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CLASS OBJECTIVES

 Overview of Geometric Design

 Discuss MDOT Geometric Design Elements

 Where to Find Critical Resources

 How to Use Resources

 Provide Geometric Design Tips

 Promote Professional Teamwork/Networking



GEOMETRIC DESIGN

What is Geometric Design?

 Physical Elements of Design

Horizontal and Vertical Curves

Grades

Cross-Sectional Elements

Cross-Slope and Superelevation

 Sight Distance

 Intersection and Interchange Design

General Layout of the Roadway



FUNCTIONAL CLASS

AASHTO

 Provides Definitions for Various Functional Classes of 
Highways

 Design Criteria Vary According to the Type of Highway 
Facility

 Freeways

 Arterials

 Collectors

 Local Roads

 NHS/Non-NHS

 National Truck Network



DESIGN VEHICLES

 Physical Characteristics

 Operating Characteristics

 Classes

 Passenger Car

 Buses

 Trucks (WB-50, WB-62, WB-67)

 Recreational Vehicles

 Bicycles







IMPORTANT PRACTICES

Make Field Visits to Existing Locations

Get Old Plans and Look at Them

Keep Your Design Documents Up to Date

Get to Know Your Geometrics Area Engineer

Obtain Traffic Volumes & Review Safety



REFERENCES

MDOT

 Road Design Manual

 Bridge Design Manual

 Bridge Design Guides

 Standard Plans

 Geometric Design Guides

 Sight Distance Guidelines

 Roundabout Design Aid

 T&S Geometric Design Guidance

 DDI Guide



REFERENCES

AASHTO 

 Guide for the Development of Bicycle Facilities 

 A Policy on Design Standards – Interstate 

System

 A Policy on Geometric Design 

of Highways & Streets

 Roadside Design Guide



DEFINITION OF TERMS

 Acceleration Lane – An auxiliary lane, including 
tapers, for the acceleration of vehicles entering 
another roadway.

 Arterial Road – A roadway which provides a high 
speed, high volume, network for travel between 
major points.

 Average Daily Traffic (ADT) – The average 24 hour 
traffic volume, based on a yearly total.

 Broken Back Curve – Two curves in the same 
direction joined by a short tangent distance.

 Collector Road – Roadway linking a local road to an 
arterial road, usually serving moderate traffic 
volumes.



DEFINITION OF TERMS

 Compound Curve – Two connecting horizontal 
curves in the same direction having different radii (no 
tangent).

 Crash Analysis – A site specific safety review of 
crash data performed to identify whether or not a 
specific geometric design element has either caused, 
or contributed, to a pattern or concentration of crashes 
at the location in question.  The analysis is a critical 
component used in determining the appropriate 
application of geometric design criteria and in the 
evaluation of design exception approval requests.



DEFINITION OF TERMS

 Critical Grade – The grade and length that causes a 
typical truck or other heavy vehicle to have a speed 
reduction of 10 mph or greater.

 Crown Runoff (also called Tangent Runout) – The 
distance necessary to remove adverse crown before 
transitioning into superelevation on curves.  (Referred 
to as “C” distance in Standard Plan R-107 Series.)

 Deceleration Lane – An auxiliary lane that enables a 
vehicle to slow down and exit the highway with 
minimum interference from through traffic.

 Cross Slope – Transverse slope 
rate of traveled lane or shoulder.



DEFINITION OF TERMS

 Design Hour Volume (DHV) – The hourly volume 
used to design a particular segment of highway.

 Design Speed – A selected speed used to determine 
the various geometric design features of the roadway.

 Directional Design Hour Volume (DDHV) – The 
directional distribution of traffic during DHV 

 Free Access Highway – A highway, with no control 
of access, usually having at grade intersections, which 
may or may not be divided.

 Freeway – A divided arterial highway with full 
control of access and grade separations at 
intersections. (Limited Access).



DEFINITION OF TERMS

 Horizontal Clearance – An operational offset which 
provides vehicle clearance for things such as mirrors 
on trucks and buses, and for opening curbside doors 
of parked vehicles. (1’6” minimum from face of 
curb.)

 Grade Separation – A 
structure which provides for 
highway traffic to pass over 
or under another highway or 
the tracks of a railway.

 Gore Area – The “V” area immediately beyond 
the divergence of two roadways bounded by the 
edges of those roadways.  (2’ to 22’ points.)



DEFINITION OF TERMS

 Interchange – A system of interconnecting roadways 
in conjunction with grade separations providing for 
the interchange of traffic between two or more 
intersecting roadways.

 Level of Service – A qualitative measure describing 
operational conditions within a traffic stream; 
generally described in terms of such factors as speed 
and travel time, freedom to maneuver, traffic 
interruptions, comfort and convenience, and safety.  
Levels of service are given letter designations from A 
to F, with LOS A representing the best operating 
conditions and LOS F the worst.



DEFINITION OF TERMS

 Passing Lane Section (PLS) – Extra lane(s) to 
provide additional capacity and reduce delay caused 
by slow moving vehicles, such as recreational 
vehicles, during peak periods.  These are often 
desirable in areas where slower vehicles are not 
necessarily the result of long steep grades.

 Local Road – A 
road which serves 
primarily to 
provide access to 
farms, residences, 
businesses or other 
abutting properties.



DEFINITION OF TERMS

 Passing Relief Lane (PRL) – Common all-inclusive 
reference to a traffic lane provided for increased 
passing opportunities along a route, can be a Truck 
Climbing Lane (TCL) or a Passing Lane Section 
(PLS).

 Ramp – A connecting roadway between two 
intersecting roadways, usually at grade separations.

 Reverse Curve – Horizontal curves in the opposite 
direction joined by a short tangent distance or 
common point.



DEFINITION OF TERMS

 Rollover – Algebraic difference in rate of cross slope 
between traveled lane and shoulder.

 Service Road (also Frontage Road) – A local street or 
road usually parallel and adjacent to a controlled access 
highway for service to abutting properties.

 Sight Distance – The unobstructed distance that can be 
viewed along a roadway – usually referenced to 
decision points for drivers.



DEFINITION OF TERMS

 Spiral Curve Transition – A variable radii curve 
between a circular curve and the tangent.  The radii of 
the transition and the curve are the same at the curve 
and increase to infinity at the tangent end of the 
transition.

 Superelevation – Tilting of the road surface on 
curves to help counter balance or offset the perceived 
“centrifugal force” on the vehicle.



DEFINITION OF TERMS

 Superelevation Transition (sometimes referred to 
as superelevation runoff) - The length of highway 
needed to change the pavement cross slope from a 
section with adverse crown removed to a fully 
superelevated section or vice versa.  (Referred to as 
the “L” distance in Standard Plan R-107 Series.)

 Truck Climbing Lane (TCL) – An extra lane for 
heavy vehicles slowed by the presence of a long steep 
“critical grade” that provides passing opportunities 
for non-slowed vehicles.



QUESTIONS



3R / 4R WORK



4R PROJECTS

NEW CONSTRUCTION

AND

RECONSTRUCTION



EXAMPLES OF 4R WORK

New Roadways or Bridges

Complete Removal and Replacement

of Pavement (Including Subbase)

Major Alignment Improvements

Addition of Thru Lanes

Complete Bridge Deck or

Superstructure Replacement



EXAMPLES OF 4R WORK

Intermittent Grade 

Modifications that

Leave the Existing

Pavement in Service

for Less than 50%

of the Total Project Length



3R PROJECTS

RESURFACING

RESTORATION

REHABILITATION

Code of Federal Regulations 23 CFR

“…work undertaken to extend the service life of an 
existing highway and enhance highway safety.”



EXAMPLES OF 3R WORK

Resurfacing, Milling, or Profiling

Concrete Overlays and Inlays

Lane or Shoulder Widening (No Added Thru Lane)

Roadway Base Corrections

Minor Alignment Improvements

Roadside Safety Improvements



EXAMPLES OF 3R WORK

Signing, Pavement Markings, and Traffic Signals

Intersection and Railroad Crossing Upgrades

Pavement Joint Repair

Passing Relief Lanes

Crush & Shape and Resurfacing

Rubblize and Resurfacing



EXAMPLES OF 3R WORK
Intermittent Grade Modifications that

Leave the Existing Pavement in Service for

More than 50% of the Total Project Length

Bridge 3R Work is Defined in Chapter 12 of the

MDOT…



EXAMPLES OF 3R WORK

Deep or Shallow Overlays

Superstructure Repairs

Railing Replacements

Partial Deck or Superstructure Replacement

Deck Widening (No Added Through Lanes)

Substructure Repair or Replacement             



COMBINED 3R & 4R PROJECTS

RDM Section 3.08.01C

3R Standards Apply Where 3R Work is Performed

4R Standards Apply Where 4R Work is Performed

Note:  The Applicable Standards Apply

Where Other Work Types are Performed

(CPM, M-Funded, Signal & Signing Corridor Projects, Etc.)



4R ROAD GUIDELINES

Non-Freeway Reconstruction/New Construction

RDM 3.10  &  RDM Appendix 3A

3R/4R Freeway Projects

RDM 3.11  &  RDM Appendix 3A

Design Criteria for Interstate Freeways Based on
“A Policy on Design Standards – Interstate System”

Non-Interstate Freeways Based on
“AASHTO Green Book”



RDM APPENDIX 3A



RDM APPENDIX 3A



RDM APPENDIX 3A



RDM APPENDIX 3A



3R/4R GUIDELINES

Freeway Safety Considerations (3.11.03)

Design Speed

Ramp Geometrics and Taper Lengths

Vertical Curbs

Sight Distance

Crown Location/Pavement Cross Slope            



3R/4R GUIDELINES

Safety Considerations (3.11.03)

Superelevation

Guardrail 

and 

Concrete Barrier

Attenuation

Shoulder and Slopes



3R/4R GUIDELINES

Safety Considerations (3.11.03)

Clear Zones

& 

Fixed Objects

Culvert End

Treatments



4R BRIDGE GUIDELINES

MDOT Bridge Design Guides

Cover Most Design Elements for Most 4R Work

MDOT Bridge Design Manual – Chapter 7

Deck Replacements and Underclearance Requirements



BRIDGE DESIGN GUIDE

(BDG 6.05.01A)



BRIDGE DESIGN GUIDE

(BDG 6.05.02)



BRIDGE DESIGN GUIDE

(BDG 6.05.03)



BRIDGE DESIGN GUIDE

(BDG 6.06.01)



BRIDGE DESIGN GUIDE

(BDG 6.06.02)



BRIDGE DESIGN GUIDE

(BDG 6.06.03)



BRIDGE DESIGN GUIDE

(BDG 6.06.04)



DECK REPLACEMENT GUIDELINES

(BDM 7.02.31)



DECK REPLACEMENT GUIDELINES

(BDM 7.02.31)



DECK REPLACEMENT GUIDELINES

(BDM 7.02.31)



VERTICAL CLEARANCE
Bridge Design Manual, Section 7.01.08

Road Design Manual, Section 3.12



Design Guidelines for New/Reconstruct May not be Cost Effective

Freeway

• RDM Section 3.11

(3R/4R Freeway Guidelines)

• 3R Freeway Allowances

Non-Freeway

• RDM Section 3.09

(Non-Freeway 3R Minimum Design Guidelines)

3R ROAD GUIDELINES



Two Types of Non-Freeway 3R Guidelines

• NHS (National Highway System) - RDM 3.09.02A

• Non-NHS - RDM 3.09.02B

3R GUIDELINES



3R FREEWAY ALLOWANCES

FHWA Letter:



3R FREEWAY ALLOWANCES

Design Speed:

“an increase in posted speed limit on a given freeway 
segment would not be factored into project design speed 
for future 3R projects. The 3R project could be designed 
using the design speed that had been established for the 
latest reconstruction of that road segment or, if none, 
then for the original freeway construction.”



“The standards used for horizontal alignment, vertical 
alignment, and widths of median, traveled way, and 
shoulders for resurfacing, restoration, and rehabilitation 
projects may be the AASHTO interstate standards that 
were in effect at the time of original construction or 
inclusion into the interstate system.”

3R FREEWAY ALLOWANCES

Geometric Design Elements:



3R FREEWAY ALLOWANCES



Non-Freeway, NHS   (3.09.02 A)

3R GUIDELINES



Non-Freeway, Non-NHS   (3.09.02 B)

3R GUIDELINES



3R GUIDELINES

Non-Freeway Safety Considerations (3.09.03)

Signing

Evaluation of Guardrail and Bridge Rail

Tree Removal 

(Crash Frequency, Curves, Sight Distance, Clear 
Zone, etc…)

Roadside Obstacles (Culvert Headwalls, Utility 
Poles, etc…)           



3R GUIDELINES
Non-Freeway Safety Considerations (3.09.03)

Cross Section Elements  (Crown Location, Side Slopes)

Crown Location:  

Side Slopes:  



3R BRIDGE GUIDELINES

MDOT Bridge Design Manual

Chapter 12 – Most Design Elements

Chapter 7 – Underclearance Requirements



3R BRIDGE GUIDELINES

(BDM 12.05.01)



3R BRIDGE GUIDELINES

(BDM Appendix 12.02)



3R BRIDGE GUIDELINES

(BDM Appendix 12.02)



3R BRIDGE GUIDELINES
(BDM Appendix 12.02)



VERTICAL CLEARANCE
Bridge Design Manual, Section 7.01.08

Road Design Manual, Section 3.12



QUESTIONS



DESIGN SPEED



DESIGN SPEED
(RDM 3.06)

Design Speed

 Selected Speed

 Used to Determine Various Geometric Design 
Features of the Roadway

Once Selected…

 All Pertinent Design Features Should be Related to It 
to Obtain a Balanced Design



DESIGN SPEED  (RDM 3.06)

Design Roadway Geometrics for 4R Projects Based on an 
MDOT Recommended Project Design Speed 5 mph 

Greater than the Posted Speed

MDOT Desirable Practice

Research shows that Operating Speeds are

Typically Greater than the Posted Speeds.

Posted Speeds May be Used as Minimum Project Design Speeds



DESIGN SPEED
3R / 4R Freeway Projects

Recommended Design Speed:   5 mph Greater than Posted Speed

Minimum Design Speed:   The Greater of Posted Speed, or 70 mph

3R Freeway Allowance:   The Design Speed at the Time of 
Construction or the Last 4R Project

“Urban” Freeway Projects
Recommended Design Speed:   5 mph Greater than Posted Speed

Minimum Design Speed:   The Greater of Posted Speed, or 60 mph 

3R Freeway Allowance:   The Design Speed at the Time of 
Construction or the Last 4R Project

Freeway Clear Zones
Design Speed – 70 mph



DESIGN SPEED  (RDM Appendix 3A)

Note:  An Allowance is Provided for 3R Work Types



DESIGN SPEED
Non-Freeway, NHS, 3R   (3.09.02 A)



DESIGN SPEED

Non-Freeway, Non-NHS, 3R   (3.09.02 B)



DESIGN SPEED  (RDM 3.06)

Geometric Design Elements that Do Not Meet Current 
Standards (or Allowances) Based on Minimum Design 
Speeds Require:

 A Formal Safety Review

 A Crash Analysis

 Documented Justification in the Form of:
 A Design Exception (Form DE26)

 A Design Variance (Form DV26)

“If the highest attainable design corresponds to criteria for 
speeds less than the minimum design speed, a design exception 
or design variance must be submitted for approval.” 



DESIGN SPEED  (RDM 3.06)

Documentation Required for Each

Geometric Element

No Blanket Design Exceptions

A Design Speed Reduction for Individual Geometric Elements 
Does Not Redefine the Overall “Project Design Speed”



DESIGN SPEED
(RDM 3.06)

Additional Allowances to Retain Existing 
Horizontal and Vertical Alignments and 
Stopping Sight Distances Based on a Range 
of Reduced Design Speeds are Provided 
Under the 3R Non-Freeway Guidelines 
(3.09.02A & 3.09.02B)



QUESTIONS



SIGHT DISTANCE



SIGHT DISTANCE



SIGHT DISTANCE

“Sight distance is the distance along a roadway 
throughout which an object of specified height 
is continuously visible to the driver.  This 
distance is dependent on the height of the 
driver’s eye above the road surface, the 
specified object height above the road surface, 
and the height and lateral position of sight 
obstructions within the driver’s line of sight.”                                 

(2011 AASHTO, Section 3.2.6)



SIGHT DISTANCE

Four Types

Stopping Sight Distance

Passing Sight Distance

Decision Sight Distance

Intersection Sight Distance



SIGHT DISTANCE

Stopping Sight Distance…

…is the minimum sight distance required along a 
roadway to enable a vehicle traveling at or near the 
design speed to stop before reaching a stationary 
object in its path.

(2011 AASHTO, Section 3.2.2)

Brake Reaction Distance + Braking Distance



SIGHT DISTANCE

V = Design Speed (mph)

t = Brake Reaction Time (2.5 seconds assumed)

a= Deceleration Rate (11.2 ft/s2 assumed) 

Stopping Sight Distance

BRAKE REACTION DISTANCE BRAKING DISTANCE

1.47Vt 1.075V2/a+

Simplified…

SSD = 3.675V + 0.096V2



SIGHT DISTANCE

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 2.0 ft



SIGHT DISTANCE



SIGHT DISTANCE

Horizontal Sightline Offset…

…is the minimum distance required between the 
roadside and an obstruction, measured from the 
centerline of the inside lane to the face of the 
obstruction.

(2011 AASHTO, Section 3.3.12)

HSO = R [1-cos((28.65S) / R)]

R = Radius of Curve (feet)
HSO = Horizontal Sightline Offset (feet)

SSD = Stopping Sight Distance (feet)



SIGHT DISTANCE

HEIGHT OF
SIGHT LINE

2.75 ft



SIGHT DISTANCE

Decision Sight Distance…

“…is the distance required for a driver to detect an 
unexpected or otherwise difficult-to-perceive 
information source or condition in a roadway 
environment that may be visually cluttered, recognize 
the condition or its threat potential, select an 
appropriate speed and path, and initiate and 
complete complex maneuvers.”

(2011 AASHTO, Section 3.2.3)



SIGHT DISTANCE

Decision Sight Distance

d = 1.47 Vt + 1.075 V2/a

Avoidance Maneuvers 
C, D, and E

d = 1.47 Vtm

Avoidance Maneuvers 
A and B

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 2.0 ft

V = Design Speed (mph)

t = Pre-maneuver Time (See Exhibit 3-3)

a= Deceleration Rate (11.2 ft/s2 assumed)

tm = Total Pre-Maneuver and Maneuver Time 



SIGHT DISTANCE



SIGHT DISTANCE
Passing Sight Distance…

…is the distance required for a passing vehicle to be 
able to see a sufficient distance ahead, clear of traffic, 
to complete the passing maneuver without cutting off 
the passed vehicle before meeting an opposing 
vehicle.

(2011 AASHTO, Section 3.2.4)

Minimum Passing Sight Distance is the Sum of
Four Distances

d1 + d2 + d3 + d4



SIGHT DISTANCE

Passing Sight Distance – d1

Distance Traversed During Perception and Reaction Time and During 
the Initial Acceleration to the Point of Encroachment on the 

Opposing Lane.

d1 = 1.47ti[v-m + (ati / 2)]

ti = Time of Initial Maneuver (sec)

a = Average Acceleration (mph/s)

v = Average Speed of Passing Vehicle

m = Difference in Speed of Passed Vehicle and Passing Vehicle (mph) 



SIGHT DISTANCE

Passing Sight Distance – d2

Distance Traveled while the Passing Vehicle Occupies the Left Lane.

d2 = 1.47vt2

t2 = Time Passing Vehicle Occupies the Left Lane

v = Average Speed of Passing Vehicle



SIGHT DISTANCE

Passing Sight Distance – d3

Distance Between the Passing Vehicle at the End of its Maneuver and 
the Opposing Vehicle

d3 = 100 to 250 ft

Length was Found in the Passing Study to Vary



SIGHT DISTANCE

Passing Sight Distance – d4

Distance Traversed by an Opposing Vehicle for Two-Thirds of the 
Time the Passing Vehicle Occupies the Left Lane, or 2/3 of d2

d4 = 2d2/3



SIGHT DISTANCE



SIGHT DISTANCE

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 3.5 ft



SIGHT DISTANCE
Passing Sight Distance – Pavement Markings

Warrants for 
Placing No-Passing

Zone Markings
On

Existing and Proposed
Highways

(2011 MMUTCD, Table 3B-1, page 352)



SIGHT DISTANCE

Intersection Sight Distance…

…is the sight distance needed to allow the drivers of 
stopped vehicles to decide when to enter or cross an 
intersecting roadway.      (2011 AASHTO, Section 9.5)



SIGHT DISTANCE

Intersection Sight Distance

ISD = 1.47 V tg

V = Design Speed of Major Road (mph)

tg = Time Gap for Minor-Road Vehicle to Cross the Major Road (sec) 



SIGHT DISTANCE



SIGHT DISTANCE



SIGHT DISTANCE



SIGHT DISTANCE



SIGHT DISTANCE



QUESTIONS



Problem 1: Non-Freeway, Non-NHS Corridor with a 3R Work Type 
Undivided, Two-Lane Roadway  
ADT = 12,500 
Level Terrain 
Posted Speed Limit is 55 mph 
2350’ Radius Horizontal Curve 

a). What is the minimum allowable design speed? 

b). Minimum required Stopping Sight Distance? 

c). Minimum required Horizontal Sightline Offset (HSO)? 

d). Minimum required Intersection Sight Distance? 

Left-Turns: 

Right-Turns/Crossing:



Problem 1: Non-Freeway, Non-NHS Corridor with a 3R Work Type 
Undivided, Two-Lane Roadway  

(Solutions) ADT = 12,500 
Level Terrain 
Posted Speed Limit is 55 mph 
2350’ Radius Horizontal Curve 

a). What is the minimum allowable design speed? 

55 mph (minimum)   (RDM 3.09.02B) 

(60 mph still preferred, if feasible).

b). Minimum required Stopping Sight Distance? 

495’ for 55 mph  
(MDOT Sight Distance Guidelines) 

(570’ for 60 mph) 

c). Required Horizontal Sightline Offset (HSO)? 

13.0’ for 55 mph 
(MDOT Sight Distance Guidelines) 

(17.3’ for 60 mph) 

d). Required Intersection Sight Distance? 

Left-Turns:  610’ for 55 mph

(665’ for 60 mph) 

(MDOT Sight Distance Guidelines)

Right-Turns/Crossing: 530’ for 55 mph

(575’ for 60 mph)



Problem 2: Non-Freeway, NHS Corridor with a 4R Work Type 
Divided Roadway, 36’ Median Width, 3 Lanes in Each Direction 
ADT = 36,000 
Level Terrain 
Posted Speed Limit is 45 mph 
1800’ Radius Horizontal Curve 

a). What is the MDOT recommended design speed? 

b). What is the minimum allowable design speed? 

c). Required Stopping Sight Distance? 

d). Required Horizontal Sightline Offset (HSO)? 

e). Required Intersection Sight Distance? 

*  (Assume the Design Vehicle is a Passenger Car) 
*  (Further assume a design speed of 50 mph is utilized) 

Left-Turns: 

Right-Turns/Crossing: 



Problem 2: Non-Freeway, NHS Corridor with a 4R Work Type 
Divided Roadway, 36’ Median Width, 3 Lanes in Each Direction 

 (Solutions) ADT = 36,000 
Level Terrain 
Posted Speed Limit is 45 mph 
1800’ Radius Horizontal Curve 

a). What is the MDOT recommended design speed? 

50 mph (RDM 3.06) 

b). What is the minimum allowable design speed? 

45 mph (RDM Appendix 3A) 

c). Required Stopping Sight Distance? 

425’  (50 mph design speed.)
(MDOT Sight Distance Guidelines)

360’  (45 mph design speed) 

d). Required Horizontal Sightline Offset (HSO)? 

12.5’  (50 mph design speed) 
(MDOT Sight Distance Guidelines)

9.0’  (45 mph design speed) 



e). Required Intersection Sight Distance? 
*  (Assumed Design Vehicle is a Passenger Car) 
*  (Assumed design speed is 50 mph) 

Right-Turns/Crossing: 

(6.5 sec.)(1.47)(50) = 480’ for Right-Turn Movement 
(MDOT Sight Distance Guidelines)

(6.5 sec. + 0.5 sec.)(1.47)(50) = 515’ for Crossing Movement 

 Use 515’ to cover both movements 

Left-Turns/Crossing:

(6.5 sec. + 0.5 sec.)(1.47)(50) = 515’ for Crossing Movement 
(MDOT Sight Distance Guidelines)

(7.5 sec.)(1.47)(50) = 555’ for Left-Turn Movement 

 Use 555’ to cover both movements 



HORIZONTAL ALIGNMENT



HORIZONTAL ALIGNMENT

Major Factor

in Determining

Safety

Driving Comfort

Highway Capacity



Important Factors to Consider…

HORIZONTAL ALIGNMENT

Passing Sight Distance on Two-Lane, Two-Way 
Roadways Should be Maximized

Curves Should be as Flat as Possible and Abrupt 
Changes in Alignment Avoided



Important Factors to Consider…

HORIZONTAL ALIGNMENT

Broken Back Curves Should be Avoided

Minimum Distance Between Curves Should be the 
Sum of the Transitions Plus Crown Runout Lengths



Minimum Radius

 Limiting Value of Curvature for a Given Design 
Speed

 Determined from the Maximum Rate of 
Superelevation and the Maximum Side Friction 
Factor

 To be Avoided Wherever Practical

HORIZONTAL ALIGNMENT



HORIZONTAL ALIGNMENT

Minimum Radius

R     =min

V 2

15(0.01e + f )max max

R = Radius (feet)

V = Design Speed (mph)

e = Rate of Superelevation (%)

f = Side Friction Factor (From  AASHTO)



HORIZONTAL ALIGNMENT

Minimum Radius

R-107



Minimum Radius

Straight 

Line 

Method

HORIZONTAL ALIGNMENT



HORIZONTAL ALIGNMENT

Minimum Curve Length

Minimum

15 x Design Speed

Preferred

30 x Design Speed



HORIZONTAL ALIGNMENT

Compound Curves

Use With Caution

Open Highway  – Ratio of Flatter Radius to Sharper Radius

Ramps  – Ratio of Flatter Radius to Sharper Radius

1.5 to 1

2 to 1

Sharper Curves in Advance of Flatter Curves



HORIZONTAL ALIGNMENT

Remember the Four Types…

Stopping Sight Distance

Passing Sight Distance

Decision Sight Distance

Intersection Sight Distance

“The designer must be aware that both horizontal and
vertical alignments need to be considered when
designing for sight distance.”



HORIZONTAL ALIGNMENT

Stopping Sight Distance

HSO = R [1-cos((28.65 SSD) / R)]

SSD = R cos-1 (1 - )
HSO

R
28.65

Horizontal Sightline Offset

R = Radius of Curve (feet)

HSO = Horizontal Sightline Offset (feet)

SSD = Stopping Sight Distance (feet)



HORIZONTAL ALIGNMENT

HEIGHT OF
SIGHT LINE

2.75 ft



HORIZONTAL ALIGNMENT



HORIZONTAL ALIGNMENT

Intersection Sight Distance

 Generally, 7.5 Seconds of Entering Sight Distance 
is Used

 Passenger Vehicle Stopped on a Minor Road, Grade 
3% Max, Turning Left on a Two-Lane Roadway

 Additional 0.5 Seconds Added for Each Lane

Clear Vision

For At Grade Intersections it is Very Important for Safety 
Reasons, Particularly on High Speed Trunklines



HORIZONTAL ALIGNMENT



HORIZONTAL ALIGNMENT

Spirals



HORIZONTAL ALIGNMENT

Standard Plan R-107



HORIZONTAL ALIGNMENT

• Horizontal Deflections

 Undesirable - Should be Avoided Wherever Practical

 Should Not be Used on New Construction

 Should be Limited to 3R Jobs  (i.e.  Existing Deflections)

 Should be Limited to Low-Speed Roads
(i.e.  Posted Speeds of 45 mph or Less)

 Deflections Should Not Exceed the Rates Given in 
Geometric Design Guide GEO-650
(i.e.  L=W*V or 1/Design Speed)



QUESTIONS



VERTICAL ALIGNMENT



VERTICAL ALIGNMENT

Based on Several Factors

Design Speed

Existing Terrain

Drainage Considerations

Bridge Elevations & Locations

Cross Road Elevations & Locations

Earthwork Balance

Coordination with Horizontal Alignment



VERTICAL ALIGNMENT

Establishes the Profile Grade of the Roadway

Two Basic Components

Longitudinal Grades Vertical Curves



Maximum Grades Depend On :

 Functional Class of the Roadway

 Urban or Rural 

 Design Speed

 Terrain

 Scope of Work

GRADES



Minimum Grades: (RDM 3.03.02D)

 Typically Dictated by/Related to Drainage Considerations

 Uncurbed Roadways

 Minimum Longitudinal Grade of 0% (level) Acceptable 

 Independent Ditches When Grade < 0.30% 

 Curbed Roadways

 Minimum Longitudinal Grade of 0.30% 

 Desirable Minimum of 0.50%

GRADES



GRADES   (RDM Appendix 3A)

Note:  Allowances are Provided for 3R Work Types



GRADES

Tangent Grade Lines are Connected & Smoothed 
Out by Use of Parabolic Vertical Curves.



VERTICAL CURVES  (RDM 3.03.02)



VERTICAL CURVES  (RDM 3.03.02)

A = Algebraic Difference in Gradients, g2-g1  (In Percent)

L = Total Length of Vertical Curve  (In Feet) 

K = Rate of Vertical Curvature, L/A

VPC = The Vertical Point of Curvature      

VPI = The Vertical Point of Intersection

VPT = The Vertical Point of Tangency



Based on Stopping Sight Distance

Minimum Length Must Provide Sight Distance S

Assumes 3.5’ & 2.0’ Eye/Object Heights

VERTICAL CURVES  (RDM 3.03.02)

AASHTO Controls (Crest)



SIGHT DISTANCE

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 2.0 ft



CREST VERTICAL CURVES

S < L
AS2

L = 
100( 2h1+    2h2 )

2

S > L

(3-41)

A
L = 2S -

200(  h1+    h2 )
2

(3-42)

L = Length of Vertical Curve (ft)       S = Sight Distance (ft) 

A = Algebraic Difference in Grades (percent)      h1 = Height of Eye Above Roadway Surface (ft) 

h2 = Height of Object Above Roadway Surface (ft)



VERTICAL CURVES

AASHTO Controls (Crest)

S < L

S > L

AS2
L = 

2158

(3-43)

(3-44)
A

L = 2S - 2158



SSD CREST CURVES



VERTICAL CURVES

AASHTO Controls (Sag)

 Based on Headlight Illumination Sight Distance 

 Minimum Length Must Provide Adequate Sight 
Distance

 Assumes 2.0’ Object Height

 Assumes 2.0’ Headlight Height with

1° Upward Divergence of Light Beam 



SAG VERTICAL CURVES
(AASHTO Equations 3-47 through 3-50)

When S < L

When S > L

AS2
L =                                      or 

200[2.0 + S(tan1°)]
AS2

400 + 3.5S

L = 2S - or  2S -
200[2.0 + S(tan1°)]

A
400 + 3.5S

A

L = Length of Sag Vertical Curve (ft)       S = Light Beam Distance (ft) 

A = Algebraic Difference in Grades (percent)



SSD SAG CURVES



VERTICAL ALIGNMENT

General Controls

 Minimum Desirable Length of Vertical Curves Should be  
3 X Design Speed

 Smooth Grade Line with Gradual Changes

 Avoid 

 Hidden Dips/Roller Coaster Profile

 Avoid Broken Back Vertical Curves

 Desirable to Reduce Grades at At-Grade Intersections on 
Roadways with Moderate to Steep Grades



VERTICAL  ALIGNMENT

General Controls (Continued)

 Sag Vertical Curves Should Be Avoided in Cuts Unless 
Adequate Drainage Can Be Provided

Feathering (RDM 6.03.11C)

 Where Discontinuing HMA Resurfacing…

…Transition at a Rate of  ¾” Vertical per 25’ Linear



VERTICAL ALIGNMENT

• Vertical Deflections

 Undesirable - Should be Avoided Wherever Practical

 Should Not be Used on New Construction

 Should be Limited to 3R Jobs

 Should be Limited to Low-Speed Roads
(i.e.  Posted Speeds of 45 mph or Less)

 Maximum 1% Algebraic Grade Differential 



QUESTIONS



COORDINATION OF

HORIZONTAL AND

VERTICAL ALIGNMENT



COORDINATION OF HORIZONTAL 
& VERTICAL ALIGNMENT

 Curve and Grade Should be in Proper Balance

 Vertical Curvature Imposed on Horizontal Curvature or 
Vice Versa

 Sharp Horizontal 

Curvature Should Not 

Be Introduced At or 

Near the Top of a 

Pronounced Crest Curve



COORDINATION OF HORIZONTAL 
& VERTICAL ALIGNMENT

 Sharp Horizontal Curvature Should Not Be Introduced 

At or Near the Bottom of a Steep Grade Near the Low 
Point of a Pronounced Sag Curve

 Horizontal Curvature and Profile Should Be Made as Flat 
as Possible at Intersections

Ramps

 Design Speed of Vertical Alignment Must Meet or Exceed 
Design Speed of Horizontal Alignment















QUESTIONS



LANE WIDTH



Lane Width Impacts

Driver’s Safety and Comfort
 Wider Lanes Provide for More 

Desirable Lateral Clearance 

(Especially Commercial Vehicles 

on Two-Lane, Two-Way Roads)

Highway Level of Service
 Narrow Lanes Force Drivers to Operate with Less than 

Desirable Lateral Clearances Between Opposing Traffic, 
Adjacent Traffic and Roadside Obstacles

LANE WIDTH



Lane Width Impacts

Highway Capacity (Two Lane Rural Roads)

 12’ Lane Width (or More) - Usually Will Not Reduce 
Capacity

 11’ Lane Width – Capacity Reduction of 7%

 10’ Lane Width – Capacity Reduction of 16% 

LANE WIDTH

Additional Costs to Provide 12’ Lanes Over Narrower 
Lanes is Partially Offset by Reduced Surface and 

Shoulder Maintenance



LANE WIDTH

Note:   Allowances are Provided for 3R Work Types



3R FREEWAY ALLOWANCES



LANE WIDTH

Non-Freeway, NHS, 3R   (3.09.02 A)



LANE WIDTH
Non-Freeway, Non-NHS, 3R   (3.09.02 B)



LANE WIDTH

Freeway Ramps:

 16’ Lane Width Used for One-Lane Ramps

 12’ Lane Width Used for “Slip” Ramps

 12’ Lane Widths Used for Multi-Lane Ramps

 Greater Lane Widths May Be Required to 
Accommodate Off-Tracking of Large Vehicles
on Small Radius Curves

Collector-Distributor (C-D) Roads:

 16’ Lane Width Used for One-Lane C-D Roads

 12’ Lane Widths Used for Multi-Lane C-D Roads



LANE WIDTH



QUESTIONS



SHOULDER WIDTH



SHOULDER WIDTH
Advantages of Using Paved or Improved 

Shoulders
 Accommodates Stopped Vehicles

 Provides Increased Lateral Clearance

 Provides Lateral Support for Subbase, Base, and Surface 
Courses

 Provides for Mail Delivery, Bus Stops, Possible Bike Paths

 Sight Distance is Improved in Cut Section, Thereby 
Potentially Improving Safety

 Space is Provided for Maintenance Operations such as Snow 
Removal and Storage



 Shoulder – Measured from the edge of the traveled 
way to the intersection of the shoulder slope and 
foreslope planes (the hinge point).

 Hinge Point – The point of intersection between the 
shoulder slope and the foreslope.

SHOULDER WIDTH



SHOULDER WIDTH
 Shoulder Drop-Off - Condition where edge of 

pavement is higher than the abutting shoulder
 Shoulder Ribbon – Paved shoulder (usually HMA 

material) placed normally on a two-lane, two-way 
roadway, typically 3’ wide, used to mitigate shoulder 
drop-off.

Usable Shoulder – (AASHTO 2011 Definition)
“…the actual width that can be used when a driver 

makes an emergency or parking stop.”  
May include rounding at hinge point if foreslope is 1:4 or flatter.
Valley gutter and the gutter pan of Type G curb & gutter can be 

considered part of the useable shoulder. 
Gutter pans of mountable curb & gutter types (Types B & D) may

be considered part of the usable shoulder width where 
constrained conditions exist.



SHOULDER WIDTH

To Construct Hard Surfaced Shoulders Adjacent to Travel 
Lanes on State Trunklines

To Place a Strip of Aggregate (Gravel) Between the
Edge of Paved Shoulder and the Shoulder Hinge Point 

(minimum 1’ in width) for Stabilization

MDOT Practice



SHOULDER WIDTH

New Urban or Rural Construction Projects Should Include 
Full Shoulders, Where Practical

Flush Shoulders are Required for New Urban Freeways, 
however, this May Not Apply to Urban Freeway 

Reconstruction



SHOULDER WIDTH
Freeway Design Criteria 

Road Design Manual (Appendix 3A & Appendix 6A)

(section 3.11.01)

 Standards Do Not Differ between New Construction and 
Reconstruction.  An Allowance is Provided for 3R Work Types.

 3 or More Lanes Directional – Median Shoulder Width Should 
be the Same as the Right Shoulder Width

 Truck Traffic Exceeds 250 DDHV – Use 12’ Paved Width 
Shoulders on Non-Interstate Freeways; Consider Using 12’ 
Paved Width Shoulders on Interstate Freeways (Confer with 
Geometrics Unit)

 Ramp Gores Should be Paved to the 22’ Point



SHOULDER WIDTH

Appendix 3A

Appendix 6A



SHOULDER WIDTH

Non-Freeway Design Criteria 

Road Design Manual Appendix 3A (4R)  &  3.09.02 (3R)

Widths are Determined by
Type of Work:  4R or 3R

Highway Classification

Average Daily Traffic

Design Speed



SHOULDER WIDTH

Non-Freeway, 4R   (Appendix 3A)



SHOULDER WIDTH

Non-Freeway, 3R, NHS   (3.09.02 A)



SHOULDER WIDTH

Non-Freeway, 3R, Non-NHS   (3.09.02 B)



SHOULDER WIDTH

Adjacent to Truck Climbing Lanes and Passing Relief Lanes

Road Design Manual 3.09.05

Adjacent to Auxiliary Lanes of 1.0 Mile or Less (Freeway)

4’/(3’ Paved) Shoulder or Curb & Gutter

Adjacent to Right Turn Lane

2011 AASHTO Page 10-76





SHOULDERS

Corrugations in Paved Shoulders

Refer to R-112-H for 
Freeway and Non-Freeway

Corrugations

Freeway – Outside and Median Shoulders
No Ramps

Non-Freeway - Shoulder and Centerline on
Candidate Roadways



QUESTIONS



Problem 3:  Non-Freeway, NHS Corridor with a 4R Work Type 
Divided Arterial, 36’ Median Width 
3 Lanes in Each Direction 
ADT = 36,000 
Rolling Terrain 
Posted Speed 40 mph 

a. What is the MDOT recommended design speed? 

b. What is the required lane width? 

c. Required shoulder widths – left and right? 

d. Required Stopping Sight Distance? 

e. Maximum Allowable Grade (%)? 



Problem 3:  Non-Freeway, NHS Corridor with a 4R Work Type 
Divided Arterial, 36’ Median Width 

(Solutions)  3 Lanes in Each Direction 
ADT = 36,000 
Rolling Terrain 
Posted Speed 40 mph 

a. What is the MDOT recommended design speed? 

45 mph (RDM 3.06)  

(A 40 mph minimum design speed may be used per RDM Appendix 3A) 

b. What is the required lane width? 

Rural:  12’ 

Urban:  12’ Desirable/11’ Minimum (Unless NTN; then 12’ min.) (RDM Appendix 3A)

Urban Restricted Area:  10’ (Almost Never Applies)

c. Required shoulder widths – left and right? 

Rural and/or Urban: 8’ Right and 8’ Left Desirable. (RDM Appendix 3A)

[However, No Shoulders are Required Due to Low Speed (Posted Speed Limit < 50 mph).]

d. Required Stopping Sight Distance? 

360’ 
(MDOT Sight Distance Guidelines)

(305’ if 40 mph design speed is used) 

e. Maximum Allowable Grade (%)? 

Rural:    6%  (40 mph or 45 mph design speed) 

Urban:   7%  (45 mph design speed)  (RDM Appendix 3A)

   8%  (40 mph design speed) 



Problem 4:  Non-Freeway, Non-NHS Corridor with a 3R Work Type 
Undivided, 2-lane Arterial 
ADT = 12,300 
Rolling Terrain 
Posted Speed 55 mph 

a. What is the minimum allowable design speed? 

b. What is the required lane width? 

c. Required shoulder widths – left and right? 

d. Required Stopping Sight Distance? 

e. Maximum Allowable Grade (%)? 



Problem 4:  Non-Freeway, Non-NHS Corridor with a 3R Work Type 
Undivided, 2-lane Arterial 

 (Solutions) ADT = 12,300 
Rolling Terrain 
Posted Speed 55 mph 

a. What is the minimum allowable design speed? 

55 mph Minimum  (RDM 3.06 and RDM 3.09.02B) 

b. What is the required lane width? 

11’ Minimum  (RDM 3.09.02B) 

12’ Desirable on the NTN, but existing widths of less than 12’ may be retained. 

c. Required shoulder width? 

Rural:  6’ Total / 3’ Paved 
(RDM 3.09.02B)

Urban:  6’ Total / 3’ Paved – If Not Constrained by ROW. 
If ROW Not sufficient, No Shoulders are Required. 

d. Required Stopping Sight Distance? 

495’  (MDOT Sight Distance Guidelines)

e. Maximum Allowable Grade (%)? 

If there are NO crash patterns/concentrations related to the existing   
longitudinal grades, the existing grades may be retained (i.e.  No Maximum). 

(RDM 3.09.02B) 

If there IS a crash pattern related to the existing longitudinal grades, then the 
maximum grades are as follows: 

Rural:  5% 
(RDM Appendix 3A)

Urban:  6%



CURB & GUTTER
(RDM 6.06)



CURB & GUTTER  (RDM 6.06)

Purpose

Control and Direct Drainage

Visually and Physically Define the Travel Way

Define Driveway Locations

Promote Aesthetics of Roadside Development



C&G IN CONJUNCTION 
WITH SHOULDER

Curb & Gutter Should Not be Used on Roadways with Flush 
Shoulders, if Feasible  

Curb & Gutter Should Not be Used Adjacent to the Travel 
Lane Where Posted Speeds are 50 mph or Greater

Roll Curb & Gutter is Frequently Used to Define the Radii 
of Rural Crossroad Intersections, but These are Placed 

Beyond the Edge of Shoulder and Therefore are not 
Adjacent to the Traveled Way



CURB & GUTTER IN 
CONJUNCTION WITH SHOULDER

Curb & Gutter Should 
Not be Used Where 
Open Drainage Ditches 
Can be Utilized

MDOT 
Standard Plan 

R-30-G



Most Curb and Curb & Gutter Types are Defined as 
Either Mountable/Roll or Barrier

MDOT’s Detail “B”

May be Used at Any Posted Speed 

Usually Used on the Back of Flush Shoulders at Rural Intersections

MDOT’s Detail “D”

May be Used at Any Posted Speed 

Primarily for Drainage and In Conjunction with Guardrail Sections

CURB & GUTTER  (RDM 6.06.06)



Most Curb and Curb & Gutters are Defined as Either 
Mountable/Roll or Barrier

MDOT’s Detail “C”

May be Used Where Posted Speeds are 35 mph or Less  

Typical Usage is with Sidewalks, Trees, or Utility Poles Close to Edge 
of Pavement, Parking Areas, or to Match Existing Pavement

MDOT’s Detail “F”

May be Used Where Posted Speeds are 45 mph or Less 

May be Used to Replace Detail “C”, or in Place of Detail “B” or “D”

CURB & GUTTER  (RDM 6.06.06)



MDOT’s Detail “G”  (Urban Freeway Curb)

 Considered Mountable 
 Usually Used on Urban Freeways (Only in Cut Sections), in front of 

Earth Berms, or Adjacent to Retaining Walls at the Back of Shoulder

These Curb Details May be Used at Non-Freeway Locations when Approved.

CURB & GUTTER  (RDM 6.06)

Refer to RDM 6.06.10 
and MDOT Special 

Detail R-33-G



CURB & GUTTER  (RDM 6.06)

Concrete Valley Gutter  - Developed to be Used on Freeways in 
Order to Provide Flush Shoulders

Replaced Curb & Gutter That was Previously Used Between the 
Travel Lane and the Paved Shoulder

To Place Concrete Valley Gutter at the Outside Edge of the 
Shoulder and Adjacent to CMB or Single Face Barrier, if Present

MDOT Practice



CURB & GUTTER  (RDM 6.06)

Bridge Approach Curb & Gutter Details

Should be Determined by the Bridge Designer

If a Road Plan is Included with the Bridge Plan, 
the Quantities will be in the Road Plan

Refer to RDM 6.06.08 and
MDOT Special Detail R-32-F



QUESTIONS



CROSS SLOPE



CROSS SLOPE / CROWN

 Cross Slope – Transverse slope rate of travel lane or 
shoulder.

 Normal Crown – Uniform slope towards the outside 
edge of pavement

Undivided Roadways Divided Roadways

Typically Crowned at 
Centerline or Edge of 

Center Lane

May be Crowned at 
Centerline or at Inside 

or Outside Edge of 
Pavement



CROSS SLOPE / CROWN



CROSS SLOPE / CROWN

The Department Uses a Standard Cross Slope of 

2.0%

Allowable Cross Slope Variances for 3R Projects are Given 
in RDM 3.09.02 

A Design Exception is Needed for Cross Slopes that are 
Less than the Required Minimums, Greater than 2%, or 

Parabolic in Nature.

Except…



Three or More Lanes Inclined in the Same Direction
(Free Access Curbed Highways)

 Slope May be Increased After the First Two Lanes from the Crown 
Line 

 Up to 1%

When Existing Side Conditions Do Not Allow the Preferred 
Uniform Standard Crown Rate

 Requires Additional Transition in Superelevated Sections

CROSS SLOPE / CROWN

CROWN 
LINE

2% 2%



CROSS SLOPE / CROWN



CROSS SLOPE / CROWN



CROSS SLOPE / CROWN



CROSS SLOPE / CROWN

Bridge Design Guides  (6.05.01)



CROSS SLOPE / CROWN

Bridge Design Guides  (6.05.03)



CROSS SLOPE / CROWN
Non-Freeway, NHS, 3R   (3.09.02 A)



CROSS SLOPE / CROWN

Non-Freeway, Non-NHS, 3R   (3.09.02 B)



CROSS SLOPE / CROWN

Where Resurfacing is Less Than 4”…

The Crown Point May be Retained in Its Existing Location

2% Cross Slope Should be Established or Maintained

Where Resurfacing is 4”or More…

The Crown Point Should be Moved to Meet Current Standards



CROSS SLOPE / CROWN

Shoulder Slopes 

Road Design Manual 6.05.05 and Standard Plan R-107

 Standard Slope for Gravel or Earth Surfaced 
Shoulder and Shoulder Ribbon is 6% (0.06ft/ft)

 Standard Slope for Paved Shoulder is 4% (0.04ft/ft)

 Standard Slopes for Superelevated Sections 

See R-107 



CROSS SLOPE / CROWN
Shoulder Slopes

Slope Rates Between 4% and 6% are Generally Acceptable 
for Aggregate Shoulders

Slope Rates Between 4% and 6% May be Used for Paved 
Shoulders if Side Conditions are Constrained, and if it Does 

Not Result in a Rollover of Greater Than 6%

Slopes of Less Than 4% (Except on Bridges or in Superelevated Sections)
or Greater Than 6% (Except in Superelevated Sections) Require a Design Exception



CROSS SLOPE / CROWN

Shoulder Slopes

Do NOT Change Slope Rates Within the Plane of the Shoulder 
– Keep Paved and Unpaved in Same Plane

EOM

Shoulder

Hinge Point EOM

Shoulder

Hinge Point



CROSS SLOPE / CROWN

The Desirable Rollover (Algebraic Difference in Cross Slope) 
between Traveled Lanes and Shoulders is 6% or Less

MDOT Maximum Rollover:  6%
AASHTO/FHWA Maximum Rollover:  8%

(Design Exceptions Required if These Values are Exceeded)

Retaining an Existing Parabolic Crown will 
Require a Design Exception



QUESTIONS



SUPERELEVATION



SUPERELEVATION

 Superelevation – The banking of the roadway in the 
direction of the curve to help counter balance the 
perceived “centrifugal force” on the vehicle

The Appropriate Rate of Superelevation is 
Determined From…

 Design Speed

 Curve Radius

 Maximum Allowable 
Side Friction Factor

 Superelevation Method



SUPERELEVATION

Michigan’s Climate Limits 
Superelevation to 7% on…

 Rural Freeways

 Free Access Trunklines

 Rural Ramps

For Maximum Superelevation on 
“Urban” Freeways (DS = 60 mph) 
and Ramps See R-107 



SUPERELEVATION

Obtaining Superelevation Rates

Preferred

MDOT Standard Plan R-107

Minimum

Straight Line Method (RDM 3.04.03)

Interpolating between the AASHTO 6% and 8% Emax charts is 
not appropriate!  Interpolating within the R-107

or Straight-Line charts is allowable!

If the Straight-Line superelevation rates
cannot be met, a Design Exception/Design Variance is required.



SUPERELEVATION



SUPERELEVATION

Point of Rotation  (RDM 3.04.01)

Crowned Multi-Lane Roadways

Single-Lane or Unidirectionally Crowned Roadways (i.e. Ramps)



SUPERELEVATION

Point of Rotation  (RDM 3.04.01)

Special consideration should be given to superelevating 
an odd number of lanes (i.e. three-lane or five-lane 
sections) as the point of rotation should be determined 
by site conditions.  See Standard Plan R-107-Series.



SUPERELEVATION

Superelevation Transitions  (RDM 3.04.02)

Consists Of…

Superelevation Transition

(Transition (L) )

Tangent Runout

(Crown Runout (C) )

Length of Roadway Needed 
to Accomplish a Change in 
Outside-Lane Cross Slope 

from Zero (Flat) to Full 
Superelevation or Vice Versa

Length of Roadway Needed 
to  Accomplish a Change in 
Outside-Lane Cross Slope 

from the Normal Cross 
Slope Rate to Zero (Flat) 

or Vice Versa



SUPERELEVATION

Superelevation Transitions  (RDM 3.04.02)

Relative Gradient 
Along the Edges of the Pavement

(Delta Percent),   (∆%)

 Dependent on Superelevation Rates and Design Speeds

 May be Increased as Needed Up to the Maximum
Relative Gradient for the Design Speed

 Requires a Design Variance if Values Exceed
the Maximum for the Design Speed



SUPERELEVATION

Superelevation Transitions  (RDM 3.04.02)



SUPERELEVATION



CL

2 %

SUPERELEVATION

Road Cross Section  

2 %



SUPERELEVATION

2 %1.5%

CL

Road Cross Section  



SUPERELEVATION

2 %

CL

Road Cross Section  

1 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

2 %



SUPERELEVATION

3 %

CL

Road Cross Section  

3 %



SUPERELEVATION

4 %

CL

Road Cross Section  

4 %



SUPERELEVATION

3 %

CL

Road Cross Section  

3 %



SUPERELEVATION

2 %

CL

Road Cross Section  

2 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0 %



SUPERELEVATION

2 %

CL

Road Cross Section  

0.5 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1 %



SUPERELEVATION

2 %

CL

Road Cross Section  

1.5%



SUPERELEVATION

2 %

CL

2 %

Road Cross Section  



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107

THE CROWN POINT AND POINT OF ROTATION WILL NORMALLY BE AT 
THE CENTER OF TWO-LANE AND FOUR-LANE UNDIVIDED PAVEMENTS 

AND AT THE EDGE OF AN INSIDE LANE OF FIVE-LANE UNDIVIDED 
PAVEMENTS.  THE POINT OF ROTATION WILL NORMALLY BE A THE 

INSIDE EDGES OF DIVIDED PAVEMENTS.



SUPERELEVATION

MDOT Standard Plan R-107

THE CROWN IS TO BE REMOVED IN SUPERELEVATED SECTIONS.



SUPERELEVATION

MDOT Standard Plan R-107

ON URBAN SERVICE ROADS AND URBAN FREE ACCESS TRUNKLINE 
CURVES WHERE DRIVEWAYS ARE PREVALENT, AND WHERE NORMAL 
SUPERELEVATION CANNOT BE OBTAINED, A MINIMUM OF 1.5% TO 2% 

SUPERELEVATION IN THE DIRECTION OF THE CURVE MAY BE USED TO 
REMOVE THE ADVERSE CROWN.



SUPERELEVATION

MDOT Standard Plan R-107

DESIGN MODIFICATION OF TRANSITIONS, POINT OF ROTATION,

AND CROWNS MAY BE NECESSARY TO IMPROVE RIDING QUALITY

AND APPEARANCE.



SUPERELEVATION

MDOT Standard Plan R-107

THE LOCATION, LENGTH OF SUPERELEVATION TRANSITIONS,

CROWN RUNOFF LENTGHS, SUPERELEVATION RATES, AND

POINT OF ROTATION WILL BE AS SPECIFIED ON THE PLANS.



SUPERELEVATION

MDOT Standard Plan R-107

SPRIAL LENGTHS WILL BE EQUAL TO OR LONGER

THAN TRANSITION SLOPE LENGTHS.



SUPERELEVATION

MDOT Standard Plan R-107

SPIRAL TRANSITIONS SHOULD BE USED ON NEW ALIGNMENTS,

BASED ON THE DESIGN SPEED OF THE CURVE AND THE RADIUS

AS SHOWN IN THE TABLE.  THE TABLE GIVES THE MAXIMUM

RADIUS IN WHICH A SPIRAL SHOULD BE USED.



SUPERELEVATION

MDOT Standard Plan R-107

BEGIN THE HIGH SIDE SHOULDER TRANSITION AT THE PAVEMENT 
CROWN RUN OUT POINT (CROWN REMOVED).  TRANSITION THE 

SHOULDER IN THE DISTANCE “L” TO THE SHOULDER SLOPE RATE 
REQUIRED AT FULL PAVEMENT SUPERELEVATION.



SUPERELEVATION

MDOT Standard Plan R-107

IF THE RATE OF FULL PAVEMENT SUPERELEVATIONS IS GREATER 
THAN THE NORMAL SHOULDER SLOPE, BEGIN THE LOW SIDE 

SHOULDER TRANSITION WHEN THE PAVEMENT REACHES THE SAME 
PLANE AND SLOPE RATE AS THE NORMAL SHOULDER.



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

MDOT Standard Plan R-107



SUPERELEVATION

Straight Line Method
(RDM 3.04.03)



QUESTIONS



Problem 5: Non-Freeway, NHS Corridor (4R Work Type) 
Divided Arterial, Three lanes in each direction 
ADT = 15,000 
Level terrain 
Posted speed 50 mph 

a. What is the design speed? 

b. What is the lane width? 

c. Paved shoulder width – left and right? 

d. Stopping sight distance? 

e. Maximum grade %? 

f. Cross-slope for the traveled way and shoulders in a normal crown section? 

g. Minimum required superelevation rate for a horizontal curve with R=1800’? 

h. Superelevation rate for a horizontal curve with R=1800’ using Standard Plan R-107? 



Problem 5: Non-Freeway, NHS Corridor (4R Work Type) 
Divided Arterial, Three lanes in each direction 

(Solutions) ADT = 15,000 
Level terrain 
Posted speed 50 mph 

a. What is the design speed? 

55 mph / 50 mph (RDM 3.06 / RDM Appendix 3A) 

b. What is the lane width? 

Rural or Urban:  12’ (RDM Appendix 3A)

c. Paved shoulder width – left and right? 

Rural:  8’ Right and 8’ Left  
(RDM Appendix 3A)

Urban: 8’ Right and 8’ Left – If Not Constrained by ROW. 
Where ROW is Not Sufficient, No shoulders are required. 

d. Stopping sight distance? 

495’ (55 mph) / 425’ (50 mph) (MDOT Sight Distance Guidelines)

e. Maximum grade %? 

Rural:  4%  (50 mph or 55mph design speed) 
(RDM Appendix 3A)

Urban:  5% (55 mph design speed) / 6%  (50 mph design speed) 

f. Cross-slope for the traveled way and shoulders in a normal crown section? 

Traveled Way: 2.0% 
(RDM Appendix 3A)

Shoulders:  4.0% 

g. Minimum required superelevation rate for a horizontal curve with R=1800’? 

3.5%  (55 mph) 
(Straight-Line Superelevation Rate  -  RDM 3.04.03)

2.8%  (50 mph) 

h. Superelevation rate for a horizontal curve with R=1800’ using Standard Plan R-107? 

5.7%  (55 mph) 
(R-107 Superelevation Rate  -  Standard Plan R-107)

5.1% (50 mph)



Problem 6: 

Given the following information: 

Design Speed = 50 mph 
R = 2500 feet 
Straight Line Superelevation Chart 

Calculate the following: 

a.  Superelevation Rate 
b.  Delta Percent Value 
c.  Crown Runout Length (C) 
d.  Superelevation Transition Length (L) 
e.  Superelevation Transition Distribution/Placement Inside and Outside of the Curve. 
f.  Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping Sight 
    Distance.  Is the Required HSO Provided in this Case? 
g. Determine the K Value Based on the Proposed Vertical Alignment.  Does this K Value Meet for 

the Design Speed of the Roadway?

2.0%3.0%

V.P.C. 
STA 11+00 

V.P.T. 
STA 14+00 

V.P.I.

L.C. = 300 ft 

2.0% 
2.0%

2.0%

4.0%

12 ft 12 ft

12 ft

6 ft

Barrier

POR

4.0% 

8 ft.

P.C. 
STA 10+00 

P.T. 
STA 15+00 

P.I.



Problem 6: 
  (Solutions) 

Given the following information: 

Design Speed = 50 mph 
R = 2500 feet 
Straight Line Superelevation Chart 

Determine/Calculate the following: 

a.  Superelevation Rate: 2.0%  (RDM 3.04.03) 

b.  Delta Percent Value: 0.40  (RDM 3.04.03) 

c.  Crown Runout Length (C): (2%)(12’)/0.40 = 60’  (MDOT Standard Plan R-107)

d.  Superelevation Transition Length (L):  (2%)(12’)/0.40 = 60’; (20’ into curve/40’ out of curve).

e.  Superelevation Transition Distribution/Placement Inside and Outside of the Curve. 

At PC:  L = Sta. 10+00 + 20’ = Sta. 10+20 - 60’ = 9+60.  L:  9+60 to 10+20.
C = Sta. 9+60 - 60’ = Sta. 9+00.      C:  9+00 to 9+60. 

At PT:  L = Sta. 15+00 - 20’ = Sta. 14+80 + 60’ = 15+40.  L:  14+80 to 15+40.
C = Sta. 15+40 + 60’ = Sta. 16+00.  C:  15+40 to 16+00. 

f.  Determine the required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping Sight 
    Distance.  Is the Required HSO Provided in this Case?

D.S. = 50 mph, R = 2500’:  Required HSO = 9.0’.    Yes; 12.0’ of HSO is Provided. 

g.  Determine the K Value Based on the Proposed Vertical Alignment.  Does this K Value Meet for
     the Design Speed of the Roadway? 

K = L/A = 300/5 = 60.    No; K(sag) = 60 Does Not Meet for 50 mph; it Meets for 35 mph. 

(NOTE:  This Would be an Allowable Vertical Alignment for a 3R Non-Freeway Project).

P.C. 

STA 10+00 

P.T. 
STA 15+00 

P.I.

2.0%3.0%

V.P.C. 
STA 11+00 

V.P.T. 
STA 14+00 

V.P.I.

Curve Length = 300 ft 

2.0%
2.0%

2.0%

4.0%

12 ft 12  ft

12 ft

6 ft

Barrier

POR

4.0% 

8 ft.



Problem 7: 

Given the following information: 

Design Speed = 60 mph 
R = 2050’ 
Straight Line Superelevation Chart 

Determine/Calculate the following: 

a. Superelevation Rate: 
b. Delta Percent Value: 
c. Crown Runout Length (C): 
d. Superelevation Transition Length (L): 
e. Superelevation Transition Distribution/Placement Inside/Outside of the Curve: 

f. Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping 
Sight Distance.  Is the Required HSO Provided in this Case? 

g. Determine the K Value Based on the Proposed Vertical Alignment.  Does this K Value 
Meet for the Design Speed of the Roadway? 

P.C. 
STA 10+00 

P.T. 
STA 15+00 

P.I.

1.9%2.6%

V.P.C. 
STA 10+50 

V.P.T. 
STA 14+50 

V.P.I.

Curve Length = 400 ft 

2.0% 2.0%

2.0%

4.0%

12 ft 12 ft

12 ft

6 ft

Barrier

   POR 

4.0% 

8 ft.



Problem 7: 

Given the following information: 

Design Speed = 60 mph 
R = 2050’ 
Straight Line Superelevation Chart 

Calculate the following: 

a. Superelevation Rate:    3.9%  (RDM 3.04.03) 

b. Delta Percent Value:    0.40  (RDM 3.04.03) 

c. Crown Runout Length (C):  C = (24’)(2%)/0.40 = 120’.

d. Superelevation Transition Length (L):  L = (24’)(3.9%)/0.40 = 234’. (78’ in / 156’ out).

e. Superelevation Transition Distribution/Placement Inside/Outside of the Curve: 

PC:  L = Sta. 10+00 + 78’ = Sta. 10+78 - 234’ = Sta. 8+44.     C = Sta. 8+44 – 120’ = Sta. 7+24.

Crown Runout:  Sta. 7+24 to Sta. 8+44.     Super Transition:  Sta. 8+44 to Sta. 10+78. 

PT:  L = Sta. 15+00 - 78’=Sta. 14+22 + 234’=Sta. 16+56.    C = Sta. 16+56 + 120’=Sta. 17+76.

Super Transition:  Sta. 14+22 to Sta. 16+56.      Crown Runout:  Sta. 16+56 to Sta. 17+76. 

f. Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping 
Sight Distance.  Is the Required HSO Provided in this Case? 

D.S. = 60 mph, R = 2050’:  Required HSO = 19.8’.    No; the Proposed HSO is Only 12.0’. 

g. Determine the K Value Based on the Proposed Vertical Alignment.  Does this K Value 
Meet for the Design Speed of the Roadway? 

K = L/A = 400/4.5 = 88.9.     No; K(sag) = 88 Does Not Meet for 60 mph; it Meets for 45 mph. 

(NOTE:  This Would be an Allowable Vertical Alignment for a 3R, Non-Freeway Project).

P.C. 
STA 10+00 

P.T. 
STA 15+00 

P.I.

1.9%2.6%

V.P.C. 

STA 10+50 

V.P.T. 

STA 14+50 

V.P.I.

L.C. = 400 ft 

2.0% 2.0%

2.0%

4.0%

12 ft 12 ft

12 ft

6 ft

Barrier

   POR 

4.0% 

8 ft. 



INTERCHANGE DESIGN



INTERCHANGE - GENERAL
 Interchange – A system of interconnecting roadways 

in conjunction with grade separations providing for 
the interchange of traffic between two or more 
intersecting roadways



INTERCHANGE - GENERAL

 Two Types

 System

 Service

 Configuration Based on Service 
Demand

 Spacing

 Rural

 Urban

 Approach to Structures

 Sight Distance



INTERCHANGE

Design Principles

 Interchanges Should be Designed to Best Serve the 
Projected Design Hourly Volume Safely and 
Efficiently

Operational Uniformity Concept

 Interchange Design Should Reinforce Driver 
Expectancies that Conform with (or Reinforce) a 
Prior Experience



INTERCHANGE LAYOUT

Road Design Manual   (3.07.02 B)

 Adequate Visibility on Ramps
 Sight Distance at Least as Long as SSD

 Clear View of Entire Exit Terminal
 Exit Nose

 Section of Ramp Roadway Beyond Gore

 Exit Ramps Should Begin Where the Freeway is on 
a Tangent

 Exit in Advance of Structure
 Loop Ramps Beyond a Structure Usually Need a Parallel 

Deceleration Lane



Road Design Manual   (3.07.02 B)

 Extreme Care Exercised to Avoid Left-Hand 
Entrances and Exits

 Avoid Lane Drops between Closely Spaced 
Interchanges

 Loop Ramps should be Designed with a Minimum 
Radius of 260’ If Possible

 Gore Areas Should be Designed as Flat as Possible

 Consistency Should be Provided in Interchange and 
Ramp Design and Utilization

INTERCHANGE LAYOUT



INTERCHANGE

Spacing

 Impacts Freeway Operations

 Capacity/Congestion

 Urban Areas
 Difficult to Get Spacing - 1 Mile Spacing Desirable

 Rural Areas
 2 Mile Spacing Desirable



INTERCHANGE



INTERCHANGE 
CONFIGURATION

GEO-300-D
Diamond

GEO-310-C
Collector-

Distributor Road

GEO-320-C
Parclo A-4-Quad

GEO-330-C
Parclo 

B-4-Quad

GEO-340-A
Parclo A-B-2-Quad

GEO-350-B
Trumpet

GEO-360-A
Cloverleaf SPUI

GEO-400-B
Diamond

VII-410
Collector



RAMP TYPES

GEO-101-F
One Lane

Parallel Entrance

GEO-110-C
Two Lane
Entrance

GEO-120-C
Successive 
Entrance

GEO-100-F
One Lane

Tapered Entrance

GEO-131-D
One Lane

Parallel Exit

GEO-140-B
Two Lane

Exit

GEO-150-C
Successive 

Exit

GEO-130-D
One Lane

Tapered Exit

GEO-202-B
12’  Width 

Entrance & Exit 
Slip



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE



INTERCHANGE

Upgrading Existing One-Lane ENTRANCE 

Ramps on “3R” Freeway Projects

Tapered GEO-100
(Meet La and Lgap)

Parallel GEO-101
(Meet La and Lgap)

Locate 12’ Width Point

Stub on Length of Parallel 12’ 
Lane as Needed to Achieve 

Required La and Lgap Distances

Add 300’ Closing Taper

Locate End of 12’ Parallel Lane

Stub on Length of Parallel 12’ 
Lane as Needed to Achieve 

Required La and Lgap Distances

Add 300’ Closing Taper



INTERCHANGE

Upgrading Existing One-Lane EXIT 

Ramps on “3R” Freeway Projects

Tapered GEO-130
(Meet Ld)

Parallel GEO-131
(Meet Ld)

Locate 12’ Width Point

Stub on Length of Parallel 12’ 
Lane as Needed to Achieve 

Required Ld Distance

Add 300’ Opening Taper

Locate End of 12’ Parallel Lane

Stub on Length of Parallel 12’ 
Lane as Needed to Achieve 

Required Ld Distance

Add 300’ Opening Taper



INTERCHANGE



INTERCHANGE

12’ Width Entrance and Exit Slip Ramps

Slip Ramps Connect a Freeway to a Parallel Service 
Road Not a Perpendicular Crossroad

Only for Use on True “Urban” Freeways

Maximum Design Speed 60 mph

Minimum Radii of 1145’ (Maximum Curvature of 5°) 
for Any Horizontal Curves



INTERCHANGE



INTERCHANGE



INTERCHANGE



RAMP TERMINALS



RAMP TERMINALS



RAMP TERMINALS



RAMP TERMINALS



RAMP TERMINALS



CLEAR VISION AREAS

 Geometric Design Guidance 1.1.3

 Geometric Design Guide 

GEO-300-D

 Ramps

 Crossroad

 Terminals

 Merge/Diverge Areas



CLEAR VISION AREAS



L.A. ROW & CLEAR VISION AREAS

VII-300C



L.A. ROW & CLEAR VISION AREAS

GEO-300-D
(Sheet 5 of 6)



L.A. ROW & CLEAR VISION AREAS

GEO-300-D
(Sheet 3 of 6)



QUESTIONS



INTERSECTION DESIGN



INTERSECTIONS

 Intersection – The general area where two or more 
roadways join or cross, including the roadway and 
roadside facilities for traffic movements within the 
area.



INTERSECTIONS

Types

T - Three Leg

4 – Leg

Multi-Leg



INTERSECTIONS
Provide Ease/Control of Access Consistent with the 

Function of Intersecting Roadways

The…
Efficiency

Safety

Speed

Delay

Capacity

…of the Facility Depend 

on the Design



INTERSECTION DESIGN 
ELEMENTS

Human Factors

Traffic Considerations

Physical Elements

Economic Factors

Functional Areas

Number of Conflict Points



INTERSECTIONS

Keep

Access Points

Out of 

Functional

Intersection

Area



INTERSECTIONS

Intersecting Roads Should Meet At Right Angles

75° to 105° Desirable

Side Roads

Landings < 2%

Adequate ISD & Clear Vision Corners

Should be Provided



TURNED IN ROADWAYS

GEO-640





INTERSECTIONS



INTERSECTIONS



INTERSECTIONS



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



INTERSECTIONS

GEO-650



Potential Benefits:

 Reduced Delay

 Reduced Conflict Points

 Reduced Crash Severity

 Reduced Bridge Width

 Reduced Design Requirements

ROUNDABOUTS



ROUNDABOUTS

Yield at Entry

Deflected at Entry

Flared at Entry

Traffic Calming



ROUNDABOUTS



ROUNDABOUTS

Common Misconceptions:

 Do Not Accommodate Large Trucks

 Difficult to Navigate/Confusing to Motorists



ROUNDABOUTS  IN  MICHIGAN



ROUNDABOUT  DESIGN  GUIDANCE



DIVIDED ROADWAY 
INTERSECTIONS

Michigan Vehicle Code

“…where a highway includes two roadways 30 feet or 
more apart, then every crossing of each such divided 
highway by an intersecting highway shall be 
regarded as a separate intersection…”

MMUTCD

Provides direction for use and placement of TCD’s at 
divided highway intersections



DIVIDED ROADWAY 
INTERSECTIONS



CROSSOVERS  (GEO-670-E)



CROSSOVERS  (GEO-670-E)



CROSSOVERS  (GEO-670-E)



CROSSOVERS  (GEO-670-E)



CROSSOVERS
Truck Loon Detail



Advantages

Safety

Capacity

Efficiency

Disadvantages

Adverse Distance

Weaving

INDIRECT LEFT TURNS



INDIRECT LEFT TURNS



DIRECT LEFT TURNS



 At Any Intersection Where a Capacity Analysis 
Determines a Right Turn Lane is Required for a 
Desired LOS

 Crash Experience, Engineering Judgment, Indicates a 
Right Turn Lane will Improve Operations

 Any Unsignalized Intersection which Satisfies the 
Criteria on the Following Charts…

RIGHT TURN LANES AND TAPERS

(Geometric Design Guidance Document 1.1.4)
(Formerly Traffic and Safety Note 604A)



RIGHT TURN LANES AND TAPERS

(Geometric Design Guidance Document 1.1.4)
(Formerly Traffic and Safety Note 604A)



 Unsignalized Intersections on Two-Lane Highways: 
Charts for 35 mph, 45 mph, and 55 mph

 Unsignalized Intersections on Four-Lane Highways: 
Chart for any/all speeds

 Any Intersection where…
 Crash Experience
 Traffic Operations
 Sight Distance Concerns

…Indicate that a Left Turn would Improve Operations

LEFT TURN LANES AND FLARES

(Geometric Design Guidance Document 1.1.5)
(Formerly Traffic and Safety Note 605A)



LEFT TURN LANES AND FLARES

(Geometric Design Guidance Document 1.1.5)
(Formerly Traffic and Safety Note 605A)

Two-Lane 
Highways



Four-Lane 
Highways



DRIVEWAY PASSING FLARES

(Geometric Design Guidance Document 1.2.3)
(Formerly Traffic and Safety Note 603A)

 Function of Peak Hour Left Turn Volume and 24 Hour 
Two-Way Volume

 Prohibit Left Turns

 Provide Driveway Passing Flare

 Cost Should be Borne by Developer

 See GEO-650-D for Design Considerations



DRIVEWAY PASSING FLARES

(Geometric Design Guidance Document 1.2.3)
(Formerly Traffic and Safety Note 603A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)





QUESTIONS



DESIGN EXCEPTIONS
DESIGN VARIANCES



DESIGN ELEMENTS

Design Speed

Lane Width

Superelevation 
Rate

Acceleration/Deceleration Length

Horizontal Curve 
Radius

Superelevation 
Transition

Cross Slope

Shoulder Width

Vertical Clearance

Stopping Sight Distance

(Horizontal & Vertical)

Structural Capacity

Maximum 
Grade



DESIGN EXCEPTIONS / VARIANCES 
(RDM 3.08.01E)



DESIGN CRITERIA

3R PROJECTS 4R PROJECTS
Road Design Manual 

3.11
Road Design Manual 

3.09 & 3.11.01

NHS Freeway
Road Design Manual 

Appendix 3A
Road Design Manual 

3.09.02A

Non-NHS Non-Freeway

Road Design Manual 
Appendix 3A

Road Design Manual 
3.09.02B



RDM 3.09.02A



RDM 3.09.02B



3R FREEWAY 
ALLOWANCES



RDM APPENDIX 3A



RDM APPENDIX 3A



RDM APPENDIX 3A



RDM APPENDIX 3A



FORM DE26



FORM DV26



Design Exception
Crash Analysis

Instructions



Design Exception
Crash Analysis

Instructions



QUESTIONS










