divided highways

• New table for median widths which allows for 
narrower medians in constrained sections

• New section for islands for channelization, 
division, and refuge (painted and raised)
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Significant Changes to Chapter 3 (cont)

• Revised section for auxiliary lanes at 
intersections (turn lanes)

• New table for pavement widths for turning 
roadways

• Clarified that accessibility requirements 
apply to sidewalks, shared use paths, transit 
boarding and alighting areas
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What is Geometric Design?

Geometric design is defined as the design or 
proportioning of the visible elements of the 
street or highway. The geometry of the street 
or highway is of central importance since it 
provides the framework for the design of other 
highway elements. In addition, the geometric 
design establishes the basic nature and 
quality of the vehicle (or pedestrian) path, 
which has a primary effect upon the overall 
safety characteristics of the street or highway.
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Why is Geometric Design important?

The geometric design must be conducted in close 
coordination with other design elements of the street 
or highway. These other elements include:

• Pavement design

• Roadway lighting

• Traffic control devices

• Transit

• Drainage

• Structural design
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What should Geometric Design consider?
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The geometric design should consider 
the following:
• Safe roadside clear zones
• Bicycle and pedestrian mobility
• Constructability 
• Consistency with surrounding land use
• Maintenance capabilities
• Design vehicle needs



Safety Characteristics of Design

The safety characteristics of the design 
should be given primary consideration. 
The initial establishment of sufficient 
right of way and adequate horizontal and 
vertical alignment is not only essential 
from a safety standpoint, but also 
necessary to allow future upgrading. 
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Intersection Geometry 
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Objectives of Geometric Design

The major objective in geometric design is to 
establish a vehicle path and environment 
providing a reasonable margin of safety for 
the motorist, transit, bicyclist, and pedestrian 
under the expected operating conditions and 
speed.
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Objectives of Geometric Design

The design of any transportation facility should 
consider the following:

• Provide the most simple geometry attainable, 
consistent with the physical constraints

• Provide a design that has a reasonable and 
consistent margin of safety at the expected 
operating speed

• Provide a design that is safe at night and under 
adverse weather conditions

• Provide a facility that is adequate for the expected 
traffic conditions and transit needs
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Design Elements



Design Speed

Design speed is a selected speed used to 
determine the various geometric design 
features of the street or highway. Selection of 
an appropriate design speed must consider 
the anticipated operating speed, topography, 
existing and future adjacent land use, and 
functional or context classification. 
Consideration must also be given to 
pedestrian and bicycle usage.
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Design Speed
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Table 3-1  Minimum and Maximum Design Speed (mph) 



Design Vehicles

A "design vehicle" is a vehicle with 
representative weight, dimensions, and 
operating characteristics, used to establish 
street and highway design controls for 
accommodating vehicles of designated 
classes. For the purpose of geometric design, 
the design vehicle should be one with 
dimensions and minimum turning radii larger 
than those of almost all vehicles in its class.
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Design Vehicle Impacts on Design

Design criteria significantly affected by the 
type of vehicle include the following:
• Horizontal and vertical clearances

• Alignment

• Lane widening on curves

• Shoulder width requirements

• Turning roadway and intersection radii

• Intersection sight distance

• Acceleration criteria
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Design Vehicle Templates - AutoTurn
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Sight Distance

The provision for adequate horizontal and vertical 
sight distance is an essential factor in the 
development of a safe street or highway. An 
unobstructed view of the upcoming roadway is 
necessary to allow time and space for the safe 
execution of passing, stopping, intersection 
movements, and other normal and emergency 
maneuvers. It is also important to provide as great a 
sight distance as possible to allow the driver or 
pedestrian time to plan for future actions.
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Sight Distance

Stopping Sight Distance

Decision Sight Distance

Passing Sight Distance
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Stopping Sight Distance

Factors which determine the minimum distance that 
is required to stop includes the following:

• Vehicle speed

• Driver’s total reaction time

• Characteristics and conditions of the vehicle

• Friction capabilities between the tires and the 
roadway surface

• Vertical and horizontal alignment of the roadway
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Stopping Sight Distance Assumptions

•Driver eye height of 3.50 feet

•Object height of 2.0 feet

•Perception-reaction time of 2.5 sec.

•Deceleration = 11.2 ft/sec2
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Stopping Sight Distance
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Decision Sight Distance

Decision sight distance is the distance needed 
for a driver to detect an unexpected or 
otherwise difficult-to-perceive information 
source or condition in a roadway environment 
that may be visually cluttered. It allows the 
driver to recognize the condition or its 
potential threat, select an appropriate speed 
and path, and initiate and complete complex 
maneuvers.
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Decision Sight Distance

A – E

Various 
complexities 
of driving 
decisions 
that affect 
the reaction 
time, t 
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Decision Sight Distance

Decision Sight Distance based on complexity:

A. Stop on rural road: t = 3.0 sec

B. Stop on urban road: t = 9.1 sec

C. Speed/path/direction change on rural road:          
t varies between 10.2 and 11.2 sec 

D. Speed/path/direction change on suburban road:   
t varies between 12.1 and 12.9 sec 

E. Speed/path/direction change on urban road:         
t varies between 14.0 and 14.5 sec 
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Passing Sight Distance (PSD)

• Passing maneuver is one of the most 
dangerous maneuvers

• Requires occupying the opposing travel lane
• Driver required to make simultaneous 

estimates of time, distance, relative speeds, 
and vehicle capabilities

• Errors in judgment result in frequent and 
severe crashes.
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Passing Sight Distance

30



Questions?
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Horizontal Alignment



General Criteria for Horizontal Alignment

The standard of alignment selected for a 
particular section of street or highway 
should extend throughout the section 
with no sudden changes from easy to 
sharp curvature. Where sharper 
curvature is unavoidable, a sequence of 
curves of increasing degree should be 
utilized.
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Horizontal Alignment

Maximum curvature should not be used in the 
following locations:
• High fills or elevated structures

• At or near a crest or sag in grade

• At the end of long tangents

• At or near intersections, transit stops, ped 
crossings, or points of ingress or egress

• At or near other decision points
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Do NOT use “broken back” curves

The "broken back" arrangement of 
curves (short tangent between two 
curves in the same direction) should be 
avoided. This is acceptable only at 
design speeds of 30 mph or less. This 
arrangement produces an unexpected 
and hazardous situation.
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Reverse Curves in Horizontal Alignment

When reversals in alignment are used 
and superelevation is required, a 
sufficient length of tangent between the 
reverse curves is required for adequate 
superelevation transition.
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Maximum Deflection Without Curves

The maximum deflection without a horizontal curve 
are as follows:

• 2o 00’ 00” – Flush shoulder and curbed roadways 
with design speed < 40 mph

• 0o 45’ 00” – Flush shoulder roadways with design 
speed > 45 mph

• 1o 00’ 00” – Curbed roadways with design speed     
> 45 mph

• 0o 45’ 00” – High speed curbed roadways with 
design speed > 50 mph
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Guidance on Horizontal Alignment

Curves on main roadways should be 
sufficiently long to avoid the appearance of a 
kink. Gently flowing alignment is generally 
more pleasing in appearance, as well as 
superior from a safety standpoint. Flatter 
curvature with shorter tangents is preferable 
to sharp curves connected by long tangents.
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Minimum curve lengths are shown in Table 3-8



Superelevation

• The superelevation rates for various roadway 
classes are shown in Tables 3-10 through 3-12

• These tables also show the minimum radius 
required for normal crown without superelevation
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Sight Distance on Horizontal Curves

Where there are sight obstructions (such as walls, 
cut slopes, buildings, and longitudinal barriers) on 
the inside of curves or the inside of the median lane 
on divided highways and their removal to increase 
sight distance is impractical, a design may need 
adjustment in the normal highway cross section or 
alignment. With sight distance for the design speed 
as a control, make the appropriate adjustments to 
provide adequate stopping sight distance.
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Sight Distance on Horizontal Curves
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Lane Widening on Curves

The traveled way should be widened on sharp 
curves due to the increased difficulty for the 
driver to follow the proper path. Trucks and 
transit vehicles experience additional difficulty 
due to the fact that the rear wheels may track 
considerably inside the front wheels thus 
requiring additional width.
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Adjustments to traveled way widths are given 
in Tables 3-15A and 3-15B



Lane Widening on Curves - Transition

A transition length shall be introduced in 
changing to an increased/decreased lane 
width. This transition length shall be 
proportional to the increase/decrease in 
traveled way width in a ratio of not less than 
50 feet of transition length for each foot of 
change in lane width.
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Vertical Alignment



Vertical Alignment – General Criteria

The selection of vertical alignment should be 
predicated to a large extent upon the following 
criteria:
• Obtaining maximum sight distances
• Limiting speed differences (particularly for 

trucks and buses) by reducing magnitude 
and length of grades

• Avoid a “hidden dip” which may not be 
apparent to the approaching driver
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Vertical Alignment – General Criteria

The selection of vertical alignment should be 
predicated to a large extent upon the following 
criteria:
• Steep grades and sharp crest vertical curves 

should be avoided at or near intersections
• Flat grades and long gentle vertical curves 

should be used whenever possible
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Vertical Alignment - Grades

The grades selected for vertical alignment should be 
as flat as practical.

For streets and highways requiring long upgrades, 
the maximum grade should be reduced so the speed 
reduction of slow-moving vehicles (e.g., trucks and 
buses) is not greater than 10 mph.

Where reduction of grade is not practical, climbing 
lanes should be provided to meet these speed 
reduction limitations.
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Vertical Curves - Crest
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Vertical Curves - Sag
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Vertical Curves – Crest on 2-Lane Road

50

PSD



Vertical Curves – General Guidance

Wherever feasible, curves longer 

than the minimum should be 

considered to improve both aesthetic 

and safety characteristics.
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Questions?
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Alignment Coordination



Alignment Coordination

Horizontal and vertical alignment should not 
be designed independently. Poor 
combinations can spoil the good points of a 
design. Properly coordinated horizontal and 
vertical alignment can improve appearance, 
enhance community values, increase safety, 
and encourage uniform speed.
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Alignment Coordination-General Controls

Curvature and grades should be in proper 
balance. Tangent alignment or flat curvature 
with steep grades and excessive curvature 
with flat grades are both poor design. A logical 
design is a compromise between the two 
conditions. Wherever feasible the roadway 
should "roll with" rather than "buck" the 
terrain.
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Alignment Coordination-General Controls

Vertical curvature superimposed on horizontal 
curvature, or vice versa, generally results in a 
more pleasing facility, but it should be 
analyzed for effect on driver's view and 
operation. Changes in profile not in 
combination with horizontal alignment may 
result in a series of disconnected humps to 
the driver for some distance.
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Alignment Coordination-General Controls

Sharp horizontal curvature should not be 
introduced at or near the top of a pronounced 
crest vertical curve. Drivers cannot perceive 
the horizontal change in alignment, especially 
at night. This condition can be avoided by 
setting the horizontal curve so it leads the 
vertical curve or by making the horizontal 
curve longer.
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Alignment Coordination-General Controls

Sharp horizontal curvature should not be 
introduced at or near the low point of a 
pronounced sag vertical curve to prevent an 
undesirable distorted appearance. Vehicle 
speeds are often high at the bottom of grades 
and erratic operation may result, especially at 
night.
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Alignment Coordination-General Controls

On divided highways, variation of the median 
width and the use of independent vertical and 
horizontal alignment should be considered. 
Where right of way is available, a superior 
design without significant additional costs can 
result from the use of independent alignment.
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Alignment Coordination-General Controls

Horizontal alignment and profile should be 
made as flat as possible at interchanges and 
intersections where sight distance along both 
highways is important. Sight distances above 
the minimum are desirable at these locations.

60



Alignment Coordination-General Controls

Alignment should be designed to enhance 
scenic views of the roadway.

In residential areas, the alignment should be 
designed to minimize nuisance to the 
neighborhood.
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Significant Change – Shoulder Widths

• Shoulders for two-lane, two-way highways 
are based upon traffic volumes. Shoulder 
widths for multi-lane highways are based 
upon the number of travel lanes in each 
direction.

• Where bicyclists or pedestrians are to be 
accommodated on the shoulders, a minimum 
usable width of 4 feet is required (5 feet if 
adjacent to a barrier).
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Shoulder Cross Slope

Table 3 – 22 Shoulder Cross Slope
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Significant Change – Lane Widths
• Table 3-20 provides Minimum Lane Widths for all 

types of facilities

• On roadways with a transit route, a minimum of 11’ 
outside lane width is required

• Two-way left turn lanes should be 11 – 14’ wide 
and may only be used on 3- and 5-lane typical 
sections with design speeds ≤ 40 mph 

 On projects with right of way constraints, the minimum 
width may be reduced to 10’

 Two-way left turn lanes shall include sections of raised 
or restrictive median for pedestrian refuge
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Significant Change – Median Width

• New Table 3 – 23  Minimum Median Width
 Consolidated into one table for all types of facilities

• Important to note the following requirement:

Median separation is required on the following 
streets and highways:

 Freeways

 All streets and highways, rural and urban, with 4 
or more travel lanes and with a design speed of 
40 mph or greater
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Islands



Islands

An island is a defined area between traffic lanes 
used for control of vehicle movements. Most islands 
combine two or more of these primary functions:

• Channelization — To control and direct traffic 
movement, usually turning

• Division — To divide opposing or same direction 
traffic streams, usually through movements

• Refuge — To provide refuge for pedestrians
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Islands
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Divisional Islands

Channelization Islands



Divisional Islands
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Channelization Islands
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Refuge Island
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Information NOT covered

• Cross Section Elements
 Number of Lanes
 Pavement
 Traveled Way Cross Slope
 Sidewalks
 Curbs
 Parking
 Right of Way
 Changes in Typical Section
 Lane Deletions and 

Additions
 Preferential Lanes
 Structures
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• Access Control

• Intersection Design

• Other Design Factors
 Pedestrian Facilities
 Bicycle Facilities
 Traffic Calming

• Reconstruction

• Design Exceptions

• Very Low-Volume Local 
Roads



Questions?

73

Send follow-up questions to: 
FloridaLTAP@CUTR.USF.edu



Florida LTAP Center
Center for Urban Transportation Research (CUTR)
University of South Florida
4202 E. Fowler Avenue, CUT100
Tampa, FL 33620-5375
www.FloridaLTAP.org
FloridaLTAP@cutr.usf.edu
(813) 974-4450
www.FloridaLTAP.org

Thank you for attending!


