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INTRODUCTION 
 
This course summarizes and highlights the design of horizontal alignments for 
modern roads and highways. The contents of this document are intended to serve as 
guidance and not as an absolute standard or rule. 
 
When you complete this course, you should be familiar with the general design of 
horizontal roadway alignments. The course objective is to give engineers and designers 
an in-depth look at the principles to be considered when selecting and designing roads. 
 
For this course, Chapter 3 (Section 3.3 Horizontal Alignment) of A Policy on 
Geometric Design of Highways and Streets (also known as the “Green Book”) 
published by the American Association of State Highway and Transportation Officials 
(AASHTO) will be used exclusively for fundamental geometric design principles. This 
text is considered to be the primary guidance for U.S. roadway geometric design. 
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Background 
Geometric design is the assembly of the fundamental three-dimensional features of the 
highway that are related to its operational quality and safety by providing a smooth-
flowing, crash-free facility. Geometric roadway design consists of three main parts: 
horizontal alignment (tangents and curves); vertical alignment (grades and vertical 
curves); and cross section (lanes and shoulders, curbs, medians, roadside slopes and 
ditches, sidewalks). Together, these elements provide a three-dimensional layout for a 
roadway. 
 
In today’s work environment, applying design standards and criteria to ‘solve’ a problem 
is not enough. Designers must understand how all elements of the roadway contribute 
to its safety and operation.  
 
The fundamental objective of good geometric design will remain as it has always been – 
to produce a roadway that is safe, efficient, reasonably economic and sensitive to 
conflicting concerns. 
 
 
HORIZONTAL ALIGNMENT 
 
The horizontal alignment is the route of the road, defined geometrically as a series of 
horizontal tangents (straight roadway sections), circular curves, and spiral transitions. It 
shows the proposed roadway location in relation to the existing terrain and adjacent 
land conditions. The primary objective of geometric roadway design is to integrate these 
elements in order to provide a compatible speed with the road’s function and location. 
Designers can significantly influence safety, operational quality, and project costs by 
coordinating the horizontal and vertical alignments. 
 
Design Speed 
Design speed is an overall design control for horizontal alignments in roadway design. 
AASHTO defines it as “the maximum safe speed that can be maintained over a 
specified section of highway when conditions are so favorable that the design features 
of the highway govern”.  It is a primary design factor which may equal or exceed the 
legal statutory speed limit. The level of service is directly related to the facility’s speed of 
operation. It should meet driver expectations and be consistent with the roadway’s 
functional classification and location. 
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Selecting a roadway’s design speed is a critical decision that should be executed at the 
beginning of the planning and design process. This speed should balance safety, 
mobility, and efficiency with potential environmental quality, economics, aesthetics, 
social and political impacts. Roadway design features, such as curve radii, 
superelevation, and sight distance are directly affected by the design speed. Plus, other 
characteristics not directly related to design speed may also be impacted. Therefore, 
any changes to design speed may affect many elements of the roadway design. 
 
Rural Design Speeds 
The design speed for rural roads should be as high as practicable to supply an optimal 
degree of safety and operational efficiency for the design speed for rural roads. 
Research studies have shown that drivers operate quite comfortably at speeds that are 
higher than typical design speeds. 
 
Urban Design Speeds 
Lower speed designs may be appropriate for certain locations (residential streets, 
school zones, etc.). Traffic calming techniques have proven to be a viable option for 
traffic operations at residential locations. For urban arterials, designers should evaluate 
high speed compatibility with safety (pedestrians, driveways, parking, etc.).  
 
 
HORIZONTAL CURVES 
Any geometric roadway design for horizontal alignments should consider curve location; 
curve sharpness; tangent lengths; and their relationship to the vertical profile. 
Horizontal curve design is based on laws of physics and driver reaction to lateral 
acceleration.  
 

Elements of Curve Design 
o Curve radius 
o Superelevation 
o Side friction  
o Assumed vehicle speed  

 
Horizontal curve design is dependent on specific values for a minimum radius (based on 
speed limit), curve length, and sight obstructions (sight distance). At high speed location 
with small curve radii, an increased superelevation (bank) is required to assure safety.  
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Designers must confirm that motorists have sufficient sight distance around corners or 
curves in order to avoid crashes. 
 

 
Terms 

R = Radius 
PC = Point of Curvature (point at which the curve begins) 
PT = Point of Tangent (point at which the curve ends) 
PI = Point of Intersection (point at which the two tangents intersect) 
T = Tangent Length (distance from PC to PI or PI to PT) 
LC = Long Chord Length (straight line between PC and PT) 
L = Curve Length (distance from PC to PT measured along the curve) 
M = Middle Ordinate (distance from midpoint of LC to midpoint of the curve) 
E = External Distance (distance from vertex to curve) 
∆= Deflection Angle (change in direction of two tangents) 
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The upper limits for superelevation address constructability, land usage, slow-moving 
vehicles, and climate. At locations prone to regular snow or ice, the superelevation rate 
should not exceed the rate where slow-moving vehicles would slide toward the center of 
the curve. Hydroplaning may occur at high speed locations with poor drainage that allow 
a build-up of water. 
 
 
Side Friction Factor 
The side friction factor depicts the lateral acceleration acting on a vehicle, and shows 
the need for side friction. Vehicular speeds on horizontal curves produce tire side thrust 
which is offset by frictional forces between the tires and the riding surface. 
 
AASHTO’s “simplified curve formula” (shown below) is a basic side friction equation that 
produces slightly higher friction estimates than those resulting from the “basic curve 
formula”. 

 
 
 
 
 
 
 
 
 
 
 
Upper side friction factor values produce the point of impending skid – where vehicle 
tires begin to skid. Since roadway curves are designed with a margin of safety to 
prevent skidding, the friction values used for design should be substantially less than 
impending skid values. 
 
 
 
 
 
 
 

e 

  

 rate of roadway superelevation (percent) 

 vehicle speed (mph) 

 radius of curve (feet) 
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Side Friction Design Factors 

   
 

Speed Side Friction Factor 
  (mph) (f) 
  10 0.38 
Low-Speed 20 0.26 
Design 30 0.20 
  40 0.17 
  50 0.14 
High-Speed 60 0.12 
Design 70 0.10 
  80 0.08 

 
Figure 3-6 from AASHTO’s “Green Book” shows the recommended side friction factors 
for rural highways, urban freeways, and high-speed urban roadways with maximum 
values ranging from 0.14 (50 mph) to 0.08 (80 mph). 
 
The key to selecting maximum side friction factors is the level of lateral acceleration that 
causes driver discomfort/reaction to avoid higher speeds. 
 
 
Normal Cross Slope 
Roadway drainage needs determine the minimum rate of cross slope applicable to the 
traveled way. Acceptable minimum cross slope values range from 1.5 to 2.0 percent 
(with 2.0 representative for paved, uncurbed pavements) depending on the roadway 
type and weather conditions. 
 
 
Maximum Superelevation Rates 
No single maximum superelevation rate is universally applicable due to: 
 

 Climate (amount of precipitation) 
 Terrain (flat, rolling, or mountainous) 
 Area type (rural or urban) 
 Slow-moving vehicles (frequency) 
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Design controls for horizontal curves should be determined from several maximum 
superelevation rates. The highest superelevation rate for highways is typically 10 
percent (rates greater than 12% are considered beyond practical limits). Lower 
maximum rate of superelevation (4 to 6 percent) may be applicable for urban areas with 
few constraining factors. On low-speed urban streets with severe constraints, a low 
maximum rate or no superelevation may be applicable. 
 
Minimum Curvature 
The minimum radius is a limiting curve value for a design speed based on the maximum 
superelevation and maximum side friction factor. The actual design values were derived 
from the laws of mechanics but depended on practical limits and factors that were 
determined empirically. Radii considered too sharp would require superelevation 
beyond the limits for safe or comfortable operation. The minimum curvature values  
provide a margin of safety against vehicle rollover and skidding.  
 
The “basic curve equation” governs vehicle operation on a horizontal curve. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

 rate of roadway superelevation (percent) 

 vehicle speed (feet/second) 

 gravitational constant (32.2 ft/sec²) 

 vehicle speed (mph) 

 radius of curve (feet) 
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The following equation can be used to calculate the minimum radius of curvature, 
 from the “simplified curve formula”. 

 
 
 
 
 
 
 
 
 
 
Grades 
Since drivers tend to go faster on downgrade sections versus upgrade directions, some 
superelevation adjustments should be considered for grades steeper than 5 percent due 
to side friction demand. This demand is the result of braking forces on downgrades and 
tractive forces on steep upgrades. 
 
For rural highways, urban freeways, and high speed urban streets, a balanced design of 
superelevated, successive horizontal curves is desired to provide a smooth transition 
with maximum side friction factors varying from 0.14 (50 mph) to 0.08 (80 mph). 
 
On low-speed urban streets, superelevation on horizontal curves may be minimized or 
eliminated with lateral forces being sustained by side friction only. Various factors that 
may make superelevation unsuited for low-speed urban areas include: 
 

– Wide pavement areas 
– Need to meet adjacent property grades 
– Surface drainage 
– Low-speed operation concerns 
– Intersection frequency 
 
 
 
 
 

=  

  

 maximum rate of roadway superelevation (percent) 

 vehicle speed (mph) 

 radius of curve (feet) 
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Turning Roadways 
The minimum radii for right-turning vehicles on turning roads should be measured from 
the inner edge of the traveled way. The radius and superelevation are determined from 
design speed and other values. Sharper curves will have shorter lengths plus less 
opportunity for larger superelevation rates. The desirable turning speed is the average 
running speed of traffic approaching the turn. When possible, maximum superelevation 
values should be used on ramps to prevent skidding/overturning. 
 
For design speeds of 45 mph or less, compound curves can be used exclusively for 
turning roadways. Higher design speeds make their use impractical due to the large 
amounts of right-of-way required and should include a mixture of tangents and curves.  
 
 
Transition Design Controls 
Horizontal curve safety is determined by a number of factors - curve length; curve 
radius; spiral transitions; and roadway superelevation. Crashes are more probable at 
curve locations with insufficient superelevation or small radii. The use of spiral 
transitions helps decrease these chances. 
 
Transition section designs within the roadway’s horizontal alignment include: 

 
Superelevation transition  

– transitions in the roadway cross slope 
– consists of superelevation runoff section for outside-lane cross slope 

changes (flat to full superelevation); and tangent runout section 
 
Alignment transition 

– transitional curves in the horizontal alignment 
– spiral or compound curve may be used 

 
Control runoff lengths (100 to 650 ft range) are commonly determined as a function of 
the slope of the outside edge of the traveled way relative to the roadway centerline 
profile. 
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TANGENT-TO-CURVE TRANSITIONS 
A “tangent-to-curve” is defined as locations where the roadway tangent directly joins the 
main circular curve without the use of transition curves. The superelevation runoff is 
the length of tangent needed for transitioning from adverse crown to full superelevation. 
These runoff lengths are based on a maximum acceptable difference between the 
longitudinal grades of the axis of rotation (alignment centerline or pavement reference 
lines) and the pavement edge. The grade difference (relative gradient) should be limited 
to a maximum value of 0.50 percent or a longitudinal slope of 1:200 at 50 mph. Greater 
slopes may be used for design speeds less than 50 mph. 
 
Maximum relative gradients provide shorter runoff lengths at lower speed and longer 
lengths at higher speeds. As shown below, relative gradients of 0.74 and 0.35 percent 
provide adequate runoff lengths for 20 and 80 mph. 
 

Maximum Relative Gradients 
 

   Design Maximum Relative Equivalent 
Speed Gradient Maximum 
(mph) (%) Relative Slope 

20 0.74 1:135 
30 0.66 1:152 
40 0.58 1:172 
50 0.50 1:200 
60 0.45 1:222 
70 0.40 1:250 

80 0.35 1:286 
 

Source: AASHTO “Green Book” Table 3-15 
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Minimum Length of Runoff 
AASHTO recommends the use of minimum lengths of runoff based on design speed, 
superelevation, and roadway width. The following equation can be used for rotation 
about any pavement reference line containing a rotated width (wn1) with a common rate 
of superelevation and rotated as a plane. 
 
 
 
 

  minimum length of superelevation runoff (feet) 

 

 
  

 width of one traffic lane (feet) 

 maximum relative gradient (percent) 

 
Adjustment Factor - No. of Lanes Rotated

Number of Adjustment Length Increase Relative
Lanes Rotated Factor to One-Lane Rotated

1 1.00 1.00
1.5 0.83 1.25
2 0.75 1.50

2.5 0.70 1.75
3 0.67 2.00

3.5 0.64 2.25

                          

 
Source: AASHTO “Green Book” Table 3-16 
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Minimum Length of Tangent Runoff 
The minimum tangent runoff length is determined by the adverse cross slope and its 
rate of removal. Ideally, this rate should equal the relative gradient for superelevation 
runoff length. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

  

  minimum length of tangent runoff (feet) 

  

  

  minimum length of superelevation runoff (feet) 
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Runoff Locations that Minimize Lateral Motion 

     
Design Runoff Located Prior to Curve 

Speed No. of Lanes Rotated 

(mph) 1.0 1.5 2.0 to 2.5 3.0 to 3.5 

15 to 45 0.80 0.85 0.90 0.90 

50 to 80 0.70 0.75 0.80 0.85 
 

Source: AASHTO “Green Book” Table 3-18 

 
 
Location With Respect to End of Curve 
The location of a curve’s superelevation runoff with respect to its Point of Curvature 
(PC) is crucial for tangent-to-curve design. Locating a portion on the tangent is the 
preferable method since it minimizes peak lateral acceleration and side friction demand, 
plus it is consistent with the natural spiral path during curve entry. A typical 
superelevation runoff location is divided between the tangent and curve sections 
(avoiding placement of the entire length in either section). 
Theoretical values for the proportion of superelevation runoff length based on design 
speed and rotated width range from 70 to 90 percent (with a 10% deviation) for best 
operating conditions. 
 
 
SPIRAL CURVES 
Spiral curves (constantly changing radius) are commonly used to transition from normal 
tangent sections to full superelevation. Typical uses involve simple spirals (connecting 
tangent and circular curves) and combining spirals (connecting curves of different radii). 
Although more complex, spirals provide excellent operational capabilities – especially 
for high speed alignments. 
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Advantages of Transition Curves in Horizontal Alignments 
 Transition curves provide: natural turning paths; gradual changes in lateral 

forces; minimal lane encroachment; and uniform speeds 
 Curve length supplies a convenient location for superelevation runoff 
 Spirals provide flexibility for width transitions where the roadway widens on 

circular curves 
 Transition curves avoid noticeable breaks in the roadway alignment and 

enhances its appearance 
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Length of Spiral 
The minimum length of a spiral curve may be determined from the following AASHTO 
formula. 

 
 
 
 
 
 
 
 
 
 
A more realistic spiral length value would be that it should equal the superelevation 
runoff length. 
 
 
Maximum Radius for Use of a Spiral 
AASHTO recommends that the maximum radius for use of a spiral should be based on 
a minimum lateral acceleration rate of 4.25 ft/s² which produces a range of values such 
as: 

Design Speed Maximum Radius 
15 mph     114 feet 

                                                to                                to 
80 mph    3238 feet 

 
 
Minimum Length of Spiral 
Spiral curve length is a crucial design control for horizontal alignments. Optimal 
operational conditions occur when the spiral length is equivalent to the natural spiral 
path length used by vehicles. The minimum length for a spiral curve is typically based 
on the following two criteria: 
 

1. Driver comfort 
2. Lateral vehicle shifts 

 
 

   

 rate of increase of lateral acceleration (ft/sec²) 

 vehicle speed (mph) 

 radius of curve (feet) 
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                                                                       or 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Maximum Length of Spiral 
Research has shown that there is a need to limit spiral lengths in order to prevent driver 
confusion about oncoming curves. Conservative values for maximum spiral lengths can 
be computed from the following formula: 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

  

 maximum rate of change in lateral acceleration (4 ft/sec²) 

 vehicle speed (mph) 

 radius of curve (feet) 

  

 
  

 radius of circular curve (feet) 
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Desirable Length of Spiral 
The desirable length of spiral transition curves correspond to 2.0 seconds of travel time 
(for natural spiral paths) at roadway design speed. AASHTO Table 3-21 provides a 
table of desirable lengths. 
 

Design Speed          Spiral Length 
15 mph           44 feet 

                                                to                                     to 
80 mph         235 feet 

 
Should the desirable table value be less than the minimum spiral curve length – use the 
minimum length for design. 
 
 
Length of Superelevation Runoff 
Superelevation runoff is recommended to be placed over the spiral length. The change 
in cross slope should begin at a tangent runout section prior to the spiral. The 
superelevation transitions throughout the spiral to full super for the circular curve. 
 
 
Length of Tangent Runout 
Tangent runout lengths for spiral transitions are similar to the principle for tangent-to-
curve transition design. The preferred design contains a smooth pavement edge profile 
with a common edge slope gradient throughout the super runout and runoff sections. 
 
 

 
 
 
 
 
 
 
 
 
 
 

  

  length of tangent runoff (feet) 

  

  

  length of spiral curve (feet) 
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Location With Respect to End of Curve 
The superelevation runoff length should equal the spiral length for the Tangent-to-Spiral 
(TS) transition (beginning of circular curve) and the Spiral-to-Curve (SC) transition 
(end). The spiral and superelevation runoffs are integrated between the TS and SC with 
the roadway rotated to reach full superelevation at the SC. 
 
 
Methods of Attaining Superelevation 

 
 Revolving traveled way with normal cross slopes about centerline profile (most 

widely used). Change in elevation of traveled way is done with little distortion 
(half change in elevation at each edge). 
 

 Revolving traveled way with normal cross slopes about inside-edge profile. 
Inside-edge profile is shown a line parallel to the profile reference line (preferable 
for many drainage situations). 
 

 Revolving traveled way with normal cross slopes about outside-edge profile. 
Similar to inside-edge method except elevation change is attained below the 
outside-edge profile. 
 

 Revolving traveled way with straight cross slopes about outside-edge profile. 
Most often used for two-lane one-way roads at locations where the axis of 
rotation coincides with edge of traveled way adjacent to the median. 
 

 
The following figures illustrate these different superelevation methods for a curve 
veering to the right. 
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Design of Smooth Profiles for Traveled-Way Edges 
In the interest of aesthetics and safety, vertical curves should be used to smoothe out 
any angular breaks from tangent profile control points. Despite no specific guidelines for 
vertical curve breaks in diagrammatic profiles, the minimum vertical curve length can be 
approximated as 0.2 times the design speed. 
 
A graphical/spline-line method may also be used to define the edge profile. This method 
has the advantages of producing many alternate profile solutions quickly with minimal 
labor. 
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Axis of Rotation with a Median 
Roadway medians greatly influence superelevation transition designs due to their 
location for the axis of rotation which are dependent on median width and cross-section. 
Common combinations are described by the following cases: 
 

Case I - Traveled way superelevated as a plane section 
  Median width: 15 feet or less 
  Length of runoff is based on total rotated width (including median) 
  Median widths 100 feet or less may be deleted from runoff length 
 
Case II - Median as a horizontal plane – 2 traveled ways rotated separately 
    about median edges 
  Suitable for median widths 15 to 60 feet 
  Typically for roadways rotated about median-edge of pavement 
  For medians 10 feet or less – runoff lengths same as single   
   undivided road 
 
Case III - Two traveled ways treated separate for runoff (variable difference in  
  elevation at median edges) 
  For wide medians – 60 feet or more 
  Profiles and superelevation transition designed separately for two  
   roadways 

 
 
Minimum Transition Grades 
Potential surface drainage problems in superelevation transitions include: 
 

• Lack of adequate longitudinal grade 
Poor pavement surface drainage (curb sections) 

• Negligible cross slope during pavement rotation 
Insufficient lateral pavement drainage 

 
 
The following techniques may be used to alleviate these potential drainage problems: 

o Maintaining a minimum vertical grade of 0.5% through the transition 
o Maintaining minimum edge-of-pavement grades of 0.2% (0.5% curbed streets) 

through the transition 
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Turning Roadways 
Drivers naturally follow transitional travel paths. The best ways to accommodate this 
tendency is by using transition curves - either between a tangent and circular curve, or 
between two circular arcs. 
 
Spiral lengths for intersection curves are determined the same way as for typical 
roadways. These lengths may be shorter than highway curves since motorists accept 
quicker changes at intersections.  
 
The minimum lengths of spirals are determined by design speed. These values range 
from: 
 

Design Speed  Design Minimum Speed Length 
      20 mph     70 feet 

to              to 
      45 mph     200 feet 

 
Compound Circular Curves 
Compound circular curves can produce effective geometries for intersection and 
interchanges. 
 
        Compound Curve Location  Flatter Radius to Sharper Radius Ratio 

Open highways         1.5:1 
Intersections/Turning roadways 2:1 (satisfactory operation & appearance)  

 
A smaller curve radii difference is preferred where possible. A desirable maximum value 
is 1.75:1. For ratios greater than 2:1, a suitable spiral/arc should be placed between the 
two curves. 
 
 
 
 
 
 
 
 
 

 
www.SunCam.com  Copyright 2013, Gregory J. Taylor, P.E. Page 23 of 43 
 

http://www.suncam.com/


 
Roadway Horizontal Alignment Design 

A SunCam online continuing education course 
 

OFFTRACKING 
Offtracking is the result of a vehicle’s rear wheels not precisely following the same path 
as its front wheels when traversing through a horizontal curve. Offtracking is dependent 
on curve/turning radii, articulation points, and vehicle wheelbase lengths. 
 
Curve without superelevation (low speed)> rear wheels track inside front wheels 
Superelevated curve> rear wheels may track inside front wheels (more or less) 
High speeds> rear wheels may track outside front wheels 
 
The amount of widening on horizontal curves for offtracking depends on curve radius 
design vehicle characteristics: 

track width for passing  
lateral vehicle clearance  
width of inner lane vehicle front overhang  
rear overhang width  
curve difficulty allowance width 

 
This amount increases with design vehicle size and decreases with increasing curve 
radii.  
 
 
TRAVELED-WAY WIDENING ON HORIZONTAL CURVES 
Sometimes, roadways with horizontal curves need to be widened in order to obtain 
operational conditions comparable to tangent sections. The primary reasons for 
widening on certain curves are: 
 

1. Design vehicle offtracks (rear wheels track inside front wheels)  
2. Difficulty in maintaining vehicles in center of lane 

 
The traveled-way width is dependent on many of the same variables as for offtracking: 
track width for passing/meeting vehicles; lateral vehicle clearance; width of inner lane 
vehicle front overhang; curve difficulty allowance width.  
 
Normally, the design vehicle should be a truck (WB-62 is considered appropriate for 
two-lane open highways) since offtracking is much greater for heavy vehicles versus 
passenger cars. 
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AASHTO recommends using a minimum widening of 2.0 feet due to economic reasons. 
Widening on a two-lane, one-way riding surface of a divided highway should be 
equivalent to that of a two-lane, two-way highway.  
 
The goal of widening the traveled-way on horizontal curves is to produce gradual 
transitions to the curve for smooth alignments of the roadway edges and allow for 
entering /exiting vehicles. The following guidelines are for both ends of highway curves: 
 
 Widening should be only on the inside edge for simple curves. 
 For curves with spirals, widening should be applied to the inside edge or equally 

divided by the centerline. 
 Curve widening transitions should be gradual and sufficient for the traveled way 

to be fully usable. 
 Changes in width are transitioned over a distance of 100 to 200 feet. 
 The edge of traveled way should have a smooth and graceful appearance 

throughout the widening transition. 
 For roadways without spirals, one-half to two-thirds of the transition length should 

be based along the tangent section. For roads with spirals, the width increase is 
distributed along the spiral length. 

 Widening sections may be fully detailed on the roadway construction plans. 
 
 

Turning Roadway Width Criteria (Intersections) 
o Vehicle type: based on size and frequency of vehicle expected 
o Curve radii: in addition to vehicle track width determine roadway width 
o Expected speed 

 
Turning roadways are classified by: number of lanes; opportunity for passing; and one-
way or two-way. 
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Design Methods for Turning Roadways 
 
Case I  One-lane, one-way operation – no passing provision 

Used for minor turning movements, moderate turning volumes, short  
  connecting roadway 

Remote chance of vehicle breakdown 
 
Case II One-lane, one-way operation – passing provision 
  Widths are sufficient for all turning movements of moderate to heavy traffic 
    volumes within capacity of single-lane connection 
  For breakdowns, low traffic can be maintained 
 
Case III Two-lane, either one or two-way 
  Two lanes needed for traffic volume 
 
 

Traffic Conditions for Turning Roadway Widths 
 
Traffic Condition A Predominantly Passenger Car (P) vehicles, some Single- 
     Unit Trucks (SU-30) 
Traffic Condition B Majority of Single-Unit Trucks (SU-30), some tractor-  
     semitrailer combination trucks (WB-40) 5 to 10% 
Traffic Condition C Predominantly tractor-semitrailer combination (WB-40) 
 
Widths for turning roadways include shoulders or lateral clearance outside the traveled 
way. Shoulder widths may vary from none (curbed urban streets) to 2 feet or more 
(highways). 
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Usable Shoulder Widths or Lateral 
Clearances  Outside of Turning Roadways 

  

   
  Shoulder Width or 

Turning Roadway Condition Lateral Clearance  

  Left Right 

Short length and/or channelized intersection 2 to 4 ft 2 to 4 ft 

Intermediate to long length or in cut/fill section 4 to 10 ft 6 to 12 ft 
 
                                                                                                                                Source: AASHTO “Green Book” Table 3-30 

 
For roadways without curbs or with sloping curbs, adjacent shoulders should match 
those of the approaches. 
 
If roadside barriers are present, shoulder widths should be measured to the face of 
barrier (additional graded width of 2.0 feet). 
 
For other than low-volume roadways, right shoulders should be stabilized a minimum of 
4.0 feet. 
 
 
SIGHT DISTANCE – Horizontal Curves 
Sight distance is the length of roadway ahead where an object (specified height) is 
continuously visible to a driver. This distance is dependent on the driver’s eye height, 
the specified object height, and the height/position of sight obstructions. The three-
dimensional features of the highway (horizontal alignment, vertical alignment, and 
roadway cross section) should provide a minimum sight line. 
  

Sight Distance Criteria 
 
Height of Driver’s Eye: 3.50 feet above road surface (passenger vehicles) 
    7.60 feet above road surface (trucks) 
 
Height of Object:  2.00 feet above road surface (stopping & decision)  

3.50 feet above road surface (passing & intersection) 
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Stopping Sight Distance  
Stopping sight distance is the most basic form of sight distance and is defined as the 
length of roadway needed for a vehicle traveling at design speed to stop before colliding 
with an object in its path. Theoretically, all of the roadway should provide stopping sight 
distance consistent with its design speed. However, this distance can be affected by 
various horizontal and vertical geometric features. 
 
Stopping sight distance is composed of two distances: 
 

(1) Brake Reaction Distance – Length of roadway travelled by the vehicle from 
driver perception to brake application (Perception → Braking) 

 
A brake reaction time of 2.5 seconds is the recommended design value and 
exceeds the 90th percentile for all drivers. This criterion has proven to be 
inadequate for most complex driving conditions encountered on the roadway. 

 
(2) Braking Distance – Roadway distance required to stop the vehicle from the 

instant of brake application (Braking → Stopping) 
 
This distance may be calculated from the following formula: 

 
 
 
 
 
 
 
 
 
A recommended rate for deceleration is 11.2 ft/s². 
 
 
 
 
 
 
 

  

  

 design speed (mph) 

 deceleration rate (ft/sec²) 
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For locations on a grade, this distance can be determined by: 
 

 

 
 
 
 
 
 
 
These values are computed for wet-pavement conditions. 
 
Stopping sight distance is a function of initial speed, braking friction, perception/reaction 
time, and roadway grade. It also contains assumptions about the driver’s eye height (3.5 
feet) and the size of object in the road (2 feet above the road surface). This distance 
can be determined from the following calculation: 

 
 
 
 
 
 
 
 
 
 
Recent research has led to changes in stopping sight distance design policy due to 
actors included changes in the vehicle fleet, driver performance, and a greater 
understanding of safe roadway operations. 
 
 
 
 
 

  

  

 design speed (mph) 

 deceleration rate (ft/sec²) 

 grade (ft/ft) 

  
  

 design speed (mph) 

 deceleration rate (ft/sec²) 

 brake reaction time (2.5 seconds) 
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Limitations of the AASHTO model 
• Not fully accounting for heavy vehicles (longer to stopping times/distances) 
• Not differentiating for various highway types 
• Not recognizing differing conditions along the same highway.  

 
Good design should understand these variables by providing more than minimum 
stopping sight distance at locations with vehicle conflicts or hazardous conditions (sharp 
curves, cross-section changes, intersections, etc.). 
 

Stopping Sight Distance – Level Roadways 
  

     Design Brake Reaction Braking Stopping Sight Distance 
Speed Distance Distance Calculated Design 
(mph) (ft) (ft) (ft) (ft) 

20 73.5 38.4 111.9 115 
30 110.3 86.4 196.7 200 
40 147.0 153.6 300.6 305 
50 183.8 240.0 423.8 425 
60 220.5 345.5 566.0 570 
70 257.3 470.3 727.6 730 
80 294.0 614.3 908.3 910 

 
Source: AASHTO “Green Book” Table 3-1 

 
Efforts by AASHTO to update stopping sight distance design values have created 
special problems for existing, older highways built to outdated minimum design criteria. 
Reconstructing older highways to current design standards for stopping sight distance 
may not be cost-effective. Site-specific circumstances and safety history of a road when 
considering upgrading sight distance criteria. 
 
Decision Sight Distance  
Design policy recognizes that unexpected conflicts, driver decisions, or changes in the 
roadway can require additional time, and longer distances for the motorist to make a 
decision and safely steer the vehicle. Decision sight distance is defined as the length of 
roadway needed for detecting a potential threat/condition, selecting an appropriate 
reaction, and maneuvering the vehicle. This distance provides greater visibility for 
drivers and additional margin for error for vehicle maneuverability. 
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Sufficient decision sight distance is needed for interchanges, intersections, lane drops, 
alignment changes, bridges, changes in roadway cross-section, and toll collection 
facilities. 
 
Decision sight values depend on the roadway’s location (rural or urban) and the type of 
avoidance maneuver. 
 
      Avoidance Maneuver       Condition        Time (sec) 
  A   Stop on rural road    3.0  
  B   Stop on urban road    9.1  
  C   Change on rural road       10.2 to 11.2 
  D   Change on suburban road       12.1 to 12.9 
  E   Change on urban road       14.0 to 14.5 
 
 

Decision Sight Distance  
   

      Design Decision Sight Distance (ft) 

Speed Avoidance Maneuver 

(mph) A B C D E 
30 220 490 450 535 620 

40 330 690 600 715 825 

50 465 910 750 890 1030 

60 610 1150 990 1125 1280 

70 780 1410 1105 1275 1445 

80 970 1685 1260 1455 1650 
 

                                                        Source: AASHTO “Green Book” Table 3-3 
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Decision sight distances for Avoidance Maneuvers A and B can be calculated from 
the following equation: 

 
 
 
 
 
 
 
 
 
 
 
Decision sight distances for Avoidance Maneuvers C, D, and E can be determined 
from the following formula: 
 

 
 
 
 
 
 
 
 
Passing Sight Distance  
Passing sight distance is the roadway available to drivers on two-lane two-way 
highways for passing slower vehicles. Minimum values for passing sight distances are 
based on warrants for no-passing zones on two-lane highways as stated in the Manual 
on Uniform Traffic Control Devices (MUTCD).  
 
Potential conflicts in passing operations are ultimately determined by driver response to: 
 

o View of roadway ahead provided by available PSD 
o Passing and no-passing markings 

 

   
 design speed (mph) 

 driver deceleration rate (ft/sec²) 

 pre-maneuver time (seconds) 

 

 
 design speed (mph) 

 total pre-maneuver and maneuver time (seconds) 
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The following table shows design values for passing sight distance on two-lane 
highways. It has been shown that more sight distance is needed for passing maneuvers 
than for stopping sight distance which is continuously provided for along roadways. 
 
 

Passing Sight Distance - Two-Lane Roadways 

    Design Assumed Speed (mph) Passing Sight 
Speed Passed Passing Distance 
(mph) Vehicle Vehicle (ft) 

20 8 20 400 
30 18 30 500 
40 28 40 600 
50 38 50 800 
60 48 60 1000 
70 58 70 1200 
80 68 80 1400 

 
Source: AASHTO “Green Book” Table 3-4 

 
                            

                                                   Assumptions Regarding Driver Behavior 
 
 Passing and opposing vehicle speeds are equal to the roadway design speed 
 Speed differential between passing and passed vehicle is 12 mph 
 Passing vehicle has adequate acceleration capability to reach speed differential 

(40% of way through passing maneuver) 
 Vehicle lengths are 19 feet 
 Passing driver’s perception-reaction time to abort passing maneuver is 1 second 
 Deceleration rate of 11.2 ft/s² for passing vehicle when passing maneuver is 

aborted 
 Space headway between passing and passed vehicles is 1 second 
 Minimum clearance between passing and opposed vehicles upon return to 

normal lane is 1 second 
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Comparison of Sight Distance Design Values 

    Design Passing Sight Stopping Sight 
 Speed Distance Distance 
 (mph) (ft) (ft) 
 20 400 115 
 30 500 200 
 40 600 305 
 50 800 425 
 60 1000 570 
 70 1200 730 
 80 1400 910 
  

                                                                                                            Source: AASHTO “Green Book” Figure 3-1 

 
Passing sight distances (like the others) should be equal or greater than the minimum 
values. Also, they should be as long and frequent as possible, depending on: 

 
Topography   
Design speed  
Cost   
Intersection spacing 
 

 
Intersection Sight Distance  
Intersection sight distance is the length of roadway along the intersecting road that the 
driver on the approach should have to perceive and react to potentially conflicting 
vehicles. Motorists approaching intersections should have an unobstructed view of the 
intersection plus adequate roadway to anticipate and avoid potential crashes. Sight 
distance should also be provided to allow stopped vehicles a sufficient view of the 
intersecting roadway for entering or crossing. Intersection sight distances that exceed 
stopping sight distances are desirable along major routes to enhance traffic operations. 
 
Methods for determining intersection sight distances are based on the same principles 
as stopping sight distance. 
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                                                                                                                      Source: CTRE – Iowa State University 

 
 
Sight triangles are areas along intersection approach legs that should be clear of 
obstructions that could block a driver’s view of potential conflicts. The dimensions are 
based on driver behavior and depend on roadway design speeds and type of traffic 
control. Object height is based on a vehicle height of 4.35 feet. 
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                                                                                                                                   Source: CTRE – Iowa State University 

 
                                                                                                                              Source: CTRE – Iowa State University 
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Recommended sight triangle dimensions vary for the following different types of traffic 
control: 

• Case A: Intersections with no control 
 

• Case B: Intersections with stop control on the minor road 
 

o Case B1: Left turn from the minor road 
o Case B2: Right turn from the minor road 
o Case B3: Crossing maneuver from the minor road 

 
• Case C: Intersections with yield control on the minor road 

 
o Case C1: Crossing maneuver from the minor road 
o Case C2: Left or right turn from the minor road 

 
• Case D: Intersections with traffic signal control 

 
• Case E: Intersections with all-way stop control 

 
• Case F: Left turns from the major road 

 
Sight distance across the inside of curves is a crucial design control for any roadway 
horizontal alignment. Due to various concerns (alignments, cross-sections, obstructions, 
etc.), specific study is needed for each curve and adjustments made to provide 
sufficient sight distance. 
 
For horizontal alignments, the sight line is a chord of the curve as shown below. The 
stopping sight distance is along the centerline of the curve’s inside lane. 
 

 
www.SunCam.com  Copyright 2013, Gregory J. Taylor, P.E. Page 37 of 43 
 

http://www.suncam.com/


 
Roadway Horizontal Alignment Design 

A SunCam online continuing education course 
 

 
 
AASHTO provides the following equation for circular curve lengths greater than the 
sight distance for the particular design speed. 
 

 
 
 
 
 
 
 
 
 

 

 
 radius of curve (feet) 
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Eye Height:  3.50 feet 
Object Height: 2.00 feet Stopping sight distance 
   2.75 feet  Midpoint of sight line where cut slope obstructs sight 
 
The following alternatives may be considered at locations where adequate stopping 
sight distance is not available: 

 Increase offset to sight obstructions 
 Increase curve radii 
 Reduce design speed 

 
Minimum values for passing sight distance (two-lane road) are approximately twice the 
minimum stopping sight distance. Due to differences in sight line and stopping sight 
distance, design for passing sight distance should be limited to tangents and flat curves. 
 
 
GENERAL CONTROLS 
 Any roadway alignment should be directional as possible.  
However, it should be consistent with the topography and minimize any impacts to 
developments and values. Alignments consisting of short curves should be avoided 
since this may lead to erratic operation by the driver. A flowing centerline that 
conforms to the site’s natural contours is generally preferable. 
 
 Minimum radius values should be avoided whenever possible. 
The central angle of all curves should be as small as practical in order to maximize 
the roadway’s directionality. Typically, flat curves should be used with minimum radii 
at critical conditions. 

 
 Consistent roadway alignment is desirable. 
Sudden changes in the alignment should be avoided to prevent violation of driver 
expectations. For example, a series of successively sharp curves should be used to 
introduce a sharper curve. 

 
 Horizontal curves should be long enough for aesthetic purposes. 
They should be sufficient to avoid the appearance of a kink for small deflection 
angles. For a central angle of 5 degrees, curves should be a minimum of 500 feet 
long with a minimum increase of 100 ft for each one-degree decrease in the central 
angle. 
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 Sharp curves should be avoided on lengthy high embankments. 
The absence of other features makes it difficult for the driver to perceive and react to 
curve’s extent. 

 
 Exercise caution when using compound circular curves. 
The flexibility of compound curvature may tempt designers to use them without 
restraint. These curves should be avoided where curves are sharp. 

 
 Sudden reversals in alignment should be avoided. 
These changes make it difficult for safe operation (lane changes, etc.). Distances 
between reverse curves should be equal to the sum of the superelevation and 
tangent runout lengths, or an equivalent length for spiral curves. 

 
 Avoid “broken-back” or “flat-back” curve arrangements, where possible. 
These alignments containing a short tangent between two curves in the same 
direction usually violate drivers’ expectations. Most motorists do not expect 
successive curves to be in the same direction. Use of spiral transitions or compound 
curves is preferable for such situations. 

 
 Horizontal alignment should be carefully coordinated with the roadway profile. 
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COORDINATION OF HORIZONTAL AND VERTICAL ALIGNMENT 
 
Roadway geometry influences its safety performance. This has been confirmed by 
research showing that roadway factors are the second most contributing factor to 
roadway crashes. In the U.S., the average crash rate for horizontal curves is about 
three times that of other highway segments. 
 
Conflicts tend to occur more frequently on roadways with sudden changes in their 
character (example: sharp curves at the end of long tangent roadway sections). The 
concept of design consistency compares adjacent road segments and identifies sites 
with changes that might appear sudden or unexpected. Design consistency analysis 
can be used to show the decrease in operating speed at a curve. 
 
The horizontal and vertical geometries are the most critical design elements of any 
roadway. While most designers normally design the horizontal and then the vertical 
alignment, these should be coordinated to enhance vehicle operation, uniform speed, 
and facility appearance without additional costs (examples: checking for additional sight 
distance prior to major changes in the horizontal alignment; or revising design elements 
to eliminate potential drainage problems). Computer-aided design (CAD) is the most 
popular method used to facilitate the iterative three-dimensional design and coordinate 
the horizontal and vertical alignments. 
 
The location of a roadway may be determined by traffic, topography, geotechnical 
concerns, culture, future development, and project limits. Design speed limits many 
design values (curves, sight distance) and influences others (width, clearance, 
maximum gradient). 
 
AASHTO provides the following general design guidelines regarding horizontal and 
vertical alignment combinations: 
 
 Vertical and horizontal elements should be balanced. A design which optimizes 

safety, capacity, operation, and aesthetics within the location’s topography is 
desirable. 
 

 Horizontal and vertical alignment elements should coincide to provide a pleasing 
facility for roadway traffic. 
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 Avoid sharp horizontal curves near the top of a crest vertical curve or near the 
low point of a sag vertical curve. This condition may violate driver expectations. 
Using higher design values (well above the minimum) for design speed can 
produce suitable designs. 
 

 Horizontal and vertical curves should be flat as possible for intersections with 
sight distance concerns. 
 

 For divided roadways, it may be suitable to vary the median width or use 
independent horizontal/vertical alignments for individual one-way roads. 
 

 Roadway alignments should be designed to minimize nuisance in residential 
areas. Measures may include: depressed facilities (decreases facility visibility 
and noise); or horizontal adjustments (increases buffer zones between traffic and 
neighborhoods). 
 

 Horizontal and vertical elements should be used to enhance environmental 
features (parks, rivers, terrain, etc.). The roadway should lead into outstanding 
views or features instead of avoiding them where possible. 

 
Exception 
Long tangent sections for sufficient passing sight distance may be appropriate for two-
lane roads needing passing sections at frequent intervals. 
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