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CHAPTER 5
AT-GRADE INTERSECTIONS

5-1.0

INTRODUCTION
Vehicle crossing maneuvers can be accomplished in four ways: (a) uncontrolled crossing at grade,
(b) traffic sign or signal-controlled crossing at grade, (c) weaving, and (d) grade separation. In general, both
operational efficiency and construction costs increase in this order. The highest feasible type should be used in
consideration of the ADT, type and speed of vehicles using the intersection. (a) and (b) are addressed in this
chapter, (c) and (d) will be addressed in Chapter 6.
Intersections are significant points of conflict within the highway system. Their impact on safety,
capacity, speed, and user costs is considerable. For this reason, intersections deserve special attention in their
design.
5-1.01

Definition
An intersection is the area in which two or more roadways join or cross at the same grade.

5-1.02

Policy
Throughout this chapter, the Department policy is stated relative to the various design elements
under consideration. The designer should make every effort to comply with the stated objectives. The policies are
not absolute, but exceptions should be made only after all practical alternatives have been evaluated.
5-1.03

Design Considerations
The design of an intersection involves four basic elements: human, operational, physical and
economic. This chapter will primarily discuss the physical geometric criteria incorporated into intersection design.
Other intersection design criteria are:
1.
2.
3.
4.
5.
6.

desirable traffic controls (none, signs, signals, pavement markings);
capacity analysis (level of service, number of approach lanes, turning movements and turn
lanes);
degree of access control for highway facility;
pedestrian traffic;
bicycle traffic; and
lighting warrants.

These criteria are addressed in the MnDOT Traffic Engineering Manual, MN MUTCD,
Highway Capacity Manual, MN Bike Transportation Plan and Design Guidelines, elsewhere in this manual, and in
AASHTO’s A Policy on Geometric Design of Highways and Streets. The Highway Capacity Manual provides
detailed methodologies for analyzing both signalized and unsignalized intersections. Section 2-5.08 of this
manual further discusses the capacity analyses.
Usually, analyses and application of the listed criteria will precede and dictate the geometric
layout of the intersection. An improper geometric design can partially negate the potential benefits from advanced
signalization, approach roadway width and exclusive turn lanes. Each intersection requires an individual design
within the basic criteria. The design should strike a reasonable balance among the several competing design criteria.
It is also beneficial to review the accident history and prepare a collision diagram while
redesigning an intersection. Accident history is often the most accurate predictor of future accidents, and an analysis
can offer valuable insights into any safety problems that may exist. It could also justify the inclusion of an element
(e.g., signals, exclusive turn lanes, etc.) which would not be warranted by other criteria.
Individual vehicle (motorized and non-motorized) and pedestrian movements are the smallest
units used for intersection design. They may be combined in various ways to produce alternate geometric designs
for any intersection. To a considerable extent intersection design is governed by vehicle and pedestrian demands,
topography, land use, and economic and environmental considerations; the proper compromise is a decision to be
made by the designer. Intersection design should consider the following seven fundamental principles:
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7.

JUNE, 2000

Reduce number of conflicts—The number of conflict points among vehicular movements
increases significantly as the number of intersection legs increases. For example, an
intersection with four 2-way legs has 32 conflict points, but an intersection with six 2-way
legs has 172 conflict points. Intersections with more than four 2-way legs should be avoided
wherever possible.
Reduce area of conflict—Excessive intersection area causes driver confusion and inefficient
operations. Large areas are inherent in skewed and multiple approach intersections. When
intersections have excessive areas of conflict, channelization such as free right islands, should
be employed.
Segregate non-homogeneous flows—Separate lanes should be provided at intersections when
there are appreciable volumes of traffic traveling at different speeds. Using turn lanes to
separate the high-speed through-vehicle stream from the low-speed turning-vehicle stream has
considerable safety and operational benefits. Where large numbers of pedestrians cross wide
streets, refuge/median islands should be provided so that no more than three lanes have to be
crossed at one time. Free right islands better define intersections, accommodate pedestrians
and allow placement of signal poles.
Intersection Spacing—Intersection hazards and delays increase greatly when intersections are
too close together. Provide drivers sufficient time and distance to prepare for the next
maneuver.
Control speed differentials—Speed differentials refer to the difference in speed between
neighboring, same-direction traffic flows. Controlling speed differentials is especially
important at merging locations. Speed differentials less than 15 mph can (depending on
geometry) allow entering traffic to merge with the through-vehicle stream without stopping.
Acceleration lanes may be provided to assist entering traffic in merging. This uninterrupted
flow minimizes delay. Speed differentials greater than 15 mph force entering traffic to yield
and seek gaps in the through-vehicle stream of traffic. The entering vehicle stream is
interrupted. Traffic control devices may be used to aid entering vehicles. This is
accomplished by stopping the through vehicle stream, which is undesirable but sometimes
necessary.
Favor the heaviest and fastest flows—Intersections should be designed and operated (traffic
control) to favor the heaviest and fastest flows to minimize delay and hazards.
Coordinate intersection design with the development of traffic control plans.

5-1.04

Vehicle Characteristics
The primary vehicle characteristics which affect intersection design are turning radii, off-tracking,
braking distance and acceleration. Motor vehicle under-clearance and rear bumper clearance often present problems
at driveway entrances.
5-1.04.01

Turning Radii
The four design vehicles used for intersection design in Minnesota are: the passenger car (P),
single unit truck (SU), bus (BUS) and interstate semi-trailer (WB-62). Because the wheel path of a double trailer
truck combination (sometimes called a WB-69) falls inside that of a WB-62, the off-tracking of the latter shall be
used in design. The minimum turning paths for each of the design vehicles are illustrated in section 2-3.0.
To accommodate the turning movements of a design vehicle at 10 mph or less the designer should
use a taper offset with a simple curve, a 2-centered or a 3-centered symmetrical or asymmetrical compound curve.
The details of the recommended curve layouts and how they accommodate the design vehicles are discussed in
Sections 5-2.0 and 5-3.0 of this manual, and in MnDOT’s Traffic Engineering Manual.
5-1.04.02

Approach
Vehicle deceleration and acceleration characteristics have a major impact on the approach design
of an intersection. Stopping sight distance leads to the minimum sight triangle necessary in the intersection
quadrants. The acceleration criteria for the selected design vehicle will yield the needed sight distance which will
safely allow a stopped vehicle to cross or enter an intersecting highway. Both criteria also dictate the acceptable
vertical grades on the approaches to intersections. Approaches for entering roadways should have a grade of 0.5%
away from the roadway for 50’ (25’ minimum). Entrance approaches should have a grade of 0.5% away from the
roadway for 25’ (15’ minimum). Stopping sight distance must be adjusted for negative grades, and a near flat
storage platform is desirable for stopped vehicles. This is discussed in detail in Section 5-2.02, Intersection Sight
Distance.
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5-1.04.03

Maneuver Speeds
Vehicles are limited to how they can maneuver on the highway at intersections, and the design
must reflect this. Larger vehicles cannot immediately turn to a given radius, but must gradually lead into it. This
requires a combination of tapers and compound curves to properly accommodate the vehicle. If it is desirable to
allow a vehicle to turn at speeds greater than 10 mph, the turning radius templates cannot be used. This is discussed
in Section 5-2.04, Minimum Turning Curve, and shown in Table 5-2.04A. The goal is to design the intersection
within the practical extent of vehicle maneuverability.
5-1.04.04

Under and Edge Clearances
Vehicles must be able to negotiate the vertical profile at an intersection without dragging their
underside or front and rear bumpers, preferably at speeds of at least 10 mph. Although this is true of all
intersections, this vehicle characteristic most often presents problems at driveway entrances and exits. A
complete discussion of driveways appears in Section 5-3.04.
Since passenger vehicles generally have a much lower vertical clearance than most trucks, the
dimensions of the typical automobile must be satisfied. The criteria presented in Section 5-3.04 will accomplish this.
For an updated vehicle geometry the designer should refer to and use the dimensions and break-over angles of new
vehicles which are published annually by the Motor Vehicle Manufacturers Association (MVMA) in Parking
Dimension, (Year) Model Cars.
5-1.05

Intersection Types
At-grade intersections are usually the 3-leg (T-shape) or 4-leg design. Individual intersections vary
greatly in size, shape and use of flares, channelization and free right turns. The primary factors which affect the
selection of intersection type are the design speed, design-hour volume, turning movements, traffic composition,
traffic control, and angle of intersection, many variations of which are possible. They are discussed in AASHTO's
A Policy on Geometric Design of Highways and Streets and in NCHRP Report 279.
For railroad/highway intersection design, see Section 11-6.0.
5-1.06

Traffic Controls
The type and level of sophistication of traffic control will impact the geometric design of the
intersection. At intersections with no traffic control, the full approach pavement width should be continued
through the intersection. Stop control may sufficiently reduce capacity to warrant additional approach lanes.
The presence of stop or signalization control requires the consideration of stopping sight distances for the
approaching vehicles. Signalization will also impact the length of storage areas, location and position of turning
roadways, and channelization. The intersection must also be designed to allow the physical placement of the traffic
control devices in the safest location and out of the stream of pedestrian or bicycle traffic. Traffic control devices
are discussed in the MN MUTCD and MnDOT’s Traffic Engineering Manual. Their effect on capacity is discussed
in AASHTO’s Highway Capacity Manual.
5-1.07

Intersections on Horizontal Curves
Intersections on horizontal curves should be avoided. The curvature adds an extra element of
complexity to the highway information that must be processed by the driver, thereby increasing the hazard. It also
complicates the geometric design elements of sight distance, channelization and superelevation.
It may be impractical to provide the intersection on a tangent. In such cases, designers should
consider realigning the minor highway to intersect the major highway perpendicular to a tangent at a point on the
curve. However, this still has the disadvantage of difficult turning movements if the superelevation of the major
highway is high.
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The general criteria for turning movements and sight distance are discussed later in this chapter.
The same criteria apply to intersections on non-tangent highway sections. Due to the complexity of the driving task
at intersections, additional construction and/or right-of-way costs may be justified to meet or exceed the minimum
criteria. A detailed review of the accident history is useful in the evaluation of these intersection designs.
5-1.07.01

Superelevation and Roadway Crown
Crossing superelevated highways and crowned roadways can adversely affect vehicle control.
This can be more of a problem at signalized intersections (and at stop controlled intersections that will be converted
to signalized intersections) where higher speeds may be achieved. At some low volume crossings, such as
driveways and township roads, the rollover may be too large for some vehicles. A designer should analyze all
vehicular paths relative to probable speeds when developing any intersection design. In some restricted areas, the
beginning location of superelevation may be changed to adapt to field conditions. When this is done, Figure
3-3.03A should be used to determine if adequate superelevation is maintained at the P.C. or P.T. of the curve.
5-1.08

Frontage Roads to Arterials
1. For more details on frontage roads refer to Chapter 4, Section 4-7.0 and to AASHTO’s
A Policy On Geometric Design of Highways and Streets.
2. The separation between the mainline and the frontage road along the length of the facility,
called the outer separation, is shown as distance X on Figure 5-1.08A.
3. For frontage roads on high speed arterials, the desirable minimum value of X is 30 ft, in
addition to 4 ft wide shoulders on the frontage road. In very restricted R/W areas, a concrete
barrier may be used to separate the two roadways and the frontage road shoulder width may
be reduced to 2 ft (if the speed limit on the frontage road allows it). The barrier should be
high enough to prevent headlight glare.
4. For frontage roads on low speed arterials, the desirable minimum value of X is 4 ft, in
addition to 2 ft wide shoulders on the frontage road.
5. The distance between the intersection of the mainline and the cross street, and the intersection
of the cross street and frontage road has a great effect on the operation and safety of all three
roadways. This distance is shown as distance Y on Figure 5-1.08A.
6. From the 1999 Traffic Engineering Handbook: A Y value of at least 250 ft is desirable to
reduce the interference of the two intersections. Such a separation also creates a buildable site
suitable for a service station, fast food restaurant, or convenience store. A separation of 500 ft
will accommodate back-to-back left turn lanes between the mainline and the frontage road.
Refer to Chapter 2, Section 2-3.06 and Contact MnDOT’s Access Management Section for
additional guidance.
7. For two-way frontage roads, Y should be wide enough to allow U-turns (by the appropriate
design vehicle) between the frontage road and the arterial.

FRONTAGE ROADS TO ARTERIALS
Figure 5-1.08A
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5-2.0

GENERAL INTERSECTION DESIGN
Even with well-managed access, public road and private driveway intersections are numerous on
the system. Therefore, proper design of each intersection and driveway is necessary to optimize safety and
operational efficiency within space and funding constraints. Available design treatments include exclusive left-turn
and right-turn lanes, improved sight distance, channelized right turns, indirect left turns, higher-level traffic controls,
service roads, and ease of ingress/egress, particularly at driveway entrances.
5-2.01

Design Principles
The primary objective of intersection design is to facilitate the movement of transportation modes
in a manner that optimizes safety and operational efficiency within the bounds of practicality. This goal can be
achieved through the appropriate selection of intersection control and configuration, good geometric design that
appropriately sizes design elements, and provision of sufficient sight distance to allow good judgments by users.
Intersections will generally operate more safely and efficiently when designed compactly. The
objective is an intersection that allows for the movement of larger vehicles—both common and oversize—but is
designed primarily for the safety and comfort of smaller vehicles and non-motorized modes. This often entails the
need for multi-point turns and encroachment into adjacent or opposing lanes by commercial traffic, consistent with
the Minnesota Commercial Driver’s Manual.
Standard intersection sight distance (ISD), discussed below, is based on operational factors.
Stopping sight distance (SSD), discussed in Chapters 2 and 3, is considered the minimum sight distance design in
the vicinity of intersections and should therefore be provided wherever practical at intersections and driveways as
part of new construction.
5-2.02

Intersection Sight Distance
Of all intersection geometrics which may be related to crash frequency, sight distance is most
often a contributing factor. Sight distance is fundamental to intersection operation and safety and accordingly
deserves special attention. Because intersections are the most prevalent crash location on the road system, robust
sight distance provision is sometimes justifiable, especially in addressing crash problem locations or where site
specifics complicate the driving task. It must be noted, however, that intersection safety is a multifaceted and not
well understood system, of which sight distance is only one component.

As noted above, for new construction, provide at least stopping sight distance (SSD) in the vicinity
of intersections and driveways. For improvement projects on existing roads, consider correcting a SSD deficiency
near an intersection if the expected improvement in performance warrants the additional construction cost. Take into
account the safety history of the site, the expected reduction in number of crashes, the cost of achieving the standard
criterion, and the worthiness of the investment compared with other needs and priorities on the system. In the case of
poor safety performance at an intersection, study the site to diagnose whether sight distance is a likely contributing
factor; lower-cost solutions than sight distance improvement may be available. Where sight distance is to be
increased, base the design at least partly on known safety relationships discussed as follows.
Quantitative relationships between available sight distance and safety performance at intersections
are published in NCHRP Report 875 (and will be included in future editions of the AASHTO Highway Safety
Manual). Guidelines and analytical steps for applying this information on projects are provided therein. Use this
guidance and data to assess expected safety performance of design options weighed against their respective
construction costs. This is particularly useful in situations where improvement of an existing condition is judged
necessary as well as where non-standard or robust sight distance provision is contemplated.
The standard values for intersection sight distance (ISD) that follow are based on allowing
potentially conflicting vehicles to perceive each other and act accordingly with minimal operational effect. Its
provision is highly encouraged for new construction at intersections with public roads and higher-volume driveway
entrances, where practical. The ISD model is founded in the same principles as stopping sight distance but employs
modified assumptions based on observed driver behavior at intersections. It is primarily traffic operational in nature
and as such should not be applied as representing a minimum degree of safety.
5-2.02.01

Geometric Framework
The basis of intersection sight distance is to provide a line of sight between two vehicles
approaching an intersection on their respective legs. This involves establishing a triangular area in each intersection
quadrant free of obstructions that might block an approaching driver’s view of potentially conflicting vehicles.
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Ideally these so-called sight triangles exist within right of way limits so that terrain and vegetation can be controlled
and the placement of obstructing objects precluded. In addition, roadway characteristics such as skew and grade
(discussed later in this section), parked cars, guardrail locations, snow storage, signs, walls, fences, and other
roadside appurtenances can restrict the line of sight and must be taken into account.
Figure 5-2.02A shows a graphical representation of approach sight triangles. This applies to
intersections with no control or yield control on the minor leg (Cases A and C, discussed later in this section) and is
based on allowing minor-leg drivers to see potentially conflicting vehicles in sufficient time to avoid a collision by
slowing or stopping. The decision point is the location where the driver should begin such a braking maneuver if
another vehicle is detected. The triangles’ dimensions are as presented in the subsections covering Cases A and C.

APPROACH SIGHT TRIANGLES
Figure 5-2.02A
Figure 5-2.02B depicts departure sight triangles, which provides sight distance sufficient for a
stopped minor-road driver to enter or cross the major road. Departure triangles should be provided in each quadrant
of each intersection approach controlled by stop or yield signs from which vehicles may enter or cross a major road
on which traffic is not required to stop (Cases B and C, later in this section). They should also be provided for some
signalized intersection approaches (Case D). The measurements of distances a1 and a2 are based on the vertices of
the sight triangles (decision points) being located 14.5 feet from the edge of the major road traveled way.

DEPARTURE SIGHT TRIANGLES
Figure 5-2.02B
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Approach sight triangles can tend to be more space extensive than departure triangles, particularly
on the approach leg. For this reason, selection of intersection control may in some cases be driven by sight triangle
availability, including the ability to control vegetation within right of way areas.
Both approach and departure sight triangle conditions may need to be investigated depending on
intersection control and site specifics.
Identification of intersection sight distance restrictions must consider both the horizontal and
vertical alignment of both roadways as well as any complication resulting from their combination. As discussed in
Chapter 3, the assumed height of both the driver’s eye and the object to be seen are 3.5 feet above their respective
roadway surfaces. The object height is based on a vehicle height of 4 feet, 4 inches (the 85th percentile passenger
vehicle height) minus a 10-inch allowance for the portion of the vehicle that needs to be seen in the daytime
operating condition in order to be recognized as an object by a driver. In cases where a truck is used as the design
approach vehicle, the recommended value for a truck driver’s eye height is 7.6 feet.
5-2.02.02

Intersection Control Cases
The recommended dimensions of the ISD sight triangles (a1, a2 and b in Figures 5-2.02A & B)
depend on the type of traffic control employed at an intersection. Bases, calculation procedures, and tabulated values
are presented for each control condition in the following subsections. Additional detail and discussion are available
in Chapter 9 of AASHTO’s A Policy on Geometric Design of Highways and Streets as well as NCHRP Report 383:
Intersection Sight Distance.
Where providing standard ISD in any of these cases is not practical, AASHTO recommends
giving consideration to installing advisory speed signing on the applicable major-road approach(es).
5-2.02.02.01

Case A—Intersections with No Traffic Control
Some rural intersections of low-volume roads are uncontrolled. Approach sight triangle geometry
is applicable to these situations. Departure sight triangles are not normally considered necessary due to typically
very low traffic volumes and corresponding low likelihood that a vehicle stopped due to the presence of conflicting
vehicle will encounter another approaching vehicle.
For each dimension a1, a2 and b, use the values from Table 5-2.02A based on the design speed of
the particular approach leg. These values are based on a perception-reaction time of 2.5 seconds and a braking
deceleration rate consistent with the stopping sight distance model. Field observations indicate casual deceleration
by approaching vehicles in advance of this sight triangle, even when no potentially conflicting vehicle is detected.
For this reason, these dimensions are considered conservative. Where the grade along an intersection approach
exceeds 3 percent, the leg of the clear sight triangle along that approach should be adjusted by multiplying the
appropriate sight distance by the appropriate adjustment factor from Table 5-2.02B.
Table 5-2.02A
LENGTH OF APPROACH SIGHT TRIANGLE LEG, CASE A
Design Speed
(mph)

Length of Leg (ft)

20
25
30

90
115
140

35
40
45
50
55
60

165
195
220
245
285
325

65
70

365
405
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Table 5-2.02B
ADJUSTMENT FACTORS FOR ISD BASED ON APPROACH GRADE
Approach
Grade (%)
-6
-5
-4
-3 to +3
+4
+5
+6

20
1.1
1.0
1.0
1.0
1.0
1.0
1.0

25
1.1
1.1
1.0
1.0
1.0
1.0
0.9

30
1.1
1.1
1.0
1.0
1.0
0.9
0.9

35
1.1
1.1
1.1
1.0
0.9
0.9
0.9

Design Speed (mph)
40
45
50
1.1
1.1
1.2
1.1
1.1
1.1
1.1
1.1
1.1
1.0
1.0
1.0
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

55
1.2
1.2
1.1
1.0
0.9
0.9
0.9

60
1.2
1.2
1.1
1.0
0.9
0.9
0.9

65
1.2
1.2
1.1
1.0
0.9
0.9
0.9

70
1.2
1.2
1.1
1.0
0.9
0.9
0.9

5-2.02.02.02

Case B—Intersections with Stop Control on the Minor Road
Intersection sight distance criteria for so-called through stop-controlled intersections allows a
vehicle stopped at the decision point on the minor road to see a sufficient distance along the major road to turn left
or right or to make a crossing maneuver. The standard values are based on these maneuvers not unduly impacting
the operation of vehicles on the through roadway. Only departure sight triangles are applicable to this case.
5-2.02.02.02.01 Case B1—Left Turn from the Minor Road
Standard ISD for this case is a departure sight triangle for traffic approaching from the right
(Figure 5-2.02B, right-hand illustration). For traffic approaching from the left, the dimension associated with Case
B2 provides more than sufficient distance to allow a left turn (refer to 5-2.02.02.02.02).
The length of the departure sight triangle, b, is equal to the distance traveled at the design speed of
the major road based on the applicable time from Table 5-2.02C, as adjusted per footnotes. These values provide
sufficient time for the minor road vehicle to accelerate from a stop and complete the left-turning maneuver without
causing major-road traffic to slow to less than 70 percent of its initial speed. For most purposes, the minor-road
vehicle can be assumed to be a passenger car; however, for approaches with unusually high volumes of heavy
vehicles, use of the indicated values for trucks may be considered.
Table 5-2.02C
TRAVEL TIMES FOR DETERMINATION OF DEPARTURE SIGHT TRIANGE LEG, CASE B1
Design Vehicle
Passenger car
Single-unit truck

Time Gap, tg (s), at Design Speed of Major Road
7.5
9.5

Combination truck

11.5

For left turns onto two-way highways with more than two lanes, add 0.5 s for passenger
cars or 0.7 s for trucks for each additional lane in excess of one to be crossed by the
turning vehicle. Include median width as an equivalent number of 12-foot lanes.
If the approach grade on the minor road is an upgrade exceeding 3 percent, add 0.2 s per
percent grade

The length, b, of the departure sight triangle would be determined as:

𝑏𝑏 = 1.47 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑔𝑔

Where:
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of major road (mph)
𝑡𝑡𝑔𝑔
= time gap for minor road vehicle to enter the major road (s)
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Sight distance design for left turns at divided-highway intersections may require consideration of
different combinations of design vehicles. For example, if the median is sufficiently wide to store a passenger
vehicle but not a combination truck, a calculation of b for the passenger car would not need to adjust the time gap to
include the near-roadway width, but that allowance would need to be incorporated if the truck is considered the
design vehicle for one or both approaches.
5-2.02.02.02.02 Case B2—Right Turn from the Minor Road
Standard ISD for this case is a departure sight triangle for traffic approaching from the left (Figure
5-2.02B, left-hand illustration), calculated in the same manner as for Case B1 but with slightly different time gaps.
Such provision should not be considered necessary where right turns are accommodated with channelized free-right
geometry.
Field observations indicate that drivers making right turns generally accept slightly shorter gaps
than those accepted in making left turns. For this reason—and to account for not having to cross one lane as part of
the maneuver—the travel times in Table 5-2.02D are to be used for right turns, as adjusted per footnote. They are
reduced by 1.0 s from those applied to the left-turning condition.
Table 5-2.02D
TRAVEL TIMES FOR DETERMINATION OF DEPARTURE SIGHT TRIANGE LEG, CASES B2 & B3
Design Vehicle
Passenger car
Single-unit truck
Combination truck

Time Gap, tg (s), at Design Speed of Major Road
6.5
8.5
10.5

If the approach grade on the minor road is an upgrade exceeding 3 percent:
Add 0.1 s per percent grade for right turns
Add 0.2 s per percent grade for crossing maneuvers
For a crossing maneuver of a road with more than two lanes, add 0.5 s for passenger cars
and 0.7 s for trucks for each additional lane to be crossed. Include median width as an
equivalent number of 12-foot lanes.

5-2.02.02.02.03 Case B3—Crossing Maneuver from the Minor Road
In most situations, it can be assumed that the departure sight triangles from Cases B1 and B2 are
more than adequate for minor-road vehicles to cross the major road. In the case of steep approach grades or wide
major roadways, however, the time gaps in Table 5-2.02D, adjusted per the footnotes pertaining to the crossing
maneuver, can control the design and should be calculated.
5-2.02.02.03

Case C—Intersections with Yield Control on the Minor Road
Since a yield condition allows drivers to enter an intersection without stopping if there are no
conflicting vehicles present, an intersection with yield control on the minor-road approach must be designed for this
eventuality as well as for minor-road traffic to stop. For this reason, both approach sight triangles and departure
sight triangles are applicable to these intersections.
Similar to intersections with no control, standard ISD for yield control entails establishing
approach sight triangles in both directions—as depicted in Figure 5-2.02A—for each yield-controlled approach.
Unlike uncontrolled intersections, however, two separate pairs of approach sight triangles are necessary—one to
accommodate the crossing maneuver and one for left and right turns onto the major road. This is due to unique
driver behavior observed at yield-controlled intersections. Both sets of sight triangles should be checked for
potential sight obstructions.
As discussed in 5-2.02.01, yield-controlled intersections generally entail greater intersection sight
distances than intersections with stop control due to the inclusion of approach sight triangles. If ISD associated with
yield control is not available, consideration may be given to stop control on that basis.
5-2.02.02.03.01 Case C1—Crossing Maneuvers
The length of the near-side approach sight triangle, a1, is provided in Table 5-2.02E along with its
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associated travel time ta. Adjust the table value per the footnote for approaches on steep grades. These distances
have the same basis as for Case A except that, based on field observations, minor-road vehicles that do not stop are
assumed to reduce their approach speed somewhat less than with an uncontrolled approach.
Table 5-2.02E
LENGTH OF APPROACH SIGHT TRIANGLE LEG AND ASSOCIATED TRAVEL TIME, CASE C1
Design Speed
(mph)

Length of Leg,
a1 or a2 (ft)

20
25

100
130

Travel Time from
Decision Point to Major
Road, ta (s)
3.7
4.0

30
35
40
45
50
55
60

160
195
235
275
320
370
420

4.3
4.6
4.9
5.2
5.5
5.8
6.1

65
70

470
530

6.4
6.7

For minor-road approach grades exceeding 3 percent, multiply table
values by the appropriate adjustment factor in Table 5-2.02B.

The length of the major-road approach sight triangle, b, provides sufficient time for the minor-road
vehicle to travel from the decision point to the intersection based on the travel-time assumptions above and to cross
and clear the intersection at its assumed reduced speed. This length of time and associated major-road dimension are
computed using the following equations:

𝑡𝑡𝑔𝑔 = 𝑡𝑡𝑎𝑎 +

𝑤𝑤 + 𝐿𝐿𝑎𝑎
0.88𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑏𝑏 = 1.47 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑔𝑔

Where:
= travel time to reach and clear the major road (s), no less than the time
𝑡𝑡𝑔𝑔
for crossing a roadway from a stop given in Table 5-2.02D
𝑏𝑏
= length of approach sight triangle leg along the major road (feet)
= travel time to reach the major road from the decision point for a
𝑡𝑡𝑎𝑎
vehicle that does not stop (s)—from Table 5-2.02E, adjusted per
footnote for approach grade
𝑏𝑏
= width of intersection to be crossed (feet)
= length of design vehicle (feet)
𝐿𝐿𝑎𝑎
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of minor road (mph)
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of major road (mph)

As noted above, the value of tg must equal or exceed the travel time to cross a roadway from a
stop, as shown in Table 5-2.02D, adjusted per footnotes. This value commonly controls the design when the minor
road design speed is greater than 50 mph.

5-2.02.02.03.01 Case C2—Left- and Right-Turn Maneuvers
The length of the approach sight triangle leg along the minor road (distance a1 in Figure 5-2.02A)
to accommodate left and right turns without stopping is approximately 75 feet. This is based on drivers slowing to a
turning speed of 10 mph.
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The approach sight triangle lengths along the major road, b, are similar to the values for stopcontrolled intersections in Cases B1 and B2—from Tables 5-2.02C & D respectively—but increased by 0.5 s over
those values. This reflects 3.5 s of additional time needed for approach vehicles to travel from the decision point to
the intersection minus 3.0 s due to not having to accelerate from a stop under the yield condition.
Departure sight triangles are appropriate in order to account for minor-road vehicles that stop at
the yield sign to avoid conflicts with major-road vehicles. These need not be calculated, however, since approach
sight triangles for turning maneuvers under yield control are inherently larger.
5-2.02.02.04

Case D—Intersections with Traffic Signal Control
A basic requirement for all signal-controlled intersections is that drivers must be able to see the
control device soon enough to perform the action it indicates. Lines of sight should also be provided such that the
first vehicle stopped on each approach is visible to the driver of the first vehicle stopped on each of the other
approaches. Additionally, except for where right turns on a red indication are disallowed, departure sight triangles
for Case B2 should be checked. If the signal is to be placed on two-way flashing operation under off-peak or
nighttime conditions, other appropriate Case B sight triangles would be in order.
5-2.02.02.05

Case E—Intersections with All-Way Stop Control
The first stopped vehicle on each approach should be visible to the drivers of the first stopped
vehicles on each of the other approaches.
5-2.02.02.06

Case F—Left Turns from a Major Road
Intersection sight distance to accommodate left turns by a vehicle on the major road is the distance
traversed at the design speed of opposing traffic in the travel times given in Table 5-2.02F. They are based on the
assumption that the turning vehicle has come to a stop. Such distances allow the maneuver to be completed without
unduly affecting the operation of the oncoming vehicle. These exceed the corresponding stopping sight distances
which, as discussed previously, should be applied as a minimum design criterion for new construction in the vicinity
of intersections. As footnoted, adjust the time gaps for additional major-road lanes and/or median to be crossed by
the turning vehicle.

Table 5-2.02F
TRAVEL TIMES FOR USE IN CALCULATING ISD, CASE F
Design Vehicle
Passenger car

Travel Time (s) at Design Speed of Major Road
5.5

Single-unit truck
Combination truck

6.5
7.5

For a crossing maneuver of a road with more than two lanes, add 0.5 s for passenger cars
and 0.7 s for trucks for each additional lane to be crossed. Include median width as an
equivalent number of 12-foot lanes.

If sight distance for Case B or Case C has been provided for each minor-road approach, the Case F
criteria will generally be satisfied. This may not be true of 3-leg intersections, atypical configurations, or driveways
where departure sight triangles are not provided, in these situations, the Case F condition should be checked.
5-2.02.02.07

Case G—Modern Roundabouts
Drivers entering a roundabout need to see potentially conflicting vehicles along the upstream
portion of the circulatory roadway as well as those entering from the immediate upstream approach. Refer to
NCHRP Report 672, which presents a procedure for determining the associated sight lines and distances.
Unique to roundabouts is the concept of limiting sight lines to no more than needed for the driver
to decide when to enter the intersection—the driver’s sole operational task. Allowing a view of the entire circulatory
area can potentially distract from that task as well as encourage higher circulating speeds, both of which can affect
the safety and efficiency of the intersection. The standard practice of elevating the central island restricts sight lines
in this fashion.
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5-2.02.03

Effects of Skew
Oblique-angle intersections entail increased travel path lengths for some turning and crossing
maneuvers. Intersection angles deviating from a right angle by more than 15 degrees should be analyzed and sight
triangle distances increased if an actual path length increases by one or more equivalent lanes on account of skew.
This adjustment is made by dividing the lateral width of the lanes and/or median being crossed by the sine of the
intersection angle, as shown in Figure 5-2.02C. Refer to discussion, tables and footnotes for each intersection
control case for baseline travel times and assumptions, mindful that the time gaps for each case already account for
crossing of one lane.

SIGHT TRIANGLES AT SKEWED INTERSECTIONS
Figure 5-2.02C

In the obtuse-angle quadrant of a skewed intersection, the angle between the approach leg and the
sight line is small, requiring only a small head movement to see the entire sight triangle. In contrast, the acute-angle
quadrant demands considerable head movement to see the sight triangle. For this reason, it is recommended that
Case A not be applied to acute quadrants where the intersection angle is less than 60 degrees; rather, compute the
sight triangle dimensions using Case B criteria in these situations.
Pillars supporting vehicles’ roofs have increased in size and steepness over the years for reasons
of crashworthiness and aerodynamics, but the larger pillars entail more prominent sightline restrictions and blind
spots from the driver’s perspective. The sightline restriction varies depending on which side the minor road
intersects, as illustrated in Figure 5-2.02D. This factor should be considered when designing an intersection. For
existing sites, an individual analysis--including review of the crash history--is necessary to evaluate the potential for
realignment and which alternative design may be most cost-effective.

SKEWED INTERSECTION - LINE OF SIGHT
Figure 5-2.02D
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5-2.03

Effect of Grades
The grades of intersecting highways should be as level as possible. Grades approaching an
intersection affect the normal stopping and accelerating distances. Adjustments in these distances are needed if the
grade exceeds +/- 3%. See chapter 9 of AASHTO’s “A Policy on Geometric Design of Highways and Streets” for
details. The gradient within the intersection should be +/- 0.5% for the highway section needed for storage.
Between 1.5 and 2.0% are acceptable to match cross slope of pavement.
Attention must be given to adjusting the cross sections of the two intersecting highways to achieve
a smooth crossing and proper drainage. Figures 5-2.03A, B, and C demonstrate three methods of accomplishing this
for various combinations of closed and open drainage and the functional class of the intersecting highways.
Special attention should be given to signalized intersections where high speeds are possible on
both crossing roadways. Figure 5-2.03A, in combination with an appropriate superelevation rate of change
(1:100 maximum slope), should be used as a guide when designing a signalized intersection. Design of more
complicated intersections may require contouring the intersection at appropriate contour intervals to develop proper
drainage and a smooth roadway crossing.
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URBAN INTERSECTION - METHOD A
Figure 5-2.03A
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URBAN INTERSECTION - METHOD B
Figure 5-2.03B
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URBAN INTERSECTION - METHOD C
Figure 5-2.03C
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5-2.04

Design for Right-Turn Lanes
Intersections must be properly designed to accommodate the number and type of right-turning
vehicles. This will significantly affect the geometric layout and operation of the intersection. The following must be
considered:
1.
2.
3.
4.
5.
6.
7.
8.
9.
5-2.04.01

Select the design vehicle based on the largest vehicle likely to make the turn with considerable
frequency.
Select the speed at which the vehicle should be allowed to make the turn.
Determine the tolerable encroachment onto other lanes. This will vary with traffic volumes,
lane width, 1-way or 2-way operation, and traffic control device.
Determine the need for a turn lane.
Determine the availability of right of way.
Determine the required length of turn lane based on turning movement volume.
Evaluate the need to design for pedestrian traffic movements.
Determine the need and location of signal poles.
Select the appropriate channelization treatment.

Minimum Turning Curve
The edge of pavement or curb line for a right-turn can be designed by the following methods:
1.
2.
3.

Simple curve radius,
Simple curve radius with taper offsets, or
Two centered compound curve and a taper.

The compound curve arrangement most closely fits the natural turning path of vehicles. A simple
curve with taper offsets is a close and reasonable approximation of a vehicular path that is easier to construct. It is
appropriate to use simple curve radii with tapers, especially in rural conditions. Corner radius curves may be
appropriate for intersections of the same character as the free right-turn Yield Condition intersection, but aligned at
approximately right angles. The traffic control may be either stop or yield depending upon the intersection condition.
When selecting a specific curve arrangement, the designer should pay particular attention to where
the regulatory signs will be placed per MN MUTCD. A general criteria for turning speeds along the corner radii is 10
mph or less. Table 5-2.04A, Figure 5-2.04A, Figure 5-2.04B and Figure 5-2.04C provide a guide for at-grade
intersection curb return designs. A computer generated vehicular wheel path or multiple turn templates are
appropriate tools for use in the intersection design.
5-2.04.02

Free Right-Turns
Free right-turns are channelized roadways which allow the right-turn to be made away from the
intersection. They may be warranted in the following situations:
1.
2.
3.
4.

When it is necessary to accommodate semi-trailers or large buses.
When intersections are skewed.
When it is desirable to allow right turns at speeds of 15 mph or more with an acceleration lane.
When it is necessary to accommodate traffic control signal installation.

Several right turn designs from a crossroad to a main highway are shown in Figures 5-2.04A
through 5-2.04C.
Numerical warrants for selecting the appropriate right-turn design in Figures 5-2.04A through
5-2.04C cannot be meaningfully quantified. The primary warrant for the design is the need to define the conflict
areas within the intersection. Other considerations are intersection capacity, accident experience, traffic volumes,
frequency of intersections, pedestrian refuge, and accommodation of traffic control devices. The following are
general guidelines for the design selection:
1.

The Yield Condition is often used at skewed intersections where it is desired to reduce the
amount of unused pavement area within the intersection. This is attained by introduction of the
channelization or a raised island for development of a free right-turn. Figure 5-2.04A (1 and 2)
shows the development of a minimum radius design. When there is a need to provide larger
island areas for pedestrians, bicyclists and signal installation, the outside curb radius (O.C.R.)
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should be increased. The traffic control for the right-turning traffic may be either a stop or a
yield depending upon the intersection characteristic. This condition applies to a rural minor
highway which stops at a higher order roadway and which must have the stop sign visibly
placed in the island, as well as to a signalized intersection requiring island space for signal
placement. This condition requires the driver to wait for an opportunity to merge without
disrupting through traffic.
The Acceleration Lane Condition is generally used at the intersection of a multi-lane divided
highway and a major 2-lane county or trunk highway where the speeds and traffic volumes are
high for one or both roadways. The acceleration lane enables the entering vehicle to increase
its speed and merge more smoothly into the through-traffic openings which may be infrequent
and short. The free right-turn lane should desirably have a horizontal curvature radius of 200 ft
or greater. For design and detail development, see Figures 5-2.04B through 5-2.04D.
As a special case, the Acceleration Lane Condition may be modified at the intersection on
lower speed roadways (less than 45 mph). The minimum acceleration taper or a flat curve,
along the right edge of the pavement, should extend 330 ft beyond the free right island nose to
a point along the right edge of the through lane. Any other modification to the Acceleration
Condition should be reviewed and justified on a case-by-case basis.

For the Acceleration Lane Condition, the curvature radius will depend upon the design speed which
is appropriate for the right-turning traffic. Table 5-2.04A provides the corresponding radii and superelevation rates
for the selected design speed. For design speeds higher than 40 mph, the criteria presented in Chapter 3 on horizontal
curvature and superelevation should be used to design the free right-turn lane. The horizontal curve for the inside
edge of pavement should be designed either as compound or a simple curve with approach and departure tapers in
rural design. The entering and exiting curves and tapers provide the turning vehicles with transition for acceleration
and deceleration during the turn. The superelevation transition should be designed according to the superelevation
discussion in Chapter 3.
Table 5-2.04A
CURVATURE RADII FOR FREE RIGHT ACCELERATION LANE CONDITIONS
DESIGN SPEED (V), (mph)
Side friction factor (f)
Assumed minimum superelevation (e),
ft/ft
Total e & f
Minimum Radius, ft

10

15

20

25

30

35

40

0.38
0.02

0.32
0.02

0.30
0.02

0.25
0.04

0.22
0.06

0.20
0.06

0.18
0.06

0.40

0.34

0.32

0.29

0.28

0.26

0.24

17

45

84

144

215

314

445

26

18

12

Maximum Deg of Curve, deg
68
39
NOTE: For design speeds higher than 40 mph, use criteria presented in Chapter 3.

For the Yield Condition, the edge of pavement horizontal curves should be designed as simple
curves with taper offsets or two centered compound curves with tapers.
Lane width for channelized right turns is measured as follows:
1. When no curbs are used, the lane width is the width of the traveled way exclusive of shoulders.
2. When curbs are used, the edge of gutter is considered the edge of the traveled way.
3. Lane widths are variable for curve radii less than 200 ft.
The determination of the lane width is as follows:
1. From Chapter 5 determine the design vehicle for the given intersection. In many cases the
intersections along the trunk highways are designed to accommodate the WB-62 vehicle.
2. Pick an Outside Curb Radius (OCR) for the turn. Establish the wheel path for the selected
vehicle following along the OCR, and use either turning movement software or the design
templates to develop the path.
3. Add 1.5 ft to each side of the swept path and 1 ft to each curbed side.
4. Define the edges of the traveled way using curve radii and tapers as appropriate.
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5. For the WB-62 design vehicle, in addition to the above, a chart shown in Figure 5-2.04D may
be used to establish the Free Right Lane width, and Design Guides shown in Figures
5-2.04A through 5-2.04C may be used to develop minimum radius design.
6. Minimum width of any channelized lane is 14 ft.
5-2.05

Design for Left-Turn Lanes
The same design decisions for right-turns also apply to left-turns. However, where the width of an
undivided arterial is equivalent to four or more lanes for 2-way streets, there is usually enough intersection area to
allow all left-turn movements without encroachment. Where the intersection width is less, there may be a problem
with left-turning vehicles from the major road onto a narrow side street. If a vehicle is stopped on the side street, the
left-turning vehicle from the major road may not be able to make the turn without encroaching beyond the curb line
on the far side. Therefore, every intersection should be checked to determine if all left-turning movements can be
made without encroachment or if it is warranted to widen the intersection to allow space to properly make all leftturns.
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FREE RIGHT-TURN - YIELD CONDITION – WB-62 VEHICLE - 60 FT RADIUS
Figure 5-2.04A (1 of 2)
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FREE RIGHT-TURN - YIELD CONDITION – WB-62 VEHICLE – 60 FT RADIUS
Figure 5-2.04A (2 of 2)
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FREE RIGHT-TURN - ACCELERATION LANE CONDITION
URBAN DESIGN
Figure 5-2.04B
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FREE RIGHT-TURN - ACCELERATION LANE CONDITION
RURAL DESIGN
Figure 5-2.04C
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LANE WIDTHS AND RADII - WB-62 VEHICLE
Figure 5-2.04D
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5-3.0

URBAN INTERSECTIONS
At urban intersections, all the modes of transportation which may be present should be considered.
Pedestrian and bicycle traffic, in particular, are on the rise and are strongly supported and encouraged both at the
Federal and State levels. They should be provided safe movement while traversing through intersections alongside
motorized vehicles. Intersections near pedestrian and bicycle traffic generators (such as: major employment centers,
schools, parks and shopping centers) should be carefully reviewed to identify existing and potential multi-modal travel
needs.
5-3.01

Turn Lanes
Studies have demonstrated the accident reducing potential of exclusive right-turn and left-turn lanes,
particularly for left-turns. They provide an area for deceleration and storage which reduces the conflict with through
traffic. They also increase the capacity and improve the level of service of the intersection.
5-3.01.01

Turn Lane Policy at Urban Intersections
Because of the operational and safety benefits associated with right and left-turn lanes, it is
MnDOT’s policy that, in urban areas, they be considered wherever construction is economically feasible taking into
account amount of right of way needed, type of terrain, and environmentally or culturally sensitive areas.
For new construction/reconstruction projects on divided highways, left-turn and right-turn lanes
should be considered at all locations where a paved crossover will be constructed. Right-turn lanes may also be
considered at some locations with no crossover as determined by the District Traffic Engineer in consideration of
accidents, capacity and traffic volumes.
For preservation projects, left-turn lanes should, if feasible, be provided:
1. At all public road median crossovers.
2. At non-public access locations generating high traffic volumes.
3. At locations where accident records confirm the existence of an excessive hazard.
4. At locations determined by the District Traffic Engineer in consideration of accidents, capacity
and traffic volumes.
5. Where a median opening is planned or exists, and its continued existence is justified, a left-turn
lane may be added regardless of what the access point serves.
For preservation projects, right-turn lanes should, if feasible, be provided at all public road
intersections, and at other locations as determined by the District Traffic Engineer in consideration of accidents,
capacity and traffic volumes.
The principles of Access Management call for controlling the number of access points allowed on
the higher classifications of roadways. MnDOT’s policy on installing turn lanes in urban areas, as listed above, does
not violate these principals; designers should try to close any unjustified or potentially dangerous access points.
However, if an access point is to remain open, adding a turn lane will enhance the operation and safety.
5-3.01.02

Cross Section and Pavement Details
1. Turn lane widths should be 12 ft with 1.5 ft shoulders. Where curb and gutter is present, 2 ft
should be added to the lane width. See figures 5-3.01 A and B.
2. The cross section elements for the turn lane will vary depending on mainline construction and
turning movement volumes. When the mainline is rigid, the turn lane may be either rigid or
flexible design. When the mainline is flexible, the turn lane will be flexible. Contact the District
Materials and/or Soils Engineer for design recommendations.
3. When the roadway is superelevated, a right-turn lane on the high side should have 0.02 ft/ft
cross slope away from the travel lane except that the algebraic difference between cross slopes
cannot exceed 0.07 ft/ft. A turn lane on the low side shall have the same slope as the adjacent
traffic lane with a minimum slope of 0.02 ft/ft. The general design of superelevation transition
as discussed in Chapter 3 should be used to develop superelevation on the turn lane. This is
particularly important where the turn lane is diverging from the travel lane.
4. The cross slope on left-turn lanes when the roadway is superelevated should be designed the
same as for right-turn lanes. On divided roadways where the roadway slopes away from the
median, the left-turning lane would have the same cross slope as the adjacent traffic lane.
5. See Figures 5-3.01A, B, C and D for design details of turn lanes.
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5-3.01.03
Typical Length of Turn Lanes (right-turn and left-turn)
The typical length of a turn lane is 300 ft of full width lane, plus additional length based on a 180 ft taper section (1:15
taper from a 12 ft wide lane), plus any additional length needed for downgrades (see item 4 below). The total length
of the turn lane can also be based on the sum of the taper length, deceleration length, storage length and downgrade.
The turn lane length may be longer or shorter than the typical length as explained in Table 5-3.01A and later in this
section.
1. Taper—A divergence angle between 2 and 5 degrees is considered acceptable. Normally, the
taper is 1:15 off tangent sections; which corresponds to a 3.8 degree angle. A shorter taper (as
short as 1:5) may be used where a turn lane is on a curve or where greater storage length is
needed.
2. Deceleration Length—It is accepted practice to consider that some deceleration (10 mph) occurs
in the through lane and to consider the taper as part of the deceleration length. On the other
hand, heavy through traffic and high speeds justify an increase in the deceleration length of turn
lanes. In these cases, it is desirable to provide for all the deceleration within the turn lane (i.e.
not within the through lane). The deceleration lengths, including the taper are shown in Table
5-3.01A. These lengths assume that no deceleration occurs until the vehicle enters the taper.
Lengths are provided for combinations of highway design speed and turning speed, or for the
stop condition. The table may be used if appropriate in the judgment of the designer or with the
recommendation of the District Traffic Engineer.
3. Storage Length
A. At Unsignalized Intersections
1. The length should be based on the number of turning vehicles likely to arrive in an
average 2-minute period within the peak hour.
2. As a minimum, space for at least two passenger cars should be provided.
3. If mainline traffic contains over 10% trucks, space for at least one car and one truck
should be provided.
B. At Signalized Intersections
1. The length should be based on 1.5 to 2.0 times the average number of vehicles that would
be stored per cycle.
The designer should consult with the District Traffic Engineer to determine the storage length at
both signalized and unsignalized intersections.
4. Downgrades—When designing a turn lane on a downgrade, additional length should be
provided. Refer to Section 2-5.08.

HIGHWAY
DESIGN
SPEED,

Table 5-3.01A
DECELERATION LENGTHS (INCLUDING TAPERS) FOR TURN LANES
FOR DESIGN SPEED OF EXIT CURVE - mph (V)
AVERAGE
STOP
15
20
25
30
35
40
45
RUNNING
SPEED,

mph

mph

30

50

CONDITION

FOR AVERAGE RUNNING SPEED ON EXIT - mph - (1)
0

14

18

22

26

32

36

40

44

28

235

190

171

139

-

-

-

-

-

35

32

277

265

253

204

16

136

-

-

-

40

36

314

308

284

236

193

151

127

-

-

45

40

393

381

375

321

292

250

202

155

-

50

44

440

435

403

382

370

335

288

241

200

55
49
482
(1) Turning speed for free right-turns.

476

447

413

390

354

326

267

238
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RIGHT-TURN LANE
Figure 5-3.01A

LEFT-TURN LANE
Figure 5-3.01B
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PAINTED MEDIAN LEFT-TURN LANE ON EXISTING HIGHWAY
Figure 5-3.01

JUNE, 2000

ROAD DESIGN MANUAL (ENGLISH)

CHANNELIZED LEFT-TURN LANE
Figure 5-3.01D
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5-3.01.04

Exceptions to Turn Lane Lengths
Ideally the full deceleration length (including taper) and the storage length should be provided.
However, conditions may justify a shorter turn lane. Such conditions include:
1. Urban facilities with closely spaced intersections and considerable roadside development, where
full length turn lanes are physically unfeasible.
2. Low volume roads, where a full length turn lane is not needed or economically unfeasible to
construct.
In such cases, designers may assume that most of the deceleration will be performed in the throughlane. This is a reasonable assumption that does not sacrifice safety.
If the first condition listed above is the one influencing turn lane lengths, designers are encouraged
to consider alternative measures such as restricting turning movements, adjusting the signal cycle (done by the District
Traffic Engineer), providing dual left-turn lanes (warranted at turning volumes greater than 300 VPH), or providing
continuous one-way or two-way left-turn lanes.
When shorter turn lanes are being considered, the following factors should be taken into account:
1. Through-traffic volumes,
2. Traffic composition,
3. Future plans for signalizing a presently unsignalized intersection, and
4. Future land use changes which may alter traffic and turning volumes.
In contrast, it may be justified to provide a turn lane length greater than the typical lengths. Criteria
for consideration include: traffic generated by adjacent land use, types of vehicles, deceleration, downgrades, and
storage needs. At some sign or signal controlled intersections, heavy through-traffic blocks the entrance of the turning
lane. In such cases, designers are encouraged to extend the length of the turning lane to allow turning vehicles to get
into the turning lane without having to drive on the shoulder.
Before modifying the length of a turn lane, the District Traffic Engineer should review the specific
location and the effect on traffic operation.
5-3.01.05

Continuous One-Way or Two-Way Left Turn Lanes (COWLTL; CTWLTL)
This section has been removed. Contact MnDOT’s Geometric Design Unit for guidance.
https://www.dot.state.mn.us/design/geometric/index.html
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5-3.01.06

Double Left-Turn Lanes
Double left-turn lanes should be considered when the turning volume equals or exceeds 300 vehicles
per hour (VPH), when the requirements for storage makes the turn lane extremely long, or when geometrically a
required length for the single left-turn lane cannot be provided. Double left-turn lanes operate at approximately 1.8
times the capacity of a single left-turn lane. Because of high volumes associated with double left-turn lanes, fully
protected signal phasing is required.
The following design guidelines for double left-turn lanes are from NCHRP 279, Intersection
Channelization Design Guide:
1. The throat width for turning traffic is the most important design element. Drivers are most
comfortable with extra space between the turning queues of traffic. Because of the off tracking
characteristics of vehicles and the relative difficulty of two abreast turns, a 36 ft throat width is
desirable for two lanes of turning traffic. In very constrained situations, a 30 ft throat width is an
acceptable minimum.
2. Designers should check for possible conflicts involving left-turns opposing double left-turns.
For proper design, use the swept path of semi-trailer and a 14 ft strip placed alongside on the
inside of the turn for a passenger vehicle. Turn templates should be used to check the design.
3. Consideration should be given to providing pavement markings to separate the turn lanes. The
MN MUTCD recommends 2 ft long dashed lines with 4 ft gaps to channel turning traffic.
These channelization lines should be carefully laid out to reflect off-tracking and driving
characteristics.
Continuous Right-Turn lane (CRTL)
A continuous right-turn lane is essentially a combination of right-turn acceleration and deceleration
lanes that are extended to accommodate several closely spaced driveways. For proper operation, continuous right-turn
lanes should not be longer than 0.25 miles. Continuous right-turn lanes are desirable where speeds are greater than 30
mph, the roadway volumes heavy, and turning demands high.
1.
The use of continuous turn lanes may reduce the frequency and severity of rear-end conflicts by
removing turning vehicles from higher speed through lanes.
2.
The need and application should be site specific and should be based on analysis of rear-end
accidents, turn volumes and operation.
3.
The design of a typical section and tapers should be the same as that for a typical right-turn lane.
5-3.01.07

5-3.02

Channelization
Large all-paved intersections may cause the driver to make conflicting movements. Channelization
separates and clearly defines points of conflict within the intersection. Channelized islands should be placed so that
the proper course of travel is immediately obvious, easy to follow, and of unquestionable continuity. This can be
achieved with painted, flush, or curbed islands. The islands also provide pedestrian refuge and a location for traffic
control devices. The following is general guidance for channelized intersections:
1. There is a practical limit to how much channelization is appropriate for a given intersection
before driver confusion results.
2. Curbed islands should only be used on multi-lane highways and the more important 2-lane
facilities.
3. Curbed islands whose area is less than 50 sq ft should not be constructed. The minimum
width and length of median islands is 4 ft and 25 ft respectively. Where signs or ramp meters
are to be used, the minimum width should be 8 ft.
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The approach nose should be squared and ramped on a 1:10 slope. The nose of the island
should be on the left side of the centerline for approaching traffic.
Pavement markings should precede curbed islands for advance warnings.
Curbed islands may be covered with a concrete walk or a low-growing vegetative cover.
Snow-melt drainage from an island should be controlled to prevent re-freezing within a
traveled lane. Controlling the drainage could be accomplished by sloping the island surface
to a drainage structure within the island. An alternative would be to slope all the gutters
surrounding the island to catch the drainage rather than sloping the gutters to match the
superelevation, thus the drainage is held to the curb and can be routed to a drainage structure.

5-3.03

Median Openings
Although many of the design considerations have already been discussed, median openings
introduce additional design elements which must be addressed.
5-3.03.01

Policy
Median openings that allow cross-street traffic to cross, or turn left onto the arterial should be
provided at public street intersections only. However, they are not warranted at every public street intersection. An
exception to the "public street" only policy may be at access points to large traffic generators which conform to the
median opening spacing criteria, and at locations which accommodate U-turns when crossings are spaced far apart.
Contact MnDOT’s Access Management Section for the appropriate spacing of median openings on different road
classifications.
5-3.03.02

Geometrics
As with the design for right-turns, a design vehicle and an acceptable encroachment must be
selected. This will include a review of traffic volumes, turning movements, traffic composition, and traffic control.
The left-turn paths of vehicles are essentially the same as the right-turn paths.
It is recommended that a school bus be the design vehicle for designing a median crossing at minor
roadways with under 400 ADT. The same geometric design can be applied for median openings at crossroads
with ADT up to 1000 if a traffic study shows that the presence of large trucks is only a rare occurrence (5 or less
per day).
The width of a median plays an important part in how the median opening will be designed. Wide
medians provide the design vehicle with an option of a one- or two-stage crossing. The space between the two
roadways with a wide median is used for refuge when a vehicle is either crossing to the other side or turning left into
the far roadway. The left-turning vehicle may elect to turn into the far or the near lane. The design vehicle should be
able to make the left turn with little or no encroachment beyond the outer edge of the lane the vehicle is entering.
Either the turning templates or a computer tracking program should be used to design the edge of pavement curve to
accommodate the design vehicle path. A flat curve, a 1:7 parabolic flare, a bullet nose, and a blunt nose with 2 to 6 ft
corner radii all can be used individually or in combination for median crossing nose design. The minimum median
opening at any crossing should be 40 ft. Figure 5-3.03A provides guidance for median design. The median openings
in Figure 5-3.03A are for bus design vehicles. Larger design vehicles should be used if appropriate, and the median
opening that best fits the design vehicle turning movements should be used.
For new construction/reconstruction projects, 1:10 inslopes or flatter should be provided at all
median crossovers and ditch blocks.
For preservation projects, when grading is involved; 1:10 inslopes should be considered on all
median crossovers and ditch blocks to the extent practicable. Where no grading is involved, the existing slopes maybe
left in place, provided accident history or other criteria do not indicate corrective action is needed. Grading is defined
as any work done outside the shoulder to correct side slopes and ditches.
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5-3.03.03

Median Opening Spacing on Low-Speed Multi-Lane Highways
A Low Speed Multi-Lane Highway generally serves the local transportation needs; it is usually
classified as an arterial or a collector. Because of its function it inherently has many points of access and median
openings which are difficult to eliminate. Nevertheless, the designer should try to reduce the number of median
openings to an acceptable minimum. Contact MnDOT’s Access Management Section for the appropriate median
opening spacing on the different classifications of roadway.
5-3.04

Driveways
Driveways should be treated as low volume intersections in their design. Nationally, driveway
accidents account for between 5 and 11 percent of all urban accidents. It is therefore warranted to closely examine
their design and location.
Driveways that serve major traffic generators such as shopping centers, industrial complexes, large
apartment complexes, office parks, etc., require special design considerations. The design for these types of
developments can be complex. The Office of Technical Support, Geometrics Unit, and the Office of Traffic
Engineering should review the proposed designs. These driveways should be treated as street intersections and in
some cases major street intersections.
For urban design, Standard Plate 7035 should be used for private driveways that service low traffic
generators, i.e., private homes, duplexes, small apartment complexes, small business establishments, etc. This means
that the gutter should be continued across these entrances. Designers should use their discretion as to whether the
flared entrance design or a radius design should be used on a project. In some instances, a municipality may have a
preference. Refer to Table 5-3.04A and Figure 5-3.04A for driveway radii. Conflicting standards in entrance design
between the state and a municipality should be resolved with the designer and the municipality. For rural design see
Standard Plate 9000.
5-3.04.01

Policy
Minnesota Rules, Trunk Highway System, Chapters 8810.4100 through 8810.5600, and 8810.9920
and 8810.9921, describe the general rules and regulations governing the design and location of driveways. This
section provides further guidance and design details which should be used for driveway design where chapters
8810.4100 through 8810.9921 do not provide this guidance. To reduce the risk of accident potential, it is imperative
that driveway access be limited to a reasonable number. Contact MnDOT’s Access Management Section for guidance
on the appropriate number of direct access driveways on different functional classification roadways.

For new construction/reconstruction projects, 1:6 inslopes or flatter should be provided on all
driveways, field entrances, and intersecting roadways.
For preservation projects, when grading is involved, 1:6 inslopes should be considered on driveways,
field entrances, and intersecting roadways to the extent practicable within the existing right of way. Where no grading
is involved, the existing entrance slopes may be left in place, provided accident history or other criteria do not indicate
corrective action is needed. Grading is defined as any work done outside the shoulder to correct side slopes and
ditches.
5-3.04.02

Geometric Design Elements
The criteria presented are predicated on allowing a passenger vehicle to enter or exit a driveway at a
minimum of 10 mph. Studies have indicated that this yields an acceptable amount of vehicle delay on the main
highway and significantly reduces the safety hazard compared to lower entrance speeds.
1. Turning Radii—See Table 5-3.04A and standard plates 7035 and 9000.
2. Sight Distance—The criteria for intersections also apply to driveways (Section 5-2.02).
3. Turn Lanes—A turn lane may be warranted at high volume generators. Its design would be as
described earlier in this section.
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MINIMUM DESIGN OF MEDIAN OPENING FOR LOW VOLUME CROSSROADS
BUS Design Vehicle
Figure 5-3.03A

SEPTEMBER, 2011
4.

5.

6.

7.

8.

ROAD DESIGN MANUAL (ENGLISH)

5-3(11)

Skews—For 2-way operation, the angle should not deviate by more than 20 deg. from a right
angle. For 1-way operation where only right turns will be made, an angled driveway may be
preferable to a perpendicular intersection since it will permit a higher entrance or exit speed.
However, this is undesirable where pedestrian or bicycle traffic is appreciable.
Width—Excessive or restrictive driveway widths can detrimentally affect operations and safety.
If the proper curb radius is provided for the design vehicle (Table 5-3.04A), then a lane width of
12 ft (1-way) or 24 ft (2-way) will theoretically work without encroachment. For design
purposes, desirable widths of 16 ft and 32 ft should be used. If the desirable radii are
impractical to provide, an individual assessment of each driveway must be conducted.
For 1-way operation, the vehicle cannot be allowed to encroach beyond the far edge of
pavement or curb. For 2-way operation, the designer must select the tolerable encroachment
based on the likelihood that an entering and exiting vehicle will appear at the same time. These
considerations will yield the desirable width for a given set of conditions.
Corner clearance—Driveways should not be located so close to intersections or other driveways
that they interfere with the safety and operation of the highway. It should be noted
that dimensions can exceed the recommended values but should not exceed a 50 ft maximum.
Vertical profile—To allow ingress and egress speeds of at least 10 mph, the vertical profile
cannot exceed certain limits without causing vehicle underside and edge clearance problems.
Therefore, the criteria shown in Figure 5-3.04B should be followed. For these values, no vertical
curves are needed; for more abrupt grade changes, vertical curves at least 10 ft in length should
connect the tangents. Maximum grades should be 15 percent for residential driveways and 8
percent for commercial and industrial driveways.
Figure 5-3.04B shows vehicle clearance as the minimum design for the driveway vertical
profile. Figure 5-3.04C illustrates the critical vehicle clearances as designated by Motor Vehicle
Manufacturers Association (MVMA) of the United States, Inc. Each year MVMA publishes the
detailed vehicle dimensions for all American made automobiles. The vertical profile should be
designed to accommodate the vehicle with the most severe restrictions. An allowance for the
dynamic condition of traversing the driveway should be provided, since the MVMA dimensions
are for a fully loaded static condition. In very restrictive conditions it may be necessary to
design the profile to accommodate only specific vehicles which will be using the driveway.
One example is the lowboy semi-trailers which have a long wheel base and have problems with
the conventional rollover of entrances. These entrances will have to be designed for the
clearances of the lowboy.
When the driveway profile includes a vertical crest, the H147 ramp break-over angle from
Figure 5-3.04C is the critical vehicle dimension. For a sag condition, the H107 rear bumper
angle is the critical vehicle dimension, although the H106 front bumper angle may sometimes
determine the acceptability of the sag.
Additional information can be obtained from the Institute of Traffic Engineers Handbook,
"Guidelines For Driveway Design and Location" and the MVMA.
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Table 5-3.04A
DRIVEWAY DIMENSIONS
RESIDENTIAL

COMMERCIAL - INDUSTRIAL -FARM

URBAN

RURAL

70 - 90

70 - 90

70

90

70

90

16

24

32

32

32

32

Min.

5

5

5

5

10

10

Max.

15

25

30

30 (4)

40

40 (4)

Min.

5

5

5

5

5

5

Max

15

15

15

15

15

15

N/A

N/A

5

5

10

10

Recommended Distance Between Double Driveways (D) (ft)

20

50

20

20

30

30

Recommended Corner Clearance From Major Street (C) (ft) (5)

30

60

30

30

60

60

Recommended Corner Clearance From Minor Street (C) (ft) (5)

20

60

20

20

60

60

Driveway Angle (degrees) (Y) (1)
Recommended Driveway Width (W) (ft) (2) (3)
Radius of Curvature (R1) (ft)

Radius of Curvature (R2) (ft)

Recommended Edge Clearance (E) (ft)

(1)
(2)

(3)
(4)
(5)

URBAN

RURAL

A 90 degree driveway is desired. Driveway angle "Y" shall not be less than 70 degrees for two-way driveways.
Driveway widths may be greater than those recommended but should not exceed 50 feet. The larger driveway
dimensions are intended for those used nearly exclusively by tractor trailer combinations. Required widths are
determined with vehicle wheel path templates.
One-way driveway dimensions may be reduced.
The recommended radius of a 90 degree driveway is 25 ft.
Clearances other than those recommended may be needed due to varying circumstances.
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MINIMUM DRIVEWAY LOCATIONS AND DIMENSIONS
Figure 5-3.04A
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DRIVEWAY PROFILES
Figure 5-3.04B
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VEHICLE CLEARANCE DIMENSIONS
Figure 5-3.04C
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5-4.0

RURAL INTERSECTIONS
Most of the discussion in Section 5-3.0, “Urban Intersections” also applies to rural intersections.
Therefore this section will only elaborate where appropriate for the design of rural intersections.
Some rural roadways in Minnesota see a dramatic increase in volume of traffic in different seasons, for
example roads leading to lake cabins, etc. Designers should take seasonal/weekend variations in ADT into account
when determining the appropriate design.
5-4.01

Turn Lanes
As with urban highways, the degree of access control greatly influences the accident rate and
efficiency of traffic operation on rural highways. Therefore, designers should try to close any unjustified or potentially
dangerous access points. However, if an access point is to remain open, adding a turn lane will enhance the operation
and safety.
The following apply to rural multi-lane and 2-lane highways:
1. In addition to the policies listed below, left-turn and right-turn lanes should be constructed at
locations determined by the District Traffic Engineer in consideration of accidents, capacity,
and traffic volumes.
2. Where a median opening is planned, or already exists and its continued existence is justified, a
left-turn lane may be added regardless of what the access point serves.
3. Turn lanes should be considered at every public road intersection along a stretch of highway if
most intersections on the stretch meet the warrants. If most intersections have turn lanes,
motorists will come to expect all intersections to have them.
5-4.01.01

Policy on Multi-Lane Highways
1. Right-turn and left-turn lanes should be standard features at all public access points.
2. Right-turn and left-turn lanes are also warranted if the access point serves an industrial,
commercial, or any substantial trip-generating land use, or if the access point serves more than
three residential units.

5-4.01.02

Policy on 2-lane Rural Highways
1. Right-turn lanes should be considered when the projected ADT is over 1500, the design speed
is 45 mph or higher, and the following:
a. At all public road access points.
b. If industrial, commercial, or substantial trip generating land use is to be served, or
c. If the access serves more than 10 residential units.
2. Left turn lanes should be provided when the access is to a public road, an industrial tract or a
commercial center.
3. The designer, in conjunction with the District Traffic Engineer may select either a channelized
or a painted left-turn lane. The selection will be based on a number of factors including
accident history, traffic volume, comparative costs, availability of right of way, environmental
impacts, and physical features such as sight distance.

5-4.01.03

Length
The length of turn lanes should be determined as described in Section 5-3.01 for urban highways.
However, the total length including taper, deceleration and storage should normally be 480 ft.
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5-4.01.04

Left-Turn Bypass Lanes
If a left-turn lane is not warranted, or if the construction of a left-turn lane is not practical (due to
R/W, terrain, etc.), leaving no left-turn treatment as the only other alternative, designers should consider left-turn
bypass lanes.
The bypass lane shown in figure 5-4.01A is for use at “T” intersections. The combination right-turn
and bypass lane shown in figure 5-4.01B is for use at four-legged intersections. Because of the higher volumes
associated with four-legged intersections, left-turn lanes are a more appropriate solution. Bypass lanes at four-legged
intersections should only be used after all other solutions have been found impractical and where the cross street
volume is low.
Exclusive left turn lanes are the most effective and safe way to separate the left-turning from the
through traffic streams. Bypass lanes are a convenience or an emergency measure, and are designed for lower speed
maneuvering. If a left turn is warranted and practical, then it should be built. Bypass lanes are a quick and
inexpensive way to make intersections (that would otherwise have no left-turn treatment) more efficient for traffic
operation.
Designers should take into account that pavement markings for bypass lanes will infringe on the
availability of the passing zone.
5-4.01.05

CTWLTL
A continuous Two-Way Left-Turn Lane on rural 2-lane roadways may be considered on sections of
roadway with numerous entrances and a high accident rate. For design of CTWLTL and additional information, see
Section 5-3.01.

BY-PASS LANE at “T” INTERSECTION
Figure 5-4.01A
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COMBINED BY-PASS LANE AND RIGHT-TURN LANE
(To be used only where cross street volume is low)
Figure 5-4.01B

5-4.01.06

Median Acceleration Lane
Minnesota highways have a limited number of median acceleration lanes. Those which have been
constructed thus far have favorable results. At unsignalized intersections with relatively heavy truck volumes, the
median acceleration lane provides the left turning truck, entering the expressway, the opportunity to accelerate and
reduce the speed differential before entering the traffic stream.
Median acceleration lanes should not be constructed indiscriminately. They may be used at
locations where there is a high number of trucks turning left onto the mainline, where the existing median does not
provide enough room for a truck to stop in the median when making a two-stage crossing, and where there is a history
of high rate of truck accidents.
The basic design for a median acceleration lane is shown in Figure 5-4.01C, the applied design
criteria are:
1. The entering throat should be wide enough so that a turning truck will be far enough from the
through-lane not to have a negative impact on the through-lane traffic.
2. The lane width should be wide enough to provide the accelerating truck added buffer in the zone
where the speed differential is the greatest.
3. There should be sufficient length for the truck to accelerate and reduce the speed differential
before entering the through-lane.
4. When near a crossover, the acceleration lane taper shall end before the crossover left-turn lane is
developed.
In 1997, the 87.5 percentile mass/power ratio for trucks was 192 lb/hp. The rate of acceleration from
a stop for these trucks is 0.98 ft/s2 (ITE’s 1999 Traffic Engineering Handbook). Designers may use the appropriate
acceleration rate for their design truck.
The formula used to calculate speed is:
VF 2 = VI 2 + 2AS
Where:
VF = Speed achieved at the end of distance S , ft/s.
VI = Initial speed, ft/s. In Table 5-4.01A, VI = zero was used.
A = Acceleration, ft/s2.
S = Distance, ft.
The minimum length of the full width median acceleration lane shall be 820 ft which corresponds to
VF = 27 mph. The desirable length of the full width median acceleration lane shall be the length which allows the
design truck to reach 60 percent of the posted speed limit. If the posted speed limit is not known, use 60 percent of the
design speed.
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Table 5-4.01A
DESIRABLE LENGTH OF FULL WIDTH MEDIAN ACCELERATION LANE

Posted Speed
(mph)

60% of Posted Speed
(mph)

Desirable Length of Full Width
Median Acceleration Lane,
Rounded (ft)

45

27

820*

50

30

990

55

33

1,195

60

36

1,425

65

39

1,670

* Desirable length = minimum length = 820 ft.

MEDIAN ACCELERATION LANE
Figure 5-4.01C

JUNE, 2000

ROAD DESIGN MANUAL (ENGLISH)

5-4(5)

5-4.01.07

Transition from Divided to Single Highway
A divided highway transition to a single highway provides for terminating a four-lane divided
highway, or in reverse, starting one. It is important that this transition be made easy for the driver to understand and
drive. Generally, the executed maneuvers done by the drivers in the transition section are done at normal highway
speeds.
The two designs for the transition section shown in Figure 5-4.01D and Figure 5-4.01E are different
in the sense that one is a left lane drop and the other is a right lane drop. Each design can be used as the situation may
require in any one existing condition. However, in new construction or reconstruction projects, the right lane drop is
preferred because, in case of emergency, cars in that lane can use the right shoulder as a refuge.
The location of the transition section should be some distance away from any major roadway. If a
transition section must be constructed near a crossroad, then as a minimum, a distance as required by the Traffic
Manual for proper signing should be provided. There should not be any entrances to adjoining properties in the
tapered lane drop area, and in particular, not in an area 250 ft upstream and downstream from the nose. It is also
important to keep in mind that any crossroad in the two-lane section should be far enough from the gore to have the
right-turn lane developed in the two-lane section beyond the gore.
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RURAL DIVIDED HIGHWAY TO SINGLE HIGHWAY TRANSITION
Tangent Approach to Single Highway, Left-Lane Drop
Figure 5-4.01D
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RURAL DIVIDED HIGHWAY TO SINGLE HIGHWAY TRANSITION
Curve Approach to Single Highway, Right-Lane Drop (Preferred)
Figure 5-4.01E
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