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INTRODUCTION 
 
Suburban arterial and collector highways are often the most difficult to design.  They serve 
densely populated residential areas that are usually bordered by continuous commercial 
development.   This type of environment creates numerous closely spaced driveways and 
intersections. These roadways must not only accommodate vehicular traffic including, passenger 
cars, trucks and buses, but also provide for bicyclists and comply with the ADA requirements for 
pedestrians. 
 
The design process must include the operational and safety aspects of all these modes of travel, 
while at the same time considering the construction and right-of-way acquisition costs. 
 
The use of “desirable” design criteria has always been the first choice of highway designers.  
Their primary goal is to get the best value for the least cost, that is to build good projects not 
great projects. 
 
The purpose of this course is to present design parameters, that are accepted by AASHTO and 
State D.O.T.’s, that will aid the designer in providing a safe and operationally efficient roadway, 
while also reducing the construction and right-of-way costs. 
 
This course will focus on two of the most widely used types of suburban roadway sections, those 
with non-traversable medians (raised or depressed) and flush, traversable medians (two-way left-
turn lanes).  The design speed for the roadways discussed in this course will be 45-mph or less. 
 
Suburban roadways typically began life as a two-lane State or County rural highway.  Then when 
commercial and residential development occurred, traffic increased, and these roadways became 
inadequate and therefore had to be reconstructed. 
 
In the 1960’s, if residential development occurred, on one side of an existing “rural” two-lane 
road, there could be a dozen driveways and two to three intersections every quarter of a mile.  
There could be a commercial strip on the opposite side with four or five driveways in this same 
quarter-mile. 
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The solution to this capacity and safety problem, while maintaining access to the abutting 
properties, was to widen this two-lane road to four-lanes, undivided.  This of course did not 
work.  Accidents increased, primarily, rear end crashes of vehicles that had stopped to turn left, 
or were slowing down to stop.  Also sideswipe accidents caused by vehicles turning left from 
driveways onto the roadway.  In the 1970’s these roadways were reconstructed again, with 
curbed medians and left-turn bays or with two-way left-turn lanes.  Separate facilities for 
bicyclists, pedestrians and public transit were not considered at this time. 
 
DESIGN SPEED, POSTED SPEED AND OPERATION SPEED 
 
DESIGN SPEED 
 
The Design Speed, as defined by AASHTO (Ref. 1), is used to establish the geometric design 
criteria, such as the horizontal and vertical curves, profile grades, superelevation, stopping sight 
distance, etc. 
 
POSTED SPEED 
 
The Posted Speed is the legal speed limit for a highway.  When the posted speed has been 
established, most highway agencies set the design speed 5-mph higher. 
 
OPERATING SPEED 
 
Operating Speed is measured as the 85th percentile speed of all vehicles using the specific 
facility. 
 
The Departments of Transportation of New Jersey and Pennsylvania have jointly produced, the 
Smart Transportation Guidebook (Ref. 2).  This Guidebook recommends that the operating 
speed, posted speed and design speed, be the same, when the posted speed is to be less than 45 
mph.  For highways that will have a posted speed of 45 mph or greater, the design speed should 
be set 5 mph above the desired operating speed. This policy, as recommended in this Guidebook, 
would bring all the geometric elements that are based on the design speed equal to and help to 
reinforce the desired operating speed. 
 
Most State Highway Departments have a requirement that the design speed to be used should be 
5-mph above the planned posted speed.  This policy may lead to operating speeds that are higher 
than the posted speed. (Ref. 2) 
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DESIRED OPERATING SPEED 
 
Setting the roadway geometry based on design speed will allow drivers to drive as fast as they 
believe they can do so safely.  Therefore, Reference 2 recommends that the desired operating 
speed be the same as the design speed and posted speed, for roadways that are posted at 40 mph 
or less.  The geometry that would normally be set, using the design speed, would instead be set 
using the desired operating speed. 
 
A tight horizontal curve has a large impact on operating speed.  Vertical curves also impact 
operating speeds.  When sight distance decreases so does the operating speeds.  Sight distance 
should always be based on the AASHTO Greenbook (Ref 1).  Narrow lane widths also 
contribute to lower speeds.  Trees planted in the median and on the outside cause the driver to 
think that the space is tight and restrictive. 
 
MEDIAN TYPES 
 
The primary purpose of medians is to separate opposing traffic, they also provide the following: 
 

 Space for the storage of vehicles turning left or making a U-Turn. 
 A refuge for pedestrians crossing the roadway 
 Reduce headlight glare. 
 Create a space for landscaping. 
 
The two types of medians discussed in this course are Raised Medians and Flush Medians, that 
are used as Two-Way Left-Turn Lanes (TWLTL).   
 
RAISED MEDIAN 
 
Raised Medians are safer than Two-Way Left-Turn Lanes.  The following table is from the Iowa 
Statewide Urban Design and Specifications, 2014 (Ref. 3).  Their source for this table was 
NCHRP Report 420. 
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ACCIDENT RATES PER MILLION 
VEHICLE MILES TRAVELED (MVMT) 

Access Points 
Per Mile 

Undivided 
Accident Rate 
(per MVMT) 

TWLTL 
Accident Rate 
(per MVMT) 

Raised Median 
Accident Rate 
(per MVMT) 

Less than 20 3.8 3.4 2.9 
20 to 40 7.3 5.9 5.1 
40 to 60 9.4 7.4 6.5 
Over 60 10.6 9.2 8.2 

 
 
Raised medians are the most restrictive access management treatment, therefore they are often 
very controversial.  Business owners consider that constructing raised medians along suburban 
roadways will have a negative impact for their business.  Residential property owners also prefer 
Two-Way Left-Turn Lanes over raised medians. 
 
The advantages and disadvantages of raised median and Two-Way Left-Turn Lanes was 
compiled from Transportation Research Record No. 1445. 
 
Advantages of Raised Medians 
 

 Reduces the number of conflict points at driveways. 

 Increases traffic flow. 

 Desirable for large pedestrian volumes. 

 Provides for higher speed limits. 

 Encourages access roads and parallel street development. 

 Reduces accidents in mid-block locations. 

 Reduces the total number of driveway maneuvers on the through roadway. 

 Curbs prevent deliberate crossing of the median. 

 Reduces the number of possible conflict points. 

 Provides a refuge space for pedestrians. 

 An open space is provided for landscape enhancements. 
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Disadvantages of Raised Medians 
 

 Increases left-turn and U-turn volumes at intersections and median openings. 

 Reduces the operational flexibility for emergency vehicles. 

 Increases the travel time for vehicles that need to turn left, where median openings are not 
provided. 

 Requires drivers to plan their trip to minimize the need for U-Turns. 

 Restricts direct access to adjoining properties. 

 When struck, the curb may cause the driver to lose control of the vehicle. 
 

Advantages of a Two-Way Left-Turn Lane 
 

 Left turning vehicles are removed from the through traffic. 

 Maximum left turning access is provided to side roads and driveways. 

 Operational flexibility for emergency vehicles is increased. 

 Detours can be easily implemented when needed for roadway maintenance. 

 Provides separation between opposing traffic. 

 There are not any fixed objects that would be in a raised median. 

 Allows for the temporary storage of disabled vehicles. 

 Provides direct access to adjacent properties 
 
Disadvantages of Two-Way Left-Turn Lanes 
 

 There could be conflicting vehicle maneuvers at driveways. 

 Does not provide a pedestrian refuge space. 

 Visibility problems of the painted stripes and lane markings during periods of rain or snow. 

 Presents a safety problem if the center lane is used as a passing lane. 

 Higher maintenance cost. 

 Limits operating speed to a maximum rate of 45-mph. 

 Numerous potential traffic conflict points. 

 Should not be used when access is required on only one side of the highway. 
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Two-Way Left-Turn Lanes (TWLTL) do not, physically, restrict left turning traffic.  Motorists 
are able to take direct routes when entering or exiting driveways and at unsignalized cross 
streets.   
For this reason commercial property owners and residents who live along this roadway prefer 
TWLTL over the raised medians.  The TWLTL also provides storage for left turning traffic 
which improves the operations of the through traffic. 
 
The TWLTL section should be converted to a raised median section at stop controlled and 
signalized intersections, where left-turns are necessary. 
 
Research indicates that using a raised separator on left-turn lanes at suburban unsignalized 
intersections, has reduced accidents by 65-percent.  When the channelization was only painted 
accidents decreased by 30-percent. (Ref. 19) 
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RAISED MEDIAN 
 

 
 

COMMON SUBURBAN ROADWAY TYPICAL SECTION 
 
Figure-1 may be the most commonly used typical section for suburban roadways, undergoing 
its first reconstruction from a two-lane “rural type” typical section to a suburban roadway 
section.  All dimensions used are the “customary” design values. 
 
The median width of 26-feet is determined by the following: 
On a four-lane divided highway, where all lanes are 12-feet wide, a median width of 18-feet 
is required for a passenger car to make a U-Turn, from the inside lane to the far side, 
opposing lane. (See the AASHTO, Greenbook, 2004 Edition, Page 711).  If there is a bike 
lane, 4-feet wide, adjacent to the far side travel lane, the median width can be decreased to 
14-feet.  If a left-Turn Lane, 12-feet wide is added, the required median width will be 26-feet. 
 
A median width of 26-feet, is also satisfactory for storing a crossing passenger car.  The 
length used by AASHTO for a passenger car (P-vehicle) is 19-feet.  Therefore the P-vehicle 
will be clear of the vehicles in the through lanes. 
 

 The four travel lanes are each 12-feet wide. 

 The two bicycle lanes are four-feet wide. 

 The curb and gutter sections are each 2-feet in width. 

 There is a grass strip two-feet wide between the back of the curb and the sidewalks. 
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Both sidewalks are five-feet wide and there is a “shoulder”, two-feet wide, to provide 
stability for the sidewalk. The “shoulder” width also provides the necessary clearance to 
drop-offs and steep slopes.  Reference 8, states that a pedestrian access route is required to be 
four-feet wide and there must be passing spaces that are five-feet wide.  Since there is a 
mandatory ADA requirement for a passing space 5-feet wide, the sidewalks shown is this 
course are all five-feet wide. 
 
 

 
REDUCED WIDTH SUBURBAN TYPICAL SECTION 

 
 
Comparing Figure 1 to Figure 2, all four traffic lanes have been reduced from 12-feet to 11-feet.  
The median width has been reduced from 26-feet to 18.5 feet.  Both bicycle lanes have been 
removed from the roadway, also one sidewalk has been deleted.  The bike lanes and one 
sidewalk have been replaced with a shared use path.   The pedestrian crossing distance is 62.5- 
feet compared to 82-feet in Figure 1.  The overall width from hinge point to hinge point is 92.5-
feet, a reduction of 11.5-feet.   
 
LANE WIDTH 
 
In the research report, The Relationship of Lane Width to Safety for Urban and Suburban 
Arterials, produced by The Midwest Research Institute (Ref. 4), found that there is not an 
increase in accidents when lanes that are 10 or 11-feet wide are used in mid-block locations, 
instead of lanes 12-feet wide.    
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The Highway Capacity Manual 2000 Edition states that the capacity of a lane at a signalized 
intersection is reduced by 3.3-percent for each foot of lane width less than 12 feet. 
 
 
In the FHWA Report, Mitigation Strategies for Design Exceptions (Ref. 5) the lane widths as 
shown in the AASHTO “Greenbook”  were summarized as follows: 
 

 Rural Arterials – 10 to 12-feet 

 Urban Arterials – 10 to 12 feet 

 Rural Collectors – 10 to 12 feet 

 Urban Collectors – 10 to 12 feet 
 

The Connecticut D.O.T. and the University of Connecticut produced a research report, Designing 
Roads that Guide Drivers to Choose Safer Speeds (Ref. 6).  In this report it was determined that 
drivers will drive as fast as the roadway environment allows.  Many existing roadways actually 
enable drivers to travel faster than the posted speed.  Drivers tend to slow down when the 
roadway feels “hemmed-in” and they increase their speed when the road feels “wide open”.  
Reducing the lane widths to 11-feet and removing the bike lanes, may create a “hemmed-in” 
feeling and cause drivers to adjust their speed to the posted speed.  
 
From The Smart Transportation Guidebook (Ref.2): 
 
The lane width should be selected based on the desired operating speed of the roadway. 
 
1. In Suburban areas, lanes 11 to 12-feet wide should be used for arterials and  collectors, but 

lanes 10 to 11-feet could be used. 
 
2. For posted speeds of 35 mph and higher, lane widths should be at least 11-feet wide.  For 

posted speeds less than 35 mph, lane widths of 10 to 11-feet wide could be used. 
 

3. Roadways that have heavy truck volumes, that are in excess of five-percent, or is a regular 
transit route, lane widths of 12-feet should be used.  Lane widths for collectors should be 12-
feet with heavy truck traffic or if these roadways should pass through industrial areas. 
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Most State D.O.T.s specify that they will have to grant special permission to use lanes that are 
less than 11-feet wide.  Research pertaining to lane width, states that extreme caution should be 
used when selecting lane widths of 9 and 10 feet wide. 

 
Of course, the controlling State or County D.O.T., will make the final decision on using lanes 
that are less than 12-feet wide. 
 
The adverse effects of removing the Bike Lanes from the roadway and using lanes that are 11-
feet wide, is the reduced width of the allowable gutter spread from 11.5-feet wide in Figure 1, to 
7-feet wide in Figure 2.  This will cause the required number of storm drainage inlets to increase 
by a factor of 2 or more, based on the profile of the roadway.  The increased number of inlets 
should not offset the savings realized by the narrower roadway, but the designer should verify 
this.  The required size of the storm drainage pipes and the storm water management ponds will 
decrease, slightly, since the projects impervious area has decreased. 
 
See the AASHTO Greenbook for additional advantages of using lane widths less than 12-feet on 
highways posted at 45-mph or less. 
 
 
MEDIAN WIDTH 
 
The median width depicted in Figure 2 is 18.5-feet wide.  This reduced width provides for a left-
turn bay 11-feet wide and a concrete traffic separator six-feet wide, plus an 18-inch offset from 
the separator to the opposing traffic, (space for the gutter). 
 
For a passenger car to make a U-Turn, a distance of 42-feet is required, from the left edge of the 
Left-turn lane, to the far right edge of the two opposing lanes.  
 
If the opposing lanes are both 11-feet wide, the concrete separator between the left turn lane and 
the opposing traffic must be 20-feet wide.  With the left-turn lane being 11-feet wide this creates 
a median 31-feet wide. 
 
Constructing an entire project with a median 30-feet wide, to provide adequate width only at 
intersections or mid-block openings, where U-Turns may occur, is very excessive. The roadway 
can be widened on both sides, to provide a concrete seperator 20-feet wide, by using a 50:1 taper, 
on each side of the roadway beginning 312.5-feet before the left-turn bay taper begins.  
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A second solution to providing for U-Turns with the narrow median (18.5-feet wide) is too add 
pavement to the opposing outside lane.  This additional pavement has been referred to as a 
“Loon”.  (See the Section on Unsignalized Intersections) 
 
The current ADA Guidelines for, Accessible Rights-of-Way (Ref. 7)  states that when the 
pedestrian crosswalk, intersects a concrete separator, the pedestrian route should be cut-through, 
level with the street.  Also from the Guidelines, the length of an occupied wheelchair is 48-
inches, but a 60-inch cut-through space will provide additional length for the safe refuge from 
traffic and will accommodate scooters.  The Proposed Accessibility Guidelines for Pedestrian 
Facilities in the Public Right-of-Way (Ref. 8), states that the minimum cut-through should be 6-
feet.  In anticipation that these proposed guidelines will be adopted, a raised concrete separator, 
6-feet-wide, will be used as the minimum width, for a pedestrian refuge. Some D.O.T’s prefer 
wider separators, for example: The Florida D.O.T. (Ref. 9) states, “Typically a refuge should 
have a minimum width of 8-feet”. 
 
The Indiana D.O.T. (Ref. 10) prefers that narrow medians, those that are 16-feet wide or less, be 
paved, in order to eliminate long term maintenance. 
 
 
BIKE LANES 
 
Both of the bike lanes and one sidewalk have been replaced with a shared-use path, 10-feet wide.  
This is an overall width reduction of 3-feet.  The pavement,  base course, and the sub-base 
thickness of the shared-use path will be much less than the thickness of the two bike lanes, if 
they remained within the roadway. Also if the bike lanes remained within the roadway and the 
grades were steep, the width would have to be increased.  For example, The Florida Bicycle 
Facilities Planning and Design Handbook states, that due to steering wobble, bicyclists typically 
track over a width, of four-feet.  This width should be increased to 6 to 10-feet for steep climbs 
and descents.  With variable gearing bicyclists can comfortably climb up to a 10-percent grade 
for short stretches.  Grades of 6-percent are the more common limit.  Increase in grade generates 
more wheel wobble by bicyclists and thus require a wider bike lane. 
 
The California D.O.T. requires that bike lanes be 5-feet wide, when the travel lanes are 11-feet 
wide.  The Maryland D.O.T.’s, Bike Policy states that a bike lane 5-feet wide must be used when 
the design speed is 35 to 45 mph and the truck volume is 8-percent or less.  When the truck 
volume exceeds 8-percent, the bike lane must be 6-feet wide. 
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Designing Roads that Guide Drivers to Safer Speed (Ref 6), suggests that drivers slow down 
when the road feels “hemmed-in” and they speed up where the road feels “wide-open”. Reducing 
the lanes to 11-feet and removing the bike lanes, may create the “hemmed-in” feeling and cause 
drivers to adjust their speed to the posted speed. 
 
SHARED USE PATH 
 
A Shared Use Path can be used by pedestrians, bicyclists, skaters and other non-motorized users.  
Since pedestrians will use this facility, they must meet the accessibility requirements of ADA. 
 
The AASHTO Guide for the Development of Bicycle Facilities (Ref. 11) states “When the 
distance from a roadway shoulder and a Shared Use Path is less than 5-feet a suitable physical 
barrier is recommended”.   
 
The separation distance from the back of the curb to the edge of a Shared Use Path, used by the 
Minnesota D.O.T. (Ref. 12) is based on the posted speed of the highway. 
 

Posted Speed Separation 
                 30 mph or less 
                 30 to 40 mph 
                 45 mph or greater 

 5-feet (min.) 
5-feet (min) 

                  10-feet desirable (5 feet 
(min) 

  
Therefore a distance of 5-feet is used in Figures 2 and 3 
 
SUMMARY 
 
The overall cost savings are: 
 
 The required Right-of-Way has been reduced by 11.5-feet. 
 The roadway pavement width has been reduced by 12-feet.  This will also reduce the future 

cost of milling and overlay that will be necessary. 
 One sidewalk, 5-feet wide, has been deleted. 
 The grassed and planted portion of the median has been reduced by 7.5-feet. 
 Less impervious area that will have to be treated in a pond.  
 The storm drainage lines and ponds will be slightly smaller. 
 
The additions to the overall costs are: 
 A Shared Use Path, 10-feet wide. 
 The number of storm drainage inlets will be increased. 
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TWO-WAY LEFT-TURN LANE 
 

TWO-WAY LEFT TURN LANES 
 

A Two-Way Left-Turn Lane (TWLTL) is a cost effective way to improve the operations and 
safety of an existing two-lane or four-lane, undivided highway.  The roadway may have 
originally served as a through route, but now due to development, both commercial and 
residential, there is a high demand for access to the adjacent properties.  When there is a high 
demand for left-turns, from an undivided highway, the most common cause of traffic accidents, 
is rear-end crashes of vehicles that have stopped to turn left and of vehicles that have slowed in 
order to stop and turn left.  Also side-swipe crashes of vehicles that are turning left onto the 
highway. A TWLTL will reduce these type of crashes. 
 
Suburban arterials and collectors are usually ideal candidates to be converted to Two-Way Left-
Turn Lanes.  The installation of a Two-Way Left-Turn Lane will reduce delays, provide for the 
continuous left-turn demand and reduce traffic accidents, when compared to a undivided 
roadway. 
 
Guidelines for the Use of Two-Way Left-Turn Lanes: 
 
1. AASHTO-2004 Greenbook 

 Use only in an urban setting where speeds are relatively low  
 No more than two through lanes in each direction. 

 
2. AASHTO – Highway Safety Design and Operations Guide – 1997 

 Lower crash rates in central business districts, but tend to have crashes of higher 
severity at midblock locations. 
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 Advantages: 
 

1. Removing left turning vehicles from the through traffic lanes. 
2. Providing direct access to adjacent land use regardless of driveway placement 
3. Providing a refuge area for vehicles turning left from driveways onto the 

roadway. 
 
From NCHRP Report 500, Volume 4, A Guide for Addressing Head-On Collisions, 2003: 

 
The use of Two-Way Left-Turn Lanes is normally done to improve traffic operations and 
access.  Studies have shown that TWLTL can help reduce head-on collisions.  The 
TWLTL provides a separation of the opposing traffic streams.  Head-on collisions are 
more of a problem in rural areas. 

 
DESIGN PARAMETERS USED FOR TWO-WAY LEFT-TURN LANES 
 
Center Lane Width 
 
The Texas D.O.T. establishes the lane width based on the Design Speed, as follows: 
Design Speed less than 40 mph  
Desirable width:   12 to 14 feet 
Minimum width:  11-feet 

 
Design Speed 45 to 50 mph 
Desirable width:   14-feet 
Minimum Width: 12-feet 

 
The Iowa D.O.T. prefers using 14-feet, but 12-feet is acceptable 

 
 

Driveway and Side Road Density 
 
Missouri D.O.T.: 24 (commercial driveways), per mile 
Texas D.O.T.:  20 per mile 
Oklahoma D.O.T.: 45 per mile 
Indiana D.O.T.: 50 per mile 
Reference 13:  45 per mile 
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Maximum ADT 
 
Missouri D.O.T.: 
 17,500 for a three-lane section 
 28,000 for a five-lane section 
 
Iowa D.O.T.: 
 17,000 for a three-lane section 
 24,000 for a five-lane section 
 
Indiana D.O.T.: 
 12,000 for a three-lane section 
 25,000 for a five-lane section 
 
Oklahoma D.O.T.: 
 12,000 for a three-lane section 
 25,000 for a five-lane section 
 
All of the above D.O.T.’s use raised medians when the specified ADT’s are exceeded. 
 
The center lane should not be wider than 14-feet.  Lanes that are wider, may lead to simultaneous 
operation, by vehicles moving in opposite directions. 
 
CREST VERTICAL CURVES 
 
Vehicles traveling in opposite directions can enter a TWLTL simultaneously, therefore sufficient 
stopping sight distance (SSD) should be provided for both vehicles to stop.  The New Jersey 
D.O.T. (Ref. 14)  uses increased lengths of stopping sight distance to compute the lengths of 
crest vertical curves for TWLTL. 
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STOPPING SIGHT DISTANCE FOR TWLTL 
DESIGN SPEED  

(MPH) 
N.J. SSD FOR TWLTL 

(FEET) 
AASHTO SSD 

(FEET) 
30 
35 
40 
45 
50 
55 
60 

400 
500 
610 
720 
850 
990 
1140 

200 
250 
305 
360 
425 
495 
570 

 
The above SSD lengths are twice as long as the current AASHTO, SSD’s. 
 
The required length of crest vertical curves, using the above SSD, with a driver’s eye height of 
3.5-feet, and an object height of 2-feet can be computed by the following equations: 
 
 When the SSD is greater than L      Eq. 1 
 L = 2S (2158/A) 
 
 When the SSD is less than L      Eq. 2 
 L = AS2 / 2158 
 
 S = Stopping Sight Distance (feet) 
 L = Length of Crest Curve (feet) 
 A = Algebraic difference in Grade (percent) 
 
If the roadway is lighted, the object height can be increased to 4.25 feet (top of vehicle), 
therefore substitute 3,093 for 2,158, in equations 1 and 2. 
 
UNSIGNALIZED INTERSECTIONS: 
 
All median openings along a highway should be treated as an unsignalized intersection.  
Conflicts at these intersections can be greatly reduced by applying the correct design vehicle, 
geometry, sight distance and traffic control. 
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The Highway Capacity Manual should be used to develop the capacity analysis at unsignalized 
intersections, that are controlled by STOP or YIELD signs.  The YIELD controlled Roundabout 
and the all-direction STOP intersection are not covered in this course. 
 
The unsignalized intersection should be signalized when there are backups on the side streets or 
when there are inadequate gaps in traffic for vehicles, pedestrians, and bicyclist to cross. 
 
Signalized intersections usually have more rear end and sideswipe crashes, than unsignalized 
intersections.  The STOP controlled intersection will have more crossing crashes. 
 
The California D.O.T. Highway Design Manual, (Ref. 17) lists the following as undesirable 
geometric features at an intersection: 
 

 Inadequate approach sight distance 

 Inadequate corner sight distance 

 Steep grades. 

 Five or more approaches. 

 Presence of curves within the intersection.  

 Inappropriately large corner radii. 

 Long pedestrian crossing distances. 

 Intersection angle less than 75-degrees. 

 
A 90-degree intersection angle provides the most favorable conditions for turning and crossing 
vehicles.  Intersection angles less than 75-degrees should be avoided. 
 
More specifically a 90-degree intersection provides the following: 

 The shortest crossing distance for vehicles, pedestrians and bicyclists. 
 

 Sightlines which optimize corner sight distance, which gives drivers the ability to judge the 
position and speed of approaching vehicles. 

 Turning movements are smoother and will help reduce turning speed. 
 
 
Where angles are less than 75-degrees, the following improvement measures should be 
considered: 
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 Realign the side street to increase the intersection angle. 

 Construct acceleration lanes for right turning vehicles when the small angle is on the right 
side of the intersection. 

 When the small intersection angle is on the left, restrict left turns onto the through roadway. 

 Provide refuge islands for pedestrians at very long crossings. 
  

The intersection area, at a stop controlled side street, as defined by the Ohio D.O.T. (Ref. 15), is 
the portion of the side street that is within 60-feet of the edge of travel way of the through road.  
The pavement surface within this area should be visible to drivers within the limits of minimum 
stopping sight distance.  The eye height would be 3.5 feet and the object height would be zero.  
Drivers will be able to see the curb returns, pavement markings, and will know they are 
approaching an intersection. 
 
The profile of a side street at a signalized intersection should be based on the design speed of the 
side street.  On an unsignalized, stop controlled intersection, grade breaks, without vertical 
curves are allowed.  The Ohio D.O.T. (Ref. 15) allows “crest” breaks up to 5-percent, but 3-
percent is preferred.  “Sag” breaks up to 3-percent are allowed.  The profile of the side road 
beyond the intersection area will be based on its design speed. 
 
DESIGN VEHICLE 
 
The selected design vehicle will be used to establish the geometric design criteria.  The decision 
as to which design vehicle to use is complex and each situation must be evaluated individually to 
determine the type and volume of the anticipated traffic.   
 
The design criteria significantly affected by the choice of design vehicle are the corner radii, 
control radii, intersection sight distance, vertical and horizontal clearances and acceleration. 
 
The selection of the Design Vehicle should be based on the predominate type of vehicle that will 
use the through roadway and the side road. 
 
The Florida D.O.T. (Ref. 16) recommends that when a specific class of vehicle that is larger than 
a passenger car, makes up 5-percent of the total traffic, that class should be used as the design 
vehicle. (Note: This FDOT publication is intended for use on projects that are off the State 
Highway and Federal Aid Systems.) 
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INTERSECTION SIGHT DISTANCE 
 
The STOP controlled intersection sight distance requirements are based on three situations. 
 
1. Left turn from the side street (Case B1) 
 
2. Right turn from the side street (Case B2) 

 
3. Crossing the through road from the side street (Case B3) 

 
The vehicle on the side street is considered to be stopped 14.5-feet, from the edge of the through 
roadway.  The driver’s eye height is  3.5-feet above the pavement, the object height is also 3.5-
feet above the pavement. 
 
Figure-2 will be used as the through road section to determine required site distances, 2-lanes 
each direction, divided by a median 18.5-feet wide. 
 
 
Intersection sight distance is computed by the following equation: 
 
ISD = 1.47 V T gap   Eq. 3 
 
ISD = Intersection sight distance 
 
V= Design speed of the through roadway 
 
Tgap= The time gap for the vehicle from the side street, to complete its maneuver. 
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LEFT TURN 
 
The time gap required, to the LEFT, for a passenger car to turn left from the side street is: 7.5 
seconds, for crossing one lane, plus 0.5 seconds for the additional lane, total 8.0 seconds.  
 
The time gap to the RIGHT, will be the 8 seconds to cross two lanes, plus the time gap of 0.75 
seconds to cross a median, 18.5-feet wide, which is equivalent to l and ½ lanes, (0.5 second + 
0.25 seconds) which is a total of 8.75 seconds. (Ref. 1) 
 

 
 
 
 
 

 
 

Intersection Sight 
Distance (ft) to the LEFT 

(Rounded) 

 
 

Design Speed 
Of the 

Through Roadway 

 
 

Intersection Sight 
Distance (ft) to the RIGHT 

(Rounded) 
 

355 
410 
470 
530 

 
30 
35 
40 
45 

 
385 
450 
515 
580 
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RIGHT TURN 
 
The time gap required for a passenger car to turn right from the side street is 6.5 seconds. (Ref. 
1) 
 
 

 
 
 

Design Speed (mph) 
Of the 

Through Roadway 

Intersection Sight 
Distance (ft.)  

(Rounded) 
 

30 
35 
40 
45 

 
290 
335 
385 
430 
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CROSSING 
 
The time gap required for a passenger car to cross the divided roadway is as follows: 
 
The time gap to the LEFT is 6.5 seconds plus 0.5 seconds to cross the second lane, for a total of 
7.0 seconds. 
 
The time gap to the RIGHT is, 7 seconds to cross two lanes, plus 0.75 second to cross the median 
which is 18.5-feet wide (equivalent to a lane and a half which is 0.5 seconds plus 0.25 seconds), 
plus 1.0 seconds for crossing the two opposing lanes, total time gap is, 8.75 seconds. 
 

 
 

Intersection Sight  
Distance (ft) to the LEFT 

(Rounded) 

Design Speed 
Of the 

Through Road 

Intersection Sight 
Distance to the RIGHT 

(Rounded) 
 

310 
360 
415 
465 

 
30 
35 
40 
45 

 
385 
450 
515 
580 

See Reference 1, pages 660 to 664 for adjustments for trucks and for grades that exceed 3-
percent. 
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CORNER RADII 
 
The radius used at intersections, both signalized and unsignalized, must consider the safety of 
both vehicles and pedestrians.  Therefore, this radius must be the smallest possible for the 
particular intersection, and not for the largest vehicle that will rarely use the intersection.  A large 
radius can increase the speed of the turning vehicle and increase the pedestrian crossing distance, 
which increases the risk.  It is considered acceptable for the occasional truck or bus to use both 
lanes, when turning into the side street. 
 
A corner radius of 15-feet can accommodate passenger vehicles.  The infrequent single unit 
trucks, school buses and transit buses, that would use the intersection would not normally require 
a larger radius.  Radii of 25-feet can be used where encroachment of these vehicles is not 
acceptable. 
 
A radius of 25 to 30-feet will provide for most turns on roadways where there is less than 5-
percent buses and trucks. 
 
Radii of 35 or 40-feet are acceptable where the intersection design vehicle is a WB-50 truck. 
 
A radius of 50-feet or more should be considered for arterial intersections. 
 
From: ITE Context Sensitive Solutions in Designing Major Urban Throughfares, curb return 
radii should be designed to accommodate the largest vehicle type that will frequently turn the 
corner.  This principle assumes that the occasional large vehicle can encroach into the opposing 
travel lanes. 
 
LEFT-TURN LANES 
 
Left-turn lanes should be installed on the through roadway at median openings to side streets and 
driveways, where a demand for left-turn exists.  A left-turn lane removes the turning vehicle 
from the through lane, which enhances safety and capacity. The width of the left-turn can be the 
same as the through lanes. 
 
Highway agencies have their established criteria for taper rates, deceleration lengths, and storage 
lengths to be used to set the total length of the left-turn lane.  Warrants used to determine the 
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need for a left-turn lane are based on the highway agencies criteria.  Warrants, based on recent 
research, can be found in NCHRP Report 745, (Ref. 18). 
 
OFFSET LEFT-TURN LANES 
 
Vehicles turning left from opposing left-turn lanes limit each other’s sight distance.  See Figure 
4-A.  If the turn lanes are offset the sight distance is increased.  See Figure 4B.  This offset is 
defined as the lateral distance between the left edge of a left-turn lane and the right edge of the 
opposing left-turn lane.  A concrete traffic separator should be used to channelize the left-turn 
and provide separation from the through traffic. 
 
FHWA’s Highway Design Handbook for Older Drivers and Pedestrians, recommends, that for 
new or reconstructed roadways, unrestricted sight distance, achieved through positive offset of 
opposing left-turn lanes, bye provided whenever possible.  Also recommended, was the use of 
raised concrete separators for channelization purposes rather than pavement markings.  The 
AASHTO Greenbook also makes the same recommendation. 
 

 
      

FIGURE 4A 
CONVENTIONAL LEFT-TURN LANES 
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FIGURE 4B 
OFFSET LEFT-TURN LANES 

 
 
The advantages of the offset Left-Turn are: 
 

 Can provide for more left turns than the conventional type. 

 Improves sight distance for the left turning traffic. 

 Reduces the risk of conflicts and crashes. 

 Improves the ability of drivers to judge gaps in through traffic. 

 Separates the left turning traffic from the through traffic. 

 Adaptable to any median width. 
 
The disadvantages to the offset Left-Turn Lane are: 
 

 Additional drainage required. 

 Driver expectations. 
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RIGHT-TURNS 
 
The following design parameters are from Reference 2: 
 
 Channelize right-turns when the volume of right-turns is 200-300 vehicles per hour. 
 Design the right-turn for low speeds, 5 to10 mph and provide good pedestrian visibility. 
 Provide a small angle right-turn, in order to reduce speeds and improve sight distance 
 Provide raised islands for pedestrian refuge, painted islands are not satisfactory for 

pedestrians. 
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The typical right-turn treatment used at intersections is depicted in Figure 5A.  At a 90-degree 
intersection the driver must turn is head approximately 142-degrees to view pedestrians and 
traffic approaching from the left.  The type of right-turn configuration shown in Figure 5B, the 
driver has to turn only 112-degrees, to view the traffic and pedestrians, from the left. (Ref. 2) 
 
The Island size, either raised concrete or painted, should be 50-square feet, minimum, 75- square 
feet is desirable. 
 
U-TURNS 
 
Median widths at suburban, unsignalized intersections should be as narrow as possible, but 
always provide space, in the median, for a left-turn lane, and to provide for U-Turns by the 
selected design vehicle. (Ref. 19) 
 
To provide medians wide enough for vehicles larger than passenger cars, may not be cost 
effective.   
According to the AASHTO, Greenbook (Ref. 1) providing for a U-Turn by a Single-Unit truck a 
median width of 63-feet would be required, that is a turn lane, 12-feet wide and a separation 
width of 51-feet.  This width would allow a single-unit truck to make a U-Turn into the far lane 
of a 2-lane divided roadway.  For a tractor-trailer (WB-50) to accomplish the same maneuver, 
the median width would have to be 71-feet wide. 
 
There are not many highway agencies that could afford the right-of-way cost, for a project in a 
suburban area that had a median width of 60 to 70 feet. 
 
As discussed on page 10, the Typical Section, depicted in Figure 1, has sufficient width for a 
passenger car to make a U-Turn.  The Typical Section shown on page 12 (Figure 2) is not wide 
enough for a U-Turn by a passenger car. 
 
Exhibit 9-92 on page 711 of the AASHTO Greenbook, 2004, a median width of 18-feet, plus 2-
lanes 12-feet wide (total 42-feet) is required for a passenger car to make a U-Turn.  Figure 2 has 
a median 18.5 feet wide, providing a left-turn, lane 11-feet wide, which sets the U-Turning 
vehicle 29.5-feet away from the far edge of the outside opposing lane. Therefore 12.5-feet of 
pavement must be added to the outside opposing through lane. 
 
This additional pavement is typically referred to as a Loon.  Loons have been defined as added 
paved aprons opposite a median opening.   



 
Design of Suburban Highways 

 
A SunCam online continuing education course 

 

 
www.SunCam.com  Copyright 2014 David L. Heavey Page 30 of 39
 

 
Figure 6 – Loon 

 
 

 
FIGURE 7 

 
 
Sight Distance for U-Turns at Unsignalized Median Openings (Ref. 20) 
 

DESIGN 
SPEED 

SIGHT  
DISTANCE 

 
35 mph  
40 mph  
45 mph  

 
520 ft. 
640 ft. 
830 ft. 
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EMERGENCY VEHICLES 
 
Emergency vehicles such as fire trucks and ambulances do not have standard wheelbase 
dimensions, they are always custom made. 
 
The following is a sampling of some wheelbase dimensions for emergency vehicles: 
 
 Pumper Trucks: 16’-9”, 17’-11” 
 Aerial Ladder Trucks: 21’-0”, + 21’-7” 
 Ambulance: 14’-7”, 15’-0” 
 
The National Fire Protection Association in their Uniform Fire Code Handbook, 2003 edition,  
suggests using the AASHTO, Single Unit Truck (SU) as the design vehicle for fire truck access.  
 
Due to the close spacing of intersections on suburban roadways, provisions for mid-block U-
Turns for emergency vehicles may not be necessary. 
 
The designer should coordinate with the local Fire Company early in the design process, to 
address any impacts the proposed project will have on their response route.  If the project must 
provide for the use of emergency vehicles the wheelbase dimensions of their vehicles must be 
determined, so that the appropriate design vehicle can be used, to establish the project’s 
geometry. 
 
Narrow lanes, medians, and small corner radii, can possibly increase response time for 
emergency vehicles.  Medians with mountable curbs could be used, downstream from 
intersections that frequently have backed-up traffic queues, this would allow emergency vehicles 
to cross the median and avoid the blocked lanes.  
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SMALL RETAINING WALLS 
 
In an effort to reduce right-of-way the designer may elect to use a retaining wall to eliminate or 
minimize slopes. 
 
When a small retaining wall (exposed face of five-feet or less) is needed most highway designers 
tend to choose a Gravity type retaining wall.  The reasoning being, that since it is such a small 
wall, the Gravity wall must cost less. 
 
Shown below is a cost comparison for a Gravity wall and a Cantilevered wall, both with a 
exposed face of five-feet, and three-feet.  

 
                 CANTILEVERED WALL                                               GRAVITY WALL 
 
Both of the above retaining walls were designed using a highway surcharge loading and well-
drained backfill.  Wall designs based on project locale, type of loading and backfill being used, 
should be developed and then a cost comparison made. 
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COSTS 
Cantilevered Retaining Wall 
 Exposed Face = 5-feet 
 
Conc: (0.42 C.Y./L.F.) ($510.00/C.Y.) = $214.20 
Steel: (19.8#/L.F.) ($1.00/#)   = $  19.80 
 
    Total:  = $234.00/L.F. 
 
 Exposed Face = 3-feet 
 
Conc.: (0.299 C.Y./L.F.) ($510.00/C.Y.) = $152.50 
Steel: (5.45 #/L.F.) ($1.00/#)   = $    5.45 
 
    Total:  = $157.95 
 
Gravity Retaining Wall 
 
 Exposed Face = 5-feet 
 
Conc.: (0.85 C.Y./L.F.) ($440.00/C.Y.) = $374.00 
Steel: (8.0 #/L.F.) ($1.00/#)   = $    8.00 
 
    Total:  = $382.00/L.F. 
 
 Exposed Face = 3-feet 
 
Conc.: (0.47 C.Y./L.F.) ($440.00/C.Y.) = $206.80 
Steel: (6.0 #/L.F.) ($1.00/#)   = $    6.00 
    Total:  = $212.80/L.F. 
 
This cost comparison shows that the Cantilevered wall with an exposed face of three-feet will 
cost 35-percent less than the Gravity wall and the Cantilevered wall with an exposed face of five-
feet will cost 63-percent less than the Gravity wall.  The unit prices used above are from the 
2013 average unit prices compiled by The Florida Department of Transportation.  The designer 
should verify the cost comparison by using unit prices prevalent in the location of the project. 
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ON-STREET PARKING 
 
On suburban roadways parking may or may not be provided.  When this same roadway passes 
through a small town it may become the “Main Street”.  These main streets would normally have 
wide sidewalks because of the heavy pedestrian traffic and there would be on-street parking, 
because of the mostly commercial and government facilities that are usually present. 
 
PARALLEL PARKING 
 
A parallel parking space is usually eight-feet wide and 22 to 24-feet long.  Parking spaces wider 
than eight-feet are not recommended by most highway agencies, since they increase pedestrian 
crossing time and require more right-of-way.  A width of seven-feet could be used when the 
roadway passes through a residential area.  A minimum of one and half-feet must be provided 
between the back of the curb and objects on the surface, such as hydrants, poles, trees, etc., in 
order to allow space for opening car doors. 
 
TANDEM PARALLEL PARKING 
 
Tandem parallel parking is recommended for use on congested roadways. (Ref. 2) Instead of 
parking spaces being 22 to 24-feet long, “tandem” spaces are normally striped, 20-feet in length, 
with a marked out segment four to eight-feet long, between two parking spaces, see Figure 8.  
Using this type of parking configuration, the time required to park a vehicle is significantly 
reduced. 
 
CURB EXTENSIONS 
 
Curb extensions sometimes called bulb-outs, move the curb and gutter line forward, out into the 
roadway, reducing the width.  They are used on roadways with parallel parking, to improve the 
visibility of pedestrians by motorists and to lessen the pedestrian crossing time. 
 
The curb extension projects into the roadway, six-feet or seven-feet, or slightly less than the 
width of the parking space.  The installation of curb extensions should not be used with striped 
bike lanes.  Fire departments favor their use since they prevent vehicles from parking too close to 
the intersection. 
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PUBLIC TRANSPORTATION 
 
Public Transportation can be a very important element in the design of a suburban highway.  If 
the project contains a bus route, the highway designer should coordinate with the local transit 
authority, early in the design process, to determine where bus stops will be located. 
 
The bus most often used on urban and suburban routes, is 40-feet long, 8.5 feet wide with 
twelve-inch mirrors on each side, the height is ten-feet, the inside turning radius is 25-feet and 
the centerline turning radius is 40-feet. (Ref. 2) 
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BUS STOPS 
 
Bus stops are usually located at the upstream side (far side) or downstream side (near side) of an 
intersection, and at mid-block locations. 
 
Bus stops at intersections, are the preferred location, because this provides for better pedestrian 
access from both sides of the main roadway and also from the side street.  This also provides for 
convenient transfer points for intersecting bus routes.  Midblock stops can be used where there is 
a major passenger generator. One serious draw-back to a midblock locations, is that it forces 
users who must cross the main roadway, to walk to an intersection in order to cross.   This 
location may encourage passengers to “jaywalk” across the main roadway. 
 
     
Factors that will influence the location of bus stops at intersections: 
 

 If the route makes a right-turn, the stop should be at the far-side location. 
 If the route make a left-turn, the stop should be located on the far-side, after the left turn 

has been completed.  If a far-side location cannot be provided, then a midblock stop 
should be provided. 

 When the intersection has exclusive left and right turn lanes, a far-side stop should be 
used.  This will remove the stop from where the turning and through movements are 
performed. 

 Where a bus bay is required, a far-side location is preferred. 
 
 
 
BUS BAYS 
 
Bus bays or turn-outs, should be used were the posted speed is 40-mph or greater, and where 
there is high passenger demand.  The bay should be a minimum of 12-feet wide. (Ref. 2) 
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