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Appendix A  DESIGN CRITERIA 
 
The following design criteria were used as part of the alternatives development process for 
this project.  The criteria are from the following reference manuals: 

• AASHTO = American Association of State Highway and Transportation Officials:  
A Policy on Geometric Design of Highways and Streets, 2001 

• AASHTO RDG = AASHTO Roadside Design Guide 
• MDM = Michigan Metric Road Design Manual 
• GDG = Michigan Geometric Design Guide 
• BDM = Michigan Metric Bridge Design Manual 
• BDG = Michigan Metric Bridge Design Guide 
• Std Plan = MDOT Metric Standard Plans 
• MMUTCD = Michigan Manual of Uniform Traffic Control Devices 

 
Highway Connection Geometric Design Criteria 
Highway connections for the Illustrative and Practical Alternatives were developed and 
evaluated using current MDOT, FHWA, and AASHTO geometric guidelines, policies, and 
standards as listed in Table A-1.  The recommended highway connection design criteria on 
the U.S. side reflect the urban areas within which alternatives are to be developed and the 
volume of heavy truck traffic that is forecasted to use the facilities.  Design criteria to be 
used on the Canadian side may utilize urban or rural criteria, depending on the location of 
the alternative. 

Table A-1 
U.S. Highway Connection Geometric Design Criteria (metric) 

Item Reference 6-Lane  
Urban Freeway 

Roadway Classification AASHTO Urban Freeway 

Design Level of Service AASHTO Exhibit 2-32 (p 85) 
MDOT Practice 

LOS C 
LOS D minimum 

Design Speed (km/h) MDM 3.06.01 100 km/h 
ADT for Year of Completion 2013 Traffic Report Not yet available 
ADT for Design Year 2035 Traffic Report Not yet available 
Horizontal Alignment   

Minimum Radius (desirable) MDM 3.03.01A, 
Standard Plan R-107-D1 463 m (800 m) 

Minimum Length of Curve  MDM 3.03.01B 300 m (600 m) 
Minimum Radius Not Requiring a Spiral AASHTO Exhibit 3-33 (p 179) 592 m 
Maximum Super elevation MDM 3.04 5% 
Maximum Rollover (shoulder) Standard Plan R-107-D1 6.0% 
Vertical Alignment   
Maximum Percent of Grade MDM 2.02.01 3.0% 
Minimum Percent of Grade MDM 2.02.01 0.3% to 0.5% for curbed roadways 
Minimum Stopping Sight Distance AASHTO Exhibit 3-1 (p 112) 185 m 
Minimum Passing Sight Distance and Zone Length NA NA 
Minimum K-Value for Crest VC AASHTO Exhibit 3-76 (p 274) 52 
Minimum K-Value for Sag VC AASHTO Exhibit 3-79 (p 280) 45 

Bridge Width AASHTO Chapter 8 (p 510) 
BDG Section 6 Approach Roadway 

Minimum Vertical Clearance For Bridges (desirable) BDM 7.01.08 
Desired for New Freeways Minimum in Highly Urbanized Areas 

4900 mm (5000 mm) 
4400 mm (4500 mm) 

Bridge Structural Capacity BDM 7.01.04.A MS-23 
Minimum Railroad Vertical Clearance BDM 13.04.04 7010 mm 

Minimum Railroad Horizontal Clearance BDM 13.04.03 
BDM 13.04.09 

6100 mm Crash Barrier required for piers  
< 7620 mm from track centerline 

Cross Section Elements   

Total Number of Lanes Design Report & Studies 3-lanes each direction  
(min for new freeway in Metro Detroit) 

Lane Width MDM 3.07A,  
Standard Plan R-110-A 3.6 m 

Left Shoulder Width  MDM 3.09, 6.05.04 E,  
Standard Plan R-110-A 3.6 m 

Right Shoulder Width MDM 3.09, 6.05.04 E, Standard Plan R-110-A 2.4 m w/ 
Valley Gutter 

Curb and Gutter Drainage Design Report & Studies Yes 
Maximum Fore Slope (desirable) MDM 2.03.01 1 on 4 (1 on 6) 
Maximum Back Slope (desirable) MDM 2.03.01 1 on 3 (1 on 4) 

Minimum Ditch Width (desirable) MDM 4.04.02 
AASHTO RDG 1.2 m (1.8 m) (w/ open drainage) 

Minimum Ditch Grade (desirable) MDM 4.04.01 0.2% (0.3%)  (w/ open drainage) 
Pavement Cross Slope Standard Plans R-107-D1 and R-110-A 2% 
Shoulder Cross Slope MDM 6.05.05A and R-110-A 4% 
Clear Zone AASHTO RDG Table 3.1 13.5 m 
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System Interchange Geometric Design Criteria 
System interchanges for the Illustrative and Practical Alternatives were developed and 
evaluated using current MDOT, FHWA, and AASHTO geometric guidelines, policies, and 
standards as listed in Table A-2.  The recommended criteria for the U.S. side reflect the 
urban areas within which alternatives are to be developed and the volume of heavy truck 
traffic that is forecasted to use the facilities.  Design criteria to be used on the Canadian 
side may utilize urban or rural criteria, depending on the location of the alternative. 

Table A-2 
U.S. System Interchange Ramp Geometric Design Criteria (metric) 

Item Reference Urban Ramp 
Roadway Classification AASHTO Urban Ramp 

Design Level of Service AASHTO Exhibit 2-32 (p 85) MDOT Practice LOS C 
LOS D minimum 

Design Speed (km/h) MDM 3.06.01  
    Loop Ramps Standard Plan R-107-D1 50 km/h 
    Direct Ramps AASHTO Exhibit 10-56 (p 830) 80 km/h 
Horizontal Alignment   

Minimum Radius Standard Plan R-107-D1 
86 m Loop Ramp  
(7% max super) 

240 m Direct Ramp 

Minimum Length of Curve MDM 3.03.01B 150 m Loop Ramp (50 km/h) 
240 m Direct Ramp (80 km/h) 

Minimum Radius Not Requiring a Spiral AASHTO Exhibit 3-33 (p 179) 148 m Loop Ramp (50 km/h) 
379 m Direct Ramp (80 km/h) 

Maximum Super elevation MDM 3.04, 
Standard Plan R-107-D1 

7% Loop Ramp 
5% Direct Ramp 

Maximum Rollover (shoulder) Standard Plan R-107-D1 6.0% 
Maximum Gore Cross Slope GDG G-200 Series 8.0% 
Vertical Alignment   
Maximum Percent of Grade MDOT 5% max up or down 
Minimum Percent of Grade MDM 2.02.01 0.3% to 0.5% for curbed roadways 

Minimum Stopping Sight Distance 
AASHTO Exhibit 3-1 (p 112) 
AASHTO Exhibit 3-2 (p 115) 
AASHTO Exhibit 3-76 (p 274) 
AASHTO Exhibit 3-79 (p 280) 

65 m Loop Ramp 
130 m Direct Ramp 

Minimum Passing Sight Distance NA NA 
Minimum Passing Zone Length NA NA 

Minimum K-Value for Crest VC AASHTO Exhibit 3-76 (p. 274) Loop Ramp:  7 
Direct Ramp:  26 

Minimum K-Value for Sag VC AASHTO Exhibit 3-79 (p. 280) 
Comfort criteria may be used. 

Loop Ramp:  13 
Direct Ramp:  30 

Bridge Width AASHTO Chapter 8 (p. 510) 
BDG Section 6 Approach Roadway 

Minimum Vertical Clearance for Bridges (desirable) BDM 7.01.08 
Desired for New Freeways Minimum in Highly Urbanized Areas 

4900 mm (5000 mm) 
4400 mm (4500 mm) 

Bridge Structural Capacity BDM 7.01.04.A MS-23 
Minimum Railroad Vertical Clearance BDM 13.04.04 7010 mm 

Minimum Railroad Horizontal Clearance BDM 13.04.03 
BDM 13.04.09 

6100 mm Crash Barrier required for piers  
< 7620 mm from track centerline 

Cross Section Elements   
Total Number of Lanes Design Report & Studies 2-lanes each direction 

Lane Width MDM 3.07A, 
Standard Plan R-110-A 

7.2 m – Two Lanes 
4.8 m – One Lane 

Left Shoulder Width  Standard Plan R-110-A 1.8 m   
Right Shoulder Width Standard Plan R-110-A 2.4 m  
Curb and Gutter Drainage Design Report & Studies Yes 

Maximum Fore Slope (desirable) AASHTO RDG  
MDM 2.03.01 1 on 4 (1 on 6) 

Maximum Back Slope (desirable) MDM 2.03.01 1 on 3 (1 on 4) 
Minimum Ditch Width (desirable) MDM 4.04.02 1.2 m (1.8 m) 
Minimum Ditch Grade (desirable)  MDM 4.04.01 0.2% (0.3%) 
Pavement Cross Slope  Standard Plans R-107-D1 and R-110-A 2% 
Shoulder Cross Slope  MDM 6.05.05A & R-110-A 4% 
Clear Zone AASHTO RDG Table 3.1 5.5 m Loop Ramp 

8.5 m Direct Ramp 
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Service Drive Geometric Design Criteria 
Service drives for the Illustrative and Practical Alternatives were developed and evaluated 
using current MDOT, FHWA, and AASHTO geometric guidelines, policies, and standards 
as listed in Table A-3.  The recommended criteria for the U.S. side reflect the urban areas 
within which alternatives are to be developed and the volume of heavy truck traffic that is 
forecasted to use the facilities.  Design criteria to be used on the Canadian side may utilize 
urban or rural criteria, depending on the location of the alternative. 

Table A-3 
U.S. Service Drive Geometric Design Criteria (metric) 

Item Reference Service Drives 
Roadway Classification AASHTO Urban Collector 

Design Level of Service AASHTO Exhibit 2-32 (p 85) 
MDOT Practice 

LOS C 
LOS D minimum 

Design Speed (km/h) MDM 3.06.01 50 km/h 
ADT for Year of Completion 2013 Traffic Report Not yet available 
ADT for Design Year 2035 Traffic Report Not yet available 
Horizontal Alignment   
Minimum Radius  Standard Plan R-107-D1 86 m  
Minimum Length of Curve  MDM 3.03.01B 150 m 
Minimum Radius Not Requiring a Spiral AASHTO Exhibit 3-33 (p 179) 148 m 
Maximum Super elevation MDM 3.04 5% 
Maximum Rollover (shoulder) Standard Plan R-107-D1 6.0% 
Vertical Alignment   
Maximum Percent of Grade MDOT 5% max up or down 
Minimum Percent of Grade AASHTO Chapter 6 (p 435) 0.3% (0.5% desirable) 
Minimum Stopping Sight Distance AASHTO Exhibit 3-1 (p 112) 65 m 
Minimum Passing Sight Distance NA NA 
Minimum Passing Zone Length NA NA 
Minimum K-Value For Crest VC AASHTO Exhibit 6-2 (p 426) 7 

Minimum K-Value For Sag VC AASHTO Exhibit 6-2 (p 426) 13 
(Comfort criteria may be used) 

Bridge Width AASHTO Chapter 8 (p 510) Approach Roadway 

Minimum Vertical Clearance for Bridges (desirable) BDM 7.01.08 
AASHTO Chapter 6 (p 440) 4400 mm (4500 mm) 

Bridge Structural Capacity BDM 7.01.04.B MS-18 
Minimum Railroad Vertical Clearance BDM 13.04.04 7010 mm 

Minimum Railroad Horizontal Clearance BDM 13.04.03 
BDM 13.04.09 

6100 mm Crash Barrier required for piers  
< 7620 mm from track centerline 

Cross Section Elements   
Total Number of Lanes Design Report & Studies 2-lanes, 1-lane each direction 
Lane Width AASHTO Chapter 6 (p 437) 3.6 m 
Median/Left Shoulder Width  NA 0.0 m  
Right Shoulder Width AASHTO Exhibit 6-5 (p 429) 2.4 m  (ADT>2000) 
Curb and Gutter Drainage Design Report & Studies Yes 

Maximum Fore Slope (desirable) AASHTO RDG  
MDM 2.03.01 1 on 4 (1 on 6) 

Maximum Back Slope (desirable) MDM 2.03.01 1 on 3 (1 on 4) 
Minimum Ditch Width (desirable) MDM 4.04.02 1.2 m (1.8 m) 
Minimum Ditch Grade (desirable)  MDM 4.04.01 0.2% (0.3%) 
Pavement Cross Slope  Standard Plans R-107-D1 and R-110-A 2% 
Shoulder Cross Slope  MDM 6.05.05A & R-110-A 4% 
Clear Zone AASHTO RDG Table 3.1 5.5 m  
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River Bridge Geometric Design Criteria 
Bridge options for the Illustrative and Practical Alternatives were developed and evaluated 
using current MDOT, FHWA, and AASHTO geometric guidelines, policies, and standards 
for bridges as listed in Table A-4.  The geometric design criteria recommended for the 
DRIC reflects the assumption that it will function as a connection between the U.S. and 
Canadian Plazas, both of which are secure facilities, with traffic entrances and exits to 
functional areas very close to the ends of the bridge.  Traffic entering and exiting the 
plazas need to be traveling at low speeds to protect the safety of bridge traffic operators 
and government inspectors working on the plazas. Other traffic crossings in Michigan have 
posted speed limits of 50 km/h (30 mph).  The recommended design speed of 60 km/h 
enables the use of slightly increased profile grades, and shorter vertical curves than the 
approach highways, which will substantially reduce the length of bridge approaches 
needed to cross the shipping channels on the Detroit River. 
 
 

Table A-4 
Detroit River Bridge Geometric Design Criteria (metric) 

Item Reference 6-Lane  
Urban Arterial 

Roadway Classification AASHTO Chapter 1 (p 10-11) Urban Principal Arterial 

Design Level of Service AASHTO Exhibit 2-32 (p 85) 
MDOT Practice 

LOS C 
LOS D minimum 

Design Speed (km/h) AASHTO Chapter 2 (p 67-72) 60 km/h 
ADT for Year of Completion 2013 Traffic Report Not yet available 
ADT for Design Year 2035 Traffic Report Not yet available 
Horizontal Alignment   
Minimum Radius  Std. Plan R-107-D1 162 m  (5% max super) 
Minimum Length of Curve   NA 
Minimum Radius 
Not Requiring a Spiral  NA 

Maximum Super elevation Std. Plan R-107-D1 5% 
Maximum Rollover (shoulder) Std. Plan R-107-D1 6% 
Vertical Alignment   
Maximum Percent of Grade AASHTO Chapter 3 (p 239) 5.0% 
Minimum Percent of Grade AASHTO Chapter 3 (p 242) 0.3% 
Minimum Stopping Sight Distance AASHTO Exhibit 3-1 (p 112) 85 m 
Minimum Passing Sight Distance NA NA 
Minimum Passing Zone Length NA NA 
Minimum K-Value for Crest VC AASHTO Exhibit 3-76 (p 274) 11 
Minimum K-Value For Sag VC AASHTO Exhibit 3-79 (p 280) 18 

Minimum Vertical Clearance over Detroit River US Coast Guard 47.5 m x 30.5 m wide at river center 
40.5 m to river’s edge 

Minimum Vertical Clearance To Roadways (desirable) BDM 7.01.08 
Desired for New Freeways Minimum in Highly Urbanized Areas 

4900 mm (5000 mm) 
4400 mm (4500 mm) 

Minimum Railroad Vertical Clearance BDM 13.04.04 7010 mm 

Minimum Railroad Horizontal Clearance BDM 13.04.03 
BDM 13.04.09 

6100 mmCrash Barrier required for piers  
< 7620 mm from track centerline 

Cross Section Elements   
Total Number of Lanes Design Report & Studies 3-lanes each direction 
Lane Width AASHTO Chapter 4 (p 315) 3.6 m 
Left Shoulder Width  AASHTO Chapter 4 (p 318-319) 1.2 m 
Right Shoulder Width AASHTO Chapter 4 (p 318-319) 2.4 m 
Curb and Gutter Drainage Design Report & Studies Yes 
Pavement Cross Slope  BDG 6.05.01 2.0% (English BDG) 
Shoulder Cross Slope  BDG 6.05.01 2.0% (English BDG) 

 
See Figures A-1, A-2, and A-3 on the following page. 
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Figure A-1 
Navigation Envelope 

 
 
 
 
 
 
 
 
 

Figure A-2 
Proposed Cross-Section 

 
Figure A-3 
Future Design Allowance Cross-Section 
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